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RCA CMOS Integrated Circuits 

This DATABOOK contains complete technical in­
formation on RCA standard commercial CMOS 
integrated circuits. It covers the full line of RCA 
standard A- and B-series digital logic circuits, and 
special-function circuits (telecommunications and 
special interface and display·driver circuits). 

The DATABOOK is divided into eight major sections. 
The first section includes a complete index of types, 
classification and selection charts, functional dia­
grams, and photographs of available package op­
tions. This section is followed by a discussion of 
general considerations that should be taken into 
account in the operation and application of CMOS 
integrated circuits. 

Three separate data sections provide definitive 
ratings and characteristics for (1) high-voltage B­
series types, (2) A-series types, (3) special-function 
types. 

Data pages for individual devices are included as 
nearly as possible in alphanumerical sequence of 
type numbers. Because some devices are grouped 
together to show similarity of function or data, 
individual type numbers may be out of sequence. If 
you don't find the type number you're looking for 
where you expect it to be, check the Index to 
Devices. 

Next, a high-reliability CMOS IC's section describes 
the extensive line of RCA high-reliability integrated 
circuits that are processed and screened in accord­
ance with military, RCA, or special custom speci­
fications to meet the needs of modern military, 
aerospace, and critical industrial and scientific 
applications. 

The DATABOOK also includes Dimensional Out­
lines, Application Notes, and RCA Sales Offices, 
Manufacturers' Representatives, and Authorized 
Distributors. 
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Information furnished by RCA is believed to be accurate and 
reliable. However, no responsibility is assumed by RCA for its use; 
nor for any infringements of patents or other rights of third parties 
which may result from its use. No license is granted by implication 
or otherwise under any patent or patent rights of RCA. 

The device data shown for some types are indicated as preliminary 
or objective. Preliminary data are intended for guidance purposes 
in evaluating devices for equipment design. Such data are shown 
for types currently being designed for inclusion in our standard 
line of commercially available products. Objective data are 
intended for engineering evaluation of types in the initial stages of 
design. The type designations and data are subject to change, 
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Index to Devices 

This index does not include package 
designation suffix letters for individual 
type numbers; the various packages avail-
able are shown in the data section. 

Data Data Data Data 
Bulletin Bulletin Bulletin Bulletin 

Type No. Page FileNo. Type No. Page File No. Type No. Page FileNo. Type No. Page File No. 

CA3300 620 1316 CD4023UB 86 947 CD4050B 202 926 CD4527B 333 1006 
CA3308 631 1352 CD4024A 525 930 CD4051B 206 902 CD4532B 338 876 
CA3308A 631 1352 CD4024B 122 1063 CD4052B 206 902 CD4536B 342 1186 
CD4000A 478 944 CD4025A 478 944 CD4053B 206 902 CD4538B 350 1245 
CD4000B 58 985 CD4025B 58 985 CD4054B 213 634 CD4541B 356 1378 

CD4000UB 62 945 CD4025UB 62 945 CD4055B 213 634 CD4543B 360 1327 
CD4001A 478 944 CD4026A 528 918 CD4056B 213 634 CD4555B 366 858 
CD4001B 58 985 CD4026B 126 1118 CD4057A 593 635 CD4556B 366 858 
CD4001UB 62 945 CD4027A 532 941 CD4059A 601 898 CD4585B 371 1146 
CD4002A 478 944 CD4027B 132 942 CD4060A 609 813 CD4724B 375 1111 

CD4002B 58 985 CD4028A 535 937 CD4060B 218 1120 CD22100 636 1076 
CD4002UB 62 945 CD4028B 136 1016 CD4062A 612 816 CD22101 641 1039 
CD4006A 481 920 CD4029A 538 931 CD4063B 222 805 CD22102 641 1039 
CD4006B 66 1033 CD4029B 140 1028 CD4066A 616 769 CD221 03 649 1310 
CD4007A 484 921 CD4030A 541 932 CD4066B 226 1114 CD22104 656 1259 

CD4007UB 70 977 CD4030B 146 1055 CD4067B 231 909 CD22104A 656 1259 
CD4008A 487 950 CD4031A 543 569 CD4068B 237 809 CD22105 661 1258 
CD4008B 74 951 CD4031B 149 1073 CD4069UB 240 804 CD22105A 661 1258 
CD4009A 489 939 CD4032A 546 915 CD4070B 243 910 CD22301 666 1368 
CD4009UB 78 940 CD4032B 154 1081 CD4071B 246 807 CD22401 670 1388 

CD4010A 489 939 CD4033A 528 918 CD4072B 246 807 CD22413 676 1279 
CD4010B 78 940 CD4033B 126 1118 CD4073B 250 806 CD22414 676 1279 
CD4011A 492 946 CD4034A 549 575 CD4075B 246 807 CD22859 683 1257 
CD4011B 82 986 CD4034B 158 1062 CD4076B 254 903 CD40100B 379 980 
CD4011UB 86 947 CD4035A 553 568 CD4077B 243 910 CD40101B 384 1000 

CD4012A 492 946 CD4035B 164 1101 CD4078B 258 810 CD40102B 387 984 
CD4012B 82 986 CD4037A 556 576 CD4081B 250 806 CD40103B 387 984 
CD4012UB 86 947 CD4038A 546 915 CD4082B 250 806 CD40104B 394 1220 
CD4013A 495 935 CD4038B 154 1081 CD4085B 261 811 CD40105B 401 1044 
CD4013B 90 936 CD4040A 558 624 CD4086B 265 812 CD40106B 406 1017 

CD4014A 498 922 CD4040B 122 1063 CD4089B 269 1003 CD40107B 410 1015 
CD4014B 94 1043 CD4041A 561 572 CD4093B 274 836 CD40106B 413 1011 
CD4015A 500 943 CD4041UB 169 934 CD4094B 278 869 CD40109B 418 1018 
CD4015B 99 1024 CD4042A 565 589 CD4095B 282 879 CD40110B 422 1125 
CD4016A 503 952 CD4042B 172 954 CD4096B 282 879 CD40115 687 1075 

CD4016B 103 953 CD4043A 568 590 CD4097B 231 909 CD40116 689 1234 
CD4017A 507 927 CD4043B 176 956 CD4098B 286 979 CD40117B 431 1333 
CD4017B 108 1113 CD4044A 568 590 CD4099B 291 948 CD40147B 435 1117 
CD4018A 511 929 CD4044B 176 956 CD4502B 295 1002 CD40160B 438 1047 
CD4018B 113 1034 CD4045A 571 614 CD4503B 298 1224 CD40161B 438 1047 

CD4019A 514 923 CD4045B 180 1119 CD4508B 301 1009 CD40162B 438 1047 
CD4019B 118 1045 CD4046A 574 637 CD4510B 305 899 CD40163B 438 1047 
CD4020A 516 928 CD4046B 184 1099 CD4511B 311 901 CD40174B 445 1031 
CD4020B 122 1063 CD4047A 579 623 CD4512B 316 1032 CD40175B 449 1326 
CD4021A 519 933 CD4047B 190 1123 CD4514B 319 814 CD40181B 455 989 

CD4021B 94 1043 CD4048A 585 636 CD4515B 319 814 CD40182B 460 1008 
CD4022A 522 919 CD4048B 197 1124 CD4516B 305 899 CD40192B 464 993 
CD4022B 108 1113 CD4049A 590 599 CD4517B 323 1148 CD40193B 464 993 
CD4023A 492 946 CD4049UB 202 926 CD4518B 328 808 CD40194B 394 1220 
CD4023B 82 986 CD4050A 590 599 CD4520B 328 808 CD40208B 469 1007 

CD40257B 474 982 
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Index to Application Notes 

Number Title Page 

ICAN-6080 •..... "Digital-to-Analog Conversion Using the RCA-CD4007A COS/MOS IC" (Abstract) ..............• 786 
ICAN-6086 ...... "Timekeeping Advances Through COS/MOS Technology" ....•....•............................ 708 
ICAN-6101 ...... "The RCA COS/MOS Phase-Locked Loop-A Versatile Building Block for Micro-Power Digital and 

Analog Applications" ........................................................................ . 714 
ICAN-6166 ...... "COS/MOS MSI Counter and Register Design and Applications" (Abstract) ..................... . 786 
ICAN-6176 ...•.. "Noise Immunity of COS/MOS Integrated-Circuit Logic Gates" (Abstract) .........•.........•...• 
ICAN-6210 ...... "A Typical Data-Gathering and Processing System Using CD4000A-Serles COS/MOS Paris" 

(Abstract) ............................................................•..•...•................ 
ICAN-6230 ...... "Using the CD4047A In COS/MOS Timing Applications" ...................................... .. 

786 

786 I 718 
ICAN-6289 ...... "A COS/MOS PCM Telemetry and Remote Data Acquisition Design" (Abstract) ................. . 786 
ICAN-6315 ...... "COS/MOS Interfacing Simplified" ............••••.....•...................................... 725 
ICAN-6346 ...... "Applications of the RCA-CD4093B COS/MOS Schmitt Trigger" •.....•..•.................•..... 
ICAN-6362 ...... "Using the CD4520B to Design Dividers with Symmetrical Outputs" (Abstract) •.•....•........... 

728 
786 

ICAN-6374 .•.... "The COS/MOS CD4059A Programmable Dlvlde-by-N Counter In FM and Cltlzens-Band-
Transceiver Tuners" (Abstract) ............................................................... . 786 

ICAN-6466 ...... "Astable and Monostable Oscillators Using RCA COS/MOS Digital Integrated Circuits" .......... . 731 
ICAN-6498 ..•... "Design of Fixed and Programmable Counters Using the RCA-CD4018A COS/MOS Presellable 

Dlvlde-by-N Counter" (Abstract) ............................................................. . 786 
ICAN-6525 ...... "Guide to Beller Handling and Operation of CMOS Integrated Circuits" ......................... . 737 
ICAN-6532 ...... "Fundamentals of Testing COS/MOS Integrated Circuits" ...................................... . 740 
ICAN-6552 ...... "A Basic Selection Guide to Digital Counters" ................................................ .. 749 
ICAN-6558 ...... "Understanding Buffered and Unbuffered CMOS Characteristics" ...........................•... 752 
ICAN-6563 ...... "Radiation Resistance of the COS/MOS CD4000A and CD4000B Series" ..•...................... 757 
ICAN-6564 ...... "Application of CD40107BE COS/MOS Dual NAND Buffer" .........................•........... 759 
ICAN-6572 ...... "COS/MOS Electrostatic-Discharge Protection Networks" ..................................... . 762 
ICAN-6576 ...... "Power-Supply Considerations for COS/MOS Devices" ........................................ . 
iCAN-6587 ...... "Noise Immunity of COS/MOS B-Serles Integrated Circuits" ................................... . 

764 
767 

ICAN-6595 ...... "Interfacing Analog and Digital Displays with CMOS Integrated Circuits" ....................... . 775 
ICAN-6600 ...... "Arithmetic Arrays Using Standard COS/MOS Building Blocks" (Abstract) ...................... . 786 
ICAN-6601 ...... "Transmission and Multiplexing of Analog or Digital Signals Utilizing the CD4016A Quad Bilateral 

Switch" (Abstract) .................................................... : ...................... . 786 
ICAN-6602 ...... "Interfacing COS/MOS with Other Logic Families" (Abstract) ...............................•... 786 
ICAN-6716 ...... "Low-Power Digital Frequency Synthesizers Utilizing COS/MOS IC's" (Abstract) ................ . 786 
ICAN-6733 ...... "Ballery-Powered Digital-Display Clock/Timer and Metering Applications Utilizing the 
. RCA-CD4026A and CD4033A Decade Counteril-7-Segment Output types" (Abstract) ......•.... 786 
ICAN-6739 ...... "COS/MOS Rate Multipliers-Versatile Circuits for Synthesizing Digital Functions" (Abstract) .... . 786 
ICAN-6883 ...... "Simplified Design of Astable RC OSCillators Using the CD4060B or two CMOS Inverlers" ........ . 
ICAN-6948 ...... "Parallel Clocking of Sequential CMOS Devices" ........•.•.•.................................. 

781 
782 

ICAN-7037 ...... "Logarithmic Units of Measure In Telecommunications" ....................................... . 783 
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Product Classification Chart 

6 

GATES MULTIVIBRATORS 

Single-Level Multi-Level Flip-Flops/Latches 

Buffers & Multi- Decoders/ Schmitt 
NOR/NAND OR/AND Inverters function/AOI Encoders Trigger 

CD4000B CD4012B CD4071B CD4007UB CD4019B CD40288 CD4093B CD4013B CD4096B 
CD4000UB CD4012UB CD4072B CD4007A CD4019A CD4028A CD40106B CD4013A CD4099B"" 
CD4000A CD4012A CD4073B CD4009UB CD4030B .: CD4514B CD4027B CD4508B 
CD4001B CD4023B CD4075B CD4009A CD4030A • CD4515B CD4027A CD4724B"" 
CD4001UB CD4023UB CD4081B CD4010B CD4037A CD4532B CD4042B CD40174B 
CD4001A CD4023A CD40B2B CD4010A CD404BB CD4555B" CD4042A CD4017SB 
CD4002B CD4025B CD4041UB CD404BA CD4556B" CD4043B Astable/ 
CD4002UB CD4025UB CD4041A CD4070B. CD40147B CD4043A. Mono-
CD4002A CD4025A CD4049UB CD4077B. CD4044B stable 
CD4011B CD406BB CD4049A CD40B5B CD4044A CD4047B 
CD4011UB CD407BB CD4050B CD40B6B CD4076B"" CD4047A 
CD4011A CD40107B CD4050A CD4095B 

CD4069ltB 
Mono-

CD4502B .See "See .... See 
stable CD4503B Comparators Demultiplexers Storage 

CD40107B ,Registers CD409BB 
CD453BB 

MUL TIPLEXERS/ PHASE- QUAD INTER-
REGISTERS COUNTERS DEMULTIPLEXERS LOCKED BILATERAL FACE 

FIFO Binary Analog/Digital 
LOOP SWITCHES CIRCUITS 

Shift Storage Buffer Ripple Synchronous Data Selectors 

CD4006B CD4076Bt CD40105B CD4020B CD4017B CD4016B 6. CD4046B CD4016B+ CD4009UB 
CD4006A CD4099B CD4020A CD4017A CD4016A 6. CD4046A CD4016A+ CD4009A 
CD4014B CD4724B CD4024B CD401BB CD4019B CD4066B+ CD4010B 
CD4014A CD40108Be CD4024A CD4018A CD4019A CD4066A+ CD4010A 
CD4015B CD40174B CD4040B CD4022B CD4051B CD4049UB 
CD4015A CD40175B CD4040A CD4022A CD4052B CD4049A 
CD4021B CD4020BB. CD4060B CD4029B CD4053B CD4050B 
CD4021A CD4060A CD4029A CD4066B 6. CD4050A 
CD4031B CD4059A CD4066A 6. ' CD4054B 
CD4031A' CD4510B CD4067B CD40107B 
CD4034B· TIMERS CD4516B CD4097B CD40109B 
CD4034A CD4518B CD4512B CD4011SV 
CD4035B 

CD4045B CD4520B CD4555Be CD40116V 
CD4035A 

tSee CD4045A CD40102B CD4556B$ CD40117B V 
CD4062A 

Flip/Flops CD4536B CD40103B CD40257B I AID Converter! CD4094B CD4541B CD40160B 
CD4517B CD40161B CA3300v 
CD40100B .See CD40162B 6.See eSee +See CA3308v 
CD40104B Multlport CD40163B Quad Decoders/ Multiplexers 
CD40194B Register CD40192B Bilateral Encoders 

CD40193B Switch 

ARITHMETIC CIRCUITS DISPLAY DRIVERS TELECOMMUNICATION 

Parity For For 
CIRCUITS 

Adders/ ALU/Rate Generator/ Multiport LCD· LEDee Crosspoint Tone 
Comparators Multipliers Checker Register With Counter Drive Drive Switches Generator 

CD4008B CD4057A CD40101B CD40108B" CD4026B CD4054B CD4511B CD22100 V CD22859 V 
CD4008A CD4089B CD40208B" CD4026A CD4055B CD22101 V 
CD4030B CD4527B CD4034.· CD4033B CD4056B CD22102 V Timer/Driver 
CD4030A CD40181B CD40:MA· CD4033A CD4543B 

PCM Line CD22401v CD4032B CD40182B CD40110B CD221 04 V Repeater 
CD4032A CD22.104AV PCM Data 
CD403BB CD22105 V CD22301v Filters 
CD4038A CD22105AV 

HDB3 CD22413V CD4063B Transcoder CD22414v CD4070B+ + See ·See "Liquid •• Llghl 
CD4077B+ Multllunc- Storage Cryslal Emitting CD22103 v 
CD4585B tlon/AOI Register Display Diode 

V Indicates types designed for special applications. Ratings and characteristics data for these types differ in some aspects from 
the standardized data for A- and B-series types. Refer to data pages on these types for specific differences. 



Function Selection Chart 

Function 
I I No. of 

Type No. Pins Function I I No. of 
Type No. Pins 

Gates Gates (cont'd) 
NOR/NAND Multlfunctlon/AOt (cont'd) 

Dual 4-input NOR CD4002B 14 Quad AND/OR Setect CD4019B 16 

CD4002UB 14 CD4019A 16 

CD4002A 14 Dual 2-wide, 2-input AND/OR 

Dual 4-input NAND CD4012B 14 invert (AOI) CD4085B 14 

CD4012UB 14 Expandable 4-wide, 2-input 

CD4012A 14 AND/OR invert (AOI) CD4086B 14 

Triple 3-input NOR CD4025B 14 Multifunctional expandable 8-input 

CD4025UB 14 (3-state output) CD4048B 16 

CD4025A 14 CD4048A 16 

I 

Triple 3-input NAND CD4023B 14 Decoders/Encoders 
CD4023UB 14 BCD-to-decimal decoder CD4028B 16 
CD4023A 14 CD4028A 16 

Quad 2-input NOR CD4001B 14 8-input priority encoder CD4532B 16 
CD4001UB 14 10-line to 4-line 
CD4001A 14 BCD priority encoder CD40147B 16 

Quad-2 input NAND CD4011B 14 4-bit latch / 4-to-16 line decoder 
CQ4011UB 14 (outputs high) CD4514B 24 
CD4011A 14 4-bit latch /4-to-16 line decoder 

8-input NOR/OR CD4078B 14 (outputs low) CD4515B 24 
8-input NAND/AND CD4068B 14 Dual l-of-4 decoder/demultiplexer 
Dual 3-input NOR plus inverter CD4000B 14 (outputs high) CD4555B 16 

CD4000UB 14 Dual l-of-4 decoder/demultiplexer 
CD4000A 14 (outputs low) CD4556B 16 

Dual 2-input .NAND buffer/driver CD49107B 8,14 Schmitt Trigger 
OR/AND Quad 2-input NAND CD4093B 14 
Dual 4-input OR CD4072B 14 Hex CD40106B 14 
Dual 4-input AND CD4082B 14 Interface 
Triple 3-input OR CD4075B 14 
Triple 3-input AND CD4073B 14 Quad low-to-high voltage CD40109B 16 
Quad 2-input OR CD4071B 14 Hex high-to-Iow voltage (inverting) CD4009UB 16 
Quad 2-input AND CD4081B 14 CD4009A 16 

Buffers and Inverters 
CD4049UB 16 
CD4049A 16 

Dual complementary pair plus Hex high-to-Iow voltage (non- CD4010B 16 
inverter CD4007UB 14 inverting) CD4010A 16 

CD4007A 14 
Hex inverter CD4069UB 14 

CD4050B 16 

Hex inverter/buffer (3-state) CD4502B 16 
CD4050A 16 

Dual 2-input NAND buffer/driver CD40107B 8,14 
Hex buffer (3-state non-inverting) CD4503B 16 8-bit bidirectional CMOS-to-TTL 
Hex buffer/converter (inverting) CD4009UB 16 level converter CD40115 V 22 

CD4009A 16 8-bit bidirectional CMOS-to-TTL 
Hex buffer / converter (inverting) CD4049UB 16 level converter CD40116 V 22 

CD4049A 16 
Programmable dual Hex buffer / converter (non-inverting) CD4010B 16 CD40117BV 

CD4010A 16 
4-bit terminator 14 

Hex buffer/converter (non-inverting) CD4050B 16 AID Converters 

CD4050A 16 Video-speed 6-bit 

Quad true/complement buffer CD4041UB 14 flash A/D converter CA3300 18 

CD4041A 14 Video-speed 8-bit 

Dual 2-input NAND buffer/driver CD40107B 8,14 flash AID converter CA3308 24 

Multifunction/AOI Multlvibrators Triple AND-OR bi-phase pairs CD4037A 14 
Quad exclusive-OR CD4030B 14 Monostable/astable CD4047B 14 

CD4030A 14 CD4047A 14 
Quad exclusive-OR CD4070B 14 Dual monostable CD4098B 16 
Quad exclusive-NOR CD4077B 14 Dual precision monostable CD4538B 16 

V Indicates types designed for special applications, Ratings and characteristics data for these types differ in some aspects from 
the standardized data for A- and B-series types, Refer to data pages on these types for specific differences. 
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Function Selection Chart 

I I No. of I Type No. 
No. of 

Function Type No. Pins Function Pins 

Multivibrators (cont'd) Counters 
Flip-Flops Binary Ripple 
Dual "0" with set/reset capability CD4013B 14 7-stage CD4024B 14 

CD4013A 14 CD4024A 14 
Dual "J-K" with set/reset capability CD4027B 16 12-stage CD4040B 16 

CD4027A 16 CD4040A 16 
Gated "J-K" (non-inverting) CD4095B 14 14-stage CD4020B 16 
Gated "J-K" (inverting and non- CD4020A 16 

inverting) CD4096B 14 
Hex "0" CD40174B 16 14-stage counter/divider and 
4-bit "0" with 3-state outputs CD4076B 14 oscillator CD4060B 16 
Quad "0" CD40175B 16 CD4060A 16 

Timers 
Latches 21-stage CD4045B 14 
Quad clocked "0" CD4042B 16 CD4045A 14 

CD4042A 16 Programmable CD4536B 16 
Quad NOR R/S (3-state outputs) CD4043B 16 CD4541B 14 

CD4043A 16 Synchronous 
Quad NAND R/S (3-state outputs) CD4044B 16 Decade counter/divider plus 10 

CD4044A 16 decoded decimal outputs CD4017B 16 
Dual 4-bit CD4508B 24 CD4017A 16 
8-bit addressable CD4099B 16 Divide-by-8 counter/divider with 
Registers CD4724B 16 8 decimal outpu:s CD4022B 16 

CD4022A 16 
Shift Registers-Static Presettable divide-by-"N" counter, 
Dual 4-stage with serial input/ fixed or programmable CD4018B 16 

parallel output CD4015B 16 CD4018A 16 
CD4015A 16 Programmable-divide-by-"N" 

18-stage CD400SB 14 counter CD4059A 24 
CD4006A 14 Presettable up/down counter, 

64-stage CD4031B 16 binary or BCD-decade CD4029B 16 
CD4031A 16 CD4029A 16 

Dual 64-bit CD4517B 16 Presettable 4-bit BCD up/down 
8-stage with synchronous parallel counter CD451DB 16 

or serial input/serial output CD4014B 16 Presettable 4-bit binary up/down 
CD4014A 16 counter CD4516B 16 

8-stage with asynchronous parallel Presettable 2-decade BCD down 
input or synchronous serial counter CD40102B 16 
input/ serial output CD4021B 16 Presettable 8-bit binary down 

CD4021A 16 counter CD40103B 16 
4-stage parallel-in / parallel-out with Presettable 4-bit BCD up/down 

J-K input and true/complement counter CD40192B 16 
output CD4035B 16 Presettable 4-bit binary up/down 

CD4035A 16 counter CD40193B 16 
4-bit universal bidirectional Dual BCD up counter CD4518B 16 

with 3-state outputs CD40104B 16 Dual binary up counter CD4520B 16 
4-bit universal bidirectional Decade counter/asynchronous clear CD40160B 16 

with asynchronous master reset CD40194B 16 Binary counter/asynchronous clear CD40161B 16 
8-stage bidi'ectional parallel or Decade counter/synchronous clear CD40162B 16 

serial input/parallel output CD4034B 24 Binary counter/synchronous clear CD40163B 16 
CD4034A 24 

Display Drivers 32-bit left/right CD40100B 16 
8-stage shift-and-store bus CD4094B 16 With Counter 
Shift Registers-Dynamic Decade counter/divider with 7-

200-stage CD4062A 12 segment display outputs and 
Storage Registers display enable CD4026B 16 
8-bit addressable latch CD4099B 16 CD4026A 16 

CD4724B 16 Decade counter / divider with 7-
4-bit "D"-type with 3-state outputs CD4076B 16 segment display outputs and 
4 X 4 Multiport CD40108B 24 ripple blanking CD4033B 16 
4 X 4 Multiport CD40208B 24 CD4033A 16 
FIFO Buffer Registers Up/Down Counter-Latch-
4-bit X 16 word CD40105B 16 Decoder-Driver CD40110B 16 
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Function Selection Chart 

I Type No. I No. of I Type No. I No. of 
Function Pins Function Pins 

Display Drivers (cont'd) 
Arithmetic Circuits (Cont'd) 
Adders/Comparators 

For Liquid-Crystal-Display Drive Quad exclusive-OR gate CD4030B 14 
4-segment display driver CD4054B 16 CD4030A 14 
BCD-to-7 -segment decoder Idriver Quad exclusive-OR gate CD4070B 14 

with "display-frequency" output CD4055B 16 Quad exclusive-NOR gate CD4077B 14 
BCD -to-7 -segment decoder Idriver 

ALUIRate Multipliers with strobed-latch function CD4056B 16 
CD4543B 16 4-bit arithmetic logic unit CD40181B 24 

4-digit decoder Idriver with CD4057A 28 
hexidocimal display CD22104V 40 BCD rate multiplier CD4527B 16 

4-digit decoder I driver with Binary rate multiplier CD4089B 16 
decimal display CD22104A V 40 Look-ahead-carry block CD40182B 16 

• 
4-digit decoder I driver with Parity Generator/Checker 

hexidecimal display CD22105 V 40 9-bit CD40101B 14 
4-digit decoder I driver with 

Multiport Register decimal display CD22105A V 40 
4 X 4 CD40108B 24 

For Llght-Emitting-Diode Drive 4 X 4 CD40208B 24 
BCD-to-7 -segment latch decoder I 8 X 1 CD4034B 24 

driver CD4511B 16 8 Xl CD4034A 24 
Multiplexers/Demultiplexers Quad Bilateral Switches 
Analog For transmission or multiplexing of CD4016B 14 
Triple 2-channel CD4053B 16 analog or digital signals CD4016A 14 
Differential 4-channel CD4052B 16 CD4066B 14 
Single 8-channel CD4051B 16 CD4066A 14 
Differential 8-channel CD4097B 24 

Telecommunication Circuits Single 16-channel CD4067B 24 
Quad bilateral switch CD4016B 14 Crosspoint Switches 

CD4016A 14 4 X 4 crosspoint switch with 
Quad bilateral switch CD4066B 14 control memory CD22100 V 16 

Digital (Data Selectors) 
CD4066A 14 4 X 4 X 2 crosspoint switch with 

control memory CD22101 V 24 
Quad AND lOR select CD4019B 16 4 X 4 X 2 crosspoint switch with 

CD4019A 16 control memory CD221 02 V 24 
Dual 1-of-4 decoder Idemultiplexer 

(outputs high) CD4555B 16 HDB3 Transcoder 
Dual 1-01-4 decoder/demultiplexer HDB3 transcoder for 

(outputs low) CD4556B 16 2.048/8.448 Mb/s transmission 
Quad 2-line-to-l-line CD40257B 16 applications CD22103 v 16 
8-channel CD4512B 16 

Phase-Locked Loop PCM Line Repeater 
CD22301 v 

Micropower CD4046B 16 PCM line repeater 18 

CD4046A 16 Timer/Driver Arithmetic Circuits 16-channel precision 
Adders/Comparators timer/driver CD22401 v 40 
4-bit full adder with parallel carry 

PCM Data Filters out CD4008B 16 
CD4008A 16 Pulse code modulation 

Triple serial adder, positive logic CD4032B 16 sampled-data filters CD22413v 16 
CD4032A 16 CD22414 v 16 

Triple serial adder, negative logic CD4038B 16 Tone Generator 

CD4038A 16 Dual-tone multifrequency 

4-bit magnitude comparator CD4063B 16 tone generator CD22859 V 16 

CD4585B 16 

V 
Indicates types designed for special applications. Ratings and characteristics data for these types differ in some aspects from 
the standardized data for A- and B-series types. Refer to data pages on these types for specific differences. 
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CMOS LSI Products 
In addition to the logic and special-function integrated 
circuits listed in the preceding pages, RCA offers an all­
CMOS line of microprocessor, memory and peripheral 
integrated circuits. 

The RCA CDPI800 series offers the most complete line 
of CMOS microprocessor and associated memory and 
peripheral devices in the industry. In addition to 
microprocessors and microcomputers, this product line 
includ.es a hardware multiply/ divide unit (MDU), a 
programmable 1/ 0, video and keyboard interface circuits, 
latches and decoders, a universal asynchronous receiver­
transmitter (UART), buffers, separators, and a broad 
complement of directly interfaceable random-access 
memories (RAM's) and read-only memories (ROM's). 

RCA also offers the CDP6800 family, a new series of 
pin-for-pin replacements for the MCI46805 Series of 
CMOS microprocessors and peripherals primarily in­
tended for single-chip system applications. 

CMOS LSI Products 
Part No. Description No. of Pins 
Microprocessors 
CDPI802A 8-Bit 40 
CDPI802B 8-Bit 40 
CDPI805C 8-Bit with RAM 40 
CDPI805AC 8-Bit with RAM 40 
CDPI806C 8-Bit with Counter-Timer 40 
CDPI806AC 8-Bit with Counter-Timer 40 
CDP6805E2 8-Bit with RAM/I-O/Counter-

Timer 40 
Microcomputers 
CDPI804A 8-Bit with RAM/ROM/Counter-

Timer 40 
CDP6805F2 8-Bit with RAM/ROM/I-O/ 

Counter-Timer 28 
CDP6805G2 8-Bit with RAM/ROM/I-O/ 

Counter-Timer 40 
RAMs 
CDPI821 IKx I 16 
CDPI822 256 x 4 22 
CDPI823 128 x 8 24 
CDPI824 32 x 8 18 
CDP1826 64 x 8 22 
CDM6116 2K x 8 24 
CDM6117 2Kx 8 24 
CDM6118 2K x 8 24 
MWS5101 256 x 4 22 
MWS510IA 256 x 4 22 
MWS5114 IK x4 18 
CD4036A 4x8 24 
CD4039A 4x8 24 
CD4061A 256 x I 16 
CD40061A 256 x I 16 
CD40114B 16 x 4 16 

In addition to the memories designed to interface directly 
with CDP 1800-series microprocessors, RCA also offers a 
line of general-purpose memories. 

For descriptive information on RCA microprocessor and 
memory circuits, refer to the RCA "CMOS-LSI" DAT A­
BOOK, SSD-260A. 

For the designers of microprocessor-based equipment 
and in support of the CDPl800-series microprocessors 
and associated memory and peripheral circuits, RCA 
provides a strong and extensive line of systems, system 
support components, system support software, system 
modules (including Microboard milliwatt computer 
systems), and other development aids. 

The RCA Microsystems DAT ABO OK SSD-270 provides 
detailed information on RCA Microprocessor-based 
development systems and Microboard computer modules. 

Part No. Description No. of Pins 

ROMs 
CDM5332 Mask-programmable ROM 

512 x 8 24 
CDM5333 Mask-programmable ROM 

512 x 8 24 
CDM53128 Mask-programmable ROM 

16K x8 28 
CDM53256 Mask-programmable ROM 

32K x 8 28 
CDPI831 Mask-programmable ROM 

512 x 8 24 
CDPI832 Mask-programmable ROM 

512 x 8 24 
CDPI833 Mask-programmable ROM 

IKx8 24 
CDPI833B Mask-programmable ROM 

IK x 8 24 
CDPI834 Mask-programmable ROM 

lK x 8 24 
CDP1835 Mask~programmable ROM 

2K x 8 24 
CDPI837 Mask-programmable ROM 

4K x 8 24 
CDP65516 Mask-programmable ROM 

2K x 8 18 
Input/Output Circuits 
CDP1851 Programmable I/O (Pia) 40 
CDPI852 Byte I/O - 8-Bit I/O Port 24 
CDPI853 Decoder - I of 8 16 
CDPI855 Multiply/Divide Unit (MDU) 28 
CDP1856 Buffer - 4-Bit 16 
CDP1857 Buffer - 4-Bit 16 
CDP1858 Latch/Decoder - 4-Bit 16 
CDP1859 Latch/Decoder - 4-Bit 16 



CMOS LSI Products (Cont'd) 
Part No. Description No. of Pins Part No. Description No. of PIns 
CDPI861 Video Display Controller (VDC) 24 CDPI874 High-Speed Input Port - 8-Bit 22 
CDPI862 Color Generator Circuit 24 CDPI875 High-Speed Output Port 22 
CDPI863 Programmable Frequenl=Y CDPI876 Video Interface System (VIS) 40 

Generator 16 CDPI877 Programmable Interrupt 
CDPI864 PAL Video Display Controller Controller 28 

(VDq 40 CDPI878 Dual Counter-Timer 28 
CDPI866 Latch/ Decoder - 4-Bit 18 CDPI879 Real Time Clock 24 
CDPI867 Latch/ Decoder - 4-Bit 18 CDPI881 Latch/ Decoder - 4-Bit 20 
CDPI868 Latch/ Decoder - 4-Bit 18 CDPI882 Latch/ Decoder - 4-Bit 18 • CDPI869 Video Interface System (VIS) 40 CDP6818 Real Time Clock with RAM 24 
CDPl870 Video Interface System (VIS) 40 CDP6823 Parallel Interface 40 
CDPl87lA Keyboard Encoder, ASCII/ Hex 40 UARTs 
CDPI872 High-Speed Input Port - 8-Bit 22 CDPl854A UART 40 
CDPl873 High-Speed Decoder - I of 8 16 CDP6402 Industry Standard UART 40 

11 
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The QMOS Product Line 
RCA also offers the QMOS series of high-speed CMOS 
logic integrated circuits which include an extensive line of 
products that are pin compatible with many existing 
bipolar 54(74LSTTL and CMOS 4000 series of digital 
logic types. The new QMOS IC's provide high-speed 
CMOS replacements for the most popular LSTTL devices 
in existing designs and also offer low-power all-CMOS 
designs for new digital systems. Key family features of the 
RCA QMOS types include: 

• High Noise Immunity for Optimum 
AII-CMOS-System Compatibility -
CD74/54HC Family 
NIL = 20% of Supply, NIH = 30% of Supply 

QMOS Products 

CMOS Logic TTL Logic 

Plastic Pkg. CERDIP Plastic Pkg. CERDIP 

CD74HCOOE CD54HCOOF CD74HCTOOE CD54HCTOOF 
CD74HC02E CD54HC02F CD74HCT02E CD54HCT02F 
CD74HC04E. CD54HC04F CD74HCT04E CD54HCT04F 
CD74HCOBE CD54HCOBF CD74HCTOBE \ CD54HCTOBF 
CD74HC10E CD54HC10F CD74HCT10E i CD54HCT10F 

CD74HCllE CD54HCllF CD74HCT11E i CD54HCTllF 
\ 

CD74HC14E CD54HC14F CD74HCT14E \ CD54HCT14F 
CD74HC20E CD54HC20F CD74HCT20E CD54HCT20F 
CD74HC27E CD54HC27F CD74HCT27E CD54HCT27F 
CD74HC30E CD54HC30F CD74HCT30E CD54HCT30F 

CD74HC32E CD54HC32F CD74HCT32E CD54HCT32F 
CD74HC42E CD54HC42F CD74HCT42E CD54HCT42F 
CD74HC73E CD54HC73F CD74HCTI3E CD54HCTI3F 
CD74HC74E CD54HC74F CD74HCTI4E CD54HCT74F 
CD74HC75E CD54HC75F CD74HCTI5E CD54HCT75F 

CD74HC85E CD54HC85F CD74HCT85E CD54HCT85F 
CD74HC86E CD54HC86F CD74HCT86E CD54HCT86F 
CD74HC107E CD54HC107F ggi:~gi~~~~ I CD54HCT107F 
CD74HC109E CD54HC109F CD54HCT109F 
CD74HC112E CD54HC112F CD74HCT112Ei CD54HCT112F 

CD74HC123E CD54HC123F CD74HCT123E, CD54HCT123F 
CD74HC132E CD54HC132F CD74HCT1326 CD54HCT132F 
CD74HC138E CD54HC138F CD74HCTI38E;' CD54HCT138F 
CD74HC139E CD54HC139F CD74HCT139E CD54HCT139F 
CD74HC147E CD54HC147F CD74HCT147E CD54HCT147F 

CD74HC151E CD54HC151F CD74HCT151E CD54HCT151F 
CD74HC153E CD54HC153F CD74HCT153E CD54HCT153F 
CD74HCI54E CD54HC154F CD74HCT154E CD54HCT154F 
CD74HC157E CD54HC157F CD74HCT157E CD54HCT157F 
CD74HC158E CD54HC158F CD74HCT158E CD54HCT158F 

CD74HC160E CD54HC160F CD74HCTI60E CD54HCT160F 
CD74HC161E CD54HC161F CD74HCT161E CD54HCT161F 
CD74HC162E CD54HC162F CD74HCT162E CD54HCT162F 
CD74HCI63E CD54HC163F CD74HCT163E CD54HCT163F 
CD74HC164E CD54HC164F CD74HCT164E CD54HCT164F 

CD74HC165E CD54HC165F CD74HCT165E CD54HCT165F 
CD74HC166E CD54HC166F CD74HCT166E CD54HCT166F 
CD74HC173E CD54HC173F CD74HCT173E CD54HCT173F 
CD74HC174E CD54HC174F CD74HCT174E CD54HCT174F 
CD74HC175E CD54HC175F CD74HCT175E CD54HCT175F 

CD74HC190E CD54HC190F CD74HCT190E CD54HCT190F 
CD74HC191E CD54HC191F CD74HCT191 E CD54HCT191 F 
CD74HC192E CD54HC192F CD74HCT192E CD54HCT192F 
CD74HC193E CD54HC193F CD74HCT193E CD54HCT193F 
CD74HC194E CD54HC194F CD74HCT194E CD54HCT194F 

• Direct LSTTL Input Logic Level Compatibility 
as well as CMOS Input Compatibility­
CD74/54HCT Family 
(Can replace LSTTL or be mixed with LSTTL IC's.) 
VIL = 0.8 V max., VIH = 2 V min. 

• 2 to 6 V Operation - CD74/54HC Family 
• 4.5 to 5.5 V - CD74/54HCT Family 
• Gate Propagation Delay of 8 ns typ., CL=15 pF 
• Balanced High-to-Low and Low-to-High 

Propagation Delays 
• Significant Power Reduction Compared to LSTTL 

Bipolar Logic IC's 
• Alternate Sourced 

For descriptive information on the RCA QMOS series, 
refer to the RCA DATABOOK "QMOS High-Speed 
CMOS Logic", SSD-290. 

Pins Description 

14 Quad 2-1 nput NAND Gate 
14 Quad 2-lnput NOR Gate 
14 Hex Inverter/Buffer 
14 Quad 2-lnput AND Gate 
14 Triple 3-lnput NAND Gate 

14 Triple 3-lnput AND Gate 
14 Hex Schmitt Trigger Inverter 
14 Dual4-lnput NAND Gate 
14 Triple 3-lnput NOR Gate 
14 B-Input NAND Gate 

14 Quad 2-lnput OR Gate 
14 BCD-to-Decimal Decoder 
14 Dual J-K Flip-Flop w/CLEAR 
14 Dual D Flip-Flop w/PRESET and CLEAR 
16 4-Bit Bistable Latch 

16 4-Bit Magnitude Comparator 
14 Quad 2-lnput Excl. OR Gate 
14 Dual J-K Flip-Flop w/CLEAR 
14 Dual J-K Flip-Flop w/PRESET and CLEAR 
16 Dual J-K Flip-Flop w/PRESET and CLEAR 

16 Dual Retriggerable Monostable Multivibrator 
14 Quad 2-lnput NAND Schmitt Trigger 
16 3-to-8 Line Decoder 
16 Dual 1-01-4 Line Decoder 
16 10-to-4 Line-Priority Encoder 

16 8-Channel Digital Multiplexer 
16 Dual 4-lnput Multiplexer 
24 4-to-16-Line Decoder 
16 Quad 2-lnput Multiplexer 
16 Quad 2-lnput Multiplexer. Inverting 

16 BCD Decade Counter. Asynchronous Reset 
16 4-Bit Binary Counter, Asynchronous Reset 
16 BCD Decade Counter, Synchronous Reset 
16 4-Bit Binary Counter, Synchronous Reset 
14 8-Bit Serial-to-Parallel Shift Register 

16 8-Bit Parallel-to-Serial Shift Register 
16 8-Bit Serial/Parallel In, Serial Out Shift Register 
16 Quad D Flip-Flop, 3-State 
16 Hex 0 Flip-Flop w/CLEAR 
16 Quad D Flip-Flop w/CLEAR 

16 Async. Presettable BCD/Decade Up/Down Counter 
16 Presettable Sync. 4-Bit Binary Up/Down Counter 
16 Synchronous Decade Up/Down Counter 
16 Synchronous Binary Up/Down Counter 
16 4-Bit Bidirectional Universal Shift Register 



The QMOS Product Line (Cont'd) 

CMOS Logic TTL Logic 

Plastic Pkg. CERDIP Plastic Pkg. CERDIP Pins Description 
r'CD74HCI95E CD54HC195F CD74HCT195E CD54HCT195F 16 4-Bit Parallel Shilt Register 

CD74HC221E CD54HC221F CD74HCT221 E CD54HCT221 F 16 Dual Monostable Multivibrator 
CD74HC23BE CD54HC23BF CD74HCT23BE CD54HCT23BF 16 l-ol-B Decoder 
CD74HC240E CD54HC240F CD74HCT240E CD54HCT240F 20 Octal Bulfer Line Driver, 3-State, Inverting 
CD74HC241E CD54HC241F CD74HCT241 E CD54HCT241 F 20 Octal Buffer Line Driver, 3-State 

CD74HC242E CD54HC242F CD74HCT242E CD54HCT242F 14 Quad-Bus Transceiver, 3-State, Inverting 
CD74HC243E CD54HC243F CD74HCT243E CD54HCT243F 14 Quad-Bus Transceiver, 3-State 
CD74HC244E CD54HC244F CD74HCT244E CD54HCT244F, 20 Octal-Buffer Line Driver, 3-State 
CD74HC245E CD54HC245F CD74HCT245E CD54HCT245F 20 Octal-Bus Transceiver, 3-State 
CD74HC251E CD54HC251F CD74HCT251 E CD54HCT251 F 16 8-Channel Multiplexer, 3-State 

CD74HC253E CD54HC253F CD74HCT253E CD54HCT253F 16 Dual 4-lnput Multiplexer, 3-Stale 
CD74HC257E CD54HC257F CD74HCT257E CD54HCT257F 16 Quad 2-lnput Multiplexer, 3-State 
CD74HC259E CD54HC259F CD74HCT259E CD54HCT259F 16 8-Bit Addressable Latch 
CD74HC266E CD54HC266F CD74HCT266E CD54HCT266F 14 Quad 2-lnput Exci. NOR 
CD74HC273E CD54HC273F CD74HCT273E CD54HCT273F 20 Octal 0 Flip-Flop w/CLEAR 

CD74HC280E CD54HC280F CD74HCT280E CD54HCT280F 14 8-Bit Odd/Even Parity Generator/(;hecker 
CD74HC297E CD54HC297F CD74HCT297E CD54HCT297F 16 Digital Phase-Locked Loop Filter 
CD74HC299E CD54HC299F CD74HCT299E CD54HCT299F 20 B-Bit Universal Shift Register 
CD74HC354E CD54HC354F CD74HCT354E CD54HCT354F 20 B-Input Multiplexer, Latched-Data, 3-State 
CD74HC356E CD54HC356F CD74HCT356E CD54HCT356F 20 B-Input Multiplexer, Clocked-latched-Dala, 3-State 

CD74HC365E CD54HC365F CD74HCT365E CD54HCT365F 16 Hex 3-State Buffer 
CD74HC366E CD54HC366F CD74HCT366E CD54HCT366F 16 Hex 3-State Buffer, Inverting 
CD74HC367E CD54HC367F CD74HCT367E CD54HCT367F 16 Hex 3-State Buffer 
CD74HC368E CD54HC36BF CD74HCT368E CD54HCT36BF 16 Hex 3-State Buffer, Inverting 
CD74HC373E CD54HC373F CD74HCT373E CD54HCT373F 20 Octal Transparent Latch 3-State 

CD74HC374E CD54HC374F CD74HCT374E CD54HCT374F 20 Octal 0 Flip-Flop, 3-State 
CD74HC377E CD54HC377F CD74HCT377E CD54HCT377F 20 Octal 0-Type Flip-Flop with Data Enable 
CD74HC3B4E CD54HC384F CD74HCT384E CD54HCT384F 16 8-Bit Serial Multiplier 
CD74HC390E CD54HC390F CD74HCT390E CD54HCT390F 16 Dual Decade Counter 
CD74HC393E CD54HC393F CD74HCT393E CD54HCT393F 16 Dual 4-Bit Binary Counter 

CD74HC423E CD54HC423F CD74HCT423E CD54HCT423F 16 Dual Retriggerable Monostable Multivibrator 
CD74HC533E CD54HC533F CD74HCT533E CD54HCT533F 20 Octal Transparent Latch, 3-State, Inverting 
CD74HC534E CD54HC534F CD74HCT534E CD54HCT534F 20 Octal 0 Flip-Flop, 3-State, Inverting 
CD74HC540E CD54HC540F CD74HCT540E CD54HCT540F 20 Octal Buffer Line Driver, 3-State, Inverting 
CD74HC541E CD54HC541F CD74HCT541E CD54HCT541 F 20 Octal Buffer Line Driver, 3-State 

CD74HC563E CD54HC563F CD74HCT563E CD54HCT563F 20 Octal Transparent latch, 3-State, Inverting 
CD74HC564E CD54HC564F CD74HCT564E CD54HCT564F 20 Octal 0 Flip-Flop, 3-State, Inverting 
CD74HC573E CD54HC573F CD74HCT573E CD54HCT573F 20 Octal Transparent Latch, 3-State 
CD74HC574E CD54HC574F CD74HCT574E CD54HCT574F 20 Octal 0 Flip-Flop, 3-State 
CD74HC640E CD54HC640F CD74HCT640E CD54HCT640F 20 Octal Bus Transceiver, 3-State, Inverting 

CD74HC643E CD54HC643F CD74HCT643E CD54HCT643F 20 Octal Bus Transceiver, 3-State 
CD74HC646E CD54HC646F CD74HCT646E CD54HCT646F 20 Octal Bus Transceiver, 3-State 
CD74HC648E CD54HC64BF CD74HCT64BE CD54HCT64BF 20 Octal Bus Transceiver, 3-State, Inverting 
CD74HC670E CD54HC670F CD74HCT670E CD54HCT670F 16 4 x 4 Register File, 3-State 
CD74HC6BBE CD54HC6BBF CD74HCT6BBE CD54HCT6BBF 20 8-Bit Equality Comparator 

CD74HC4002E CD54HC4002F CD74HCT4002E CD54HCT4002F 14 Dual 4-lnput NOR Gate 
CD74HC4015E CD54HC4015F CD74HCT4015E CD54HCT4015F 16 Dual 4-Stage Serial In/Parallel Out Shift Register 
CD74HC4016E CD54HC4016F CD74HCT4016E CD54HCT4016F 14 Quad Bilateral Switch 
CD74HC4017E CD54HC4017F CD74HCT4017E CD54HCT4017F 16 Decade Counter/Divider 
CD74HC4020E CD54HC4020F CD74HCT4020E CD54HCT4020F 16 14-Bit Binary Counter 

CD74HC4024E CD54HC4024F CD74HCT4024E CD54HCT4024F 14 7-Stage Binary Counter 
CD74HC4040E CD54HC4040F CD74HCT4040E CD54HCT4040F 16 12-Bit Binary Counter 
CD74HC4046E CD54HC4046F CD74HCT4046E CD54HCT4046F 16 Phase-Locked Loop 
CD74HC4049E CD54HC4049F - - 16 Hex Buffer, Inverting 
CD74HC4050E CD54HC4050F - - 16 Hex Buffer 

CD74HC4051 E CD54HC4051 F CD74HCT4051 E CD54HCT4051F 16 B-Channel Analog MUX/DEMUX 
CD74HC4052E CD54HC4052F CD74HCT4052E CD54HCT4052F 16 Dual 4-Channel Analog MUX/DEMUX 
CD74HC4053E CD54HC4053F CD74HCT4053E CD54HCT4053F 16 Triple 2-Channel Analog MUX/DEMUX 
CD74HC4060E CD54HC4060F CD74HCT4060E CD54HCT4060F 16 14-Stage Binary Counter w/Oscillalor 
CD74HC4066E CD54HC4066F CD74HCT4066E CD54HCT4066F 14 Quad Bilateral Switch 

CD74HC4067E CD54HC4067F CD74HCT4067E CD54HCT4067F 24 16-Channel Analog Multiplexer/Demultiplexer 
CD74HC4075E CD54HC4075F CD74HCT4075E CD54HCT4075F 14 Triple 3-lnput OR Gate 
CD74HC4094E CD54HC4094F CD74HCT4094E CD54HCT4094F 16 8-Stage Shift-and-Store Bus Register 
CD74HC4511E CD54HC4511 F CD74HCT4511E CD54HCT4511 F 16 BCD-to-7-Segment Latch/Decoder/Driver 
CD74HC4514E CD54HC4514F CD74HCT4514E CD54HCT4514F 24 '4-to-I6-Line Decoder wlLatch 

CD74HC451BE CD54HC451BF CD74HCT4518E CD54HCT4518F 16 Dual BCD Up Counter 
CD74HC4520E CD54HC4520F CD74HCT4520E CD54HCT4520F 16 Dual Binary Up Counter 
CD74HC453BE CD54HC453BF CD74HCT453BE CD54HCT453BF 14 Dual Retriggerable Precision Monostable Multivibrator 
CD74HC40102E CD54HC40102F CD74HCT40102E CD54HCT40102F 16 Dual Decade BCD Down Counter 
CD74HC4Ql03E CD54HC40103F CD74HCT40103E CD54HCT40103F 16 8-Bit Binary Down Counter 
CD74HC40104E CD54HC40104F CD74HCT40104E CD54HCT40104F 16 4-Bit Bidirectional Universal Shift Regisler, 3-State 
CD74HC40105E CD54HC40105F CD74HCT40105E CD54HCT40105F 16 FI FO Shift Register 

Note: Add package suffix code to part number on all orders. 
E=Dual-in-Line Plastic Package-Temp. Range=-40' C to +85' C. 
F=Dual-ln-Line Frit-Seal Ceramic Package (CERDIP)-Temp. Range=-55'C to +125'C. 

13 



14 

CMOS IC Packages 

D Suffix 
Ceramic Dual-In-Line Packages 

Welded-8eaI14,16,24, 
and 28-lead Versions 

18, 22, 24, 40-Lead 
Side-Brazed Versions 

F'Suffix 
Frit-Seal Ceramic Dual-In-Line Packages 

14,16, and 24-lead Versions 

Ordering Information 

K Suffix 
Ceramic Flat Packages 

14,16, and 24-lead Versions 

Most RCA CMOS integrated circuits are available in the 
following package styles and are identified by the Suffix 
Letters indicated below: dual-in-line ceramic, dual-in-line 
frit-seal ceramic, dual-in-line plastic, ceramic flat package, 
and in chip form. Some types are only available in one or two 
package styles. The available package styles for any specific 
type are given in the technical data for this type. 
When order CMOS devices, it is important that the appropri­
ate suffix letter be affixed to the type number of the device 
required. For example, a CD40168 in a dual-in-line ceramic 
package will be identified as the CD40168D. 

Suffix 
Package Letters 

Dual-In-Line Welded-Seal or D 
Side-Brazed Ceramic 

Dual-In-Line Frit-Seal Ceramic F 
Dual-In-Line Plastic E 
Ceramic Flat Package K 
TO-5 Style T 
Chip H 

E Suffix 
Plastic Dual-In-Line Packages 

4 
MiniDIP 

8,14,16,18,22,24, and 40-lead Versions 

T Suffix 
12-Lead TO-S Style Package 

CD4024A and CD4062A only 

H Suffix 
CMOS Chip 
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Dual 4-lnpul NOR Gale 

CD4002A (Page 47/j) 
CD4002B (Page 58) 
CD4002UB (Page 62) 
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8 ~ H'B 

e ~ I·e 

0 ~ J. ii 

~ K'E 

~ L'F 

Vee-'-
VSS _8_ V 00 ~ 16 

NC "3 
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Hex Buffer/Converter 
Inverting Type 

CD4009A 
CD4009UB 

SETI 6 

0, 5 

eLOCKI 3 

RESET I 4 

SET28 

02 9 

CLOCK2 II 

RESET2!.0 

(Page 489) 
(Page 78) 

Voo 

Dual "0" Flip-Flop with 
Set/Reset Capability 

CD4013A (Page 495) 
CD4013B (Page 90) 

voo 

18-Stage Static Shift 
Register 

CD4006A (Page 481) 
CD4006B (Page 66) 

A~G'A 

B~H'B 
~-~ C ---v-- I'C 

F ~ ---v-- L·F 

VCC-' -
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NC "3 

Hex Buffer/Converter 
Non-Inverting Type 

CD4010A 
CD4010B 
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CONT. 

SER. II 
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CLOCK!Q. 
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(Page 489) 
(Page 78) 

PAR. IN. Voo 
I 

2345678 

8 
VSS 

8-Stage Synchronous Shift 
Register with Parallel or 
Serial Input/Serial Output 

CD4014A (Page 498) 
CD4014B (Page 84) 
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7 5 

QIA 

CLOCK A 
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RESET A 6 STAGE. 3 
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Q4A 

DATAB 15 13 
QIB 

12 CLOCKB 4 Q2B 
STAGE 

RESETB 
14 " Q3B 

2 
Q4B 

8 
92C5-25048 Yss 

Dual 4-Stage Static Shift Register 
with Serial Input/Parallel Output 

CD4015A 
CD4015B 

(Page 500) 
(Page 99) 

13 0• 
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I 1°01 

8 
VSS 

92C5-25036 

Quad AND/OR Select Gate 

CD4019A 
CD4019B 

(Page 514) 
(Page 118) 
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D H 

E r 

F L 

K-'+-=== 

IN/OUT 14 +VOO 

SIG A 

OUT/IN 2 CONT 
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3 CONT OUT/IN 

° SIG B 

IN/OUT 4 IN/OUT 

SIG ° 
CONT 5 10 OUTfiN 

B 

CONT 6 9 
C OUTfiN 

SIG C 
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7 IN/OUT 

92C5-21627 

Quad Bilateral Switch 

CD4016A 
CD4016B 

voo 

16 

II 
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Vss 

(Page 503) 
(Page 103) 

9 QI 
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6 Q7 
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14 QIO 
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I 012 
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~ 
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CD4020A (Page 516) 
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PULSES 
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0 
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CD 
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3 07 
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92CS-24761 

Triple 3-lnput NAND Gate 

CD4023A (Page 492) 
CD4023B (page !l21 
CD4023UB (Page 86) 
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7-Stage Ripple-Carry 

Binary Counter/Divider 

CD4024A (Page 525) 
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RESET 
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0 

"7" ~ 
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OUT 

92CS-25072R2 Vss 
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10 Decoded Decimal Outputs 
CD4017A (Page 507) 
CD4017B (Page 108) 

PAR. IN. 
I 

2345678 
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CONT. 
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IN· 

CLOCK!Q 

92C5-25047 8 
YSS 

8-Stage Static Shift Register 
Asynchronous Parallel or 
Synchronous Serial Input/ 

Serial Output 

'----t"'--C 
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Triple 3-lnput NOR Gate 

CD4025A 
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(Page 478) 
(Page 58) 
(Page 62) 
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CLOCK 14 

OATA 

RESET 15 

92C$-25074 
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YSS 

Presettable Divide-by-"N" 
Counter Fi xed or Programmable 

CD4018A (Page 511) 
CD4018B (Page 113) 

CLOCK 14 
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12 
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"4" 
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8 Decoded Decimal Outputs 

16 

(Page 522) 
(Page 108) 
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~ 
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~ 
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5 CARRVOUT 
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DISPLAY 
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UNGATEO "e" 
SEGMENT 

Vss 92:C5- 2'078 FU 

Decade Counter/Divider with 7-
Segment Display Outputs and 

Display Enable 

CD4026A (Page 528) 
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92CS-171B7RI 
Dual J-K Master-Slave 

Flip-Flop with Set-Reset 
Capability 

CD4027 A (Page 532) 
CD4027B (Page 132) 

DATA I 
IN 

MOOE 
CONT 
RECIRC 
DATA 2 

IN 

CLOCK 
IN 

DELAYED 
CLOCK 

VDD 0 16 OUT 

VSS 08 
NC' 3,4,11,12,13,14 

'J2CS 2':JO~'J 

54-Stage Static Shift 
Register 

CD4031A 
CD4031B 

(Page 543) 
(Page 149) 

SER.{J 4, 
IN K 

cu< 6 

PIS 7 

TIC 2 

~ 
RESET 

"00:;16 13 

Vss '8 

0,/0, Oi020'/03 0./0., 
TIC' OUT 

'J2CS·'9966RI 

4-Stage Parallel In/Parallel 
Out Shift Register with 

J-K Serial I nputs and Truel 
Complement Outputs 

CD4035A 
CD4035B 

(Page 553) 
(Page 164) 

VDD 
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.UFFERED 

o ~4 )g~~~~ED ~ 2 ~IUci:~~S , ,. 
4 ~ BUFFERED 
, DECIMAL 
6 7 DECODED 
7 4 OUTPuTS 

9 II OF 101 • 
9 • 
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92CS-191~, 

BCD-to-Decimal Decoder 

CD4028A 
CD4028B 

(Page 535) 
(Page 136) 
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B I 
INvERT I 

IISS =8 

Voo =16 

SUM 2 

92CS·17663 

Triple Serial Adder 
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CD4032A 
CD4032B 

Voo -14 

(Page 546) 
(Page 154) 

5 r--- -------~ 02 
C2 --1 AND/OR PAIR III 

L---rr-------.F E2 
6 r--- L------""1..! 03 

C3 -t AND/OR PAIR 19 L _________ J- E3 

92tS·''''llil 

Triple AND/OR Bi-Ph .. e 
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CD4037A (Page 556) 

Functional ·Diagrams 
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DECADE 9 
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BUFFERED 
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8 
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INHIBIT 
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,. 

,. 

(Page 538) 
(Page 140) 

vDO ,. 
10 
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RIPPLE 
"LK DUT 

V5S 

Decade Counter/Divider 
with 7·Segment Display 
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CD4033A (Page 528) 
CD4033B (Page 126) 
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CD4038A 
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(Page 546) 
(Page 154) 
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9 
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Quad Exclusive-OR Gate 

CD4030A (Page 541) 
CD4030B (Page 146) 

SI 

AE 
A/8 
AIS 

PIS 

CL 

on 

"' z 
:::; 

:! .. 
0 

92CS-29108 

8·Stage Static Bidirectional 
Paraliel/Serial Input/Output 

Bus Register 

CD4034A (Page 549) 
CD4034B (Page 158) 
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INPUT 
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VDD 
16 

12-STAGE 
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COUNTER 
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010 I-
12 09 ~ 

I-
13 08 0> 
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"' 06 0: 
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01 
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(Page 558) 
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Z 
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:§ 
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13~1I D M 
M'D 

VSS '? 12 

VDD"4 N.O N 
92CS-20034RI 

Quad True/Complement 
Buffer 

CD4041A 
CD4041UB 

(Page 561) 
(Page 169) 

VOO:3 

VSS=14 

140-----1-

CLOCK 
SLr--..... "1 

POLARITY 
60---+-"1 
VDD~ 92C5-20191 

vsso-!-
Quad Clocked "0" Latch 

CD4042A (Page 565) 
CD4042B (Page 172) 

4,5,6,9,10,11,12,13= 

NO CONNECTION 

92C5- 29107 

21-Stage Counter 

EX T[RNAL 
RESET 

CD4045A 
CD4045B 

(Page 571) 
(Page 180) 

L ________ _ 

Low-Power Monostable/Astable 
Mult;vibrator 

CD4047A 
CD4047B 

(Page 579) 
(Page 190) 

ENABLE 

Vss 
Quad 3-State NOR R/S 

latch 

CD4043A 
CD4043B 

(Page 568) 
(Page 176) 

CD4046A 
CD4046B 
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'FUNCTION CONTROL' 
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Ka Kb Kc Kd CONTROL 
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~ c 12 

0 II 

EXPAND 15 J 
OUTPUT 
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6 

... F 5 

~ G 4 
H 3 

92C5-22249 
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Multi-Function Expendable 

8-lnput Gate 

CD4048A (Page 585) 
CD4048B (Page 197) 

Ne 
ENABLE B 

Vss 92CS-20222 

Quad 3-Stota NAND R/S 
Latch 

CD4044A 
CD4044B 

(Page 574) 
(Page 184) 
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E ~ 

(Page 568) 
(Page 176) 

G'A 

H.B 

I.e 

J·e 

K'E 
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Vce -,-
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Ne'I6 92CS-27506 

Hex Buffer/Converter 
Inverting Type 

CD4049A (Page 590) 
CD4049UB (Page 202) 



A ~ G-A 

B ~ H-B 

C ~ I-C 

• 0 ~ J-D 

E ~ K-E 

F ~ -v-- L-F 

VCC _1-

V5S _8_ 

NC -13 

92CS - 26372 

NC'16 
Hex Buffer/Converter 
Non·lnverting Type 

Single a·Channel Analog 
Multiplexer/Demultiplexer 

CD4050A (Page 590) 
CD4050B (Page 202) 

C040518 

ax 12 
IN/OUT { ay 13 

b. 2 
IN/OUT { I 

c. 5 
IN/OUT { cy 3 

·A----~~~~~~ 

CONTROL { !:~'------' 
INH 

VOD -16 

VSS '8 
VEE' 7 

(Page 206) 

92CS - 22708RI 

92CS- 20092RI 

Triple 2·Channel 
Multiplexer/Demultiplexer 

C040538 (Page 206) 

~VSS =vEE ~Voo 
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I" --+-- -I 
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ffi 
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'" > 
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I­
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0"'''' 1-20 
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'--~--~-""-(I 

BCD-to-7·Segment Decoder/Driver 
with "Display-Frequency" Output 

Liquid-Crystal Display Driver 
C040558 (Page 213) 

7-5EG· 
OUT • 

Functional Diagrams 

"x" {~ ~! 
CHANNELS 2 15 

IN/OUT 3 II 

"Y" {~ ~ 

13 "x" 
COMMON 
OUT/IN 

CHANNELS 2 2 "Y" 
IN/OUT .:3 __ 4~ __ ~3 COMMON 

- OUT/IN 

CONTROL : Vs 5' 8 { 
VoO'16 

ll~N~H ____ ~ VEE-7 

92CS - 26373 

Differential 4·Channel Analog 
Multiplexer/Demultiplexer 

CD40528 (Page 206) 

ALL INPUTS PROTECTED BY 
COS/Mas PROTECTION NETWORK 92CS-20090R2 

4·Segment Liquid·Crystal 
Display Driver 

C040548 (Page 213) 

[

20 5 

21 

BCD 
INPUTS 22 

2 3 

STROBE I 

DISPLAY -
FREQ. IN 

ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION NETWORK 

92CS-Z009IR2 

BCD-to-7 -Segment Decoder/Driver 
with Strobed-Latch Function 
Liquid-Crystal Display Driver 

C040568 (Page 213) 

7-
SEGMENT 
OUTPUTS 
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Functional Diagrams 
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,~'"'' {: , 
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va 
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'" 
LEFT NEG 

S~:TI} ma 
LINE 

Programmable Divide-by-"N" 
Counter 

C04059A (Page 601) 
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AO II~ 
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A3 15 

REC~-'-' __ r-~'-~ C>B 4 
CASCAOING A'B 3 

INPUTS A<B 2 

5 A>B 
6 'B 

20 

92CS-24664 

200-Stage Dynamic 
Shift Register 

C04062A (Page 612) 

7 A<B 

B2 
WORO"B"{~~ :~ 

B3 L-__ -J 

VOO'I6 VSS'B 
92CS-24~16RI 

4-Bit Magnitude Comparator 

C04063B (Page 222) 
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IN/OUT 
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SIG C 
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Quad Bilateral Switch 
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(Page 616) 
(Page 226) 

4-Bit Arithmetic Logic Unit 
C04057 A (page 593) 

14-Stage Ripple-Carry 
Binary Counter/Divider 

and Oscillator 
C04060A (Page 609) 
C04060B (Page 218) 

O~>---i--I--t--. 
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G 
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L 
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OISABLE 

M N 
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92CS-24885RI 

4-Bit D-Type Register 

CD4076B (Page 254) 

Functional Diagrams 
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CD4070B (Page 243) 
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CD4071 B (Page 246) 

9 J 
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Triple 3-lnput OR Gate 
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CD4077B (Page 243) 

A 

B 

C 

F 

G 
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CD407BB (Page 258) 
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Quad 2-lnput AND Gate Dual4-lnput AND Gate 

CD4081B (Page 250) C04082B (Page 250) 
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J .INH + ENABLE +AB+CO+EF+GH 

Expandable 4-Wide, 2-lnput 
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RESPECTIVELY) 
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(Page 265) 
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Functional Diagrams 
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F~nctional Diagrams 
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Functional Diagrams 
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This guide provides a quick reference to a wide variety of industry CMOS logic 
integrated circuits that can be replaced by RCA types. 

The RCA types listed as replacements are electrically and mechanically equivalent to 
the corresponding industry types and can be used as direct replacements in most 
applications. The recommendations are based on the electrical and mechanical data 
published by various solid-state device manufacturers. 

Before substituting any replacement type in a particular application, the user should 
review the operating conditions of the particular application with the specifications of 
the type he is planning to use as the substitute type. 

RCA RCA 
Industry Replacement Industry Replacement 
Type Type Type Type 

CD4000CN CD4000AE CD4010MJ CD4010AF 
CD4000MD CD4000AD CD4011BCJ CD4011 BF 
CD4000MJ CD4000AF CD4011BCN CD4011BE 
CD4OO1BCJ CD4OO1BF CD4011BMD CD4011BD 
CD4OO1BCN CD4OO1BE CD4011BMJ CD4011 BF 

CD4OO1BMD CD4OO1BD CD4012BMD CD4012BD 
CD4OO1BMJ CD4OO1BF CD4012CN CD4012AE 
CD4OO2BCJ CD4OO2BE CD4012MD CD4012AD 
CD4OO2BCN CD4OO2BE CD4012MJ CD4012AF 
CD4OO2BMD CD4OO2BD CD4013BCJ CD4013BF 

CD4OO2BMJ CD4OO2BF CD4013BCN CD4013BE 
CD4OO2CN CD4OO2AE CD4013BMD CD4013BD 
CD4OO2MD CD4OO2AD CD4013BMJ CD4013BF 
CD4OO2MJ CD4OO2AF CD4014BCJ CD4014BF 
CD4OO6BCJ CD4OO6BF CD4014BMD CD4014BD 

CD4OO6BCN CD4OO6BE CD4014BMJ CD4014BF 
CD4OO6BMD CD4OO6BD CD4014CN CD4014AE 
CD4OO6BMJ CD4OO6BF CD4014MD CD4014AD 
CD4OO6CN CD4OO6AE CD4014MJ CD4014AF 
CD4OO6MD CD4OO6AD CD4015BCJ CD4015BF 

CD4OO6MJ CD4OO6AF CD4015BCN CD4015BE 
CD4OO7CN CD4OO7AE CD4015BMD CD4015BD 
CD4OO7MD CD4OO7AD CD4015BMJ CD4015BF 
CD4OO7MJ CD4OO7AF CD4015CN CD4015AE 
CD4OO7UBMD CD400lUBD CD4015MD CD4015AD 

CD4OO7UBCN CD4OO7UBE CD4015MJ CD4015AF 
CD4OO8BCJ CD4OO8BF CD4016BCJ CD4016BF 
CD4OO8BCN CD4OO8BE CD4016BCN CD4016BE 
CD4OO8BMD CD4OO8BD CD4016BMD CD4016BD 
CD4OO8BMJ CD4OO8BF CD4016BMJ CD4016BF 

CD4OO9CN CD4OO9AE CD4016CN CD4016AE 
CD4OO9MD CD4OO9AD CD4016MD CD4016AD 
CD4OO9MJ CD4OO9AF CD4016MJ CD4016AF 
CD4010CN CD4010AE CD4017BCJ CD4017BF 
CD4010MD CD4010AD CD4017BCN CD4017BE 

Cross-Reference Guide 

• 
RCA 

Industry Replacement 
Type Type 

CD4017BMD CD4017BD 
CD4017BMJ CD4017BF 
CD4018BCN CD4018BE 
CD4018BMD CD4018BD 
CD4018BMJ CD4018BF 

CD4019BCJ CD4018BF 
CD4019BCJ CD4019BE 
CD4019BMD CD4019BD 
CD4019BMJ CD4019BF 
CD4020BCJ CD4020BF 

CD4020BCN CD4020BE 
CD4020BMD CD4020BD 
CD4020BMJ CD4020BF 
CD4021BCJ CD4021BF 
CD4021BCN CD4021BE 

CD4021BMD CD4021BD, 
CD4021BMJ CD4021BF 
CD4021CN CD4021AE 
CD4021MD CD4021AD 
CD4021MJ CD4021AF 

CD4022BCJ CD4022BF 
CD4022BCN CD4022BE 
CD4022BMD CD4022BD 
CD4022BMJ CD4022BF 
CD4023BCJ CD4023BF 

CD4023BCN CD4023BE 
CD4023BMD CD4023BD 
CD4023BMJ CD4023BF 
CD4023CN CD4023AE 
CD4023MD CD4023AD 

CD4023MJ CD4023AF 
CD4024BCJ CD4024BF 
CD4024BCN CD4024BE 
CD4024BMD CD4024BD 
CD4024BMJ CD4024BF 
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Cross-Reference Guide 

RCA RCA RCA 
Industry Replacement Industry Replacement Industry Replacement 
Type Type Type Type Type Type 

CD4025BCJ CD4025BF CD4046BCN CD4046BE CD4073BCJ CD4073BF 
CD4025BCN CD4025BE CD4046BMD CD4046BD CD4073BCN CD4073BE 
CD4025BMD CD4025BD CD4046BMJ CD4046BF CD4073BMD CD4073BD 
CD4025BMJ CD4025BF CD4047BCN CD4047BE CD4073BMJ CD4073BF 
CD4025CN CD4025AE CD4047BMD CD4047BD CD4075BCJ CD4075BF 

CD4025MD CD4025AD CD4047BMJ CD4047BF CD4075BCN CD4075BE 
CD4025MJ CD4025AF CD4048BCJ CD4048BF CD4075BMD CD4075BD 
CD4027BCJ CD4027BF CD4048BCN CD4048BE CD4075BMJ CD4075BF 
CD4027BCN CD4027BE CD4048BMD CD4048BD CD4076BCJ CD4076BF 
CD4027BMD CD4027BD CD4048BMJ CD4048BF CD4076BCN CD4076BE 

CD4027BMJ CD4027BF CD4049BMD CD4049UBD CD4076BMD CD4076BD 
CD4027DM CD4027BD CD4049BPC CD4049UBE CD4076BMJ CD4076BF 
CD4028BCJ CD4028BF CD4049CN CD4049AE CD4081BCJ CD4081BF 
CD4028BCN CD4028BE CD4049MD CD4049AD CD4081BCN CD4081BE 
CD4028BMD CD4028BD CD4049MJ CD4049AF CD4081BMD CD4081BD 

CD4028BMJ CD4028BF CD4050BCJ CD4050BF CD4081BMJ CD4081BF 
CD4029BCJ CD4029BF CD4050BCN CD4050BE CD4089BCJ CD4089BE 
CD4029BCN CD4029BE CD4050BMD CD4050BD CD4089BMD CD4089BD 
CD4029BMD CD4029BD CD4050BMJ CD4050BF CD4089BMJ CD4089BF 
CD4029BMJ CD4029BF CD4051BCJ CD4051BF CD4093BCJ CD4093BF 

CD4030BMD CD4030BD CD4051BMD CD4051BD CD4093BCN CD4093BE 
CD4030MD CD4030AD CD4051BMJ CD4051BF CD4093BMD CD4093BD 
CD4030MJ CD4039AF CD4052BCJ CD4052BF CD4093BMJ CD4093BF 
CD4031BCN CD4031BE CD4052BCN CD4052BE CD4099BCJ CD4099BF 
CD4031BDM CD4031BD CD4052BMD CD4052BD CD4099BCN CD4099BE 

CD4031BMD CD4031BD CD4052BMJ CD4052BF CD4099BMD CD4099BD 
CD4031BMJ CD4031BF CD4053BCJ CD4053BF CD4099BMJ CD4099BF 
CD4034BCN CD4034BE CD4053BCN CD4053BE CD4503BCJ CD4503BF 
CD4034BMD CD4034BD CD4053BMD CD4053BD CD4503BCN CD4503BE 
CD4034BMJ CD4034BF CD4053BMJ CD4053BF CD4503BMJ CD4503BF 

CD4035BCN CD4035BE CD4060BCJ CD4060BF CD4503BMD CD4503BD 
CD4035BMD CD4035BD CD4060BCN CD4060BE CD4510BCJ CD4510BF 
CD4035BMJ CD4035BF CD4060BMD CD4060BD CD4510BCN CD4510BE 
CD4040BCJ CD4040BF CD4060BMJ CD4060BF CD4510BMD CD4510BD 
CD4040BCN CD4040BE CD4066BCJ CD4066BF CD4510BMJ CD4510BF 

CD4040BMD CD4040BD CD4066BCN CD4066BE CD4511BCJ CD4511BF 
CD4040BMJ CD4040BF CD4066BMD CD4066BD CD4511BCN CD4511BE 
CD4041BMD CD4041UBD CD4066BMJ CD4066BF CD4511BMD CD4511BD 
CD4041CJ CD4041 UBF CD4066BPC CD4066BE CD4512BCJ CD4512BF 
CD4041CN CD4041AE CD4069CN CD4069AE CD4512BCN CD4512BE 

CD4041MD CD4041AD CD4069MD CD4069AD CD4512BMD CD4512BD 
CD4041MJ CD4041AF CD4069MJ CD4069AF CD4512BMJ CD4512BF 
CD4042BCJ CD4042BF CD4069UBMD CD4069UBD CD4514BCJ CD4514BF 
CD4042BCN CD4042BE CD4070BCJ CD4070BF CD4514BCN CD4514BE 
CD4042BMD CD4042BD CD4070BCN CD4070BE CD4514BMD CD4514BD 

CD4042BMJ CD4042BF CD4070BMD CD4070BD CD4514BMJ CD4514BF 
CD4043BMD CD4043BD CD4070BMJ CD4070BF CD4515BCJ CD4515BF 
CD4043CN CD4043AE CD4070CN CD4070AE CD4515BCN CD4515BE 
CD4043MD CD4043AD CD4070MD CD4070AD CD4515BMD CD4515BD 
CD4043MJ CD4043AF CD4070MJ CD4070AF CD4515BMJ CD4515BF 

CD4044BMD CD4044BD CD4071BCJ CD4071BF CD4516BCJ CD4516BF 
CD4044CN CD4044AE CD4071BCN CD4071BE CD4516BCN CD4516BE 
CD4044MD CD4044AD CD4071BMD CD4071BD CD4516BMD CD4516BD 
CD4044MJ CD4044AF CD4071BMJ CD4071BF CD4516BMJ CD4516BF 
CD4045BMD CD4045BD CD4072BMD CD4072BD CD4518BCJ CD4518BF 
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CD4518BCN CD4518BE CD40175BCN CD40175BE F4021BDM CD4021BF 
CD4518BMD CD4518BD CD40192BCJ CD40192BF F4021BPC CD4021BE 
CD4518BMJ CD4518BF CD40192BCN CD40192BE F4022BDC CD4022BF 
CD4520BCJ CD4520BF CD40192BMD CD40192BD F4022BDM CD4022BF 
CD4520BCN CD4520BE CD40192BMJ CD40192BF F4022BPC CD4022BE 

CD4520BMD CD4520BD CD40193BCJ CD40193BF F4023BDC CD4023BF 
CD4520BMJ CD4520BF CD40193BCN CD40193BE F4023BDM CD4023BF 
CD4527BCJ CD4527BF CD40193BMD CD40193BD F4023BPC CD4023BE 
CD4527BCN CD4527BE CD40193BMJ CD40193BF F4024BDC CD4024BF 
CD4527BMD CD4527BD F4001BDC CD4001BF F4024BDM CD4024BF 

CD4528BCJ CD4528BF F4001BDM CD4001BF F4024BPC CD4024BE 
CD4528BCN CD4528BE F4001BPC CD4001BE F4025BDC CD4025BF 
CD4528BMD CD4528BD F4002BDC CD4002BF F4025BDM CD4025BF 
CD4528BMJ CD4528BF F4002BDM CD4002BF F4025BPC CD4025BE 
CD4538BCJ CD4538BF F4002BPC CD4002BE F4027BDC CD4027BF 

CD4538BCN CD4538BE F4006BDC CD4006BF F4027BDM CD4027BF 
CD4538BCN CD4538BE F4006BDM CD4006BF F4027BPC CD4027BE 
CD4538BMD CD4538BD F4006BPC CD4006BE F4028BDC CD4028BF 
CD4538BMJ CD4538BF F4007UBDC CD4007UBF F4028BDM CD4028BF 
CD4543BCJ CD4543BF F4007UBDM CD4007UBF F4028BPC CD4028BE 

CD4543BCN CD4543BE F4007UBPC CD4007UBE F4029BDC CD4029BF 
CD4543BMD CD4543BD F4008BDC CD4008BF F4029BDM CD4029BF 
CD4543BMJ CD4543BF F4008BDM CD4008BF F4029BPC CD4029BE 
CD4724BCJ CD4724BF F4008BPC CD4008BE F4030BDC CD4030BF 
CD4724BCN CD4724BE F4011BDC CD4011 BF F4030BDM CD4030BF 

CD4724BMD CD4724BD F4011 BDM CD4011 BF F4030BPC CD4030BE 
CD4724BMJ CD4724BF F4011BPC CD4011 BE F4031BDC CD4031BF 
CD40106BCJ CD40106BF F4012BDC CD4012BF F4031BDM CD4031BF 
CD40106BCN CD40106BE F4012BDM CD4012BF F4031BPC CD4031BE 
CD40106BMD CD40106BD F4012BPC CD4012BE F4034BDC CD4034BF 

CD40106BMJ CD40106BF F4013BDC CD4013BF F4034BDM CD4034BF 
CD40160BCJ CD40160BF F4013BDM CD4013BF F4034BPC CD4034BE 
CD40160BCN CD40160BE F4013BPC CD4013BE F4035BDC CD4035BF 
CD40160BMD CD40160BD F4014BDC CD4014BF F4035BDM CD4035BF 
CD40160BMJ CD40160BF F4014BDM CD4014BF F4035BPC CD4035BE 

CD40161BCJ CD40161BF F4014BPC CD4014BE: F4040BDC CD4040BF 
CD40161BCN CD40161BE F4015BDC CD4015BF F4040BDM CD4040BF 
CD40161B'MD CD40161BD F4015BDM CD4015BF F4040BPC CD4040BE 
CD40161BMJ CD40161BF F4015BPC CD4015BE F4041BDC CD4041BF 
CD40162BCJ CD40162BF F4016BDC CD4016BF F4041BDM CD4041BF 

CD40162BCN CD40162BE F4016BDM CD4016BF F4041 BPC CD4041 BE 
CD40162BMD CD40162BD F4016BPC CD4016BE F4042BDC CD4042BF 
CD40162BMJ CD40162BF F4017BDC CD4017BF F4042BDM CD4042BF 
CD40163BCJ CD40163BF F4017BDM CD4017BF F4042BPC CD4042BE 
CD40163BCN CD40163BE F4017BPC CD4017BE F4043BDC CD4043BF 

CD40163BMD CD40163BD F4018BDC CD4018BF F4043BDM CD4043BF 
CD40163BMJ CD40163BF F4018BDM CD4018BF F4043BPC CD4043BE 
CD40174BCJ CD40174BF F4018BPC CD4018BE F4044BDC CD4044BF 
CD40174BCJ CD40174BF F4019BDC CD4019BF F4044BDM CD4044BF 
CD40174BCN CD40174BE F4019BDM CD4019BF F4044BPC CD4044BE 

CD40174BMD CD40174BD F4019BPC CD4019BE F4045BDC CD4045BF 
CD40174BMJ CD40174BF F4020BDC CD4020BF F4045BDM CD4045BF 
CD40175BCJ CD40175BF F4020BDM CD4020BF F4045BPC CD4045BE 
CD40175BMD CD40175BD F4020BPC CD4020BE F4046BDC CD4046BF 
CD40175BMJ CD40175BF F4021BDC CD4021BF F4046BDM CD4046BF 
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F4046BPC CD4046BE F4081BDC CD4081BF F4556BDM CD4556BF 
F4047BDC CD4047BF F4081BDM CD4081BF F4556BPC CD4556BE 
F4047BDM CD4047BF F4081BPC CD4081BE F4581BDC CD40181BF 
F4047BPC CD4047BE F4082BDC CD4082BF F4581BDM CD40181BF 
F4049BDC CD4049UBF F4082BDM CD4082BF F4581BPC CD40181 BE 

F4049BDM CD4049UBF F4082BPC CD4082BE F4582BDC CD40182BF 
F4049BPC CD4049UBF F4085BDC CD4085BF F4582BDM CD40182BF 
F4050BDC CD4050BF F4085BDM CD4085BF F4582BPC CD40182BE 
F4050BDM CD4050BF F4085BPC CD4085BE F4724BDC CD4724BF 
F4050BPC CD4050BE F4086BDC CD4086BF F4724BDM CD4724BF 

F4051BDC CD4051BF F4086BDM CD4086BF F4724BPC CD4724BE 
F4051BDM CD4051BF F4086BPC CD4086BE F40160BDC CD40160BF 
F4051BPC CD4051BE F4093BDC CD4093BF F40160BDM CD40160BF 
F4052BCD CD4052BF F4093BDM CD4093BF F40160BPC CD40160BE 
F4052BDM CD4052BF F4093BPC CD4093BE F40161BDC CD40161BF 

F4052BPC CD4052BE F4510BDC CD4510BF F40161BDM CD40161BF 
F4053BDC CD4053BF F4510BDM CD4510BF F40161BPC CD40161 BE 
F4053BDM CD4053BF F4510BPC CD4510BE F40162BDC CD40162BF 
F4053BPC CD4053BE F4511BDC CD4511BF F40162BDM CD40162BF 
F4066BDC CD4066BF F4511BDM CD4511 BF F40162BPC CD40162BE 

F4066BDM CD4066BF F4511 BPC CD4511BE F40163BDC CD40163BF 
F4066BPC CD4066BE F4512BDC CD4512BF F40163BDM CD40163BF 
F4067BDC CD4067BF F4512BDM CD4512BF F40163BPC CD40163BE 
F4067BDM CD4067BF F4512BPC CD4512BE F40174BDC CD40174BF 
F4067BPC CD4067BE F4514BDC CD4514BF F40174BDM CD40174BF 

F4068BDC CD4067BF F4514BDM CD4514BF F40174BPC CD40174BE 
F4068BDM CD4067BF F4514BPC CD4514BE F40175BDC CD40175BF 
F4068BPC CD4067BE F4515BDC CD4515BF F40175BDM CD40175BF 
F4069UBDC CD4069UBF F4515BDM CD4515BF F40175BPC CD40175BE 
F4069UBDM CD4069UBF F4515BPC CD4515BE F40192BDC CD40192BF 

F4069UBPC CD4069UBE F4516BDC CD4516BF F40192BDM CD40192BF 
F4070BDC CD4070BF F4516BDM CD4516BF F40192BPC CD40192BE 
F4070BDM CD4070BF F4516BPC CD4516BE F40193BDC CD40193BF 
F4070BPC CD4070BE F4518BDC CD4518BF F40193BDM CD40193BF 
F4071BDC CD4071BF F4518BDM CD4518BF F40193BPC CD40193BE 

F4071BDM CD4071BF F4518BPC CD4518BE HCF4000BD CD4000BD 
F4071BPC CD4071BE F4520BDC CD4520BF HCF4000BE CD4000BE 
F4072BDC CD4072BF F4520BDM CD4520BF HCF4000BF CD4000BF 
F4072BDM CD4072BF F4520BPC CD4520BE HCF4001BD CD4001 BD 
F4072BPC CD4072BE F4527BDC CD4527BF HCF4001BE CD4001BE 

F4073BDC CD4073BF F4527BDM CD4527BF HCF4001BF CD4001BF 
F4073BDM CD4073BF F4527BPC CD4527BE HCF4001BE CD4001BE 
F4073BPC CD4073BE F4532BDC CD4532BF HCF4002BD CD4002BD 
F4075BDC CD4075BF F4532BDM CD4532BF HCF4002BF CD4002BF 
F4075BDM CD4075BF F4532BPC CD4532BE HCF4002BE CD4002BE 

F4075BPC CD4075BE F4538BDC CD4538BF HCF4006BD CD4006BD 
F4076BDC CD4076BF F4538BDM CD4538BF HCF4006BF CD4006BF 
F4076BDM CD4076BF F4538BPC CD4538BE HCF4007UBD CD4007UBD 
F4076BPC CD4076BE F4543BDC CD4543BF HCF4007UBE CD4007UBE 
F4077BDC CD4077BF F4543BDM CD4543BF HCF4007UBF CD4007UBF 

F4077BDM CD4077BF F4543BPC CD4543BE HCF4008BD CD4008BD 
F4077BPC CD4077BE F4555BDC CD4555BF HCF4008BE CD4008BE 
F4078BDC CD4078BF F4555BDM CD4555BF HCF4008BF CD4008BF 
F4078BDM CD4078BF F4555BPC CD4555BE HCF4011BD CD4011BD 
F4078BPC CD4078BE F4556BDC CD4556BF HCF4011BE CD4011BE 
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HCF4011BF CD4011BF HCF4030BD CD4030BD HCF4052BE CD4052BE 
HCF4012BD CD4012BD HCF4030BE CD4030BE HCF4052BF CD4052BF 
HCF4012BE CD4012BE HCF4030BF CD4030BF HCF4053BD CD4053BD 
HCF4012BF CD4012BF HCF4031BD CD4031BD HCF4053BE CD4053BE • HCF4013BD CD4013BD HCF4031BE CD4031BE HCF4053BF CD4053BF 

HCF4013BE CD4013BE HCF4031BF CD4031BF HCF4054BD CD4054BD 
HCF4013BF CD4013BF HCF4032BD CD4032BD HCF4054BE CD4054BE 
HCF4014BD CD4014BD HCF4032BE CD4032BE HCF4054BF CD4054BF 
HCF4014BE CD4014BE HCF4032BF CD4032BF HCF4055BD CD4055BD 
HCF4014BF CD4014BF HCF4033BD CD4033BD HCF4055BE CD4055BE 

HCF4015BD CD4015BD HCF4033BE CD4033BE HCF4055BF CD4055BF 
HCF4015BE CD4015BE HCF4033BF CD4033BF HCF4056BD CD4056BD 
HCF4015BF CD4015BF HCF4034BD CD4034BD HCF4056BE CD4056BE 
HCF4016BD CD4016BD HCF4034BE CD4034BE HCF4056BF CD4056BF 
HCF4016BE CD4016BE HCF4034BF CD4034BF HCF4060BD CD4060BD 

HCF4016BF CD4016BF HCF4035BD CD4035BD HCF4060BE CD4060BE 
HCF4017BD CD4017BD HCF4035BE CD4035BE HCF4060BF CD4060BF 
HCF4017BE CD4017BE HCF4035BF CD4035BF HCF4063BD CD4063BD 
HCF4017BF CD4017BF HCF4040BD CD4040BD HCF4063BE CD4063BE 
HCF4018BD CD4018BD HCF4040BE CD4040BE HCF4063BF CD4063BF 

HCF4018BE CD4018BE HCF4040BF CD4040BF HCF4066BD CD4066BD 
HCF4018BF CD4018BF HCF4041UBD CD4041UBD HCF4066BE CD4066BE 
HCF4019BD CD4019BD HCF4041UBE CD4041 UBE HCF4066BF CD4066BF 
HCF4019BE CD4019BE HCF4041UBF CD4041UBF HCF4067BD CD4067BD 
HCF4019BF CD4019BF HCF4042BD CD4042BD HCF4067BE CD4067BE 

HCF4020BD CD4020BD HCF4042BE CD4042BE HCF4067BF CD4067BF 
HCF4020BE CD4020BE HCF4042BF CD4042BF HCF4068BD CD4068BD 
HCF4020BF CD4020BF HCF4043BD CD4043BD HCF4068BE CD4068BE 
HCF4021BD CD4021BD HCF4043BE CD4043BE HCF4068BF CD4068BF 
HCF4021BE CD4021BE HCF4043BF CD4043BF HCF4069UBD CD4069UBD 

HCF4021BF CD4021BF HCF4044BD CD4044BD HCF4069UBE CD4069UBE 
HCF4022BD CD4022BD HCF4044BE CD4044BE HCF4069UBF CD4069UBF 
HCF4022BE CD4022BE HCF4044BF CD4044BF HCF4070BD CD4070BD 
HCF4022BF CD4022BF HCF4045BD CD4045BD HCF4070BE CD4070BE 
HCF4023BD CD4023BD HCF4045BE CD4045BE HCF4070BF CD4070BF 

HCF4023BE CD4023BE HCF4045BF CD4045BF HCF4071BD CD4071 BD 
HCF4023BF CD4023BF HCF4046BD CD4046BD HCF4071BE CD4071BE 
HCF4024BD CD4024BD HCF4046BE CD4046BE HCF4071BF CD4071BF 
HCF4024BE CD4024BE HCF4046BF CD4046BF HCF4072BD CD4072BD 
HCF4024BF CD4024BF HCF4047BD CD4047BD HCF4072BE CD4072BE 

HCF4025BD CD4025BD HCF4047BE CD4047BE HCF4072BF CD4072BF 
HCF4025BE CD4025BE HCF4047BF CD4047BF HCF4073BD CD4073BD 
HCF4025BF CD4025BF HCF4048BD CD4048BD HCF4073BE CD4073BE 
HCF4026BD CD4026BD HCF4048BE CD4048BE HCF4073BF CD4073BF 
HCF4026BE CD4026BE HCF4048BF CD4048BF HCF4075BD CD4075BD 

HCF4026BF CD4026BF HCF4049UBD CD4049UBD HCF4075BE CD4075BE 
HCF4027BD CD4027BD HCF4049UBE CD4049UBE HCF4075BF CD4075BF 
HCF4027BE CD4027BE HCF4049UBF CD4049UBF HCF4076BD CD4076BD 
HCF4027BF CD4027BF HCF4050BD CD4050BD HCF4076BE CD4076BE 
HCF4028BD CD4028BD HCF4050BE CD4050BE HCF4076BF CD4076BF 

HCF4028BE CD4028BE HCF4050BF CD4050BF HCF4077BD CD4077BD 
HCF4028BF CD4028BF HCF4051BD CD4051BD HCF4077BE CD4077BE 
HCF4029BD CD4029BD HCF4051BE CD4051BE HCF4077BF CD4077BF 
HCF4029BE CD4029BE HCF4051BF CD4051BF HCF4078BD CD4078BD 
HCF4029BF CD4029BF HCF4052BD CD4052BD HCF4078BE CD4078BE 
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HCF4078BF CD4078BF HCF4515BD CD4515BD HEF4015B CD4015BE 
HCF4081BD CD4081 BD HCF4515BE CD4515BE HEF4016B CD4016BE 
HCF4081BE CD4081BE HCF4515BF CD4515BF HEF4017B CD4017BE 
HCF4081 BF CD4081BF HCF4516BD CD4516BD HEF4018B CD4018BE 
HCF4082BD CD4082BD HCF4516BE CD4516BE HEF4019B CD4019BE 

HCF4082BE CD4082BE HCF4516BF CD4516BF HEF4020B CD4020BE 
HCF4082BF CD4082BF HCF4518BD CD4518BD HEF4021 B CD4021BE 
HCF4085BD CD4085BD HCF4518BE CD4518BE HEF4022B CD4022BE 
HCF4085BE CD4085BE HCF4518BF CD4518BF HEF4023B CD4023BE 
HCF4085BF CD4085BF HCF4520BD CD4520BD HEF4024B CD4024BE 

HCF4086BD CD4086BD HCF4520BE CD4520BE HEF4025B CD4025BE 
HCF4086BE CD4086BE HCF4520BF CD4520BF HEF4027B CD4027BE 
HCF4086BF CD4086BF HCF4527BD CD4527BD HEF4028B CD4028BE 
HCF4089BD CD4089BD HCF4527BE CD4527BE HEF4029B CD4029BE 
HCF4089BE CD4089BE HCF4527BF CD4527BF HEF4030B CD4030BE 

HCF4089BF CD4089BF HCF4532BD CD4532BD HEF4031B CD4031BE 
HCF4093BD CD4093BD HCF4532BE CD4532BE HEF4035B CD4035BE 
HCF4093BE CD4093BE HCF4532BF CD4532BF HEF4040B CD4040BE 
HCF4093BF CD4093BF HCF4555BD CD4555BD HEF4041B CD4041BE 
HCF4094BD CD4094BD HCF4555BE CD4555BE HEF4042B CD4042BE 

HCF4094BE CD4094BE HCF4555BF CD4555BF HEF4043B CD4043BE 
HCF4094BF CD4094BF HCF4556BD CD4556BD HEF4044B CD4044BE 
HCF4095BD CD4095BD HCF4556BE CD4556BE HEF4046B CD4046BE 
HCF4095BE CD4095BE HCF4556BF CD4556BF HEF4047B CD4047BE 
HCF4095BF CD4095BF HD14503B CD4503BE HEF4049B CD4049UBE 

, HCF4096BD CD4096BD HD14541B CD4541 BE HEF4050B CD4050BE 
HCF4096BE CD4096BE HD174C04 CD4096BD HEF4051B CD4051BE 
HCF4096BF CD4096BF HD174C14 CD40106BD HEF4052B CD4052BE 
HCF4097BD CD4097BD HD174C86 CD4030BD HEF4053B CD4053BE 
HCF4097BE CD4097BE HD174C86 CD4070BD HEF4059B CD4059BE 

HCF4097BF CD4097BF HD374C04 CD4069BE HEF4060B CD4060BE 
HCF4098BD CD4098BD HD374C14 CD40106BE HEF4066B CD4066BE 
HCF4098BE CD4098BE HD374C160 CD40160BE HEF4067B CD4067BE 
HCF4098BF CD4098BF HD374C161 CD40161BE HEF4068B CD4068BE 
HCF4099BD CD4099BD HD374C162 CD40162BE HEF4069UB CD4069UBE 

HCF4099BE CD4099BE HD374C163 CD40163BE HEF4070B CD4070BE 
HCF4099BF CD4099BF HD374C164 CD4015BE HEF4071 B CD4071BE 
HCF4502BD CD4502BD HD374C165 CD4021BE HEF4072B CD4072BE 
HCF4502BE CD4502BE HD374C173 CD4076BE HEF4073B CD4073BE 
HCF4502BF CD4502BF HD374C174 CD40174BE HEF4075B CD4075BE 

HCF4508BD CD4508BD HD374C192 CD40192BE HEF4076B CD4076BE 
HCF4508BE CD4508BE HD374C193 CD40193BE HEF4077B CD4077BE 
HCF4508BF CD4508BF HEF4000B CD4000BE HEF4078B CD4078BE 
HCF4510BD CD4510BD HEF4000BD CD4000BE HEF4081B CD4081BE 
HCF4510BE CD4510BE HEF4001 B CD4001BE HEF4082B CD4082BE 

HCF4510BF CD4510BF HEF4001UB CD4001UBE HEF4085B CD4085BE 
HCF4511BD CD4511BD HEF4002B CD4002BE HEF4086B CD4086BE 
HCF4511BE CD4511BE HEF4006B CD4006BE HEF4093B CD4093BE 
HCF4511BF CD4511BF HEF4007UB CD4007UBE HEF4094B CD4094BE 
HCF4512BD CD4512BD HEF4008B CD4008BE HEF4502B CD4502BE 

HCF4512BE CD4512BE HEF4011B CD4011 BE HEF4508B CD4508BE 
HCF4512BF CD4512BF HEF4011UB CD4011 UBE HEF4510B CD4510BE 
HCF4514BD CD4514BD HEF4012B CD4012BE HEF4511B CD4511 BE 
HCF4514BE CD4514BE HEF4013B CD4013BE HEF4512B CD4512BE 
HCF4514BF CD4514BF HEF4014B CD4014BE HEF4514B CD4514BE 
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HEF4515B CD4515BE MC14010BCP CD4010BE MC14025UBAL CD4025UBF 
HEF4516B CD4516BE MC14011BAL CD4011 BF MC14025UBCL CD4025UBF 
HEF4517B CD4517BE MC14011BCL CD4011 BF MC14025UBCP CD4025UBE 
HEF4518B CD4518BE MC14011BCP CD4011 BE MC14027BAL CD4027BF • HEF4520B CD4520BE MC14011 UBAL CD4011UBF MC14027BCL CD4027BF 

HEF4527B CD4527BE MC14011UBCL CD4011UBF MC14027BCP CD4027BE 
HEF4532B CD4532BE MC14011 UBCP CD4011UBE MC14028BAL CD4028BF 
HEF4538B CD4538BE MC14012BAL CD4012BF MC14028BCL CD4028BF 
HEF4541B CD4541BE MC14012BCL CD4012BF MC14028BCP CD4028BE 
HEF4543B CD4543BE MC14012BCP CD4012BE MC14029BAL CD4029BF 

HEF4555B CD4555BE MC14012UBAL CD4012UBF MC14029BCL CD4029BF 
HEF4556B CD4556BE MC14012UBCL CD4012UBF MC14029BCP CD4029BE 
HEF4585B CD4585BE MC14012UBCP CD4012UBE MC14032BAL CD4032BF 
HEF4724B CD4724BE MC14013BAL CD4013BF MC14032BCL CD4032BF 
HEF40160B CD40160BE MC14013BCL CD4013BF MC14032BCP CD4032BE 

HEF40161B CD40161 BE MC14013BCP CD4013BE MC14034BAL CD4034BF 
HEF40162B CD40162BE MC14014BAL CD4014BF MC14034BCL CD4034BF 
HEF40163B CD40163BE MC14014BCL CD4014BF MC14034BCP CD4034BE 
HEF40174B CD40174BE MC14014BCP CD4014BE MC14035BAL CD4035BF 
HEF40175B CD40175BE MC14015BAL CD4015BF MC14035BCL CD4035BF 

HEF40192B CD40192BE MC14015BCL CD4015BF MC14035BCP CD4035BE 
HEF40193B CD40193BE MC14015BCP CD4015BE MC14038BAL CD4038BF 
HEF40194B CD40194BE MC14016BAL CD4016BF MC14038BCL CD4038BF 
MC14000BAL CD4000BF MC14016BCL CD4016BF MC14038BCP CD4038BE 
MC14000BCL CD4000BF MC14016BCP CD4016BE MC14040BAL CD4040BF 

MC14000BCP CD4000BE MC14017BAL CD4017BF MC14040BCL CD4040BF 
MC14000UBAL CD4000UBF MC14017BCL CD4017BF MC14040BCP CD4040BE 
MC14000UBCL CD4000UBF MC14017BCP CD4017BE MC14042BAL CD4042BF 
MC14000UBCP CD4000UBE MC14018BAL CD4018BF MC14042BCL CD4042BF 
MC14001 BAL CD4001BF MC14018BCL CD4018BF MC14042BCP CD4042BE 

MC14001BCL CD4001BF MC14018BCP CD4018BE MC14043BAL CD4043BF 
MC14001BCP CD4001BE MC14019BAL CD4019BF MC14043BCL CD4043BF 
MC14001 UBAL CD4001UBF MC14019BCL CD4019BF MC14043BCP CD4043BE 
MC14001UBCL CD4001UBF MC14019BCP CD4019BE MC14044BAL CD4044BF 
MC14001 UBCP CD4001UBE MC14020BAL CD4020BF MC14044BCL CD4044BF 

MC14002BAL CD4002BF MC14020BCL CD4020BF MC14044BCP CD4044BE 
MC14002BCL CD4002BF MC14020BCP CD4020BE MC14046BAL CD4046BF 
MC14002BCP CD4002BE MC14021BAL CD4021BF MC14046BCL CD4046BF 
MC14002UBAL CD4002UBF MC14021BCL CD4021BF MC14046BCP CD4046BE 
MC14002UBCL CD4002UBF MC14021BCP CD4021 BE MC14049UBAL CD4049UBF 

MC14002UBCP CD4002UBE MC14022BAL CD4022BF MC14049UBCL CD4049UBF 
MC14006BAL CD4006BF MC14022BCL CD4022BF MC14049UBCP CD4049UBE 
MC14006BCL CD4006BF MC14022BCP CD4022BE MC14050BAL CD4050BF 
MC14006BCP CD4006BE MC14023BAL CD4023BF MC14050BCL CD4050BF 
MC14007BCL CD4007UBF MC14023BCL CD4023BF MC14050BCP CD4050BE 

MC14007UBAL CD4007UBF MC14023BCP CD4023BE MC14051BAL CD4051BF 
MC14007UBCL CD4007UBF MC14023UBAL CD4023UBF MC14051BCL CD4051BF 
MC14007UBCP CD4007UBE MC14023UBCL CD4023UBF MC14051BCP CD4051BE 
MC14008BAL CD4008BF MC14023UBCP CD4023UBE MC14052BAL CD4052BF 
MC14008BCL CD4008BF MC14024BAL CD4024BF MC14052BCL CD4052BF 

MC14008BCP CD4008BE MC14024BCL CD4024BF MC14052BCP CD4052BE 
MC14009UBAL CD4009UBF MC14024BCP CD4024BE MC14053BAL CD4053BF 
MC14009UBCL CD4009UBF MC14025BAL CD4025BF MC14053BCP CD4053BE 
MC14009UBCP CD4009UBE MC14025BCL CD4025UBF MC14053BCP CD4053BE 
MC14010BAL CD4010BF MC14025BCP CD4025BE MC14060BAL CD4060BF 
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MC14060BCL CD4060BF MC14161BCP CD40161BE MC14517BCL CD4517BF 
MC14060BCP CD4060BE MC14162BAL CD40162BF MC14517BCP CD4517BE 
MC14066BAL CD4066BF MC14162BCL CD40162BF MC14518BAL CD4518BF 
MC14066BCL CD4066BF MC14163BAL CD40163BF MC14518BCL CD4518BF 
MC14066BCP CD4066BE MC14163BCL CD40163BF MC14518BCP CD4518BE 

MC14068BAL CD4068BF MC14163BCP CD40163BE MC14520BAL CD4520BF 
MC14068BCL CD4068BF MC14174BAL CD40174BF MC14520BCL CD4520BF 
MC14068BCP CD4068BE MC14174BCL CD40174BF MC14520BCP CD4520BE 
MC14069UBAL CD4069UBF MC14174BCP CD40174BE MC14527BAL CD4527BF 
MC14069UBCL CD4069UBF MC14175BAL CD40175BF MC14527BCL CD4527BF 

MC14069UBCP CD4069UBE MC14175BCL CD40175BF MC14527BCP CD4527BE 
MC14070BAL CD4070BF MC14175BCP CD40175BE MC14532BAL CD4532BF 
MC14070BCL CD4070BF MC14181BAL CD40181 BF MC14532BCL CD4532BF 
MC14070BCP CD4070BE MC14181BCL CD40181BF MC14532BCP CD4532BE 
MC14071BAL CD4071BF MC14181BCP CD40181BE MC14536BAL CD4536BF 

MC14071BCL CD4071BF MC14182BAL CD40182BF MC14536BCL CD4536BF 
MC14071BCP CD4071BE MC14182BCL CD40182BF MC14536BCP CD4536BE 
MC14072BAL CD4072BF MC14182BCP CD40182BE MC14538BAL CD4538BF 
MC14072BCL CD4072BF MC14194BAL CD40194BF MC14538BCL CD4538BF 
MC14072BCP CD4072BE MC14194BCL CD40194BF MC14538BCP CD4538BE 

MC14073BAL CD4073BF MC14194BCP CD40194BE MC14541BAL CD4541BF 
MC14073BCL CD4073BF MC14413L CD22413F MC14541BCL CD4541BF 
MC14073BCP CD4073BE MC14413P CD22413E MC14541BCP CD4541BE 
MC14075BAL CD4075BF MC14414L CD22414F MC14543BAL CD4543BF 
MC14075BCL CD4075BF MC14414P CD22414E MC14543BCL CD4543BF 

MC14075BCP CD4075BE MC14502BAl CD4502BD MC14543BCP CD4543BE 
MC14076BAl CD4076BF MC14502BCL CD4502BF MC14555BAL CD4555BF 
MC14076BCl CD4076BF MC14502BCP CD4502BE MC14555BCl CD4555BF 
MC14076BCP CD4076BE MC14503BAL CD4503BF MC14555BCP CD4555BE 
MC14077BAl CD4077BF MC14503BCl CD4503BF MC14556BAL CD4556BF 

MC14077BCl CD4077BF MC14504BAl CD40109BF MC14556BCl CD4556BF 
MC14077BCP CD4077BE MC14504BCl CD4504BF MC14556BCP CD4556BE 
MC14078BAl CD4078BF MC14504BCP CD40109BE MC14581BAl CD40181BF 
MC14078BCl CD4078BF MC14508BAL CD4508BF MC14581BCl CD40181BF 
MC14078BCP CD4078BE MC14508BCl CD4508BF MC14581BCP CD40181BE 

MC14081BAl CD4081BF MC14508BCP CD4508BE MC14582BAl CD40182BF 
MC14081BCl CD4081BF MC14510BAl CD4510BF MC14582BCl CD40182BF 
MC14081BCP CD4081BE MC14510BCl CD4510BF MC14582BCP CD40182BE 
MC14082BAl CD4082BF MC14510BCP CD4510BE MC14584BAl CD40106BF 
MC14082BCl CD4082BF MC14511BAl CD4511 BF MC14584BCL CD40106BF 

MC14082BCP CD4082BE MC14511BCl CD4511BF MC14584BCP CD40106BE 
MC14093BAl CD4093BF MC14511BCP CD4511BE MC14585BAl CD4585BF 
MC14093BCl CD4093BF MC14511BMJ CD4511 BF MC14585BCL CD4585BF 
MC14093BCP CD4093BE MC14512BAL CD4512BF MC14585BCP CD4585BE 
MC14094BAL CD4094BF MC14512BCl CD4512BF MC15000UBAL CD4000UBF 

MC14094BCl CD4094BF MC14512BCP CD4512BE MC15162BCP CD40162BE 
MC14094BCP CD4094BE MC14514BAl CD4514BF MC15403BCP CD4503BE 
MC14099BAL CD4099BF MC14514BCL CD4514BF MC3419 CD22419 
MC14099BCl CD4099BF MC14514BCP CD4514BE MM54C04D CD4069BF 
MC14099BCP CD4099BE MC14515BAl CD4515BF MM54C160D CD40160BF 

MC14160BAl CD40160BF MC14515BCP CD4515BE MM54C161D CD40161BF 
MC14160BCl CD40160BF MC14516BAl CD4516BF MM54C162D CD40162BF 
MC14160BCP CD40160BE MC14516BCl CD4516BF MM54C163D CD40163BF 
MC14161BAl CD40161BF MC14516BCP CD4516BE MM54C173D CD4076BF 
MC14161BCl CD40161BF MC14517BAl CD4517BF MM54C174D CD40174BF 
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MM74C04N CD4068BE SCL4014BC CD4014BF SCL4030BD CD4030BD 
MM74C160N CD40160BE SCL4014BD CD4014BD SCL4030BE CD4030BE 
MM74C161N CD40161 BE SCL4014BE CD4014BE SCL4033ABC CD4033BF 
MM74C162N CD40162BE SCL4015BC CD4015BF SCL4033ABD CD4033BD 

I MM74C163N CD40163BE SCL4015BD CD4015BD SCL4034ABC CD4034BF 

MM74C164N CD4015BE SCL4015BE CD4016BE SCL4034ABD CD4034BD 
MM74C165N CD4021BE SCL4016BC CD4016BF SCL4034ABE CD4034BE 
MM74C173N CD4076BE SCL4016BD CD4016BD SCL4034BC CD4034BF 
MM74C174N CD40174BE SCL4016BE CD4016BE SCL4035BC CD4035BF 
MSM4036 CD4036A SCL4017BC CD4017BF SCL4035BD CD4035BD 

MSM4039 CD4039A SCL4017BD CD4017BD SCL4035BE CD4034BE 
MSM4061 CD4061 SCL4017BE CD4017BE SCL4040ABC CD4040BF 
MSM4061A CD4061A SCL4018BC CD4018BF SCL4040ABD CD4040BD 
S2859P CD22859E SCL4018BD CD4018BD SCL4040ABE CD4040BE 
SCL4000BC CD4000BF SCL4018BE CD4018BE SCL4040BC CD4040BF 

SCL4000BD CD4000BD SCL4019BC CD4019BF SCL4040BD CD4040BD 
SCL4001BC CD4001BF SCL4019BD CD4019BD SCL4040BE CD4040BE 
SCL4001BD CD4001BD SCL4019BE CD4019BE SCL4041UBC CD4041UBF 
SCL4001BE CD4001BE SCL4020ABC CD4020BF SCL4041UBD CD4041UBD 
SCL4001UBC CD4001UBF SCL4020ABD CD4020BD SCL4041UBE CD4041UBE 

SCL4001UBD CD4001UBD SCL4020ABE CD4020BE SCL4042BC CD4042BF 
SCL4001UBE CD4001UBE SCL4020BC CD4020BF SCL4042BD CD4042BD 
SCL4002BC CD4002BF SCL4020BD CD4020BD SCL4042BE CD4042BE 
SCL4002BD CD4002BD SCL4020BE CD4020BE SCL4043ABC CD4043BF 
SCL4002BE CD4002BE SCL4021BC CD4021BF SCL4043ABD CD4043BD 

SCL4006ABC CD4006BF SCL4021BD CD4021 BD SCL4043ABE CD4043BE 
SCL4006ABD CD4006BD SCL4021BE CD4021BE SCL4043BC CD4043BF 
SCL4006ABE CD4006BE SCL4022ABC CD4022BF SCL4043BD CD4043BD 
SCL4006BC CD4006BF SCL4022ABD CD4022BD SCL4043BE CD4043BE 
SCL4006BD CD4006BD SCL4022ABE CD4022BE SCL4044ABC CD4044BF 

SCL4006BE CD4006BE SCL4022BC CD4022BF SCL4044ABD CD4044BD 
SCL4007UBC CD4007UBF SCL4022BD CD4022BD SCL4044ABE CD4044BE 
SCL4007UBD CD4007UBD SCL4022BE CD4022BE SCL4044BC CD4044BF 
SCL4007UBE CD4007UBE SCL4023BC CD4023BF SCL4044BD CD4044BD 
SCL4008BC CD4008BF SCL4023BD CD4023BD SCL4044BE CD4044BE 

SCL4008BD CD4008BD SCL4023BE CD4023BE SCL4046BC CD4046BF 
SCL4008BE CD4008BE SCL4024BC CD4024BF SCL4046BD CD4046BD 
SCL4009UBC CD4009UBF SCL4024BD CD4024BD SCL4046BE CD4046BE 
SCL4009UBD CD4009UBD SCL4024BE CD4024BE SCL4047BC CD4047BF 
SCL4009UBE CD4009UBE SCL4025BC CD4025BF SCL4047BD CD4047BD 

SCL4010BC CD4010BF SCL4025BD CD4025BD SCL4047BE CD4047BE 
SCL4010BD CD4010BD SCL4025BE CD4025BE SCL4049UBC CD4049UBF 
SCL4010BE CD4010BE SCL4026ABC CD4026BF SCL4049UBD CD4049UBD 
SCL4011BC CD4011BF SCL4026ABD CD4026BD SCL4049UBE CD4049UBE 
SCL4011BD CD4011BD SCL4026ABE CD4026BE SCL4050BC CD4050BF 

SCL4011BE CD4011BE SCL4027BC CD4027BF SCL4050BD CD4050BD 
SCL4011UBC CD4011UBF SCL4027BD CD4027BD SCL4050BE CD4050BE 
SCL4011UBD CD4011UBD SCL4027BE CD4027BE SCL4051BC CD4051 BF 
SCL4011UBE CD4011UBE SCL4028BC CD4028BF SCL4051BD CD4051BD 
SCL4012BC CD4012BF SCL4028BD CD4028BD SCL4051BE CD4051BE 

SCL4012BD CD4012BD SCL4028BE CD4028BE SCL4052BC CD4052BF 
SCL4012BE CD4012BE SCL4029BC CD4029BF SCL4052BD CD4052BD 
SCL4013BC CD4013BF SCL4029BD CD4029BD SCL4052BE CD4052BE 
SCL4013BD CD4013BD SCL4029BE CD4029BE SCL4053BC CD4053BF 
SCL4013BE CD4013BE SCL4030BC CD4030BF SCL4053BD CD4053D 
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SCL4053BE CD4053BE SCL4094BC CD4094BF SCL4527BD CD4527BF 
SCL4060ABC CD4060BF SCL4094BD CD4094BD SCL4527BE CD4527BE 
SCL4060ABD CD4060BD SCL4094BE CD4094BE SCL4528BC CD4528BF 
SCL4060ABE CD4060BE SCL4099BC CD4099BF SCL4528BD CD4528BD 
SCL4060BC CD4060BF SCL4099BD CD4099BD SCL4528BE CD4528BF 

SCL4060BD CD4060BD SCL4099BE CD4099BE SCL4532BC CD4532BF 
SCL4060BE CD4060BE SCL4160BC CD40160BF SCL4532BD CD4532BD 
SCL4066BC CD4066BF SCL4160BD CD40160BD SCL4532BE CD4532BE 
SCL4066BD CD4066BD SCL4160BE CD40160BE SCL4543BC CD4543BF 
SCL4066BE CD4066BE SCL4161BC CD40161BF SCL4543BD CD4543BD 

SCL4068BC CD4068BF SCL4161BD CD40161BD SCL4543BE CD4543BE 
SCL4068BD CD4068BD SCL4161BE CD40161BE SCL4555BC CD4555BF 
SCL4068BE CD4068BE SCL4162BC CD40162BF SCL4555BD CD4555BD 
SCL4069UBC CD4069UBF SCL4162BD CD40162BD SCL4555BE CD4555BE 
SCL4069UBD CD4069UBD SCL4162BE CD40162BE SCL4556BC CD4556BF 

SCL4069UBE CD4069UBE SCL4163BC CD40163BF SCL4556BD CD4556BD 
SCL4070BC CD4070BF SCL4163BD CD40163BD SCL4556BE CD4556BE 
SCL4070BD CD4070BD SCL4163BE CD40163BE SCL4581BC CD40181BF 
SCL4070BE CD4070BE SCL4174BC CD40174BF SCL4581BD CD40181BD 
SCL4071BC CD4071BF SCL4174BD CD40174BD SCL4581BE CD40181BE 

SCL4071BD CD4071BD SCL4174BE CD40174BE SCL4582BC CD40182BF 
SCL4071BE CD4071BE SCL4502BC CD4502BF SCL4582BD CD40182BD 
SCL4072BC CD4072BF SCL4502BD CD4502BD SCL4582BE CD40182BE 
SCL4072BD CD4072BD SCL4502BE CD4502BE SCL4584BC CD40106BF 
SCL4072BE CD4072BE SCL4508BC CD4508BF SCL4584BD CD40106BD 

SCL4073BC CD4073BF SCL4508BD CD4508BD SCL4584BE CD40106BE 
SCL4073BD CD4073BD SCL4508BE CD4508BE SCL4585BC CD4585BF 
SCL4073BE CD4073BE SCL4510BC CD4510BF SCL4585BD CD4585BD 
SCL4075BC CD4075BF SCL4510BD CD4510BD SCL4585BE CD4585BE 
SCL4075BD CD4075BD SCL4510BE CD4510BE TC4001 BP CD4001BE 

SCL4075BE CD4075BE SCL4511BC CD4511 BF TC4001 UBP CD4001UBE 
SCL4076BC CD4076BF SCL4511BD CD4511BD TC4002BP CD4002BE 
SCL4076BD CD4076BD SCL4511BE CD4511BE TC4006BP CD4006BE 
SCL4076BE CD4076BE SCL4512BC CD4512BF TC4007UBP CD4007UBE 
SCL4077BC CD4077BF SCL4512BD CD4512BD TC4008BP CD4008BE 

SCL4077BD CD4077BD SCL4512BE CD4512BE TC4009UBP CD4009UBE 
SCL4077BE CD4077BE SCL4514BC CD4514BF TC4010BP CD4010BE 
SCL4078BC CD4078BF SCL4514BD CD4514BD TC4011BP CD4011BE 
SCL4078BD CD4078BD SCL4514BE CD4514BE TC4011UBP CD4011UBE 
SCL4078BE CD4078BE SCL4515BC CD4515BF TC4012BP CD4012BE 

SCL4081BC CD4081BF SCL4515BD CD4515BD TC4013BP CD4013BE 
SCL4081BD CD4081 BD SCL4515BE CD4515BE TC4014BP CD4014BE 
SCL4081BE CD4081BE SCL4516BC CD4516BF TC4015BP CD4015BE 
SCL4082BC CD4082BF SCL4516BD CD4516BD TC4016BP CD4016BE 
SCL4082BD CD4082BD SCL4516BE CD4516BE TC4017BP CD4017BE 

SCL4082BE CD4082BE SCL4517BC CD4517BF TC4018BP CD4018BE 
SCL4085BC CD4085BF SCL4517BD CD4517BD TC4019BP CD4019BE 
SCL4085BD CD4085BD SCL4517BE CD4517BE TC4020BP CD4020BE 
SCL4085BE CD4085BE SCL4518BC CD4518BF TC4021BP CD4021BE 
SCL4086BC CD4086BF SCL4518BD CD4518BD TC4022BP CD4022BE 

SCL4086BD CD4086BD SCL4518BE CD4518BE TC4023BP CD4023BE 
SCL4086BE CD4086BE SCL4520BC CD4520BF TC4024BP CD4024BE 
SCL4093BC CD4093BF SCL4520BD CD4520BD TC4025BP CD4025BE 
SCL4093BD CD4093BD SCL4520BE CD4520BE TC4027BP CD4027BE 
SCL4093BE CD4093BE SCL4527BC CD4527BD TC4028BP CD4028BE 
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TC4029BP CD4029BE TC4520BP CD4520BE TP4044AN CD4044AE 
TC4030BP CD4030BE TC4527BP CD4527BE TP4044BN CD4044BE 
TC4032BP CD4032BE TC4532BP CD4532BE TP4049AN CD4049AE 

I TC4034BP CD4034BE TC4543BP CD4543BE TP4049UBN CD4049UBE 
TC4035BP CD4035BE TC4544BP CD4555BE TP4050AN CD4050AE 

TC4036B CD4036A TC4556BP CD4556BE TP4050BN CD4050BE 
TC4038BP CD4038BE TC4585BP CD4585BE TP4051AN CD4051AE 
TC4039B CD4039A TP4000AN CD4000AE TP4051BN CD4051BE 
TC4040BP CD4040BE TP4001AN CD4001AE TP4052AN CD4052AE 
TC4042BP CD4042BE TP4001AN CD4002AE TP4052BN CD4052BE 

TC4043BP CD4043BE TP4001BN CD4001BE TP4053AN CD4053AE 
TC4044BP CD4044BE TP4007AN CD4007AE TP4053BN CD4053BE 
TC4047BP CD4047BE TP400lUBN CD4007UBE TP4066AN CD4066AE 
TC4049BP CD4049UBE TP4008BN CD4008BE TP4068AN CD4068AE 
TC4050BP CD4050BE TP4009AN CD4009AE TP4069UBN CD4069UBE 

TC4051BP CD4051 BE TP4009UBN CD4009UBE TP4070BN CD4070BE 
TC4052BP CD4052BE TP4010AN CD4010AE TP4071BN CD4071BE 
TC4053BP CD4053BE TP4010BN CD4010BE TP4072BN CD4072BE 
TC4054BP CD4054BE TP4011AN CD4011AE TP4073BN CD4073BE 
TC4055BP CD4055BE TP4011BN CD4011BE TP4075BN CD4075BE 

TC4056BP CD4056BE TP4012AN CD4012AE TP4081BN CD4078BE 
TC4061 CD4061A TP4013AN CD4013AE TP4082BN CD4081BE 
TC4063BP CD4063BE TP4013BN CD4013BE TP4083BN CD4082BE 
TC4066BP CD4066BE TP4014AN CD4014AE TP4511BN CD4511BE 
TC4068BP CD4068BE TP4015AN CD4015AE TP4512BN CD4512BE 

TC4069BP CD4069UBE TP4015BN CD4015BE TP4520AN CD4520AE 
TC4071BP CD4071BE TP4016AN CD4016AE IlPD4001C CD4001AE 
TC4072BP CD4072BE TP4016UBN CD4016BE IlPD4002C CD4002AE 
TC4073BP CD4073BE TP4017AN CD4017AE IlPD4011 C CD4011AE 
TC4075BP CD4075BE TP4018AN CD4018AE IlPD4012C CD4012AE 

TC4076BP CD4076BE TP4018BN CD4018BE IlPD4013C CD4013AE 
TC4078BP CD4078BE TP4019AN CD4019AE IlPD4014C CD4014AE 
TC4081BP CD4081BE TP4019BN CD4019BE IlPD4015C CD4015AE 
TC4082BP CD4082BE TP4020AN CD4020AE IlPD4017C CD4017BE 
TC4083BP CD4083BE TP4020BN CD4020BE IlPD4019C CD4019AE 

TC4085BP CD4085BE TP4021AN CD4021AE IlPD4020C CD4020AE 
TC4086BP CD4086BE TP4022AN CD4022AE IlPD4021 C CD4023AE 
TC4093BP CD4093BE TP4023AN CD4023AE IlPD4023C CD4023AE 
TC4094BP CD4094BE TP4024AN CD4024AE IlPD4024C CD4024BE 
TC40160BP CD40160BE TP4024BN CD4024BE IlPD4025C CD4025AE 

TC40161BP CD40161BE TP4025AN CD4025AE IlPD4027C CD4027AE 
TC40162BP CD40162BE TP4027AN CD4027AE IlPD4028C CD4028AE 
TC40163BP CD40163BE TP4027BN CD4027BE IlPD4029C CD4029AE 
TC40174BP CD40174BE TP4028AN CD4027AE IlPD4030C CD4030AE 
TC40175BP CD40175BE TP4028BN CD4028BE IlPD4034C CD4034BE 

TC40192BP CD40192BE TP4029AN CD4029AE IlPD4035C CD4035BE 
TC40193BP CD40193BE TP4030AN CD4030AE IlPD4040C CD4040BE 
TC4508BP CD4508BE TP4030BN CD4030BE IlPD4042C CD4042AE 
TC4510BP CD4510BE TP4035BN CD4035BE IlPD4043C CD4043BE 

-TC4511BP CD4511BE TP4040AN CD4040AE IlPD4044C CD4044BE 

TC4512BP CD4512BE TP4040BN CD4040BE IlPD4049C CD4049AE 
TC4514BP CD4514BE TP4042AN CD4042AE IlPD4050C CD4050AE 
TC4515BP CD4515BE TP4042BN CD4042BE IlPD4051C CD4051BE 
TC4516BP CD4516BE TP4043AN CD4043AN IlPD4052C CD4052BE 
TC4518BP CD4518BE TP4043BN CD4043BE IlPD4053C CD4053BE 
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pPD4063C CD4063BE pPD4094C CD4094BE pPD4555C CD4555BE 
pPD4066C CD4066AE IlPD4099C CD4099BE IlPD4556C CD4556BE 
IlPD4069C CD4069UBE IlPD4508C CD4508BE 
IlPD4071C CD4071BE IlPD4510C CD4510BE 
IlPD4072C CD4072BE IlPD4511C CD4511BE 

IlPD4073C CD4073BE IlPD4514C CD4515BE 
pPD4075C CD4075BE IlPD4516C CD4516BE 
IlPD4081 C CD4081BE IlPD4518C CD4518BE 
IlPD4082C CD4082BE IlPD4520C CD4520BE 
IlPD4093C CD4093BE IlPD4532C CD4532BE 

42 



General Operating and 
Application Considerations 

Page 
General Operating and Handling Considerations .................. 44 
A-Series CMOS Integrated Circuits ............................... 48 
High-Voltage B-Serles CMOS Integrated Circuits .................. 48 

43 



General Operating and Application Considerations 

This section is intended as a guide to cir­
cuit and equipment designers in the 
operation and application of MOS inte­
grated circuits. It covers general operat­
ing and handling considerations with re­
spect to the following critical factors: 

• Operating supply-voltage range 
• Power dissipation and derating 
• System noise considerations 
• Power-source rules 
• Gate-oxide protection networks 
• Input signals and ratings 
• Chip assembly and storage 
• Device mounting 
• Testing 

More specific information is then given 
on significant features, special design 
and application requirements, and 
standard ratings and electrical character­
istics for CMOS A- and B-series logic 
circuits, and on CMOS special-function 
circuits (telecommunications and special 
interface and display driver circuits). 

GENERAL OPERATING AND 
HANDLING CONSIDERATIONS 

The following paragraphs discuss some 
key operating and handling considera­
tions that must be taken into account to 
achieve maximum advantage of the 
CMOS technology. Additional informa­
tion on the operation and handling of 
CMOS integrated circuits is given in 
ICAN-6525, "Guide to Belter Handling 
and Operation of CMOS Integrated Cir­
cuits," included in the Application Notes 
Section of this DA TABOOK. 

OperatIng Supply-Voltage Range 

Because logic systems occasionally ex­
perience transient conditions on the 
power-supply line which, when added to 
the nominal power-bus voltage, could 
exceed the safe limits of circuits con­
nected to the power bus, the recom­
mended operating supply-voltage ranges 
are 3 to 12 volts for A-series devices and 
3 to 18 volts for B-series devices. The 
recommended maximum power-supply 
limit is substantially below the minimum 
primary breakdown limit for the devices 
to allow for limited power-supply tran­
sient and regulation limits. For circuits 
that operate in a linear mode over a por­
tion of the voltage range, such as RC or 
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crystal oscillators, a minimum supply 
voltage of 4 volts is recommended. 

Power DIssipatIon and DeratIng 

The power dissipation of a CMOS inte­
grated circuit is the sum of a dc (quies­
cent) component and an ac (dynamic) 
component. The dc component is the 
sum of the net integrated-circuit reverse 
diode-junction current and the surface 
leakage current times the supply volt­
age. In standard A- or B-series logic de­
vices, the dc dissipation typically ranges, 
depending upon device complexity, 
from 100 to 400 nanowalts for a supply 
voltage of 10 volts. Worst-case dc dissi­
pation is the product of the maximum 
quiescent current (given in the data 
sheet on each device) and the dc supply 
voltage Voo. 

Dynamic power dissipation has 3 com­
ponents: 
a) The dissipation that results from cur­

rent that charges and discharges the 
external load capacitance of the out­
put buffers. The dissipation of each 
output buffer is equal to CV2f, where 
C is the load capacitance, V is the 
supply voltage, and F is the switching 
frequency of that output. 

b) The dissipation that results from cur­
rent that charges and discharges the 
internal node capacitances. 

c) The dissipation caused by the cur­
rent spikes through the PMOS and 
NMOS transistors in series at the in­
stant of switching. This component 
amounts to approximately 10 per 
cent of the total dissipation, shown 
graphically in the data sheets of most 
RCA CMOS circuits. 

All CMOS devices are rated at 200 mW 
per package at the maximum operating 
ambient temperature rating (TA ) for the 
package type (85° C for plastic packages 
and 125°C for ceramic packages). Power 
ratings for temperatures below the max­
imum operating temperature are shown 
in the standard CMOS thermal derating 
chart in Fig. 1. This chart assumes that (a) 
the device is mounted and soldered (or 
placed in a socket) on a PC board; (b) 
there is natural convection cooling, with 
the PC board mounted horizontally; and 
(c) the pressure is standard (14.7 psia). In 
addition to the over-all package dissipa­
tion, device dissipation per output tran­
sistor is limited to 100 mW maximum over 
the full package operating-temperature 
range. 
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Fig. 1-Standard CMOS thermal derating 
chart. 

System NoIse ConsIderatIons 
In general, CMOS devices are much less 
sensitive to noise on power and ground 
lines than bipolar logic families (such as 
TTL or DTL). However, this sensitivity 
varies as a function of the power-supply 
voltage, and more importantly as a 
function of synchronism between noise 
spikes and inputtransitions. Good power 
distribution in digital systems requires 
that the power bus have a low dynamic 
impedance; for this purpose, discrete 
decoupling capacitors should be dis­
tributed across the power bus. A more 
detailed discussion of CMOS noise 
immunity is provided by ICAN-6587, 
"Noise Immunity of B-series CMOS Inte­
grated Circuits," in the Application Notes 
Section. 

Power-Source Rules 
Fig. 2 shows the basic CMOS inverter and 
its gate-oxide protection network plus 
inherent diodes. The safe operating 
procedures listed below can be under­
stood by reference to th is inverter. 

01 J112~V 
02-50V 
R2«RI 

* THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 

01 

Fig. 2-Basic CMOS inverter with B-series 
types protection network. 

1. When separate power supplies are 
used for the CMOS device and for 
the device inputs, the device power 
supply should always be turned on 



before the independent input signal 
sources, and the input signals should 
be turned off before the power supply 
is turned off (Vss::5 V, ::5 Vee as a maxi­
mum limit). This rule will prevent over­
dissipation and possible damage to 
the 02 input-protection diode when 
the device power supply is grounded. 
When the device power supply is an 
open circuit, violation of this rule can 
result in undesired circuit operation 
although device damage should not 
result; ac inputs can be rectified by di­
ode 02 to act as a power supply. 

2. The power-supply operating voltage 
should be kept safely below the abso­
lute maximum supply rating, as indi­
cated previously. 

3. The power-supply polarity for 
CMOS circuits should not be reve, :.icrl 
The positive (Voe) terminal should 
never be more than 0.5 volt negative 
with respect to the negative (V ss) ter­
minal (Voe - Vss>-0.5 V). Reversal of 
polarities will forward-bias and short 
the structural and protection diode 
between Vee and Vss. 

4. Vooshould be equal to or greater than 
Vcc for CMOS buffers which have 
two power supplies (except for the 
C040109B, and in particular, for CO-
4009 and C04010 CMOS-to-TTL 
"down"-conversion devices). 

5. Power-source current capability 
should be limited to as Iowa value as 
reasonable to assure good logic oper­
ation. 

6. Large values of resistors in series with 
Voe or Vss should be avoided; tran­
sient turn-on of input protection di­
odes can result from drops across 
such resistors during switching. 

Gate-Oxide Protection Network 

A problem occasionally encountered in 
handling and testing low-power semi­
conductor devices, including MOS and 
small-geometry bipolar devices, has 
been damage to gate oxide and/or p-n 
junctions. Fig. 3 shows the gate-oxide 
protection circuits used to protect CMOS 
devices from static electricity damage. 
ICAN-6572 gives further information on 
protection circuits. Although these cir­
cuits are included in all CMOS devices, 
the handling precautions in ICAN-6572 
and ICAN-6525 should be observed. 
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• THESE DIODES ARE INHERENTLY PART Of THE 
MANUFACTURING PROCESS 

(a) For standard A-series CMOS product. 

*THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS 

(b) For improved B-series CMOS prod­
uct. 

(c) ForCD4049UB, CD4050B, andCD40109B 
CMOS types. 

IN/OUT 

DIODE BREAKDOWN 

01 =:I25V 
D2=50V 

CUTIIN 

* THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 
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(d) For CMOS transmission gates. 

Fig. 3-Gate-oxide protection networks used in 
RCA CMOS integrated circuits. 

Input Signals and Ratings 

1. Input signals should be maintained 
within the power-supply voltage 
range, Vss ::5 V,::5 Voo. If the input sig­
nal exceeds the recommended input­
signal-swing range, the input current 

should be limited to ±100pA to mini­
mize cross talk between input signals 
on adjacent terminals, and also to 
minimize any reduction in noise im­
munity. 

The absolute-maximum input-cur­
rent rating of ±10 mA, shown in the 
published data, protects the device 
against the possible occurence of an 
induced Vee - Vss latch condition, or 
damage to the input protection di-
odes. Latch-Up conditions are ex- • 
plained in ICAN-6525. 

2. ALL CMOS inputs should be termi­
nated. An exception can be made in 
the case of unbuffered NOR and 
NAND gates (A-series and US types) 
where terminating one of the series 
inputs to the proper polarity will not 
permit current flow caused by a float­
ing input. Thus, tying low one of the 
inputs of an unbuffered NAND gate, 
or tying high one of the inputs of an 
unbuffered NOR gate will satisfy this 
requirement. 

When CMOS inputs are wired to edge 
card connectors with CMOS drive 
coming from another PC board, a 
shunt resistor in the range of 100 
kohms should be connected to Voo or 
Vss, as applicable, in case the inputs 
become unterminated with the power 
supplyon. 

3. When CMOS circuits are driven by 
TTL logic, a "pull-up" resistor should 
be connected from the CMOS input to 
5 volts (further information is given in 
ICAN-6602). 

Output Rules 

1. The power diSSipation in a CMOS 
package should not exceed the rated 
value for the ambient temperature 
specified. The actual dissipation 
should be calculated when (a) short­
ing outputs directly to Voo or Vss, (b) 
driving low-impedance loads, or (c) 
directly driving the base of p-n-p or 
n-p-n bi-polar transistor. 

2. Output short circuits often result from 
testing errors or improper board as­
sembly. Shorts on buffer outputs or 
across power supplies greater than 5 
volts can damage CMOS devices. 

3. CMOS, like active pull-up TTL, cannot 
be connected in the "wire-OR" con­
figuration because an "on" PMOS and 
an "on" NMOS transistor could be 
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directly shorted across the power­
supply rails. (Exception: CD40107B) 

4. Paralleling inputs and outputs of 
gates is recommended only when the 
gates are within the same IC package. 

5. Output loads should return to a volt­
age within the supply-voltage range 
(Voo to Vss). 

6. large capacitive loads (greater than 
5000 pF) on CMOS buffers or high­
current drivers act like short circuits 
and may over-dissipate output transis­
tors. 

7. Output transistors may be over-dissi­
pated by operating buffers as linear 
amplifiers or using these types as 
one-shot or astable multivibrators. 

Noise Immunity and Noise Margin 

The complementary structure of the in­
verter, common to all CMOS logic de­
vices, results in a near-ideal input-output 
transfer characteristic, with switching 
point midway (45% to 55%) between the 0 
and 1 output logic levels. The result is 
high dc noise immunity. 

Fig. 4 shows a typical transfer curve that 
may be used to define the dc noise 
immunity of CMOS integrated circuits. 
The noise-immunity voltage (VIL orVIH) is 
the noise voltage at anyone input that 
does not propagate through the system. 
Minimum noise immunity for buffered B­
series CMOS devices is 30, 30, and 27 per 
cent, respectively for supply voltages 
VDD of 5, 10, 15 volts and 20 per cent 
of Voo for all unbuffered gates. The VIL 
and VIH specifications define the maxi­
mum permissible additive noise voltage 
at an input terminal when input signals 
are within 50 millivolts of the supply rails. 

VILITYP) ---i 
10 I 

VOIH1GHl 9 ----l--
I 
I 
I 
I 

VOUT 5 i 
I 
I 

VNMl· VIL(MAX.)-VO(LOWl 

VNMH "VO(HIGH)-VIH(MIN') 

i I I 
I r-- V1H(TYPI ~ 

VOILOW) I ----t--- -t- : 
012345678910 

Fig. 4-Typical transfer curve for a inverting 
gate at VDD = 10 V. 
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Noise margin is the difference between 
the noise-immunity voltage (VIL or VI H) 
and the output voltage Vo. Noise-margin 
voltage is the meximum voltage that can 
be impressed upon an input voltage VIN 
(where VIN is the VOL or VOH voltage of the 
preceding stage) at any (or all) logic I/O 
terminals without upsetting the logic or 
causing any output to exceed the output 
voltage (Va) conditions specified for VIL 
and VIH ratings. Fig. 5 illustrates the 
noise-margin concept in a simple sys­
tem. Minimum noise margins for buf­
fered B-series CMOS devices are 1, 2, 
and 2.5 volts, respectively, for supply vol­
tages of 5,10, and 15 volts. 

Fig. 5 - Noise margin example iH!ing invert­
ers. 

Of the two noise-limitation specifica­
tions (noise immunity and noise mar­
gin), RCA considers noise immunity to 
be more practical for CMOS devices 
because CMOS outputs are normally 
within 50 millivolts of supply rails. 

Noise immunity increases as the input 
pulse width becomes less than the prop­
agation delay of the circuit. This condi­
tion is often described as ac noise immu­
nity. (Further information on noise im­
munity is given in ICAN-6587). 

Clock Rlse- and Fail-Time Requirements 

Most CMOS clocked devices have maxi­
mum rise- and fall-time ratings (normally 
5 to 15 microseconds). With longer rise or 
fall times, a device may not function 
properly because of data ripple-through, 
false triggering problems, etc. Some B­
series CMOS counters have Schmitt­
trigger shaping circuits built into the 
clock circuit, removing the restriction for 
input rise or fall times. long rise and fall 
times on CMOS buffer-type inputs cause 
increased power dissipation which may 
exceed device capability for operating 
power-supply voltages greater than 5 
volts. 

Parallel Clocking 

Process variations leading to differences 
in input threshold voltage among ran­
dom device samples can cause loss of 

data between certain synchronously 
clocked sequential circuits, as shown in 
Fig. 6. This problem can be avoided if the 
maximum clock rise time (t.Cl) for cas­
cading any two CMOS sequential de­
vices is limited in accordance with the 
following equations: 

A Series Types 

. _ 0.8 Voo (v) 
Mexlmum t.Cl - 1.25 (v) X tp(ns) 

B Series Types 

_ 0.8Voo (v) 
Meximumt.Cl - 1.15 (v) X tp(ns) 

where tp = tPHL or tPLH (whichever is 
smaller) for the unit A in Fig. 6 as speci­
fied on the device data sheet at the speci­
fied value of Voo and loading conditions. 
Schmitt trigger circuits such as the CD-
40938 are an ideal solution to applica­
tions requiring wave-shaping. 

CASCADING WITH SLOW CLOCK 
CAN CAUSE ERROR 

cJ~ ~ 
~

VDO 
O.7VOD 

Ct. .3VOD I 
I I 

01 ~ ~ SWITCHING ... PC!I~!. 
~DO 

Dz----...J....' ------PRQPER 

\
SWITCHING POINT-

,-. __ 0_. '_V::::DD:...ERROR 
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Fig. 6-Error effect that results from a slow 
clock In cascaded circuits. 

Three-State Logic 

Three-state logic can be easily imple­
mented by use of a transmission gate in 
the outpu~ circuit; this technique pro­
vides a solution to the wire-OR problem 
in many cases. 

Chip Assembly and Storage 

RCA CMOS integrated circuits are pro­
vided in a chip form (H suffix) to allow 
customer design of special and complex 
circuits to suit individual needs. CMOS 
chips are electrically identical to and offer 
the features of their counterparts sealed 
in ceramic and plastiC packages. The fol­
lowing paragraphs describe mounting 
.considerations, packaging, shipping and 
storage criteria, handling criteria, visual 



inspection criteria, testing criteria, and 
bonding pad layout and dimensions for 
each chip. 

Mounting Considerations. All CMOS 
chips are non-gold backed and require 
the use of epoxy mounting. DuPont 
No's. 6838 or 5504A conductive silver 
paste or equivalent is recommended. In 
any case the manufacturer's recommend­
ations for storage and use should be 
followed. If DuPont No., 6838 or 5504A 
paste is used, the bond should be cured 
at temperatures between 185·C and 
200·C for 75 minutes. 

In CMOS circuits MOS-transistor p­
channel substrates (n-type bulk materi­
al) are connected to Voe, therefore, when 
chips are mounted and a conductive 
paste Is used care must be taken to keep 
the active substrate Isolated from ground 
or other circuli elements. 

Packing, Shipping, and Storage Criteria. 
Solid-state chips, being small in size and 
unencapsulated, are physically fragile 
and small in physical size, and therefore, 
require special handling considerations 
as follows: 

1. Chips must be stored under proper 
conditions to insure that they are not 
subjected to a moist and/or contami­
nated atmosphere that could alter 
their electrical, physical, or mechani­
cal characteristics. After the shipping 
container is opened, the chip must be 
stored under the following condi­
tions: 
A. Storage temperature, 40·C max. 
B. Relative humidity, 50% max. 
C. Clean, dust-free environment. 

2. The user must exercise proper care 
when handling chips to prevent even 
the slightest physical damage to the 
chip. 

3. During mounting and lead bonding of 
chips the user must use proper as­
sembly techniques to obtain proper 
electrical, thermal, and mechanical 
performance. 

4. After the chip has been mounted and 
bonded, any necessary procedure 
must be followed by the userto insure 
that these non-hermetic chips are not 
subjected to a moist and contaminat­
ed atmosphere which might cause the 
development of electrical conductive 
paths across the relatively small insu­
lating surfaces. In addition, proper 
consideration must be given to the 
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protection of these devices from 
other harmful environments which 
could conceivably affect, their 
performance and/or reliability. 

Handling Criteria. The user should find 
the following suggested precautions 
helpful in handling CMOS chips. 

Because of the extremely small size and 
fragile nature of chips, the equipment 
designer should exercise care in 
handling these devices. 

For additional handling considerations 
for CMOS devices, refer to ICAN-6525, 
"Guide to Better Handling and Operation 
of CMOS integrated Circuits." 

1. Grounding 

a. Bonders, pellet pick-up tools, table 
tops, trim and form tools, sealing 
equipment, and other equipment 
used in chip handling should be 
properly grounded. 

b. The operator should be properly 
grounded. 

2. In-Process Handling 

a. Assemblies or subassemblies of 
chips should be transported and 
stored in conductive carriers. 

b. All external leads ofthe assemblies 
or subassemblies should be short­
ed together. 

3. Bonding Sequence 
a. Connect Vee first to external con­

nections, for example, terminal 14 
of the CD4001AH. 

b. Remaining functions may be con­
nected to their external connec­
tions in any sequence. 

4. Testing 

a. Transport all assemblies of chips 
in conductive carriers. 

b. In testing chip assemblies or sub­
assemblies, the operator should be 
properly grounded. 

Visual Inspection Criteria. All standard 
commercial CMOS chips undergo a 
visual inspection which is patterned after 
MIL-STD-883, Method 2010, Condition Ei 
with modifications reflecting CMOS 
requirements. 

Testing Criteria. CMOS chips are dc elec­
trically tested 100% in accordance with 
the same standards prescribed for RCA 
devices in standard packages. 

Device Testing 
RCA CMOS circuits are 100-percent 

tested by circuit probe in the wafer stage 
and are 100-percent tested again after 
they have been packaged. DC tests of 
RCA devices are performed at 5, 10, 15, 
and 20 volts; functionality is checked at 
2.8, 17, and 20 volts depending on family 
(i.e., A or B series). Sample testing is 
used to assure adherence to quality re­
quirements and ac specifications. 

Static tests, high-speed functional and 
dc parametric tests, are performed at 
wafer and package stages by means of a 
Teradyne J283 test set. A Teradyne 
S157CM test set and a Macrodata MD154 
test set are used in dynamic testing. Dy­
namic tests are performed with 15and 50 
picofarad loads. Testing at 15 picofarads 
is accomplished primarily by laboratory 
"bench-test" techniques; automatic test­
ing at 15 picofarads is difficult because 
of the high input capacitance (approxi­
mately 20 to 35 picofarads) of most auto­
matic ac test sets. 

Users should follow the sequence below 
when testing CMOS devices: 
1. I nsert the device into the test socket. 
2. Apply Vee. 
3. Apply the input Signal. 
4. Perform the test. 
5. On completion of test, remove the in­

put signal. 
6. Turn off the power supply (Vee). 

7. Remove the device frorTl the test socket 
and insert it into a conductive carrier. 
CMOS devices under test must not be 
exposed to electrostatic discharge or 
forward biasing of the intrinsic protec­
tive diodes shown in Fig. 3. 

Detailed information on the techniques 
employed in the testing of RCA CMOS 
integrated circuits are described in ICAN-
6532 included in the Application Notes 
Section of this DATABOOK. 

Device Mounting 

Integrated circuits are normally supplied 
with lead-tin plated leads to facilitate 
soldering into circuit boards. In those 
relatively few applications requiring 
welding of the device leads, rather than 
soldering, the devices may be obtained 
with nickel-plated Kovar leads. * Itshould 
be recognized that this type of plating 
will not provide complete protection 
against lead corrosion in the presence of 
high humidity and mechanical stress. 

*MIL-M-38510, paragraph 3,5,6,1 (a), lead 
material 
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In any method of mounting integrated 
circuits which involves bending or form­
ing of the device leads, it is extremely im­
portant that the lead be supported and 
clamped between the bend and the 
package seal, and that bending be done 
with care to avoid damage to lead plat­
ing. In no case should the radius of the 
bend be less than the diameter of the 
lead. It is also extremely important that 
the ends of bent leads be straight to as­
sure proper insertion through the holes 
in the printed-circuit board. 

A-5ERIES CMOS 
INTEGRATED CIRCUITS 

RCA CD4000A-series types have a maxi­
mum dc supply-voltage rating of -0.5 to 
15 volts, and a recommended operating 
supply-voltage range of 3 to 12 volts. The 
major features of this series are as fol­
lows: 

• Quiescent current specified to 15 
volts 

• 5-volt and 1Q-volt parametric ratings 
• Maximum input leakage of 1 /JA at 15 

volts over the full package operat­
ing-temperature range 

• 1-volt noise margin (full package 
temperature range) 

Table I shows the maximum ratings and 
the recommended operating supply-volt­
age range for RCA A-series CMOS inte­
grated circuits. 

Static Electrical Characteristics 

Table II shows the standard dc electrical 
characteristics for A-series types. The 
data sheet for each of these types con­
tains the family characteristics shown in 
Table I plus additional dc characteristics 
that are type-dependent. 

Dynamic Electrical Characteristics 

A-series dynamic electrical characteris­
tics are specified for individual types un­
der the following conditions: Voo = 5 V 
and 10 V; T A = 25° C (temperature coeffi­
cient is typically 0.3%/oC); CL = 15 pF; t, 
and tf of inputs = 20 ns. 

HIGH-VOLTAGE 8-SERIES 
CMOS INTEGRATED 
CIRCUITS 
RCA-CD4000B-series types have a max­
imum dc supply-voltage rating of -0.5 to 
20 volts, and a recommended operating 
supply-voltage range of 3 to 18 volts. The 

major features of this series are as fol­
lows: 

• High-voltage (20-V) ratings 
• 100% tested for quiescent current at 

20 V 
• 5-V, 10-V, and 15-V parametric rat­

ings 
• Standardized, symmetrical output 

characteristics 
• Maximum input current of 1 /JA at 18 

V over full-package-temperature 
range; 100 nA at 18 V and 25°C 

• Noise margin (full package-temper­
ature range) = 

1VatVoo = 5V 
2VatVoo = 10 V 

2.5VatVoo = 15 V 

• Meets all requirements of JEDEC 
Tentative Standard No. 13B, "Stand­
ard Specifications for Description of 
'B' Series CMOS Devices 

JEDEC Minimum Standard 

Under the sponsorship of the Joint Elec­
tron Devices Engineering Council 
(JEDEC) of the Electronic IndustriesAs­
sociation (EIA), minimum industrial 
standards have been established for the 

Table I - Maximum Ratings and Recommended Operating Conditions for A-Series CMOS 
Integrated Circuits 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPL V-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) .......................................... -0.5 to +15 V 
INPUT VOLTAGE RANGE. ALL INPUTS ..................................... -0.5 to VDD +0.5 V 
POWER DISSIPATION PER PACKAGE (PD): 

For T A = -40 to +60° C (PACKAGE TYPE E) .......................................... 500 mW 
For T A = +60 to +85° C (PACKAGE TYPE E) ......................... Derate Linearly to 200 mW 
For T A = -55 to +100° C (PACKAGE TYPES D. F. K. H) ................................. 500 mW 
For T A = +100 to +125°C (PACKAGE TYPES D. F. K. H) .............. Derate Linearly to 100 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
ForTA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ............... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES D. F. K. H .............................•......••.......•.•.. -55 to +125°C 
PACKAGE TYPE E ........................................................... -40 to +85° C 

STORAGE TEMPERATURE RANGE (TSTG) ..................................... -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max .......•......•.••.. +265°C 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that opera­
atlon Is always within the following ranges: 

LIMITS 
CHARACTERISTIC UNITS 

Min. Max. 

Supply-Voltage Range (For TA = Full Package-
Temperature Range) 3 12 V 
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Table II - A-Series Static Electrical Characteristics (Full Package Temperature Range) 

CONDITIONS LIMITS 

SYMBOL PARAMETER VIN Vo (volts) Voo 

VOLTS MIN. MAX. VOLTS MIN. TYP. MAX. UNITS 

VOL Output Low 5 - - 5 - 0 0.05 V 
Voltage 10 - - 10 - 0 0.05 V 

VOH Output High 0 - - 5 4.95 5 - V 
Voltage 0 - - 10 9.95 10 - V 

VNL Noise Voltage - 3.6 - 5 1.5 2.25 - V 
(SSI Types) (Input Low) - 7.2 - 10 3 4.5 - V 

VNH Noise Voltage - - 1.4 5 1.5 2.25 - V 
(SSI Types) (Input High) - - 2.8 10 3 4.5 - V 

VNL Noise Voltage - 4.2 - 5 1.5 2.25 - V 
(MSI Types) (Input Low) - 9.0 - 10 3 4.5 - V 

VNH Noise Voltage - - 0.8 5 1.5 2.25 - V 
(MSI Types) (Input High) - - 1.0 10 3 4.5 - V 

VNML Noise Margin - 4.5 - 5 1 - - V 
(Input Low) - 9.0 - 10 1 - - V 

VNMH Noise Margin - - 0.5 5 1 - - V 
(Input High) - - 1.0 10 1 - - V 

IILI hH Input Leakage - - - 15 - ± 10-' ±1 pA 
Low 

IL Quiescent Device - - - 5, 10, 15 See Data Sheets pA 
Leakage 

IONI IDP Output Source and - - - 5,10 See Data Sheets mA 
Sink current 

Note: Logic Level Inversion Assumed in Table II. 

maximum ratings, static and ac electri­
cal characteristics of 8-series CMOS in­
tegrated circuits. The JEDEC standard 
(JEDEC Tentative Standard No. 138) 
defines 8-series CMOS integrated cir­
cuits as a uniform family of both buffered 
and unbuffered types that have an abso­
lute dc supply-voltage rating of at least 
18 volts. 

Buffered CMOS devices are types in 
which the output "on" impedance is in­
dependent of any and all valid input logic 
conditions, both preceding and present. 
All such CMOS product are designated 
by the suffix "8" following the basic type 
number. 

Unbuffered CMOS devices are types 
that meet all 8-series specifications ex­
cept that the logical outputs are not buf­
fered and the noise-immunity voltages, 
VIL and VIH, are specified as 20 and 80 per 
cent, respectively, of Voe for operation 
from 5 or 1 0 volts, and 17 and 83 per cent, 
respectively, of Vee for operation from 15 
volts. All such CMOS product are desig­
nated by the suffix "U8". 

The JEDEC minimum standard also in­
cludes in the 8-series CMOS types that 
have analog inputs or outputs and, in ad­
dition, have maximum ratings and logi­
cal input and output parameters that 
conform to 8-series specifications 
wherever applicable. These CMOS de­
vices are also designated by the suffix 
u8". 

All 8-series CMOS devices can directly 
replace their A-series counterparts in 
most applications. The U8 types are 
high-voltage versions of corresponding 
A-series (unbuffered) types. 

Table III lists the JEDEC minimum 
standards established for the maximum 
ratings and recommended operating 
conditions for 8-series CMOS integrat­
ed circuits. 

Table IV shows the J EDEC standards for 
the static electrical characteristics of 
CMOS 8-series integrated circuits. 

Standardized RCA Ratings 
and Static Characteristics 
RCA 8-series CMOS integrated cir-

cuits meet or exceed the most stringent 
requirements of the JEDEC 8-series 
specifications. Table V shows the stand­
ardized maximum ratings and recom­
mended operating supply-voltage range 
for RCA 8-series CMOS integrated cir­
cuits. The standardized static electrical 
characteristics for these devices are 
shown in Table VI. As with the JEDEC 
specifications, the RCA standardized 
characteristics classifies the 8-series 
devices into three leakage (quiescent­
device-current) categories. Table VII lists 
the RCA types in each category and indi­
cates types that, although they are still 
8-series types, differ in one or more static 
charactistics. 
Tables V and VI show that, in a number of 
·important respects, RCA has established 
new performance standards for 8-series 
CMOS logic circuits. 

1. Tight limits for all packages 
RCA devices use the same set of lim­
its for all package styles. The JEDEC 
standard establishes two sets of limits 
for most dc (static) parameters; a 
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Table III - JEDEC Minimum Standards for Maximum Ratings 
and Recommended Operating Conditions for 8-serles CMOS 
Integrated Circuits" 

Absolute Maximum Ratings (Voltages referenced to Vss): 
DC Supply Voltage Vee -0.5 to +18 
Input Voltage V,N -0.5 to Vee +0.5 
DC Input Current liN ±10 

(anyone input) 
Storage-Temperature Range Ts -65 to +150 

Recommended Operating Conditions: 

DC Supply Voltage Vee 
Operating-Temperature Range, TA 

Military-Range Devices 
Commercial-Range Devices 

+3 to +15 

-55 to +125 
-40 to +85 

Vdc 
Vdc 

mAdc 

·C 

Vdc 

·C 
·C 

'Reprinted from JEDEC Tentative Standard No. 13-8, "Standard 
Specifications for Description of 8-Series CMOS Devices." 

Table IV - JEDEC Standard for Static Characteristics of B-Series CMOS Integrated Circuits .... 

LIMITS 

TEMP. Voo TLOW" +25'C THIGH" 
PARAMETER RANGE (Vdc) CONDITIONS Min Max Min TVD Max Min Max 

Quiescent 5 0.25 0.25 7.5 
100 Device Current Mil 10 Y,N = VSS or VOO 0.5 0.5 15 

15 1.0 1.0 30 
GATES 

5 All valid input 1.0 1.0 7.5 
Comm 10 combinations 2.0 2.0 15 

15 4.0 4.0 .:30 

5 1.0 1.0 30 
Mil 10 Y,N = VSS or VOO 2.0 2.0 60 

15 4.0 4.0 120 
BUFFERS. 

FLIP.FLOPS Comm 5 All valid input 4 4 30 
10 combinations 8 8 60 
15 16 16 120 

5 5 5 150 
Mil 10 Y,N = VSS or VOO 10 10 300 

15 20 20 600 
MSI 

5 All valid input 20 20 150 
Comm 10 combinations 40 40 300 

15 80 80 600 

VOL Low-Level 5 0.05 0.05 0.05 
Output Voltage All 10 Y,N = VSS or VOO 0.05 0.05 0.05 

15 1101 <luA 0.05 0.05 0.05 

VOH High·Level 5 4.95 4.95 4.95 
Output Voltage All 10 Y,N = VSS or VOO 9.95 9.95 9.95 

15 1'01 <luA 14.95 14.95 14.95 

V,L Input Low 5 Va = 0.5V or 4.5V 1.5 1.5 1.5 
Voltage All 10 Va = 1.0V or 9.0V 3.0 3.0 3.0 

15 VO= 1.5Vor 13.5V 4.0 4.0 4.0 
S Types 1'01 <luA 

5 Va = 0.5V or 4.~V 1.0 1.0 1.0 
US Types All 10 Va = 1.0V or 9.0V 2.0 2.0 2.0 

15 Va = 1.5Vor 13.5V 2.5 2.5 2.5 
l'OI<luA 

V,H Input High 5 Va = 0.5V or 4.5V 3.5 3.5 3.5 
Voltage All 10 Va = 1.0V or 9.0V 7.0 7.0 7.0 

15 VO=I.5Vor 13.5V 11.0 11.0 11.0 
B Types 1'01 <luA 

5 Va = 0.5V or 4.5V 4.0 4.0 4.0 
US Types All 10 Va = 1.0V or 9.0V B.O B.O B.O 

15 Va = 1.5V or 13.5V 12.5 12.5 12.~ 
j1OI<1uA 

50 

Units 

uAdc 

uAdc 

uAdc 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 

Vdc 
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Table IV - JEDEC Standard for Static Characteristics of B-serles CMOS Integrated Circuits (cont'd) 

LIMITS 
TEMP. Voo TLOW . +250 C THIGH 

. 
PARAMETER RANGE (Vdc) CONDITIONS Min Max Min Typ Max Min Max Units 

5 I/o = 0.4V 
VIN =00r5V 0.64 0.51 0.36 

10 Va = 0.5V, 
Mil VIN=00rl0V 1.6 1.3 0.9 

15 Va = 1.5V, 

10L Output Low VIN= Oor 15V 4.2 3.4 2.4 

ISink) Current 
mAde 

5 Va = 0.4V, 
VIN = 0 or 5V 0.52 0.44 0.36 

10 Va = 0.5V, 
Comm VIN = Oor 10V 1.3 1.1 0.9 

15 Va = 1.5V, 
VIN=00r15V 3.6 3.0 2.4 

5 VO= 4.6V, 
VIN = Oor 5V -0.25 -0.2 -0.14 

10 Va = 9.5V, 
Mil VIN = 0 or 10V -0.62 -0.5 -0.35 

15 Va = 13.5V, 
Output High VIN=00r15V -1.8 -1.5 -1.1 

mAdc 10H (Source) 
Current 5 Vo = 4.6V 

Y,N = 0 or 5V -0.2 -0.16 -0.12 
10 Vo = 9.5V, 

Comm Y,N = 0 or 10V -0.5 -0.4 -0.3 
15 Vo = 13.5V, 

Y,N = 0 or 15V -1.4 -1.2 -1.0 

liN Input Mil 15 Y'N = 0 or 15V ±0.1 ±0.1 ±1.0 uAdc 
Current 

15 Comm Y,N = 0 or 15V ±0.3 ±0.3 ±1.0 uAdc 

3-State Mil 15 Y,N = 0 or 15V ±0.4 ±0.4 ±12 uAdc 
IOUTmax Output 

Leakage 
Current Comm 15 Y'N = 0 or 15V ±1.6 ±1.6 ±12 uAdc 

C,N Input 
Capacitance All - Any Input 7.5 pF 
per Unit Load 

'T LOW = -550 C for Military Temp. Range device, -400 C for Commercial Temp. Range device 
'THIGH = +1250 C for Military Temp. Range device, +850 C for Commercial Temp. Range device 

.. Reprinted from JEDEC Tentative Standard No. 13-8, "JEDEC Standard Specification for Description of 8-series CMOS Devices." 

tight set for products having a full op­
erating temperature range of -55°C 
to + 125· C (normally used for ceram­
Ic packages), and a relaxed set for 
products having a limited tempera­
ture range of -40·C to +85·C (nor­
mally used for plastiC packages). Be­
cause RCA supplies only one premi­
um grade of B-series p~oduct in all 
package styles (i.e., fall-out chips are 
not used), all B-series CMOS devices 
are specified to the tight set of limits 
only. 

2. Improved voltage rating 
All RCA B-series devices are tested to 
voltages that insu re safe operation at 
the absolute maximum dc supply 
voltage rating of 20 volts. This higher 
rating permits greater derating for re­
liable 15-voltoperation, permits great­
er 15-volt supply tolerance and peak 
transients, and permits system use to 
18-volts with confidence. 

3. Wider operating range 
All RCA B-series devices have a rec-

ommended maximum operating-volt­
age of 18 volts. This higher limit per­
mits 18-volt system supply operation, 
and also permits wider power-source 
tolerances and transients for supplies 
normally set up to 18 volts. 

4. Lower leakage current 
The JEDEC standard establishes 
three sets of limits for quiescent de­
vice current (100) intended to match 
chip complexity to device leakage 
current as realistically as possible. 
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Table V - RCA Standardized Maximum Ratl~gs and Recommended Operating Conditions for 
B-Serles CMOS Integrated Circuits 

Maximum Ratings, Absolute-Maximum Values 

DC SUPPLY-VOLTAGE RANGE, (Voo) 
(Voltages referenced to Vss Terminal) ................................................. -n.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS ............................................ -0.5 to Voo +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ..................................................... ±10 rnA 
POWER DISSIPATION PER PACKAGE (Po): 

For T A = -40 to +60° C (PACKAGE TYPE E) ............................................... 500 mW 
For TA = +60 to +85° C (PACKAGE TYPE E) .............. Derate Linearly at 12mW/oC to 200 mW 
For T A = -55 to +1 00° C (PACKAGE TYPES D, F, K) ...................................... 500 mW 
For T A = +100 to +125°C (PACKAGE TYPES 0, F, K) ...... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE TYPES D, F, K, H ........................................................ -55 to +125° C 
PACKAGE TYPE E .................................................................. -40 to +85° C 

STORAGE-TEMPERATURE RANGE (Tot.) ............................................. -65 to +150° C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max ...................... +265° C 

Recommended Operating Conditions: 

For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges: 

LIMITS 
CHARACTERISTIC UNITS 

MIN. MAX. 

Supply-Voltage Range (For 
T A = Full Package Temp- 3 18 V 
erature Range) 

For all three levels of chip complexity, 
all RCA B-series devices (regardless 
of package) conform to the tighter set 
of limits established in the standard. 
In addition, a maximum rating is spec­
ified at 20V, as well as at 5V, 10V, and 
15V. As a result: 

(a) In current-limited applications, 
CMOS users can depend on one 
tight leakage limit independent of 
package style selected. 

(b) Customer use of CMOS product up 
through 18 volts is protected by a 
published tight leakage current spec­
ification at 20 volts (as well as by an 
input leakage specification at 18 
volts). 

5. Symmetrical output 
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Most RCA B-series devices have bal­
anced complementary output drive 
(i.e., the output high current 10H rating 
is the same as the output low current 
10l rating) specified to the tighter set 

of limits established in the JEDEC 
standard. The balanced output pro­
vides uniform rise and fall time perfor­
mance, improved system noise ener­
gy (dynamic) immunity, optimum de­
vice speed for both output switching 
low-to-high (tPlH) and output switch­
ing high-to-Iow (tPHl), and in general 
the identical high and low dc and ac 
characteristics normally associated 
with a good complementary output 
drive circuit. MOS system design, 
simulation, and performance are sig­
nificantly enhanced by equal high 
and low dc and ac performance rat­
ings and one tight specification limit 
for all package styles. 

6. Improved Input current (leakage) 
ratings 
All RCA B-series devices (regardless 
of package) have a maximum input 
leakage current (liN) rating of 100 nA 
specified at voltages up to 18 V, and a 

maximum limit of 1 pA at the upper 
limit of the package-temperature 
range. Actually, the 100 nA rating is a 
practical specification limited by the 
inability of commercial test equip­
ment to measure lower currents. Lab­
oratory tests show that input leakage 
currents of RCA B-series CMOS de­
vices are significantly lower than this 
limit, typically ranging from 10 to 100 
pA. 

7. Buffered and unbuffered gates 
The new industry standard establish­
es a suffix "UB" for CMOS products 
that meet all B-series specifications 
except that the logical outputs of the 
devices are not buffered and the Vil 
and VIH specifications are relaxed. 
The suffix "B" defines only buffered­
output devices in which the output 
"on" impedance is independent of 
any and all valid input logic condi­
tions, both preceding and present. 
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Table VI - RCA B-series CMOS Standardized Electrical Characteristics 

LIMITS AT INDICATED TEMPERATURES (oC) 
CONDITIONS Values at -55, +25, +125 Apply to 0, F, K, H Packages 

CHARACTER- Values at -40, +25, +85 Apply to E Package UNITS 
ISTIC 

Vo VIN VDD +25 
(V) (V) (V) -55 -40 +85 +125 Min. Typ. Max. 

Quiescent Device - 0,5 5 0.25 0.25 7.5 7.5 - 0.01 0.25 
Current, - 0,10 10 0.5 0.5 15 15 - 0.01 0.5 

IDD Max. - 0,15 15 1 1 30 30 - 0.01 1 
Gates, - 0,20 20 5 5 150 150 - 0.02 5 Inverters· I 

Buffers, Flip-Flops, 0,5 5 1 1 30 30 - 0.02 1 
Latches, Multi· 0,10 10 2 2 60 60 - 0.02 2 
Level Gates 0,15 15 4 4 120 120 - 0.02 4 JlA 
(MSI·l Types). 

0,20 20 20 20 600 600 - 0.04 20 
Complex Logic 0,5 5 5 5 150 150 - 0.04 5 

(MSI·2 Types). 0,10 10 10 10 300 300 - 0.04 10 
0,15 15 20 20 600 600 - 0.04 20 
0,20 20 100 100 3000 3000 - O.OB 100 

Output Low 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -
(Sink) Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -

IOL Min. 1.5 0,15 15 4.2 4 2.8 2.4 3.4 6.8 -
Output High 4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 - mA 

(Source) 2.5 0,5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -

IOH Min. 
13.5 0,15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 -

Output Voltage: - 0,5 5 0.05 - 0 0.05 
Low·Level, - 0,10 10 0.05 - 0 0.05 

VOL Max. - 0,15 15 0.05 - 0 0.05 
Output Voltage: 0,5 5 4.95 4.95 5 

V - -
High-Level .- 0,10 10 9.95 9.95 10 -
VOH Min. - 0,15 15 14.95 14.95 15 -

Input Low 0.5,4.5 - 5 1.5 - - 1.5 
Voltage, 1,9 - 10 3 - - 3 

VIL Max. 1.5,13.5 - 15 4 - - 4 
B Types 
UB Types 0.5,4.5 - 5 1 - - 1 

1,9 - 10 2 - - 2 
1.5,13.5 - 15 2.5 ~ - 2.5 

V 
Input High 0.5,4.5 - 5 3.5 3.5 - -

Voltage, 1 9 - 10 7 7 - -
VIH Min. 1.5,13.5 - 15 11 11 - -B Types 
UB Types 0.5,4.5 - 5 4 4 - -

1 9 - 10 8 8 - -
1.5,13.5 - 15 12.5 12.5 - -

I nput Current - 0,18 18 ±0.1 ±0.1 ±1 ±1 - ±10-b ±0.1 JlA 
liN Max. 

3-State Output 
Leakage Cu rrent 0, 18 0,18 18 ±0.4 ±0.4 ±12 ±12 - ±10-4 ±0.4 JlA 
lOUT Max. 

·Classifications of RCA CMOS B-Series Types are shown in Table VII. 
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Table VII-Classification of RCA B-series CMOS Integrated Circuits According to Circuit Complexity 

Buffers/flip-Flop/ 
Gates/ latches/Multi-Level 

Inverters Gates (MSI-1) Complex Logic (MSI-2) 

C04000B C04023UB C04009UB- C040708 
C04000U8 C04025B C040108_ C040n8 
C040018 C04025U8 C040138 C040858 
C04001U8 C040488 C040198 C040868 
C04OO28 C040668- C040278 C040938 
C04OO2U8 C040688 C040308 C040958 
C04007U8 C04069U8 C04041UB- C040968 
C040118 C040718 C040428 C040988 
C04011U8 C040728 C040438 C045028-
C040128 C040738 C040448 C045038 
C04012U8 C040758 C040478 C040106B 
C040168- C040788 C04049U8- C0401078_ 
C040238 C040818 C040508_ C0401098-

C04082B C040174B 
C0401178 C0401758 

C0402578 

-Indicates types for which. because of special design requirements. one 
or more static characteristics differ from the standardized data. Refer to 
RCA data pages on these types for specific differences. 

C040068 
C04OO88 
C040148 
C040158 
C040178 
C040188 
C040208 
C040218 
C04022B 
C040248 
C040268 
C040288 
C040298 
C040318 
C040328 
C040338 
C040348 
C040358 
C04038B 
C040408 
C04045B­
C040468-

C040518-
C040528-
C04053B­
C040548-
C040558-
C04056B­
C04060B 
C04063B 
C04067B­
C040768 
C04089B 
C040948 
C04097B­
C04099B 
C04508B 
C04510B 
C04511B­
C04512B 
C04514B 
C04515B 
C04516B 
C04517B 
C04518B 
C04520B 

C045278 
C04532B 
C045368 
C04538B 
C045418 
C045438 
C045558 
C04556B 
C045858 
C04724B 
C0401008 
C040101B 
C040102B 
C0401038 
C040104B 
C040105B 
C040108B 
C0401108-
C040147B 
C040160B 
C040161B 
C040162B 
C040163B 
C040181B 
C040182B 
C040192B 
C040193B 
C040194B 
C040208B 

RCA will supply both buffered ("B") 
and unbuffered ("UB") versions ofthe 
popular NOR and NAND gates to 
make available to designers the ad­
vantages of both. The chart below 
briefly compares the features of the 
two versions (a more detailed cover­
age of the special features of B- and 
UB-series CMOS gates is provided by 
ICAN-6558 in the Application-Notes 
section): 

8. Reliability 
RCA B-series CMOS integrated 
circuits incorporate the latest im-

Characteristic 

provements in processing technolo­
gy and plastic and ceramic packaging 
techniques. Product quality is real­
time controlled using accelerated­
temperature group quality screening 
in which measured dc parameters are 
criticized against tight B-series limits. 

Figs. 7 through 10showthestandardized 
n- and p-channel drain characteristics 
for B-series CMOS devices. and Figs. 11 
through 14 shows the normalized varia­
tion of output source and sink currents 
with respect to temperature and voltage 
in these devices. 

Buffered Unbuffered 
Version Version 
("B") ("UB") 

Propagation Delay (Speed) Moderate Fast 
Noise Immunity/Margin Excellent Good 
Output Impedance and 

Output Transition Time Constant Variable 
AC Gain High Medium 
Output Oscillation for 

Slow Inputs Yes No 
Input Capacitance Low High 
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B-Serles Oynamlc Electrical 
Characteristics 

B-series dynamic electrical characteris­
tics are specified for individual types un­
der the following conditions: VDD = 5V; 
10V. and 15V; TA = 25° C; CL = 50 pF; RL 
= 200 kQ; tr and t, = 20 ns. Table VIII lists 
dynamic characteristics specified for 
RCA B-series CMOS integrated circuits. 
Fig. 13 shows the variation of B-series 
dynamic parameters with temperature. 
Fig. 14 shows the variation of output 
transition time with supply voltage. Fig. 
15 shows the variation of the standard­
ized output transition time with load 
capacitance. 
Maximum propagation delay or transi­
tion times for values of CL other than the 
specified 50 picofarads can· be deter­
mined by use of the multiplication factor 
(usually 2) between the typical and max­
imum values given in the dynamic char­
acteristics chart included in the techni­
cal data for each device applied to the 
typical curves. and also shown in the 
device technical data. 
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DRAIN·T~-SOURCE VOLTAGE (YOSI-Y 

Fig. 7 - Typical output low (sink) current 
characteristics. 

DRAIN-TO-SOURCE VOLTAGE (VOSI-Y 

Fig. 10 - Minimum output high (source) cur­
rent characteristics. 
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Fig. 13-Variation of low-to-high (ITLH) and 
high to low (ITHL) transition time, and low-to­
high (tPLH) and high-to-/ow(tPHc) propagation 
delay time with temperature. 

B-Serles DynamIc (Ae) SwItchIng 
Parameters 

Table VIII defines the major CMOS ac 
characteristics, with reference to the 
waveforms shown in Fig. 16 through 19. 
Test conditions of Voo, low capacitance 
(CL), and input conditions are given for 
individual types in the published data. 
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GATE-TO-SOURCE VOLTAGE IVGs)-IOY 

lOY 

!5 10 15 
DRAIN-TO-SOURCE VOLTAGE (Vosl-Y 

Fig. 8-Minimum output low (sink) current 
characteristics. 

-100. -so 50 100 
AMBIENT TEMPERATURE (TAI-·C 

Fig. 11-Variation of normalized output low 
(sink) current 10L and output high (source) 
current 10H with temperature. 

AMBIENT TEMPERATURE (")~ 25"C 

46810121416 
SUPPLY VOLTAGE IVool-YOL.TS 

9ZCS-330Z3 

Fig. 14-Variation of low-to-high (ITLH) and 
high-to-/ow (ITHL) transition time with 
supply voltage. 

Fig. 16- Transition times and propagation 
delay times, combination logic. 

DRAIN-lO-SOURCE VOLTAGE (V05I-V 

I 

Fig. 9 - Typical output high (source) current 
characteristics. 

5 10 U5 
SUPPLY VOLTAGE I Vool-VOLTS 

92CS-33021 

Fig. 12-Variation of normalized output low 
(sink) current 10L and output high (source) 
current 10H with supply voltage. 

OF 

Fig. 15-Variation of transition time (tTHl ' 
(tTLH) with load capacitance. 

"DO 
-'-

Outputs should be switching from 10% Voo to 
90% Voo in accordance with device truth table. 

Fig. 17 - Clock-pulse rise and fall times and 
pulse width. 
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aT .... f 
INPUTS 1 
OUTPUT 
DISABLE 

Table VIII - Dynamic Electrical Characteristics - Definitions 

Characteristic Symbol Limits Notes 
Max. Min. 

Propagation Delay: 
Outputs going high to low tPHL X 
Outputs going low to high tPLH X 

Output Transition Time: 
Outputs going high to low bHL X 
Outputs going low to high bLH X 

Pulse Width-Set, Reset, Preset 
Enable, Disable, Strobe, Clock tWL or tWH X 1 

Clock Input Frequency fCL X 1,2 

Clock Input Rise and Fall Time trCL, tlCL X 

Set-Up Time tsu X 1 

Hold Time tH X 1 

Removal Time - Set, Reset, Preset-Enable tREM X 1 

Three State Disable Delay Times: 
High level to high impedance tPHZ X 
High impedance to low level tPZL X 
Low level to high impedance tpLZ X 
High impedance to high level tPZH X 

NOTE: (1) By placing a defining min. or max. in front of definition, the limits can change from min. 
to max., or vice versa. 

(2) Clock input waveform should have a 50% duty cycle and be such as to cause the outputs 
to be switching from 10% VDD to 90% V DD in accordance with the device truth table. 

OUTPUT RL"'"Q fVoo rot' IPLl ond IpZl 

Vss for 'PHZ and IpZH 
CL 
"'of 

C9-29514RI 

C9-20069R4 

CMOS Special Products 

RCA supplies a variety of special CMOS 
products that have operating supply­
voltage ranges and other characteristics 
that differ from the standardized data 
specified for A- and B-series CMOS inte­
grated circuits. 

Fig. 18 - Three-state propagation delay wave 
shapes and test circuit. 

Fig: 19-5etup times, hold times, removal 
time, and propagation delay times 
for positive-edge triggered sequen­
tiallogie circuits. 

These special applications types include 
flash AID converters for use in low­
power consumption, high-speed digit­
ization applications; crosspoint switches 
for use in telephone and PBX systems, in 
studio audio switching applications, and 
as multisystem bus interconnects; tone 
generators for use in dual-tone telephone 
dialing systems; interface circuits for 
level-shifting applications to interface 
CMOS logic levels with different logic 
types; and display drivers non-multi­
plexed, 4-digit, 7-segment LCD types 
containing all the circuitry necessary for 
driving conventional LCD displays 
without the need for external com­
ponents. 
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CMOS High-Voltage 
B-Series Integrated Circuits 

Technical Data 
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CD4000B, CD4001 B, CD4002B, CD4025B Types 

CMOS NOR Gates 
High·Voltage Types (2()'Volt Rating) 
Dual 3 Input 

plus Inverter - CD4000B 
Ouad 2 Input - CD4001 B 
Dual 4 Input - CD4002B 
Triple 3 Input - CD4025B 

RCA·CD4000B, CD4001B, CD4002B, and 
CD4025B NOR. gates provide the system 
designer with direct implementation of the 
NOR function and supplement the existing 
family of CMOS gates. All inputs and outputs 
are buffered. 
The CD4000B, CD4001 B, CD4002B, and 
C04025B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes). 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

STATIC ELECTRICAL CHARACTERISTICS 

Features: 
• Propagation delay time = 60 ns (typ.) at 

CL = 50 pF, VDD = 10 V 
• Buffered inputs and outputs 
• Standardized symmetrical output characteristics 
• 100% tested for maximum quiescent current at 20 V 
• 5·V, 1()'V, and 15·V parametric ratings 

• Maximum input current of 1 /1A at 18 V 
over full package·temperature range; 
100 nA at 18 V and 250 C 

• Noise margin (over full package temperature 
range): 

1 VatVDD= 5 V 
2 V at VDO = 10 V 

2.5 Vat VDD = 15 V 

• Meets all requirements of JEDEC Tentative 
Standard No.13A, "Standard Specifications 
for Description of "B" Series CMOS Devices" 

LIMITS AT INDICATED TEMPERATURES (OC) 
CONDITIONS Values at -55, +25, +125 ApplytoD,F,K,H Packages 

CHARACTER· Values at -40, +25. +85 Apply to E Package 
ISTIC UNITS 

Vo VIN VDD +25 

(V) (V) (V) -55 -40 +85 +125 Min. Typ. Max. 

Quiescent Device - 0,5 5 0.25 0.25 7.5 7.5 - 0.01 0.25 
Current, - 0,10 10 0.5 0.5 15 15 - 0.01 0.5 

100 Max. 0,15 15 1 30 -
IJA 

- 1 30 0.01 I 
- 0,20 20 5 5 150 150 - 0.02 5 

Output Low 0.4 0.5 5 0.64 0.61 0.42 0.36 0.51 1 -

(Sink) Current 0.5 0.10 10 1.6 1.5 1.1 0.9 1.3 2.6 ,. 

IOL Min. 1.5 0.15 15 4.2 4 2.8 2.4 34 6.8 -
Output High 4.6 0.5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 - rnA 

(Source) 2.5 0.5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 "' 

Current, 9.5 0.10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -

IOH Min. 
13.5 0.15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 -

Output Voltage: - 0.5 5 0.05 - 0 0.05 
Low·Level. - 0.10 10 0.05 - 0 0.05 

VOL Max. 
- 0.15 15 0.05 - 0 0.05 

V 
Output Voltage: - 0.5 5 4.95 4.95 5 .. 

High·Level. - 0.10 10 9.95 9.95 10 -
VOH Min. - 0,15 15 14.95 14.95 15 .-

Input Low 0.5.415 - 5 1.5 - - 1.5 
Voltage, ',,9 - 10 3 - - 3 

VIL Max. 
1.5)13.5 - 15 4 - - 4 

0.5 3.5 
V 

Input High - 5 3.5 - -
Voltage, I - 10 7 7 - -

VIH Min. 1.5 - 15 11 11 - -
Input Current 

0,18 18 ~0.1 ±0.1 ±1 ±1 - ±10-5 ±0.1 /l-A liN Max. 
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FUNCTIONAL DIAGRAM 
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C040028 
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FUNCTIONAL DIAGRAM 
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CD4000B, CD4001 B, CD4002B, CD4025B Types 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTIC 

Supply-Voltage Range (For T A; Full Package 
Temperature Rangel 

MAXI MUM R A TI NGS, Absolute-Max imum Values: 
DC SUPPLY-VOL TAGE RANGE, IV DDI 

(Voltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE IPDI: 

MIN. 

3 

LIMITS 
UNITS 

MAX, 

18 V 

-0.5 to +20 V 
-0.5 to VDD +0.5 V 

±lO rnA 

For TA = -40 to +600 C (PACKAGE TYPE EI 
For TA = +60 to +850 C IPACKAGE TYPE EI . . . 
For T A ; -55 to +100·C (PACKAGE TYPES D, F, K) 

For TA = +100 to +1250C (PACKAGE TYPES D, F, K) 

.. ... . 500 mW 
Derate Linearly at 12 mW/oC to 200 mW 
.. .. . 500 mW 

Derate Linearly at 12 mW/oC to 200 mW 
OEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR TA - FULL PACKAGE·TEMPERATURE RANGE IAII Package Tvpesl 
OPERATING·TEMPERATURE RANGE ITAI: 

100mW 

PACKAGE TYPES D, F, K, H . 
PACKAGE TYPE E . 

STORAGE TEMPERATURE RANGE ITstgl 
LEAD TEMPERATURE IDURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case far lOs max. 

DYNAMIC ELECTRICAL CHARACTERISTICS 
AtTA =2!JC;lnpurr"t,=20ns,CL =50pF,RL =200kn 

TEST CONDITIONS 
CHARACTERISTIC 

VDD 

VOLTS 

Propagation Delay Time, 5 

tpHL, tpLH 10 
15 
5 

Transition Time, 10 
trHL, tTLH 15 

Input Capacitance, CIN Any Input 

* All. INPUTS ARE INVERTER AND I Of 2 GATES 
PROTECTED BY 7 (NUMBERS IN PARENTHESES ARE 

-55 to +1250C 
-40 to +850C 

-65 to + 150°C 

ALL TYPES 
LIMITS 

UNITS 

TYP. MAX. 

125 250 
60 120 ns 
45 90 

100 200 
50 100 ns 
40 80 

5 7.5 pF 

• tI.t~ 
3011 6(0) 

4(131 

LOGIC DIAGRAM aDO 

COS/MOS PROTECTION VSS TERMINAL NUMBERS FOR SECOND GATE) 
NETWORK 

Vss Fig.4 - Schematic and logic diagrams for CD4000B. 

INPUT VOLTAGE (VI) - V 

Fig. 1 - Typical voltage transfer characteristics. 

10 
Z .. 68 Z .. 68 Z .. 68 

10 102 lol 10" 
INPUT FREQUENCY I1II- kHz 

Fig.2 - Typical power dissipation vs. frequency. 

, 
CRAIN~TO~SOURCE VOLTAGE (VDSI-V 

Fig.3 - Typical output low (sink) current 
characteristics . 

1 
DRAIN-lO-SOURCE VOLTAGE (Vcsl-V 

Fig.5- Minimum output/ow (sink) 
cu "en t characteristics. 
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CD4000B, CD4001 B, CD4002B, CD4025B Types 

60 

J' 
~~. 

J (9;0:'1 . 

I OF' 4 GATES 
(NUMBERS IN PARENTHESES 
ARE TERMINAL NUMBERS 
FOR OTHER GATES) 

1(8,6'13}~ 
(10.4,11) 

2(9,5,12) 

ADD 
q~ 

*ALL INPUTS ARE PROTECTED BY 
COS/MOO PROTECTION NETWORK 

92CS-21901 

LOGIC DIAGRAM 

;:ig.6 - Schematic and logic diagrams for C04001B. 

10F 2 GATES (NUMBERS IN 
PARENTHESES ARE TERMINAL 
"UMBERS FOR SECOND GATE) 

2(121~ 
3 {Ill 

1(13) 
4(101 

5(9) 

LOGIC DIAGRAM 

iEAL.L INPUTS ARE PROTECTED BY 
COSIMOS PROTECTION NETWORK 

Fig.7 - Schematic and logic diagrams for CD4002B. 

12.12) 

.* 
IB,131 

10F 3GATES (NUMBERS IN 
PARENTHESES ARE TERMINAL 
NUMBERS FOR OTHER GATES) 

'(I'III~ 
4(2,12) 6 

(9.101 
5(8,131 

fiDD 
Y .. 

LOGIC DIAGRAM 

* ALL INPUTS ARE PROTECTED 
BY COSIMOS PROTECTION 
NETWORK 

Fig.S - Schematic and logic diagrams for CD4025B. 

ORAIN- TO-SOURCE VOLTAGE (Vosl-V 

Fig.9 - Tvpical output high (sourcel 
curren t ~haracteristics. 

ORAIN-TO-SOURCE VOLTAGE (VOS1-V 

Fig. 10 - Minimum output high (source} 
current characteristics. 

LOAD CAPACITANCE ICLI-pF 

Fig. It - Typical transition time vs. load 
capacitance. 

LOAD CAPACITANCE {ct.1 - pF 

Fig. 12 - Typical propagation delay rime 
vs. load capacitance. 



CD4000B, CD4001 B, CD4002B, CD4025B Types 

NC{ 

A 

B 

H=A+8+C 
Vss 

~ ~::~~:i,~~~~~S 
Voo 1NPUOS VOO NOTE' 

Vss TO BOTH Voo AND Vss' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

I. 

VOD OR Vss' 

Vss 

Fig. 13 - Input leakage current 
test circuit. 

I. voo 

" 12 J=m 
K~m 

10 Ka5+ffi C 
9 L-G 

Vss 

92CS-24445RI 

I. 
2 

V," 
INPUTOVOO OUTPUTS 

VI:-- t 
NOTE: 

Vss TEST ANY COMBINATION 
OF INPUTS 

Fig. 14 - Input-voltage 
test circuit. 

TERMINAL ASSIGNMENTS (TOP VIEW) 

I. VDO J&~ I. I. 

" A 2 " 12 12 

M'G+'H " 10 laE+F 10 

9 F NC 9 
Vss 

92CS-24446RI 
He=NO CONNECTION Ne.NO CONNECTION HC=NOCONNECTION 

CD4000B 

CD4000B 

CD4002B 

CD4001B CD4002B 
CHIP PHOTOGRAPHS 

Dimensions and Pad Layouts 
o 10 

VDD 

K'E+F+GfH 

NC 

20 30 

VOO 
o 

Vss 

Fig. 15 - Quiescent-device 
current teSt circuit. 

I. I. VDO 

" 12 

" 10 L=G+H+I 
K~5+Ti-F 9 J=A+B+C 

VSS C 

92CS-2446BRI 

N C. NO CONNECTION 

40 50 

CD4001B 

CD4025B 

CD4025B 

60 68 

52-60 
1.320-1.524) 

57-65 
1.448-1.6511 

92CS-35060 
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CD4000UB, CD4001 UB, CD4002UB, CD4025UB Types 

CMOS NOR Gates 
High-Voltage Types (20-Volt Rating) 
Dual 3 Input 

plus Inverter-CD4000UB 
Quad 2 Input-CD4001UB 
Dual 41nput-CD4002UB 
Triple 3 Input-CD4025UB 

RCA-CD4000UB, CD4001UB, CD4002UB, 
and CD4025UB NOR gates provide the 
system designer with direct implementation 
of the NOR function and supplement the 
existing family of CMOS gates. 

The CD4000UB, CD4001UB, CD4002UB, 
and CD4025UB types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

STATIC ELECTRICAL CHARACTERISTICS 

Features: 
• Propagation delay time = 30 ns (typ.) at 

CL = 50 pF, VDD = 10 V 

• Standardized symmetrical output characteristics 

• 100% tested for maximum quiescent current 
at 20V 

• Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

• Maximum input current of 1 /lA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 

• 5-V, 10-V, and 15-V parametric ratings 

LIMITS AT INDICATED TEMPERATURES (DC) 
CONDITIONS Values at-55, +25, +125 Apply 10 D, F, K, H Packages 

CHARACTER- Value. at -40, +25, +85 Apply to E Package 
UNITS ISTIC 

Vo VIN VDD +25 

(V) (V) (V) -55 -40 +85 +125 Min. Typ. Max. 

Quiescent Device - .0,5 5 0.25 0.25 7.5 7.5 - 0.01 0.25 
Current. - 0,10 10 0.5 0.5 15 15 - 0.01 0.5 

100 Max. 0,15 15 1 1 30 30 0.01 1 
J1A 

- -

- 0,20 20 5 5 150 150 - 0.02 5 

Output low 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -

(Sink) Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -
IOlMin. 1.5 015 15 4.2 4 2.8 2.4 3.4 6.8 -

Output High 4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 - rnA 

(Source) 2.5 0.5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -

IOH Min. 
13.5 0,15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 -

Output Voltage: - 0,5 5 0.05 - 0 0.05 
low-level, - 0,10 10 0.05 - 0 0.05 

Val Max. 
0,15 . 15 0.05 - 0 0.05 - V 

Output Voltage: - 0,5 5 4.95 4.95 5 
High-level, - 0,10 10 9.95 9.95 10 
VOH Min. - 0,15 15 14.95 14.95 15 -

Input low 0.5,4.5 - 5 1 - - 1 
Voltage, 1,9 - 10 2 - - 2 

Vil Max. 
1.5,13.5 - 15 2.5 - 2.5 

V 
Input High 0.5 - 5 4 4 - -

Voltage, 1 - 10 8 8 - -
VIH Min. 1.5 - 15 12.5 12.5 - -

Input Current - 0.18 18 to. 1 to.l tl tl - tl0-5 to.l J1A liN Max. 
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,. 
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CD4000UB, CD4001 UB, CD4002UB, CD4025UB Types 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the following ranges: 

LIMITS 
CHARACTERISTIC 

MIN. MAX. 
UNITS 

Supply·Voltage Range IFor 
T A = Full Package Temp· 3 18 V 
erature Rangel 

MAXIMUM RATINGS, Absolute·Maximum Values: 
DC SUPPLY·VOL TAGE RANGE, IV DD) 

-0.5 to +20 V (Voltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 

-0.5 to VDD +0.5 V 
±lOmA 

POWER DISSIPATION PER PACKAGE (PO): 
For T A = -40 to +600 C (PACKAGE TYPE E) 
For TA = +60 to +850 C (PACKAGE TYPE E) . . 
For TA = -55 to +1000 C (PACKAGE TYPES D,F,K) . 
For TA = +100 to +1250 C (PACKAGE TYPES 0, F, Kl. 

...... , .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 
. . . . . . . .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE·TEMPERATURE RANGE (All Package Types) 

OPERATING·TEMPERATURE RANGE (TA): 
PACKAGE TYPES 0, F, K, H . 
PACKAGE TYPE E . 

STORAGE TEMPERATURE RANGE ITstg) 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. 

100mW 

-55 to +1250 C 
-40 to +850 C 

-65 to + 150°C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r • tt = 20 ns. 
and CL = 50 pF. RL = 200 K.\1 

CHARACTERISTIC 

Propagation Delay Time, 

tpHL' tpLH 

Transition Time, 

tTHL, tTLH 

Input Capacitance, CIN 

nDD 

455 

* , 
,* 

* . 

'" AU. INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 

TEST CONDITIONS 

Any Input 

VDD 

Volts 

5 

10 

15 

5 

1(} 

15 

'00 ,. 

ALL TYPES 
LIMITS 

TYP. MAX. 

60 120 

30 60 

25 50 

100 200 

50 100 

40 80 

10 15 

Fig. 4 - Schematic diagram for type CD4000UB. 

UNITS 

ns 

ns 

pF 

~ 

! 
~ 

.M8IENT TEMP !'ATURE I~A'.n·c 

i&:r.' 8->-0" 
~ 'ov 

~ .. 
INPUT VOLTAGE fVr l - V ucs-z .. ,u. 

Fig. 1 - Minimum and maximum voltage 
transfer characteristics. 

[{"UP~LY VOLTAGE 
~VDDI.15V 

INPUT VOLTAGE !Vtl-V 

Fig. 2 - Typical voltage transfer characteristics 
as a function of temperature. 

Fig. 3 - Typical current & voltage transfer 
characteristics. 

, 
ORAIN-TO-SOURCE VO~"AGE (Vos)-I/ 

Fig. 5 - Typical output low (sink) current 
characteristics. 
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CD4000UB, CD4001 UB, CD4002UB, CD4025UB Types 

,* 

64 

*ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 

Vss 

Fig. 6 - Schem~tic diagram for type CD4001UB. 

.* 
3* 

2* 

&00 *'U.'NPUTSARE ' 

PROTECTED BY 
COSI MOS PROTECTI~ 
NETWORK 

vSS 

Vss 

Fig. 7 - Schematic diagram for type CD4002UB. 

9* 

'0* 

11* 

92CM-I505IRZ 

r-------------------~--------------------~_oVOO ,. 
,* 11* 

7 '---->----<'--------<'---__' ___ ~ _______ __'----..... ----~_<OvS5 

*a.L1. INPUTS ARE 
PROTECTED BY 

gOO 

COS/NOS PROTECTION V 
NETWORK 55 

Fig. 8 - Schematic diagram for type CD4025UB. 

0-' IURC' 

ORA"'-TO"SO",,'CE VOLTAGE 'os,-v 

Fig. 9 - Minimum output low (sink) 
current characteristics. 

DRAIN-lO-SOURCE VOLTAGE {Vosl-V , 

Fig. 10 - Typical output high (soufce) 
current characteristics. 

DRAIN-TO-SOURCE VOLTAGE (\Iosl-V 

-15 -10 -5 
AIiIBIENT TEMPERATURE (TAJo25"C 

. !:, 
<-15V 

-IOV • 

Fig. 11 - Minimum output high (source) 
current characteristics. 

Fig. 12 - Typical transition time VS. load 
capacitance. 

., 
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LOAD CAPACITANCE !CLI-pF 

Fig. 13 - Typical propagation delay time 
vs. load capacitance. 

105 ;~=~~TD~SES~~!~~~~R~.!~~~~i~ :CpOUIESCENT L 

~ 
?104 

~ 103 . 
~ 102 

,,2 

SUPPLY VOLTS{IJ oJ'15 

LOADCAPACITANCElCLJ'15pf 
CL'50pf- -

,0' 
INPUT FREQUENCY!lII-Hr 

Fig. 14 - Typical power dissipation vs. frequency. 

o 
Vss 

INPUTS 

VDD 

Fig. 15 - Quiescent·device·current test circuit. 

V,H 
INPUTQVOO OUTPU .. TS 

"-0-... ~ 
V~L r 

NOTE 
vss TEST ANY COMBINATION 

OF INPUTS 

92CS-27441RI 

Fig. 16 - Input· voltage test circuit. 

Voo INPu(Js V

DD 

NOTE 

~ ~i~~~:;I~~~~~S 
Vss TO BOTH Voo AND VSS 

CONNECT ALL UNUSEO 
INPUTS TO EITHER 

Voo OR VSS· 
VSS o;J2C5-21402 

Fig. 17 -Input leakage current test circuit. 

CD4000UB, CD4001 UB, CD4002UB, CD4025UB Types 

TERMINAL ASSIGNMENTS 

Ne: 
I. " VOD 

2 " , 12 
II 

10 K'O+E+F 

H;A+BtC 
, L'G 

Vss • G 

92CS- 2444~ AI 
N( ,,"0 (0,,"N[(110N 

J;ffi 

K=C+O 
C 

J;A+STCTO 

A 

NC 

V5S 

CD4000UB 

I. I. 
2 " , 12 

II 

10 , 

CD4001UB 

I. I. 
2 " 12 

II 

'0 
9 

• 

VOD 

M'G+H 
L,E+"""F 

VDD 

K'E+F+G+H 

NC 

NC'NO CONNECTION 

CD4002UB 

I. 
2 " 

" 12 
II 

VDO 

G 

1"0 L;~I 

9 J=A.e.c 
C 

N(' NO CONN[( TION 92CS-24468 RI 

CD4025UB 

CHIP PHOTOGRAPHS 
Dimensions and Pad Layouts 

CD4000UB 

92C$·27146 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inchJ. 

92CS-35054 

CD4001UB 

CD4002UB 

CD4025UB 

65-73 
(1.652-1.854) 

92C5-27148 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the waler. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip lace for 
dilferent chips. The actual dimensions of the isolated 
chip. therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +18 mils applicable to the nominal 
dimensions shown, 
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CD4006B Types 

CMOS 18-Stage 
Static Shift Register 
High-Voltage Types (20-Volt Rating) 

The RCA-CD4006B types are composed of 
4 separate shift register sections: two sec­
tions of four stages and two sections of five 
stages with an output tap at the fourth 
stage. Each section has an independent 
single·rail data path. 

A common clock signal is used for all stages. 
Data are shifted to the next stage on nega· 
tive-going transitions of the clock. Through 
appropriate connections of inputs and out­
puts, multiple register sections of 4, 5, 8, 
and 9 stages or single register sections of 10, 
12, 13, 14, 16, 17 and 18 stages can be 
implemented using one CD4006B package. 
longer sh ift register sections can be assem· 
bled by using more than one CD4006B. 

To facilitate cascading stages when clock 
rise and fall times are slow, an optional out· 
put (D1+4') that is delayed one·half clock­
cycle, is provided (see Truth Table for Out· 
put from Term. 2). 

The CD40068 types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

66 

TERMINAL ASSIGNMENT 

0, 

01+ 4' 
CLOCK 

D. 
03 
D. 

Vss 

I. 
" 

VDD 
• 13 °1+4 

" 
°2+5 

" °2+4 
10 03+4 

S °4+5 
7 °4+4 

TOP VIEW 
92CS-28973 

ADD 

Y ss 

ALL INPUTS (TERWNALS 1,3,4,5.61 
PROTECTED BY COS/MOS PROTECTION 
NETWORK 

Features: 

- Fully static operation 
- Shifting rates up to 12 MHz @ 10 V (typ.) 
- Permanent register storage with clock line high or low -

no information recirculation required 
- 100% tested for quiescent current at 20 V 
- Standardized, symmetrical output characteristics 
- 5-V, 10-V, and 15-V parametric ratings 

- Maximum input current of 1 p.A at 18 V 
over full package-temperature range; 100 
nA at 18 V and 25°C 

• Noise margin (full package·temperature 
range) = 1 Vat VOD = 5 V 

2 V at VDD = 10 V 
2.5VatVDD=15V 

- Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 

FUNCTIONAL DIAGRAM 

for Description of '8' Series CMOS Devices" 
TRUTH TABLE FOR SHI FT REGISTER STAGE 

0 CL'" 0+1 

Applications: 0 \... 0 

- Serial shift registers - Frequency division 1 \... 1 

- Time delay circuits X ..r NC 

TRUTH TABLE FOR OUTPUT FROMTERM.2 

CL 0,+4 CL'" 0,+4' 

0 ...r 0 

1 ...r 1 

x '- NC 

1 = HIGH x = DON'T CARE 

~U.rth OR 0 = LOW '" = LEVEL CHANGE 

CL .th STAGE NC = NO CHANGE 
92CS-17887RI Fig. 1 - Logic diagram and truth table (one register stage). 

RECOMMENDED OPERATING CONDITIONS at TA = 25°C, Except as Noted. For maximum 
reliability, nominal operating conditions should be selected so that operation is always within the 
following ranges: 

CHARACTERISTIC VOD 
liMITS UNITS 

(V) Min. Max, 

Supply-Voltage Range (For T A = Full Package 
Temperature Range) - 3 18 V 

5 180 -
Clock Pulse Width, tw 10 80 - ns 

15 50 -
5 100 -

Data Setup Time, ts 10 50 - ns 
15 40 -
5 60 -

Data Hold Time, tH 10 40 - ns 
15 30 -

Clock Rise or Fall Time: If'tf 
5,10, - 15 p.S 

15 

5 - 2.5 
Clock Input Frequency, fCl 10 - 5 MHz 

15 - 7 



MAXIMUM RATINGS, Absolute·Maximum Values: 
DC SUPPLY·VOL TAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal! 
INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PoER PACKAGE (PO): 

For T A = -40 to +60 C (PACKAGE TYPE E) 
For T A = +60 to +85°~ (PACKAGE TYPE E). . . 
For T A = -55 to +100 C (PACKAGE TYPES 0, F, K). 
For TA = +100 to +125°C (PACKAGE TYPES 0, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

. -0.5 to +20 V 
-0.5 to VDD +0.5 V 

±10mA 

. . . . . . . .. 500 mW 
Derate Linearly at 12 mW/oC to 200 mW 
. . . . . . . .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 

FOR T A = FULL PACKAGE·TEMPERATURE RANGE (All Package Types) 
OPERATING·TEMPERATURE RANGE (T A): 

100mW 

-55 to +125°C PACKAGE TYPES 0, F, K, H . 
PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (Tstg) . . 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. 

STATIC ELECTRICAL CHARACTERISTICS 

-40 to +85°C 
-65 to +150oC 

LIMITS AT INDICATED TEMPERATURES (OC) 

CONDITIONS Value. at -55, +25, +125 Apply to 0, F, K, H ,Packages 
CHARACTER· Value. at -40, +25, +85 Apply to E Package 

UNITS ISTIC 
Va VIN VDO +25 

(V) (V) (V) -55 -40 +85 +125 Min. Typ, Max. 

Quiescent Device - 0,5 5 5 5 150 150 - 0.04 5 
Current, - 0,10 10 10 10 300 300 - 0.04 10 

100 Max. 0,15 15 20 20 600 600 0.04 20 
/lA 

- -
- 0,20 20 100 100 3000 3000 - 0.08 100 

Output low 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -
(Sink) Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -

IOlMin. 
1.5 0,15 15 4.2 4 2.8 2.4 34 6.8 -

Output High 4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 - mA 

(Source) 2.5 0,5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
Current, 

9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -
IOH Min. 

13.5 0,15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 -

Output Voltage: - 0,5. 5 0.05 - 0 0.05 
low·level, - 0,10 10 0.05 - 0 0.05 

VOL Max. 
0,15 15 0.05 - 0 0.05 - V 

Output Voltage: - 0,5 5 4.95 4.95 5 -
High·level, - 0,10 10 9.95 9.95 10 -
VOH Min. - 0,15 15 14.95 14.95 15 -

Input low 0.5,4.5 - 5 1.5 - - 1.5 
Voltage, 1,9 - 10 3 - - 3 

Vil Max. 
1.5,13.5 - 15 4 - - 4 

3.5 
V 

Input High 0.5,4.5 - 5 3.5 - -
Voltage, 1,9 - 10 7 7 - -

VIH Min. 1.5,13.5 - 15 11 11 - -
I nput Current - 0,18 18 ±0.1 ±0.1 ±1 ±1 - ±10-5 ±0.1 /lA liN Max. 

CD4006B Types 

AMBIENT TEMPERATURE (TAI-25"C;tnt Hl+H H-t 
il iJ:itllill:t:J: 
I 
-J 

~ 30 GATE-lO-SOURCE VOLTAGE (VGS,.15 V 

i 25 

~ 20 

§ 15 IOV • 9 
~ 10 

5 5 5V 

~ 
E 
I 

~1!5 
~ 

~t2.5 

a 10 

5 10 15 
DRAIN-lO-SOURCE VOLTAGE IVosl-V 

Fig. 2 - Typical output low (sink) current 

characteristics. 

AMBIENT TEMPfRATURE ITA'"25"C 

GATE-TO-SOURCE VOLTAGE (VGS,*15V 

10V 

5 10 15 
DRAIN-TO-SOURCE VOLTAGE (Vosl-V 

Fig. 3 - Minimum output low (sink) current 
characteristics. 

DRAIN-TO-SOURCE VOLTAGE (Vosl-V 
-15 -10 -5 

AMBIENT TEMPERATURE (TAI*25·C 

GATE-TO-SOURCE VOLTAGE (VGSI~-5V 

• f ~ 
-IO~ 

-15 ~ 

-IOV -20~ 

-15V 

Fig. 4 - Typical output high (sourcel current 
characteristics. 

ORAJN-TO-SOURCE VOLTAGE (Vosl-V 

-15 -10 ·5 
AMBIENT TEMPERATURE nAI.~·C 

GATE-TO-SOURCE VOLTAGE (VGS}.-5 V 

-IOV 

-15 V 

Fig. 5 - Minimum output high (source) current 
characteristics. 

67 

• 



CD4006B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 2fPC; Input t" tf = 20 ns, 

CL =50pF, RL =200KfI. 

CHARACTERISTIC 
TEST CONDITIONS TYPICAL 

VDD(V) VALUES 

Propagation Delay Time, 
5 200 

10 100 
tpHL, tplH 15 80 

Transition Time, 
5 100 

10 50 
tTHl, tTlH 15 40 

Minimum Data Setup Time, 
5 50 

10 25 
ts 15 20 

Minimum Clock Pulse Width, 
5 100 

10 45 
tw 15 30 

Maximum Clock Input Frequency, 
5 5 

10 12 
fCl 15 16 

Maximum Clock Input Rise or Fall 
5 15 

10 15 
Time trCl, tfCl* 15 15 

Input Capacitance, CI N Any Input 5 

UNITS 

ns 

ns 

ns 

ns 

MHz 

lIS 

pF 

* If more than one unit is cascaded trel should be made less than or equal to the sum of the transition 
ti me and th~ fi xed propagation delay of the output of the driving stage for the estimated capacitive load. 

CLOCK 

n. TO 14 MORE STAGES 

02~Q ~--2-S~G-;;---- 0 

CL CL 

tl cL 
Oz" 

03~Q -~--------1J 2 STAGES 

CL CL Q 1-------1 
CL TI 

O'~Q -+ -2-;;G~----
CL CL Q 

CL CL. 
I-------~------I 

101"fi"'H O. I .~ n I 
I CL I 
I a I 
I I 

l ~~'~E~ L:'~O~:C~ ____ ~ _~_ J 
92CM·29830A 1 

Fig. 6 - Logic diagram with detail of latch. 
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LOAD CAPACtTANCE.ICL)-pF 92C$-24322 

Fig. 7 - Typical transition time as a function of 
load capacitance. 

~200 
0 150 

i3 
~ 
;; 100 

~ 
:t 50 

f· 

10V 

,.V 

20 40 60 80 100 
L.OAD CAPACITANCE {Cll-pF 

92CS-29829 

Fig. 8 - Typical propagation delay time as a 
function of load capacitance. 

• · · , 
~ 
~104 - . c • 

!'o • 
z 
Q 2 

~I038 
::l • 
c • 
:!i ' 
~IO~ · · , 

10 

AMBIENT TEMPEonE ITA I- 2'·C 

r-- ---j11 ~ I - -- - ,4, 
~~ ,;~;,~ 

_f-I,-~/' ; ~~=t=T I-
t-- ~O"~'" If ,L --++ 
F= ,} v 

-;:,.' f= """~ Vf-j 
_ CL-SOpF 
- __ CL~15pF 

I 
I 

2 ... , ... , ... , ... 2 ... 
10 10 2 103 104 

CL.OCK INPUT FREQUENCY (fCL1--kHz 
92CS-29827 

Fig. 9 - Typical dyanamic power dissipation 
as a function of clock frequency. 



tCl 
'DATA -"""'2" 

92CS-29828 

Fig. 10 - Dynamic power dissipation test 
circuit. 

INPUCS voo 
Veo NOTE: 
~ _ MEASURE INPUTS 
o ~ SEQUENTIALLY, 

Vss TO BOTH Veo ANO VSS 
CONNECT ALL UNUSED 
INPUTS 10 EITHER 

VCO OR VSS VSS 

Fig. 13 - Input current test circuit. 

50 

40 

o 
Vss 

INPUTS 

<:I2CS- 21401RI 

VSS 
Fig. 11 - Quiescent device 

current test circuit 

20 40 

I 

109-117 
(2.769-2.97 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in­
dicated. Grid graduations are in mils (1(J3 inch). 

CD4006B Types 

Voo 

INPUTO··"~ 
NOTE: 

70 

VSS ~~SJNAp't~~OMBINATION 

92CS-27441RI 

Fig. 12 - Input voltage test circuit. 

66-74 
(\.677-1.879) 

92CM-29744 

The photographs and dimenSions of each CMOS chip 
represent a chip when it is part of the wafer, When the 
wafsr Is separated into individua' chips, the angle of 
cleallage may v8ry with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

Dimensions and pad layout for CD40068H. 
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CD4007UB Types 

CMOS 
Dual Complementary 
Pair Plus Inverter 
High-Voltage Types (20-Volt Rating) 

The RCA·CD4007UB types are comprised of 
three n·channel and three p·channel enhance· 
ment·type MOS transistors. The transistor 
elements are accessible through the package 
terminals to provide a convenient means for 
constructing the various typical circuits as 
shown in Fig. 2. 

More complex functions are possible using 
multiple packages. Numbers shown in paren· 
theses indicate terminals that are connected 
together to form the various configurations 
listed. 

The CD4007UB types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

Applications: 

• Extremely high·input impedance amplifiers 

• Shapers 

• Inverters 

• Threshold detector 

• Linear amplifiers 

• Crystal oscillators 

TERMINAL DIAGRAM 
Top View 

Q21PlSOURCE 
Q2(PIDRAIN 

Q2GATES 
Q2(NI SOURCE 

Q2 (Nl DRAIN 
QIGATES 

Vas,Qla 02 a 03 IN} 
SUBSTRATES QUN) 
..... ct 
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,. 
2 

• 
,. 
I> 

'2 
'0 

VDD,QlaQ2aQ3IP) 
:.r~~1'f{Q!(P)DRAIN 
Q3 (NI DRAlN,Q3(P) SOURCE 
03 (P) DRAIN 

'Q3GATES 

~(~I=,:CE 

':tel.24"'" 

Features: 

• Standardized symmetrical output characteristics 

• Medium Speed Operation - tpH L. tpLH = 30 ns (typ.) 
at 10 V 

• 100% tested for quiescent current at 20 V 

• Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

• Maxi mum input current of 1 fJA at 18 V 
over full package-temperature range; 
100 nA at 18 Vand 25°C 

RECOMMENDED OPERATING CONDITIONS 

VSS=7 

VOD"'14 
92CS-25035 

Terminal No.14 - VDO 
Terminal No.7 - VSS 

FUNCTIONAL DIAGRAM 

For maximum reliability. nominal operating conditions should be selected so that 

operation is always within the following ranges: 

CHARACTERISTIC 
LIMITS 

UNITS 
MIN. MAX. 

Supply·Voltage Range 

(For T A = Full Package 
Temperature Range) 3 18 V 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 
CONDITIONS Valu •• at--65, +25, +125 ApplytoD. ·F. K, H Package. 

CHARACTER· Value. at --40, +25, +85 Apply to E Package 
ISTIC Vo VIN VDD +25 

(VI (VI (VI -55 --40 +85 +125 Min. Typ. Max. 

Quiescent Device - 0,5 5 0.25 0.25 7.5 7.5 - 0.01 0.25 
Current, - 0,10 10 0.5 0.5 15 15 - 0.01 0.5 

100 Max. - 0,15 15 1 1 30 30 - 0.01 1 

- 0,20 20 5 5 150 150 - 0.02 5 

Output Low 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -
(Sink) Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -

IOLMin. 1.5 0,15 15 4.2 4 2.B 2.4 34 6.B 

Output High 4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 -

(Source) 2.5 0,5 5 -2 -loB -1.3 -1.15 -1.6 -3.2 -
Current. 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 

IOH Min. 
-

13.5 0,15 15 -4.2 -4 -2.B -2.4 -3.4 -6.B 

Output Voltage: - 0,5 5 0.05 - 0 0.05 
Lew·Level, - 0,10 10 0.05 - 0 0.05 

VOL Max. 
0,15 15 .0.05 - 0 0.05 

Output Voltage: - 0,5 5 4.95 4.95 5 -
High·Level, - 0,10 10 9.95 9.95 10 -
VOH Min. - 0.15 15 14.95 14.95 15 -

Input Low 4.5 - 5 .1 - - 1 
Voltage. 9 - 10 2 - - 2 

VIL Max. 
13.5 15 2.5 2.5 - -

Input High 0.5 - 5 4 4 - -
Voltage, 1 - 10 8 8 - -

VIH Min. 1.5 - 15 12.5 12.5 - -
I nput Current 

O,lB lB ±0.1 ±0.1 ±1 ±1 ±10-5 ±0.1 
liN Max. -

UNITS 

p.A 

mA 

V 

V 

jJA 



MAXIMUM RATI NGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, IV Dol 

(Voltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS 

DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER,PACKAGE !POl: 

For TA = -40 to +60oC IPACKAGE TYPE EI . 
For TA = +60 to +85 0 C !PACKAGE TYPE EI . . 
For T A = -55 to +100 0 C PACKAGE TYPES D, F, K) 
For TA = +100 to +125 0 CIPACKAGE TYPES D, F, K) . 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

-0.5 to +20 V 

-0.5 to VDD +0.5 V 
±10 rnA 

. . . . . . . .. 500 mW 
Derate Linearly at 12 mW/oC to 200 mW 

. . 500 mW 
Derate Linearly at 12 mW;oC to 200 mW 

FOR TA" FULL PACKAGE·TEMPERATURE RANGE IAII Package Typesl 

OPERATING-TEMPERATURE RANGE ITAI: 

100mW 

PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E . 

STORAGE TEMPERATURE RANGE ITstgl 
LEAD TEMPERATURE lOURING SOLDERINGI: 

At distance 1/16 ± 1/32 inch ~ 1.59 ± 0.79 mm) from case for lOs max. 

-55 to +12SoC 
-40 to +85 0 C 

-65 to + 150°C 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C; Input t" tf = 20 ns, 

CL = 50 pF, RL = 200 Krl 

CONDITIONS 
ALL TYPES 

LIMITS 
CHARACTERISTIC 

Propagation Delay Time: 

tPHL, 
tPLH 

Transition Time 
lTHL. 
lTLH 

Input Capacitance CIN 

*C051P.405 INPUT 
PROTECTION NETWORK 

. 
cos I MOS OUTPUT PROTECTION 
NETWORK BETWEEN TERMINAL 
NOS. 1,2,4,5,6,9,11,12,13 
AND THE CORRESPONDING 
DRAINS ANDIOR SOURCES 

VDD 
Volts Typ. 

5 55 
10 30 
15 25 

5 100 
10 50 
15 40 

Any Input 10 

Voo a' 0' 
OUTPUT 

TERMINAL 

01 --- or 

Vss 

UNITS 

Max. 

110 
60 ns 
50 

200 
100 ns 
80 

15 pF 

01 - N+TO P WELL 
02 = p+ro SUBSTRATE 
RI- 1-5 Kn 
R2- 15-30n 

Fig. 1 - Detailed schematic diagram of CD4007UB showing input, output, and parasitic diodes. 

CD4007UB Types 

a) Triple Inverters 

(14,2,11); (8,13); 
(1,5); (7,4,9) 

b) 3 -Input NOR Gate 

(13,2); (1,11); 
(12,5,8); (7,4,9) 

c) 3-lnput NAND Gate 

(1,12,13); (2,14,11); 
(4,8); (5,9) 

d) Tree (Relay) Logic 

B I 

A 3 

c • 

# ALL P-UNIT SUBSTRATES 
ARE CONNECTED TO VOD 
ALL N-LfoIIT SUBSTRATES 

;~'""'12 
IO~ 

92C5-15349 

~~'"'12 
IO~ 

OUT 
12 

ARE CONNECTED TO VSS VSS 

Voo 

(13,12,5); (4'9'8)~' A c 
(14,2); (1,11) B 

OUT 

A B OUHVDOl=C .. AB 
~ MtVssl=CA+CB 

:Jvss 

Fig. 2 - Sample COS/MOS logic circuit arrangements 

using type CD4001UB. 
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CD4007UB Types 

el High Sink-Current Driver 

(OPTIONAL VDO PULL-UP) 

(6,3,101; (8_5, 121; 
(11,141; 7.4,91 

92C$-15330 

fl High Source-Current Driver 

I----<---~@ 

I--

'1 
Vss 

{OPTIONAL VSSPULL-DOWN} 

92CS-I0327 

gl High Sink - and Source-Current Driver 

Voo 

(6,3,101; (14,2,111; 

'Iss 

(6,3,101; (13,1,121; 
(14,2,111; (7,91 

hI Dual Bi-Directional Transmission Gating 

92CS-15347 

(7,4,9); 13,8,1,5,12) V55 92CS-15328 

(1,5,121; (2,91; 
(11.41; (8,13,101; 
(6,31 

Fig. 2 - Sample COS/MOS logic circuit arrangements using type CD4007UB (Cont'd). 

INPUT VOLTAGE {VI J -v 92C$- 28836RI 

Fig. 6 - Minimum and maximum voltage-transfer 
characteristics for inverter. 
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" 
> f'2.5 

-0 

~::'i ~ 
~ 

'0 
'0 

" 
5 

'" . 
7~: ":' ~ ~ ~ID-- 0 

" 

25 '0 
TERM. 3 81 6 TO GIIID 

25 

7.5 12.5 15 
INPUT VOLTAGE !V:tl-V 

Fig. 7 - Typical current and vOltage-transfer 
characteristics for inverter. 

INPUT \lOLTAGE (VI:1-V 
92CS-11786 

Fig. 3 - Typical voltage-transfer characteristics 
for NAND gate. 

A-SINGLE INPUT ONLY} 
e - TWO lNPUTS ONLY 

C - THREE INPUTS 

II OTHER INPUTS 
SWITCHED TO GROUND 

12.!5 IS. 

INPUT VOLTAGE tVtl-V 

Fig. 4 - Typical voltage-transfer characteristics 
for NOR gate. 

DRAIN-TO-SOURCE VOLtAGE t -v 
Fig. 5 - Typical output low (sink) 

current characteristics. 

, 
DRAIN-TO-SOURCE VOLTAGE 

Fig. 8 - Minimum output low (sink) 
current characteristics. 



i 
~o 

DRAIN-TO~SDURCE VOLTAGE IlIosl-V , 

Fig. 9 - Typica' output high (source) 
current characteristics. 

DRAIN~TO~SOURCE VOLTAGE IVDSI-V 

Fig. 10 - Minimum output high (source) 
current characteristics. 

= 10 
,ov 

ffj", 

tIt-we 
12S-C 

" INPUT VOLTAGE rv[)-v 

Fig. 11 - Typical voltage-transfer characteristics 
as a function of temperature. 

LOAD CAPACITANCE fCLI-pF 92C5-244,4,., 

Fig. 12 - Typical propagation delay time VI. 

load capacitance. 

Fig. 13 - Typical transition time vs. load 
capacitance. 

Fig. 14 - Typical dissipation vs. frequency 
characteristics. 

54-62 

CD4007UB Types 

Fig. 15 - Input current test circuit. 

V'H 

'NPUTO-Voo OUTPUTS 

'-- ~ 
V~L J 

NOTE: 
TEST ANY ONE INPUT 

Vss WITH OTHER INPUTS AT 
Veo OR Vss' 

Fig. 16 - Input voltage test circuit. 

VOD 

o 
Vss 

INPUTS 

VDO 

Vss 

Fig. 17 - Quiescent device current test circuit. 

50-58 

]<~J 

92CS-2B635 

DIMENSIONS AND PAD LAYOUT FOR CD4007UBH 

Dimension, in pafBnth"" .re in millimeterl and are 
derivad 110m the baIIc inch dimen,ion, III indicated. 
Gn'd ".duation, ar, in mil, (U,-3 InchJ. 

The photographs and dimensions 01 each CMOS chip 
represent a Chip when It is part of the wal". When the 
wafer is separated into individual chips. the angle of 
cleallage may vary with respect to the chip face for 
different chips. The actual dimensions of the Isolated 
chip, therefore, may differ slightly from the nomInal 
dimensions shown. The user should consider a tolerance 
of -3 mils to + 16 mils applicable to the nominal 
dimensions shown. 
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CD4008B Types 

CMOS 4-Bit Full Adder 
With Parallel Carry Out 

High-Voltage Types (20-Volt Rating) Features: 
• 4 sum outputs plus parallel look-ahead carry-output 
• High-speed operation - sum in-to-sum out, 160 ns typ; 

carry in-ta-carry out, 50 ns typ, at VDD = 10 V, 
CL =50pF 

• Standardized, symmetrical output characteristics 
• 100% tested for quiescent current at 20 V 
• Maximum input current of 1 p.A at 18 V 

over full package-temperature range; 100 
nA at 18 V and 250 C 

• Noise margin (over full package tempera-
ture range): 1 Vat VDD = 5 V 

2 V at VDD = 10 V 
2.5 Vat VDD = 15 V 

• 5-V, la-V, and 15-V parametric ratings 

• Meets all requirements of JEDEC Tentative 
Standard No_ 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 
• Binary additionlarithmetic units 

A' I. I. VDD 
B3 

,. 
B' 

A3 I. Co 
B. 13 S. 
A. 

" 
S3 

BI " S' 
AI 10 Sl 

VSS CI 

TOP VIEW 

92CS·244'O 

CD4008B 
TERMINAL ASSIGNMENT 

The RCA-CD400BB types consist of four 
full adder stages with fast look ahead carry 
provision from stage to stage. Circuitry is 
included to provide a fast "parallel-carry-out" 
but to permit high-speed operation in arith­
metic sections using several CD400BB's. 
CD400BB inputs include the four sets of bits 
to be added, Al to A4 and Bl to B4, in 
addition to the "Carry I n" bit from a pre­
vious section. CD400BB outputs include the 
four sum bits, 51 to 54. I n addition to the 
high speed "parallel·carry-out" which may be 
utilized at a succeeding CD400BB section. 

The CD4008B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix). and in chip form (H 
suffix). 

STATIC ELECTRICAL CHARACTERISTICS 

82 * 4 

AZ *" 

8, *6 

AI *' T 

*. c,cr ..... ___ ..J 

(CARRY IN) 

VDD " 16 

Vss '"8 

"S'~oo 
SI __ 

vSS 

CONDITIONS 
CHARACTER-

ISTIC 
Vo VIN VDD 
(V) (V) (V) 

Quiescent Device - 0,5 5 
Current, - 0,10 10 

100 Max. 0,15 15 -
- 0,20 20 

Output Low 0.4 0,5 5 
(Sink) Current 0.5 0,10 10 

IOL Min. 1.5 0,15 15 

Output High 4.6 0,5 5 
(Source) 2.5 0,5 5 
Current, 9.5 0,10 10 

IOH Min. 
13.5 0,15 15 

Output Voltage: - 0,5 5 
Low-Level, - 0,10 10 

VOL Max. 
- 0,15 15 

Output Voltage: - 0,5 5 
High-Level, - 0,10 10 
VOH Min. - 0,15 15 

Input Low 0.5,4.5 - 5 
Voltage, 1,9 - 10 

VIL Max. 
1.5,13.5 - 15 

Input High 0.5,4.5 - 5 
Voltage, 1,9 - 10 

VIH Min. 1.5,13.5 - 15 

Input Current - O,lB 18 liN Max. 
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LIMITS AT INDICATED TEMPERATURES (OC) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at -40, +25; +85 Apply to E Package 

+25 
-55 -40 +85 +125 Min. Typ. Max. 

5 5 150 150 - 0.04 5 

10 10 300 300 - 0.04 10 
20 20 600 600 - 0.04 20 

100 100 3000 3000 - 0.08 100 

0.64 0.61 0.42 0.36 0.51 1 -
1.6 1.5 1.1 0.9 1.3 2.6 -
4.2 4 2.B 2.4 34 6.8 -

-0.64 -0.61 -0.42 -0.36 -0.51 -1 -
-2 -1.8 -1.3 -1.15 -1.6 -3.2 -

-1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -
-4.2 -4 -2.B -2.4 -3.4 -6.B -

0.05 - a 0.05 

0.05 - a 0.05 

0.05 - 0 0.05 

4.95 4.95 5 -
9.95 9.95 10 
14.95 14.95 15 -
1.5 - - 1.5 
3 - - 3 

4 - - 4 

3.5 3.5 - -
7 7 - -

11 11 - -
fO.l fO.l fl ±1 - fl0-5 fO.l 

UNITS 

IJA 

rnA 

V 

V 

IJA 

* All INPUTS ARE 
PROTECTED BY 
CoSIMOS PROTECTION 
NETWORK 

92C5-27643 

Fig. 7 - CD40088 logic diagram. 

TRUTH TABLE 

Ai Bi Ci Co SUM 

a 0 0 0 0 
1 0 0 a 1 
0 1 0 0 1 
1 1 0 1 0 
0 0 1 a 1 
1 0 1 1 0 
0 1 1 1 0 
1 1 1 1 1 



RECOMMENDED OPERATING CONDITIONS at TA = 2fiDC, Except as Noted. 
For maximum reliability, nominal operating conditions should be 
selected so that operation is always within the fol/owing ranges: 

LIMITS 
CHARACTERISTIC 

MIN. MAX. 
UNITS 

Supply-Voltage Range (For 

T A = Full Package Temp- 3 18 V 
erature Range) 

MAXIMUM RATINGS,Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (V DD) 

-0.5 to +20 V (Voltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 

-0.5 to VDD +0.5 V 

POWER DISSIPATION PER PACKAGE (PO): 
For TA = -40 to +60oC (PACKAGE TYPE E) 
For T A = +60 to +850 C (PACKAGE TYPE E) . . . 
For TA = -55 to +1000 C (PACKAGE TYPES 0, F, K) . 
For T A = +100 to +1250 C (PACKAGE TYPES D.-F', K). 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

±10mA 

. • . . . . • •. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 
. •.. _ .. _. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 

FOR TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE ITA): 

100mW 

PACKAGE TYPES 0, F, K, H • 
PACKAGE TYPE E '. 

STORAGE TEMPERATURE RANGE (Tstg) 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±O.79 mm) from case for lOs max. 

-55 to +1250 C 
-40 to +850 C 

-65 to +1500 C 

21S0) + 90 + ISS 
2ICI-Co)+ ISi-Co)+ ICI-So)-34S 

A9-,2{ 
89-12 

VSS 

}S9-12 SO+ 90+ 155 
SO 90 15S 

ICI-Co)+ ISI-Co)+ICI-So) 

}S5-S 90 +ISS ISI-Co)HCi-So)- 90+ ISS 

}SI-4 160 lSI-So) 

ALL SUMS SETTLED AFTER 34S n. 

S2CS-SIOM 

Fig.2 - Tvpical propagation delay for a 16-bit adder (10 V operation)_ 

CD4008B Types 

LOAD CAPACITANCE (CL.l- pF 

Fig.3 - Typical sum-in to sum-out propagation delay 
time vs. load capacitance. 

L.OAD CAPACITANCE ICL.)- pF 

Fig.4 - Typical carry-in to carry-out propagation 
delay time vs. load capacitance. 

LOAD CAPACITANCE (CL.l- pF 
92C$-28306 

Fig.5 - Typical carry-in to sum-out propagation delay 
time vs. load capacitance. 

20 40 60 eo 100 120 140 
LOAO CAPACITANCE ICL)- pF 

Fig.6 - Typical sum-in to carry-out propagation delay 
time vs. load capacitance. 
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CD4008B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS 
At TA = 25'C; Input tr, t,= 20ns, CL = 50pF, RL = 200kn 

CHARACTERISTIC 

Propagation Delay Time: 

tPHL, tPLH 

Sum In to Sum Out 

Carry In to Sum Out 

Sum I n to Carry Out 

Carry I n to Carry Out 

Transition Time: 

lTHL, tTLH 

I nput Capacitance, CI N 

I 
DRAIN-TO-SOURCE VOLTAGE (VosJ-V 

Fig.9 - Typical output low (sink) 
current characteristics. 

o 
Vss 

INPUTS 

Vss 

VDD 
IV) 

5 
10 
15 

5 
10 
15 
5 
10 
15 
5 
10 
15 
5 
10 
15 
-

Fig. 12 - Quiescent-device-current test circuit. 
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LIMITS 
ALL TYPES UNITS 

TYP. MAX. 

400 800 
160 320 ns 
115 230 

370 740 
155 310 ns 
115 230 
200 400 
90 180 ns 
65 130 
100 200 
50 100 ns 
40 80 
100 200 
50 100 ns 
40 80 
5 7.5 pF 

AMBIENT TEMPERATURE (TAI-Z5-C 

1 
I 
~ 15 

ffi12.5 

~ a 10 

GATE TO-SOURCE VOLTAGE (VGS1-15V~. 

10V 

5 10 15 
DRAIN-TO-SOURCE VOL.TAGE (VOSI-V 

Fig. to - Minimum output low (sink) 
current characteristics. 

Fig. 13 - Input-voltage test circuit. 

DRAIN-TO-SOURCE VOLTAGE (Vosl-V 

Fig. 7 - Typical output high (source) 
current characteristics. 

ORAIN-TO-SOURCE VOLTAGE (VosJ-V 

-15 -10 
AMBIENT TEMPERATURE ITA)" 25'C 

GATf-TO-SOURCE VOLTAGEIVGS"-5V 

-10'1 

-15V 

Fig.S - Minimum output high (source) 
current characteristics. 

-, 

LOAD CAPACITANCE 1Cl)'15p' 
CL-50pF 

10' 103 '0' 
INPUT FREQUENCY It.l-~HI 

Fig. 11 - Typical dissipation characteristics. 

~ ~:~~~:;I~~~~~S 
Voo 1NPUOS V

DD 

NOTE 

Vss TO BOTH Voo ANO VSS' 
CONNECT ALL UNUSED INPUTS 10 EITHER 
Voo OR VSS' 

Vss 

Fig. 14 - Input current test circuit. 
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Dimensions in parentheses are in milli­
meters and are derived from the basic 
inch dimensions as indicated. Grid 
graduations are in mils (10-3 inch). 

The photographs and dimensions of each CMOS chip 
represent B chip when it is part of the wafer, When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face lor 
different chips. The actual dimensions of the isolated 
chip, thefefore, may differ slightly (rom the nominal 
dimensions shown. The user should considers tolerance 
of -3 mils to +16 mils applicable 10 the nominal 
dimensions shown. 

Dimensions and Pad Layout for CD4008BH 

CD4008B Types 

II 
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CD4009UB, CD4010B Types 

CMOS Hex 
Buffers/Converters 
High-Voltage Types (20-Volt Rating) 

Inverting Type: CD4009UB 
Non-Inverting Type: CD4010B 

The RCA-C04009UB and C04010B Hex 
Buffer/Converters may be used as CMOS to 
TTL or DTL logic-level converters or CMOS 
high-sink-current drivers. 
The C04049UB and CD4050B are preferred 
hex buffer replacements for the C04009UB 
and CD4010B, respectively, in all applica­
tions except multiplexers. For applications 
not requiring high sink current or voltage 
conversion, the CD4069UB Hex Inverter is 
recommended. 

Features: 

• 100% tested for quiesce"t current at 20 V 
• Maximum input current of 1 J.l.A at 18 V over full 

package-temperature range; 100 nA at 18 V'and 25°C 
• 5-V, 10-V, and 15-V parametric ratings 

Applications: 
• CMOS 10 DTLlTTL hex converter 
• CMOS currenl "sink" or "source" 

driver 
• CMOS high-la-low logic-level 

converter 
• Multiplexer - 1 10 6 or 6 to 1 

Vee I. I. Voo "ce 
G"A • " L-' G·. 

A 0 
" H-B' 13 Ne H·B 

• 
" 

K=E B 
I ~c " • I·e 

e 1O J-O e 
Vss 9 0 Vss 

TDPVI£W 92CS_2""!llRI 

I. 

• 
0 

TOP VIEW 

.. VOD 
I • L·' 
" 

, 
13 Ne 

" 
K·. 

" • 1O J·D 

92CS_Z'l452Rl 

The C04009UB and C04010B types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (0 and F suffixes), 16-
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). Ne- NO CONNECTION Ne- NO CONNECTION 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD, VCC) 

(Voltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS. 
DC INPUT CURRENT, ANY ONE INPUT • 

CD4009UB CD4010B 

TERMINAL ASSIGNMENTS 

-0.5 to +20 V 
-0.5 to VDD +0.5 V 

±10mA 

NCQE 
Vee o--L 
vsso-! 
vooo-J! 

~,~­
c u---y--v I-e 

. ~, ""-- ,O~ _ 
o u---y--v J. 0 

...i'.~-
E u---y--v K'E 

~. "-
F L'F 

92SS-4140R2 

CD400QUB 
FUNCTIONAL DIAGRAM 

~.~ 
C~I.C 

~'O~' 
O~J.o 

CD4010B 
FUNCTIONAL DIAGRAM 

POWER DISSIPATION PER PACKAGE (PO): 
For TA ~ -40 to +60oC (PACKAGE TYPE E) . • • • • • • •• 500mW 

Derate Linearly at 12 mW/oC to 200 mW 
, • • • . . • •• 500mW 
Derate Linearly at 12 mW/oC to 200 ritW 

.... SIENT TEMPERATURE 11",-25-C MAX. 

For TA = +60 to +850 C (PACKAGE TYPE E) • • . 
For TA = -55 to +100oC (PACKAGE TYPES 0, F. K) . 
For TA = +100 to +1250 C IPACKAGE TYPES D. F, K) • 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES 0, F, K, H 
PACKAGE TYPE E • 

STORAGE T6MPERATURE RANGE (Tstg) 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s rna •. 

CONFIGURATION 
HEX COStMOS TO OTL OR TTL 
CONVERTER (INVERTING) 

WIRING SCHEDULE: 
CONNECT Vee TO OTL OR 
TTL SUPPLY. 
CONNECT YDD TO COS/MOS 
SUPPLY 

loomW 

-55 to +12SoC 
-40 to +8SoC 

-65 to+150oC 

CONfiGURATION: 
HEX COS/MOS TO Oll OR Tn 
CONVERTER (HON·INVERTING) 
WIRING SCHEDULE: 
CONNECT Vee TO OTL OR 
TTL SUPPLY 
CO~ECT VDO TO COS/MOS 
SUPPLY. 

Ii 8 10 
INPUT VOl.TS IV,I 

C>-t>-8 
~~61T10N: VCC'5 

Fig. 3 - Minimum and maximum voltage transfer 
ch.racteristics-CD4009UB. 

ADO 
*A~IN::tss 

PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 

'55 92SS-4159RI 92SS-4141"2 

Fig. 1 - Schematic diagram of CD4009UB-
1 of 6 identical stages. 

78 

Fig. 2 - Schematic diagram of CD4010B-
1 6f 6 identical stages. 



RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the fol/owing ranges: 

LIMITS 
CHARACTER ISTIC UNITS 

MIN. MAX. 

Supply·Voltage Range (For T A - Full 
Package Temperature Range). V[;)D 3 18 V 

VCC' 3 VDD 
Input Voltage Range (VI) VCC' VDD V 

·The CD4009UB and CD401 DB have high-ta-Iow level voltage conversion capability but not ',?w-to­
high level, therefore it is recommended that VOO;;' VI ;;. Vee. 

STATIC ELECTRICAL CHARACTERISTICS 

Limits At Indicated Temperatures (OC) 
CHARAC· CONDITIONS Values at -55,+25,+125 Apply to D,F,K,H Pkgs. 
TERISTIC Values at -40,+25.+85 Apply to E Package 

Vo VIN VDD -55 -40 +85 +125 +25 
(V) (V) (V) Min. Typ. Max. 

Quiescent - 0,5 5 1 1 30 30 - 0.02 1 
Device - 0,10 10 2 2 60 60 - 0.02 2 
Current, I DD - 0,15 15 4 4 120 120 - 0.02 4 
Max. - 0,20 20 20 20 600 600 - 0.04 20 

Output Low 0.4 0,5 4.5 3.2 3.1 2.1 1.B 2.6 3.4 
(Sink) 0.4 0.5 5 3.75 3.6 2.4 2.1 3 4 -
Current 0.5 0,10 10 10 9.6 6.4 5.6 8 10 -
IOL Min. 1.5 0,15 15 30 40 19 16 24 36 -

Output High 4.6 0,5 5 -0.25 --0.23 --0.18 -0.15 -0.2 -0.4 -
(Source) 2.5 0,5 5 -1 -0.9 -0.65 -0.58 -0.8 -1.6 -
Current 9.5 0,10 10 -0.55 -0.5 -0.38 -0.33 -0.45 -0.9 -
IOH Min. 13.5 0,15 15 1.65 -1.6 -1.25 -1.1 -1.5 -3 -

Output Voltage: - 0,5 5 0.05 - 0 0.05 
Low·Level, - 0,10 10 0.05 0 0.05 

VOL Max. - 0,15 15 0.05 - 0 0.05 

Output Voltage: - 0,5 5 4.95 4.95 5 -

High-Level, - 0,10 10 9.95 9.95 10 -
VOH Min. - 0,15 15 14.95 14.95 15 -

Input Low 
4.5 - 5 1 - - 1 

Voltage: 
9 - 10 2 - - 2 

VIL Max. 
13.5 - 15 2.5 - - 2.5 CD4009UB 

Input Low 
0.5 - 5 1.5 - - 1.5 

Voltage: 
1 - 10 3 - - 3 / 

VIL Max. 
1.5 - 15 4 - - 4 

CD4010B 
Input High 

0.5 - 5 4 4 - -
Voltage: 

1 - 10 8 8 - -
VIH Min. 

1.5 - 15 12.5 12.5 - -
CD4009UB 

Input High 
4.5 - 5 3.5 3.5 - -

Voltage: 
9 - 10 7 7 - -

VIH Min. 
13.5 - 15 11 11 - -

CD4010B , 
Input Current, - 0,18 18 ±0.11 ±0.1 ±1 ±1 - ±10-5 ±0.1 

liN Max. 

CD4009UB, CD4010B Types 

UNITS 

}1A 

mA 

V 

V 

}1A 

Fig. 4 - Typical voltage trilnsfer characteristics 
as function of temp.-CD4009UB . 

, . , 
INPUT VOLTS lVI' 

Fig. 5 - Minimum and maximum voltage transfer 
characteristics IV DD~5)-CD4010B. 

INPUTYOLTS('II 

Fig. 6 -Minimum and maximum voltage transfer 
characteristics IV DD~10)-CD4010B. 

Fig. 7 - Minimum and maximum voltage transfer 
characteristics IV DD~15)-CD4010B. 
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CD4009UB, CD4010B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA=25°C; Input t" tr=20 lIS, 

CL=50pF, RL=200Kn 

CONDITIONS 

CHARACTERISTIC 
VDD VI 
IV) IV) 

Propagation Delay Time: 
Low·to·High, tPLH 5 5 

10 10 

CD4009UB 10 10 

15 15 

15 15 

5 5 

10 10 

CD40108 10 .10 

15 15 

15 15 

High·to·Low, tpHL 5 5 

10 10 

CD4009UB 10 10 

15 15 

15 15 

5 5 

10 10 

CD40108 10 10 

15 15 

15 15 

Transition Time: 
Low·to·High, tTLH 5 5 

10 10 

15 15 

High-to-Low, tTHL 5 5 

10 10 

15 15 

Input Captlcitance, CIN 
CD4009UB - -

CD40108 - -

DRAIN-lO-SOURCE VOLTAGE I Vos)-V 

80 

92CS·Z7651RI 

Fig. 11 - Typical output high (source) 
current characteristics. 

VCC 
IV) 

5 

10 

5 

15 

5 

5 

10 

5 

15 

5 

5 

10 

5 

15 

5 

5 

10 

5 

15 

5 

5 

10 

15 

5 

10 

15 

-
-

LIMITS· 
ALLPKGS 

UNIT 
TYP. MAX. 

70 140 

40 80 

35 70 ns 

30 60 

30 60 

100 200 

50 100 

50 100 ns 

35 70 

35 70 

30 60 

20 40 

15 30 ns 

15 30 

10 20 

65 130 

35 70 

30 70 ns 

25 50 

20 40 

150 350 

75 150 ns 

55 110 

35 70 

20 40 ns 

15 30 

15 22.5 

5 7.5 
pF 

92CS·276S2RI 

Fig. 12 - Minimum output high (source) 
curren t characteristics. 

Fig. 8 - Typical voltage transfer characteristics 
as a function of temperature-CD40 108. 

DRAIN-lO-SOURCE VOLTS IVosl 

Fig. 9 - Typical output low (sink) 
current characteristics. 

10 

ORAIN-TO-SOURCE VOLTS IVas' 

Fig. 10 - Minimum output low (sink) 
current characteristics. 

20 

Fig. 13 - Typical/ow-ro-high propagation delay 
time VS. load capacitance (CD4009UB). 



CD4009UB, CD4010B Types 

5 
~ 30 

~ 
~ 20 

~ 10 . 

AMBIENT TEMPERATURE (TA)'2~'C 

10 20 30 40 50 60 70 SO 90 100 
lOAO CAPACITANCE (Cl J-pF 92C5-2765<1 

40 60 eo 100 120 
LOAD CAPACITANCE (CL l-pF 

Fig. 14 - Typical high-to-Iow propagation delay Fig. 15 - Typical low-to-high propagation delay 
time V5. load capacitance (CD4010B). time vs. load capacitance (CD4009UB). 

I 
~60 
~ 50 
r: 
z 
~ 40 

z g30 
~ 20 

~ 
~ 10 

" 

AMBIENT TEMPERATURE (TA)·25·C 

a w ~ ~ ~ w ro 00 W ~ 

LOAD .:ttPACITANCE (CL1-pF 

Fig. 17 - Typical low-to-high transition time 
V5. load capacitance. 

Fig. 18 - Typical high-to-Iow transition time 
vs. load capacitance. 

o 
Vss 

INPUTS 

VDD 

100 

VSS 

'NPUTOVOO OUTPUTS 
V'H 

'-- ~ 
V~L J 

NOTE: 
TEST ANY ONE INPUT, 

VSS WITH OTHER INPUTS AT 
Vao OR Vss· 

Fig. 20 - Quiescent device current 
test circuit. 

Fig. 21 - Noise immunity test 
circuit. 

VDD 
'NPUOs VOO. 

~ 
Vss 

NOTE 

MEASURE INPUTS Vss 
SEQUENTIALLY, 
TO BOTH Voo AND Vss 
CONNECT ALL UNUSED 
INPlJTS TO EITHER 

VOOORVSS· 

Fig. 22 - Input current test 
circuit. 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid Graduations Are In Mils (10-3 Inch) 

The photographs and dimensions of each CMOS chip 
represent a chip when it ;s part 01 the wafer. When the 
wafer ;s separated into individual chips, the angle of 
cleavage may vary with respect to the chip lace for 
different chips. The actusl dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The usar should considera tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

a m w ~ ~ w ro ~ 00 ~ 
LOAD CAPACITANCE (CLI-pF 

Fig. 16 - Typical high-to-Iow propagation 
delay time vs. load capacitance (CD4010B). 

10 102 2 <I 6 8 ,0:' 2 104 
INPUT FREQUENCY (f.l kHz 

Fig. 19 - Typical dissipation characteristics. 

70-78 
1.981) 92CS-276S0 

Photograph of chip for CD4009UB. 
Oimensions and pad layout for 
CD40 1 OB are identical. 
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CD4011B, CD4012B, CD4023B Types 

CMOS NAND GATES 
High-Voltage Types (20-Volt Rating) 

Quad 2 Input -CD4011B 
Dual 4 Input - CD4012B 
Triple 3 Input - CD4023B 

RCA-C04011B, C04012B, and C04023B 
NAND gates provide the system designer 
with direct implementation of the NAND 
function and supplement the existing family 
of CMOS gates. All inputs and outputs are 
buffered. 

The C04011 B, C04012B, and C04023B 
types are supplied in 14-lead hermetic dual­
in-line ceramic packages (0 and F suffixes), 
14-lead dual-in-line plastic packages (E suf­
fix), 14-lead ceramic flat packages (K sufflxl, 
and in chip form (H suffix). 

Features: 
• Propagation delay time = 60 ns (typ.) at 

CL=50pF,VOD=10V 
• Buffered inputs and outputs 
• Standardized symmetrical output characteristics 
• Maximum input current of 1 p.A at 18 V 

over full package temperature range; 
100 nA at 18 V and 250 C 

• 100% tested for quiescent current at 20 V 
• 5-V, lo-V, and 15-V parametric ratings 
• Noise margin (over full package temperature 

range: 
1 VatVOO=5 V 
2 V at VDD = 10 V 

2_5 Vat VDD = 15 V 

• Meets all requirements of JEDEC·Tentative 
Standard No.13A, "Standard Specifications 
for Description of "B" Series CMOS Devices" 

MAXIMUM RATINGS, Absolute-Maximum Values: 
OC SUPPLY-VOLTAGE RANGE, IVpol 

IVoltages referenced to VSS Termlna" 
INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PiR PACKAGE IPD): 

For T A = -40 to +60. C IPACKAGE TYPE EI 
For T A = +60 to +85 C IPACKAGE TYPE EI 

. -0.5 to +20 V 
-0_5 to V OD +0.5 V 

±10mA 

. . . . . . . .. SOOmW 

For T A = -55 to +l00'C (PACKAGE TYPES 0, F, K) 
For T A = +100 to +125°C (PACKAGE TYPES 0, F, K) 

Derate Linearly at 12 mW/·C to 200 mW 
... _ . . . .. 500mW 
Derate Linearly at 12 mWfC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE-TEMPERATURE RANGE IAII Package Typesl 

OPERATING-TEMPERATURE RANGE ITA): 
PACKAGE TYPES 0, F, K, H _ 
PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE ITS!) _ _ 
LEAD TEMPERATURE lOURING SOLD~RING): 

At distance 1/16 ± 1/32 inch 11.59 ±0_79 mm) from case for 10 s ma._ 

RECOMMENDED OPERATING CONDITIONS 

100mW 

-55 to +125·C 
-40 to +85·C 

-65 to +150·C 

. +265·C 

For maximum reliability, nominal operating conditions should be selected so that 
operation is a/ways within the following ranges: 

LIMITS 
CHARACTERISTIC UNITS 

MIN_ MAX. 

Supply-Voltage Range (For T A = Full Package 
3 18 V 

Temperature Range) 

TERMINAL ASSIGNMENTS 

1.~4 _YOD 
2 13 G 
3 12 - H 
4 ,: ,....... I 

J~liC6 I. I. voo 
2 IS K·!mi 

• 12 
11 

• I. I. vOD 

• 2 IS 
J-Aii • 12 G 

K-C5 " M.;jjI 

e 10 ",U' 10 '5 10' - L.'Clfj 

0 Ne • - J"o!'e 
vss vss Ne -e 

TOP VIEW 
92CS-24403 

TOP VIEW TOP VIEW 92CS_Z4404 ru 
NC-NO CONNECTION 

CD4011B CD4012B CD4023B 
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92CS-24763 

C040118 
FUNCTIONAL DIAGRAM 

J=:;::s.c:o 

Ne 

Vss 1 K:'E'F'G'H NC 

CD40128 92CS-24759 

FUNCTIONAL DIAGRAM 

14 ~OD 

13 

vss 

CD40238 'J2CS- 24761 

FUNCTIONAL DIAGRAM 



CD4011 B, CD4012B, CD4023B TypeS 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 

CONDITIONS Values at -55, +25, +125 Apply toO, F, K, H Packages 
CHARACTER· Valuer at -40, +25, +85 Apply to E Package 

ISTIC 
Vo VIN VDD 
(V) (V) (V) -55 

Quiescent Device - 0,5 5 0.25 
Current, - 0,10 10 0.5 

100 Max. - 0,15 15 1 

- 0,20 20 5 

Output LoVi 0.4 a,s 5 0.64 
(Sink) Current 0.5 0,10 10 1.6 

IOL Min. 1.5 0,15 15 4.2 

Output High 4.6 0,5 5 -0.64 
(Source) 2.5 0,5 5 -2 
Current', 9.5 0,10 10 -1.6 

IOH Min. 
13.5 0,15 15 -4.2 

Output Voltage: - a,s 5 
Lew·Level, - 0,10 10 

VOL Max. 
0,15 15 -

Output Voltage: - 0,5 5 
High·Level, - 0,10 10 
VOH Min. - 0,15 15 

Input Low 4,5 - 5 
Voltage, 9 - 10 

VIL Max. 
13.5 - 15 

Input High 0.5,4.5 - 5 
Voltage, 1,9 - 10 

VIH Min. 1.5,13.5 - 15 

I nput Current 
0,18 18 ±0.1 

liN Max. 

AMBIENT TEMPERATURE ITA)-2D-C 

.. • I 
~I!s 

~12l5 
Ie 

GATE-TO-SOURCE VOLTAGE (YGS)-I!SV 

B 10 

10V 

5V 

5 10 15 
DftAIN-TO-SOURCE VOLTAGE (Vosl-Y 

92CS·24319111 

+25 

-40 +85 +125 Min. Typ. 

0.25 7.5 7.5 - 0.01 

0.5 15 15 - 0.01 

1 30 30 - 0.01 

5 150 150 - 0.02 

0.61 0.42 0.36 0.51 1 

1.5 1.1 0.9 1.3 2.6 

4 2.8 2.4 3.4 6.8 

-0.61 -0.42 -0.36 -0.51 -1 

-1.8 -1.3 -1.15 -1.6 -3.2 

-1.5 -1.1 -0.9 -1.3 -2.6 

-4 -2.8 -2.4 -3.4 -6.8 

0.05 - a 
0.05 - a 
0.05 - a 
4.95 4.95 5 

9.95 9.95 10 

14.95 14.95 15 

1.5 - -
3 - -
4 - -

3.5 3.5 -
7 7 -

11 11 -

±0.1 ±1 ±1 - ±10-5 

CRAIN-lO-SOURCE VOLTAGE (Vosl-V 
I 

Max. 

0.25 

0.5 

1 

5 
.. 

-

-
-

-
-
-

0.05 

0.05 

0.05 

-

-

-
1.5 

3 

4 

-
-
-

±0.1 

UNITS 

pA 

mA 

V 

V 

pA 

Fig.4 - Minimum output low (sink) current 
characteristics. 

Fig.5 - Typical output high (source) current 
characteristics. 

I 
INPUT VOLTAGE (VI' - V 

Fig. 1 - Typical voltage transfer characteristics. 

Z 468 2 "68 2 4 68 
10 102 103 104 

INPUT FREQUENCY (fIl- kHz 

Fig.2 - Typical power dissipation characteristics. 

ORAIN-TO-SOURCE VOLTAGE !VOs)-V 

Fig.3 - Typical output low (sink) current 
characteristics. 

ORAIN-TO-SOURCE VOLTAGE (Vosl-V 

I I 

Fig. 6 - Minimum output high (source) current 
characteristics. 

83 

• 



CD4011B, CD4012B, CD4023B Types 

VDD 

" 

ROD 
Y .. 

1(.,6,,,,~ 
3 

UD,4.11) 
219.5.12) 

LOGIC DIAGRAM 

* ALL INPUTS ARE PROTECTED 
BY COSIMOS PROTECTION 
NETWORK 

I OF 4 GATES (NUMBERS 
IN PARENTHESES ARE 
TERMINAL NUNBERS 
FOR OTHER GATES) 

• ,. 
3*(1) 

4*(10) 

5*191 

VDD 

I. 

LOGIC DIAGRAM 

g 
~31* ALL INPUTS ARE P:::ECTED ..J ...... BY COS/MOS PROTECTION 

NETWORK 

1(131 

Fig. 7 - Schematic and logic diagrams for CD40118. Fig.S - Schematic and logic diagrams for CD4012B. 

3I1'1l1~ 
412,12) 6(9,10) 

5(8.131 

I OF 3 GATES (NUMBERS IN 
PARENTHESES ARE TERMINAL 
NUMIERS FOR OTHER GATES) 

7 
vos 

LOGIC DIAGRAM 

ROO 
Y .. 

* ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 

Fig. 9 - Schematic and logic diagrams for CD4023B. 

DYNAMIC ELECTRICAL CHARACTERISTICS 
At TA = 2!tC; Input tr, t,= 20ns, CL = 50pF, RL = 200Hl 

TEST CONDITIONS 
ALL TYPES 

CHARACTERISTIC 
LIMITS 

VDD 
TYP. MAX. 

VOLTS 

Propagation Delay Ti me, 5 125 250 

tpHL. tPLH 10 60 120-
15 45 90 
5 100 200 

Transition Time, 10 50 100 
tTHL, tTLH 15 40 80 

Input Capacitance, Ci N Any Input 5 7.5 
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UNITS 

ns 

ns 

pF 

Fig. TO - Typical propagation delay time per gate 
as a function of load capacitance. 

Fig. 11 - Typical transition time as a function of 
load capacitance. 



o 
'55 

INPUTS 

Fig. 12 - Ouiescent-device-current test circuit. 

92CS-35052 

CD4011BH 

CD4023BH 

CD4011B, CD4012B, CD4023B Types 

9ZCS-2:744IRI 

Voo INPu(J' 'DO NOTE' 

~ ... ~:~~;I~~~~~S 
Vss TO BOTH Voo ANO Vss' 

CONNECT ALL UNUSED 
INPUTS TO EITHER 

Voo OR VSS' 

'55 

Fig. 13 - Input-voltage test circuit. Fig. 14 - Input-current test circuit. 

CHIP PHOTOGRAPHS 
Dimensions and Pad Layouts 

CD4012BH 

30 
OJ 

69 

'1 
51-65 

11.448-1.6511 

J 
92CS-28883 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in­
dicated. Grid graduations are in mils (10-3 inch). 

The photographs and dimensions of 88eh CMOS chip 
represent a chip when it is parI of the waf.,. When the 
wafer is sepafated into Individual chips, the angle of 
clsavage may vary with respect to the chip 'ace for 
different Chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nomine' 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4011 UB, CD4012UB, CD4023UB Types 

CMOS NAND Gates 
High-Voltage Types (20-Volt Rating) 

Quad 2 Input - CD4011 UB 
Dual 4 Input - CD4012UB 
Triple 3 Input - CD4023UB 

The RCA-CD4011UB, CD4012UB, and 
CD4023UB NAND gates provide the system 
designer with direct implementation of the 
NAND function and supplement the existing 
family of CMOS gates. 

Features: 
• Propagation delay time = 30 ns (typ). at 

CL = 50 pF, VDD = 10 V 
• Standardized symmetrical output 

characteristics 
• 100% tested for quiescent current at 

20V 
• Maximum input current of 1 j.lA at 18 V 

over full package temperature range; 
100 nA at 18 V and 250 C 

• 5-V, 10-V, and 15-V parametric ratings 

The CD4011 UB, CD4012UB, and CD4023UB 
types are supplied in 14-lead hermetic dual­
in-line ceramic packages (D and F suffixes), 
14-lead dual-in-line plastic packages (E suf­
fix), 14-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 

• Meets all requirements of JEDEC Tentative 
Standard No. 13A. "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

~t>-------~--~--1--' 

:'o-----------~----~ 

,'O-------------------____ J i--'-1 ~ ''''--r+--O'' '--....... 1----' 
~ goo, 

.'t>--~--_+--_I_--_+_' -- Vss 
• Au.. INPUTSAR' 

PROTECTED 8Y 

'0 O----------_I_--_+_' c;,~,.'~~~ PROTECTION 

,,'t>-----------'"--_t_' 

12t>---------------.J>-~_4 

*ALL INPUTS ARE 
PROTECTED By 
COS/MOS PROTECTION __ gOO 

NETWORK 

Vss 

Vss , 

Fig. 7 - Schematic diagram for type CD4072UB. 

,* 

V55 

Fig. 2 - Schematic diagram for type CD401 7 UB. 

gOD 
*ALL INPUTS ARE 

PROTECTED BY 
COS/Mas PROTECTION 
NETWORK --

. Vss 

Fig. 3 - Schematic diagram for type CD4023UB. 
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" 
12 

CD4011UB 
FUNCTIONAL DIAGRAM 

Ne 

Ne 

92C$-24759 

CD4012UB 
FUNCTIONAL DIAGRAM 

,:" ~DD 

V55 

92C5-24761 

CD4023UB 
FUNCTIONAL DIAGRAM 

RECOMMENDED OPERATING 
CONDITIONS 

For maximum reliability, nominal operating 
conditions should be selected so that opera­
tion is always within the following ranges. 

CHARACTERISTIC MIN. MAX. UNITS 

Supply Voltage 
Range (For T A= 3 18 V 
Full Package Tem-
perature Range) 



CD4011UB, CD4012UB, CD4023UB Types 

MAXIMUM RATI NGS. Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (V DO) 

(Voltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (PO): 

For TA = -40 to +600 C (PACKAGE TYPE E) 
For TA = +60 to +850 C (PACKAGE TYPE E) . . . 
For TA = -55 to + 100°C (PACKAGE TYPES D,F,K) . 
For TA = +100 to +1250 C (PACKAGE TYPES 0, F, K). 

DEVICE DIl'SIPATION PER OUTPUT TRANSISTOR 

-0.5 to +20 V 
-0.5 to VDD +0.5 V 

±10mA 

. . . . . . . .. 500mW 
Derate linearly at 12 mW/oC to 200 mW 
. . . . . . . .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 

FOR TA = FULL PACKAGE·TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE ITA): 

100mW 

PACKAGE TYPES 0, F, K, H . 
PACKAGE TYPE E . 

STORAGE TEMPERATURE RANGE (T"g) 
LO:AD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for lOs max. 

STATIC ELECTRICAL CHARACTERISTICS 

-·55 to +1250 C 
--40 to +850 C 

-65 to +1500 C 

LIMITS AT INDICATE') TEMPERATURES (DC) 
CONDITIONS Values at -55 +25, +125 Apply to D, F, K, H Packages-

CHARACTER- Values at -40, +25, +85 Apply to E Package 
UNITS ISTIC 

Vo VIN VDD +25 

(V) (V) (V) -55 -40 +85 +125 Min. Typ. Max. 

Quiescent Device - 0,5 5 0.25 0.25 7.5 7.5 - 0.01 0.25 
Current, - 0,10 10 0.5 0.5 15 15 - 0.01 0.5 

100 Max. 0,15 15 30 0.01 
fJA 

- 1 1 30 1 

- 0,20 20 5 5 150 150 0.02 5 

Output Low 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 

(Sink) Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -
IOLMin. 1.5 0,15 15 4.2 4 2.B 2.4 3.4 6.B -

Output High 4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 - mA 

(Source) 2.5 0,5 5 -2 -1.B -1.3 -1.15 -1.6 -3.2 -
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -

IOH Min. 
13.5 0,15 15 -4.2 -4 -2.B -2.4 -3.4 -6.8 -

Output Voltage: - 0,5 5 0.05 - 0 0.05 
Lew·Level, - 0,10 10 0.05 - 0 0.05 

VOL Max. 
- 0,15 15 0.05 - 0 0.05 

V 
Output Voltage: - 0,5 5 4.95 4.95 5 

H igh·Level, - 0,10 10 9.95 9.95 10 
VOH Min. - 0,15 15 14.95 14.95 15 

Input Low 4.5 - 5 1 - 1 
Voltage, 9 - 10 2 - - 2 

VIL Max. 
13.5 - 15 2.5 - 2.5 

V 
Input High 0.5,4.5 - 5 4 4 -

Voltage, 1,9 - 10 8 8 - -
VIH Min. 1.5,13.5 - 15 12.5 12.5 

Input Current 
O,lB lB ±O.l ±0.1 ±1 ±1 - ±10-5 ±0.1 fJA 

liN Max. 

INPUT VOLTAGE lVII-V 

Fig. 4 - Minimum and maximum voltage 
transfer characteristics. 

, tttit±:tt±ttt:tt±:tJ 

if:: t-
'l' 

m 
!; 

10 15 
.NPUT VOL.TAGE lVII-V 

Fig. 5 - Typical voltage transfer characteristics 
as a function of temperature. 

2.5 

, 

a-I INPUT 
b-2INPUTS 
e-3 INPUTS 
d-4 INPUTS 

OTHER 

INPUT VOLTS IVI) 

Fig. 6 - Typical multiple input switching transfer 
characteristics for CD4012UB. 

0 
> 

~ 
~ 
il 

12.5 

'0 
10 

7.' 

2.5 

2.5 

UPPLY VOLTS I I * I 

" 

10 

7.' 10 12.5 
INPUT VOLTS lVI' 

92CS-11n2 

Fig. 7 - Typical current and voltage transfer 
characteristics. 
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CD4011 UB, CD4012UB, CD4023UB Types 

DYNAMIC ELECTRICAL CHARACTERISTICS 
At TA =2!tC, Inputtr, t,= 20ns, and CL =50pF, RL =200HI. 

TEST CONDITIONS 
ALL TY~ES 

LIMITS 
CHARACTERISTIC 

Propagation Delay Time, 

tpHL' tpLH 

Transition Time, 

tTHL' tTLH 

Input Capacitance, CIN Any Input 

DRAIN-1ro-'iOU"CE IJOLTAGE {Vosl-V 

Fig. 9 - Minimum output low (sink) current 
characteristics. 

LOAO CAPACITANCE ICI..I- pF 

Fig. 12 - Typical propagation delay time vs. load 
capacitance. 

o 
Vss 

INPUTS 

Fig. 15 - Quiescent device current test circuit. 

88 

VDD 
UNITS 

VOLTS 
TYP. MAX 

5 60 120 
10 30 60 ns 
15 25 50 

5 100 200 
10 50 100 ns 
15 40 80 

10 15 pF 

DRAIN-lO-SOURCE VOLTAGE (Vos)-V 

I 

Fig. 10 - Typical output high (source) current 
characteristics. 

Fig. 13 - Typical transition time VS. load 
capacitance. 

92CS-2744IRI 

Fig. 16 - Input voltage test circuit. 

DRAIN-TO-SOURCE VOLTAGE CVoSI-V 

Fig.8 - Typical output low (sink) current 
characteristics. 

DRAIN-lO-SOURCE VOLTAGE (VDsl-V 

'ZCS-l4UIRl 

Fig. 11 - Minimum output high (source) current 
characteristics. . 

105 :~:=Te::s~~~~~R;.I~~~~i~ ;POU1ESCENT C 

~ 
I 10" 
l' 
~ 10

3 
suPf'LY VOLTS(V 10' 

10 

LOAD CAPACITANCE tCLI·I~pf' 

CL ·i~~F---

102 
~PUT FREQLiENCY\f,I-Hr 

Fig. 14 - Typical power dissipation vs. 
frequency characteristics. 

Voo INPu(Js V
DD 

NOTE' 
~ ;~~i:i,!~~~~S 

Vss TO BOTH VDe AND VSS' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

Vee OR VSS' 

VSS 

Fig. 17 - Input current test circuit. 
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B 
J~Ai3 

K=CO 
C 
0 

Vss 

I. I~ 

13 
12 

10 

TOP VIEW 

CD4011UB 

Voo 

MoGR 
LoU 

F 
E 

92C5_24453 

92C5-35051 

CD4011UBH 

1. 
1I.575-1.778l 

J 
4~~0254l I 

r----.. 60-~~27l----1 

CD4012UBH 

CD4011UB, CD4012UB, CD4023UB Types 

TERMINAL ASSIGNMENTS 

J'mo I. I. Voo 
A 2 13 K=ErG"H 

12 

10 
NC 

Vss Ne 

nCS·Z4454RJ 
NC-NO CONNECTION 

TOP VIEW 

CD4012UB 

CHIP PHOTOGRAPHS 

Dimensions and Pad Layouts 

I. 
" 

Voo 
2 13 G 

12 
II 

F 10 L'G"Hi 
K=OEF J'ABC 

Vss C 

92CS-24465 

TOP VIEW 

CD4023UB 

61-69 

~--]"" 
CD4023UBH 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inchJ. 

The photographs and dimensions of each CMOS chip 
represent a chip when It is part of the wafer, When the 
wafer Is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip. therefore, may differ slightly Irom the nominal 
dimensions shown. The user should considers tolerance 
01 -3 mils to +16 mils applicable to the nominsl 
dimensions shown. 

'32CS-27143 
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CD40138 Types 

C.MOS Dual 
'D'-Type Flip-Flop 
High-Voltage Types (20-Volt Rating) 

The RCA-CD4013S consists of two identical, 
independent data-type flip-flops. Each flip­
flop has independent data, set, reset, and 
clock inputs and Q and Q outputs. These de­
vices can be used for shift register applica­
tions, and, by connecting Q output to the 
data input, for counter and toggle applica­
tions. The logic level present at the D input 
is transferred to the Q output during the 
positive-going transition of the clock pulse. 
Setting or resetting is independent of the 
clock and is accomplished by a high level on 
the set or reset line, respectively. 

The CD4013B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix). 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

RECOMMENDED OPERATING CONDITIONS 

Features: 
• Set-Reset capability 
• Static flip-flop operation - retains state 

indefinitely with clock level either 
"high" or "low" 

• Medium-speed operation - 16 MHz (typ.) 
clock toggle rate at 10V 

• Standardized symmetrical output 
characteristics 

• 100% tested for quiescent current at 20 V 

• Maximum input current of 1 J.l.A at 18 V 
over full package temperature range; 
100 nA at 18 V and 250 C 

• Noise margin (over full package 
temperature range): 1 Vat VDD=5 V 

2 V at VDD=10 V 
2.5 V at VDD=15 V 

• 5-V, 10-V, and 15-V parametric ratings 

• Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of'S' Series CMOS Devices" 

Applications: 
• Registers, counters, control circuits 

At TA = 25" C. Except as Noted. For maximum reliability, nominal operating condi­
tions should be selected so that operation is always within the following ranges: 

CHARACTERISTIC 
VDD LIMITS 

UNITS (V) 
MIN. MAX. 

Supply-Voltage Range 
(For T A = Full Package - 3 18 V 
Temperature Range) 

5 40 -
Data Setup Time Is 10 20 - ns 

15 15 -
5 140 -

Clock Pulse Width tw 10 60 - ns 

15 40 -
5 3.5 

Clock Input Frequency fCl 10 dc 8 MHz 

! 15 12 

5 - 70 
Clock Rise or Fall Time 

10 6 
trCl: tfCl 

- /.Is 

15 - 2 

5 180 -
Set or Reset Pulse Width 

10 80 
tw 

- ns 

15 50 -
*If more than one unit is cascaded in a parallel clocked op,:,ration. treL should be made less than or equal to 
the sum of the fixed propagation delay time at 15 pF and the transition time of the output driving stage for 
the estimated capacitive load. 
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CD40138 
FUNCTIONAL DIAGRAM 

DRAIN-TO-SOURCE VOLTAGE IV051-V 

Fig_ 1 - Typical output low (sink) 
current characteristics. 

DRAIN-TO-SOURCE VOLTAGE (\IosI-V 
92t5-2",,1t1 

Fig_ 2 - Minimum output/ow (sink) 
current characteristics. 

DRAIN- TO-SOURCE VOLTAGE Ivos,l-v 

Fig. 3 - Typical output high'l(~~~~~J 
current characteristics. 



STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 
Values at -55,+25,+125 Apply to D,F,K,H Pkgs. 

CHAAAC· 
TERISTIC 

CONDITIONS Values at -40,+25,ta5 Apply to E Pkgs. 
Vo VIN VDD 
(V) (V) (V) -55 

Quiescent - 0,5 5 1 
Device - 0,10 10 2 
Current - 0,15 15 4 
100 Max. - 0,20 20 20 

Output l.ow 
(Sink) 0.4 0,5 5 0.64 
Current, 0.5 0,10 10 1.6 
IOL Min. 1.5 0,15 15 4.2 

Output High 4.6 0,5 5 -0.64 
(Source) 2.5 0,5 5 -2 
Current, 9.5 0,10 10 -1.6 
IOH Min. 13.5 0,15 15 -4.2 

Output Volt· 
age: - 0,5 5 
Low· Level , - 0,10 10 

VOL Max. - 0,15 15 

Output Volt· 
age: - 0,5 5 
High· Level, - 0,10 10 
VOH Min. - 0,15 15 

Input Low 0.5,4.5 - 5 
Voltage, 1,9 - 10 
VIL Max. 1.5,13.5 - 15 

Input High 0.5,4.5 - 5 
Voltage, 1,9 - 10 

VIH Min. 1.5,13.5 - 15 

Input 
Current, - 0,18 18 ±0.1 
liN Max. 

-40 +85 +125 

1 30 30 
2 60 60 
4 120 120 

20 600 600 

0.61 0.42 0.36 
1.5 1.1 0.9 

4 2.8 2.4 
-0.61 -0.42 -0.36 
-1.8 -1.3 -1.15 
-1.5 -1.1 -0.9 
-4 -2.8 -2.4 

0.05 
0.05 
0.05 

4.95 
9.95 
14.95 

1.5 
3 
4 

3.5 
7 
11 

±0.1 ±1 ±1 

+25 

Min. Typ. Max. 

- 0.02 1 
- 0.02 2 
- 0.02 4 
- 0.04 20 

0.51 1 -
1.3 2.6 -
3.4 6.8 -

-0.51 -1 -
-1.6 -3.2 -
-1.3 -2.6 -
-3.4 -6.8 -

- 0 0.05 
- 0 0.05 
- 0 0.05 

4.95 5 -
9.95 10 -
14.95 15 -

- - 1.5 
- - 3 
- - 4 

3.5 - -
7 - -

11 - -

- ±10-5 ±0.1 

/0'0 

../'1'0 0 I 0 

............. x' 0 • a Q 0 

x x , 

x x , 

LOGIC O. LOW 
LOGIC '~HIGH 

•• LEVEL CHANGE 

" CHANGE 

X' DON'T CARE 
N!N).FFIIFF2 TERMINAL 

ASSIGNMENTS 

~.(.'IO-----j ~--+-""""-----' 1(13) 
SET 

14o-VOD 

7o-VSS 

ZI12l 

* All. INPUTS ARE 
PROTECTED BY 

~
DD 

COS/MOS PROTECTION VSS 
NETWORK 

Fig. 7 - Logie diagram and truth table for CD40138 
(one of two identical flip·flopsJ. 

UNITS 

IlA 

rnA 

V 

V 

IlA 

CD4013B Types 

DRAI.N-TO-SOURCE VOLTAGE eVosi-V 

Fig. 4 - Minimum output high (source) 
current characteristics. 

LOAD CAPACITANCECC\. l-pF 

Fig. 5 - Typical propagation delay time vs. load 
capacitance (CLOCK or SET to O,CLOCK 
or RESET to OJ. 

LOAD CAPACITANCE ICLJ-pF 

Fig. 6 - Typical propagation delay time VI, load 
capacitance (SET to Q or RESET to O. 

IAMBIENT TEMPERATURE (TAJ a 25-C 

Ir ll,05"1 
CL o50pF 

10 20 
. SUPPLY VOLTAGE (VDO!-V \l2(5-26392R2 

Fig. 8 - Typical maximum clock frequency vs. 
supply voltage. 
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CD4013B Types 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (V DO) 

(Voltages referenced to VSS Terminal! 
INPUT VOLTAGE RANGE. ALL INPUTS 
DC INPUT CURRENT. ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (PO): 

For TA = -40 to +600C (PACKAGE TYPE EI 
For T A = +60 to +850 C (PACKAGE TYPE E) _ _ _ 
For TA = -55 to +100oC (PACKAGE TYPES D. F. K) . 
For TA = +100 to +1250 C (PACKAGE TYPES D. F. K). 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

--0_5 to +20 V 
--0.5 to VDD +0.5 V 

±10mA 

•. __ ... 500mW 
Derate Linearly at 12 mW/oC to 200 mW 
_ . . . . . . .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 

FOR TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE ITA): 

100mW 

PACKAGE TYPES D. F. K. H . _ . _ . . 
PACKAGE TYPE E • . _ . _ . . . . 

STORAGE TEMPERATURE RANGE (Tstg) 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116 ± 1132 inch (1.59 ± 0.79 mm) from case for 10 s max. 

DYNAMIC ELECTRICAL CHARACTERISTICS 

At TA = 2~C; Input tr • tf= 20ns. CL = 50pF, RL = 200HJ 

TEST 
CONDITIONS 

r---
CHARACTERISTIC VDD 

(VI MIN_ 

Propagation Delav Time: 5 -
Clock to a or Q Outputs 10 -
tpHl' tplH 15 -

5 -
Set to a or Reset to a tplH 10 -

15 -
5 -

-
Set to a or Reset to a tpHl 10 -

15 -
5 -

Transition Time tTHl• tTlH 10 -
15 -
5 3.5 

Maximum Clock Input Frequencv 10 8 
Frequency # fCl 

15 12 

5 -
Minimum Clock Pulse Width W 10 -

15 -
5 -

Minimum Set or Reset Pulse 10 -
Width W 15 -

5 -
Minimum Data Setup Time ts 10 -

15 -
5 -

Clock Input Rise or Fall Time 10 -
t rCl• tfCl 

15 -
Input Capacitance CIN Anv Input -

#1 nput t" tf = 5 n •. 

92 

-55 to +1250 C 
-40 to +850 C 

-65 to +1500 C 

,I 
LIMITS 

UNITS 

TYP_ MAX. 

150 300 

65 130 ns 

45 90 

150 300 

65 130 ns 

45 90 

200 400 

85 170 ns 

60 120 

100 200 

50 100 ns 

40 80 

7 -
16 - MHz 

24 -
70 140 

30 60 ns 

20 40 

90 180 

40 80 ns 

25 50 

20 40 

10 20 ns 

7 15 
- 70 

- 6 /.1.5 

- 2 

5 7.5 pF 

. 
I 

2462488"2 468 
102 103 

92CS-35Z71 

Fig_ 9 - Typical power dissipation 
vs_ frequency_ 

TEST CIRCUITS 

. 
Vss 

INPUTS 

Fig. 10 - Quiescent device current. 

V,--- .....!A 
INPUTaVDD OUTPUTS 

V~L l 
NOTE: 

T£ST ANY ONE INPUT, 
Vss WITH OTHER INPUTS AT 

Voo ORVss· 

Fig. 11 - Input voltage. 

V~NPU(Js Voo :~:~U .. IN,PUT' 
o ~ SlOU[N"ALL't. 

Vss TO 10TH Voo AND 'iss 
CClNHECT ALL UNUSED 
INPUrS TO [ITH[R 
Voa CRVSS 

Vos 

Fig. 12 - Input current. 



01 I. 
" 

vDO 

Oi , Il 0' 
CLOCKI 12 0' 
RESET I eLOct< 2 

01 10 RESET 2 

SETI 9 0' 
Vss SEl2 

TOP VIEW 
92CS-244:i:iAI 

TERMINAL ASSIGNMENT 

CD4013B Types 

VDD 

92CS-36060 

Fig. 13-Dynamic power dissipation test 
circuit. 

DIMENSIONS AND PAD LAYOUT FOR CD4013BH 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 

~I 
92CS-35050 

55-63 
1.397-1.600 

The photographs and dimensions of elch CMOS chip 
Tepresent 8 chip when it is part of the wa'e,. When the 
wa'., Is separated into individual chips, the angle of 
C/88l/sge may vary with ,.spect to the chip face for 
diffs,sn' chips. The actual dimensions of the isolated 
chip. theTefor". may differ slightly from the nomina' 
dimensions shown. The usef ahould consider 8 tolerance 
of -3 mils to + 16 mils applicable to the nomina' 
dimensions shown. 

93 

• 



CD4014B, CD4021 B Types 

CMOS a-Stage 
Static Shift Registers 
High-Voltage Types (20-Volt Rating) 
CD4014B:. 
Synchronous Parallel or 
Serial Input/Serial Output 

CD4021B: 
Asynchronous Parallel Input or 
Synchronous Serial Input/Serial Output 

The RCA-CD4014B and CD4021 B series 
types are 8-stage parallel- or serial-input/ser­
ial output registers having common CLOCK 
and PARAllEL/SERIAL CONTROL inputs, 
a single SERIAL data input, and individual 
parallel "JAM" inputs to each register stage_ 
Each register stage is a D-type, master-slave 
flip-flop_ In addition to an output from stage 
8, "a" outputs are also available from stages 
6 and 7_ Parallel as well as serial entry is 
made into the register synchronously with the 
positive clock line transition in the CD4014B. 
In the CD4021 B serial entry is synchronous 
with the clock but parallel entry is asyn­
chronous. In both types, entry is controlled 
by the PARAllEL/SERIAL CONTROL in­
put_ When the PARAllEL/SERIAL CON­
TROL input is low, data is serially shifted 
into the 8-stage register synchronously with 
the positive transition of the clock line_ When 
the PARAllEL/SERIAL CONTROL input 
is high, data is jammed into the 8-stage 
register via the parallel input lines and syn­
chronous with the positive transition of the 
clock line_ In the CD4021 B, the CLOCK 
input of the internal stage is "forced" when 
asynchronous parallel entry is made. Register 
expansion using multiple packages is per­
mitted. 

The CD4014B and CD4021 B series types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16-
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), and 
in chip form (H suffix). 
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PI-7 
PI-6 

PI-S 

07 
SERIAL IN 
CLOCK 

Vss PARALLEL/SERIAL 
CONTROL 

TOP VIEW 92CS_244~6 

TERMINAL DIAGRAM 
CD4014B, CD4021B 

Features: 
PAR.IN Voo 

• Medium-speed operation. _ . 12 MHz (typ_) clock 
rate at VOO-VSS = 10 V 

I 

• Fully static operation 

• 8 master·slave flip-flops plus output 
buffering and control gating 

• 100% tested for quiescent current at 20 V 

• Maximum input current of 1 p.A at 18 V 
over full package-temperature range; 
100 nA at 18 V and 250 C 

• Noise margin (full package-temperature 
range) = 1 Vat VOO = 5 V 

2 V at VOD = 10 V 
2.5 Vat VOO = 15 V 

~:....! 
CONT 

SER. II ,. 
CLOCIC!! 

, 
'55 

, 0, 

• Standardized, symmetrical output characteristics CD4014B, CD4021B 

FUNCTIONAL DIAGRAM • 5-V, 10-V, and 15-V parametric ratings 
• Meets all requirements of JEOEC Tentative 

Standard No. 13A, "Standard Specifications 
for Oescription of 'B' Series CMOS Oevices" Applications: 

• Parallel input/serial output 
data queueing 

• Parallel to serial data conversion 
• General-purpose register 

RECOMMENDED OPERATING CONDITIONS AT TA = 250 C, Unless Otherwise Specified 
For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 

LIMITS 
CHARACTERISTIC VDO UNITS 

(V) Min. Max_ 

Supply-Voltage Range (T A = Full 
- 3 18 V Package-Temperature Range) 

5 180 -
Clock Pulse Width, tw 10 80 - ns 

15 50 -
5 - 3 

Clock Frequency, fCl 10 - 6 MHz 
15 - 8.5 

Clock Rise and Fall Time, 
5 - 15. 
10 - 15 p.s 

trCl, tfCl 
15 - 15 

Set-up Time, ts: 

Serial Input 
5 120 -

10 80 - ns 
(ref. to Cl) 

15 60 -

Parallel Inputs 5 80 -
CD4014B 10 50 - ns 
(ref. to CLl 15 40 -
Parallel Inputs 5 50 -
CD4021B 10 30 - ns 
(ref. to P IS) 15 20 -
Parallel/Serial Control 5 180 -
CD4014B 10 80 - ns 
(ref. to Cl) 15 60 -

Parallel/Serial Pulse Width, 
S 160 -
10 80 - ns 

tw (CD4021 B) 
15 50 -
5 280 -

Parallel/Serial Removal Time, 
10 140 - ns 

tREM (CD4021 B) 
15 100 -



* Alol. INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 

_____ NETWORK. ~
VD 

Vss 

Cl 

Fig. 1 - Logic diagram for CD4014B. 

F1 . 
rJ-

o t1-i ~-+'N-PU~T"'S-A-R-E-P-R-OT-E-CT-E-D---' 
BY COS/MOS PROTECTION 

Yss NETWORK. 

Cl 

Fig. 2 - Logic diagram for CD4021 B. 
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CD4014B, CD4021 B Types 

TRUTH TABLE - CD4014B 

ER. PAR SER I·' PI.n 
a, 

0, Cl 'N CONTROL liNTER· 
HAll 

./ x , 0 0 0 0 

./ x , , 0 , 0 

L x , 0 , 0 , 
L x , , , , , 
./ 0 0 x x 0 Qn" 

./ , 0 x x , an" 

........ x x x X a, a, NC 

I x ~ DON'T CARE CASE 
Ne ~ NO CHANGE 

TRUTH TABLE - CD4021B 

ParallelJ 
Serial Serial a' 

Cl Input Contlol PI·' PI·n IInternall a, 
x x , 0 0 0 0 

x x , 0 , 0 1 

X X 1 1 0 , 0 

x x , , , , 1 

.0 .r 0 0 x X 0 on,1 

.r , 0 x X , On,1 

L- x 0 x x 0, a, NC 

x - DON T CARE CASE 
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CD4014B, CD4021 B Types 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced 10 VSS Terminal) ................................................ -0.510 +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................... -0.5 to VDD +0.5 V 

. DC INPUT CURRENT, ANY ONE INPUT .................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (PD): 

ForT A: -4010 +60"C (PACKAGE TYPE E) ................................................. 500mW 
ForT A: +60 to +85"C (PACKAGE TYPE E) ................... Derale Linearly at 12 mWrCto 200 mW 
For T A: -5510 +100"C (PACKAGE TYPES D, F, K) .......................................... 500 mW 
ForT A: +100 to +125"C (PACKAGE TYPES D, F, K) ...... ".' Derate Linearly at 12 mW/"C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For T A: FULL PACKAGE-TEMPERATURE RANGE (All Package Types) •.....•.•..•.......•.. 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES D, F, K, H ........................................................ -55 to +125"C 
PACKAGETYPEE .................................................................. -4010 +85"C 

STORAGE TEMPERATURE RANGE (Tstg) ............................................. -6510 +150"C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116t1/32 inch (1.59tO.79 mm) from case for 10 s max ....•..................•.... +265"C 

STATIC ELECTRICAL CHARACTERISTICS 

liMITS AT INDICATED TEMPERATURES (oCI 'U 
N 

CHARAC· CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H, Packages I 
TERISTIC Values at -40, +25, +85 Apply to E Package T 

Vo V,N VDD 
+25 S 

(VI (VI (VI -55 -40 +85 +125 Min. Typ. Max. 

- 0,5 5 5 5 150 150 - 0.04 5 
Quiescent 

Device - 0,10 10 10 10 300 300 - 0.04 10 IlA 
CUrrent, - 0,15 15 20 20 600 600 - 0.04 20 
'00 Max. - 0,20 20 100 100 3000 3000 0.08 100 -

0.4 0,5 5 0.64 0.61 
Output low 

0.42 0.36 0.51 1 -

(Sink) Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -
IOl Min. 1.5 0,15 15 4.2 4 2.8 2.4 3.4 6.8 -

4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 - mil 
Output High 

(Source) 2.5 0,5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -
IOH Min. 

13.5 0,15 15 -4.2 -4 -2.8 -·2.4 -3.4 -6.8 -

Output Voltage: 
- 0,5 5 0.05 - 0 0.05 

low·level, - 0,10 10 0.05 - 0 0.05 
VOL Max. - 0,15 15 0.05 - 0 0.05 V 

Output - 0,5 5 4.95 4.95 5 -
Voltage: - 0,10 10 9.95 9.95 10 -
High· Level, 

14.95 15 VOH Min. - 0,15 15 14.95 -

0.5,4.5 - 5 1.5 - - 1.5 
Input Low 

1,9 10 3 3 Voltage - - -
VIL Max. 1.5,13.5 - 15 4 - - 4 V 

Input High 0.5,4.5 - 5 3.5 3.5 - -
Voltage, 1,9 - 10 7 7 - -
VIH Min. 1.5,13.5 - 15 11 11 - -

Input Current - 0,18 18 to. 1 ±0.1 ±1 ±1 - ±10-5 ±0.1 IlA 
liN Max. 
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DRAIN-lO-SOURCE VOLTAGE NoSI-V 

Fig. 3 - Typical output low (sink) current 
characteristics. 

DRAIN-lO-SOURCE VOLTAGE (Vos}-V 

Fig. 4 - Minimum output low (sink) current 
characteristics. 

DRAIN-lO-SOURCE VOLTAGE I'JDS)-Y 
I 

Fig. 5 - Typical output high (source) current 
characteristics. 

DRAIN-TO-SOURCE VOLTAGE {VDS)-\I 

-15 -10 -5 
AMBIENT TEMPERATURE {TA'*25·C 

GATE-lO-SOURCE VOLTAGE (VGS" -5 Y 

·s 

-lOY 
·0 

--u~ V 
·IS 

Fig. 6 - Minimum output high (source) current 
characteristics. 



DYNAMIC ELECTRICAL CHARACTERISTICS at TA=250 C, Input tr,tf=20 ns, 
Cl =50 pF, Rl =200 KU 

TEST 
LIMITS CONDITIONS 

CHARACTERISTIC V DD 
(VI Min. Typ. Max. 

Propagation Delay Time, 5 - 160 320 
10 - 80 160 

tplH, tpHl 15 - 60 120 

Transition Time, 5 - 100 200 
10 - 50 100 

tTHl' tTlH 15 - 40 80 

Maximum Clock Input 5 3 6 -

Frequency, fCl 
10 6 12 -
15 8.5 17 -

Minimum Clock Pulse 
5 - 90 180 

Width, tw 
10 - 40 80 
15 - 25 50 

Clock Rise and Fall Time, 
5 - - 15 

trCl, tfCl * 10 - - 15 
15 - - 15 

Minimum Set·up Time, ts: 5 - 60 120 
Serial Input 10 - 40 80 
(ref. to Cll 15 - 30 60 

Parallel Inputs 5 - 40 80 
CD4014B 10 - 25 50 
(ref. to Cll 15 - 20 40 

Parallel Inputs 5 - 25 50 
CD4021 B 10 - 15 30 
(ref. to P/SI 15 - 10 20 

Parallel/Serial Control 5 - 90 180 
CD4014B 10 - 40 80 
(ref. to Cl) 15 - 30 60 

Minimum Hold Time. tH: 5 - - 0 
Serial In. Parallel In. 10 - - 0 
Parallel/Serial Control 15 - - 0 

Minimum PIS Pulse Width, 5 - 80 160 

tWH 10 - 40 80 

(CD4021B) 15 - 25 50 

Minimum PIS Removal Time, 5 - 140 280 

tREM 10 - 70 140 
CD4021 B (ref. to Cll 15 - 50 100 

Average Input Capacitance, CI Any Input - 5 7.5 

UNITS 

ns 

ns 

MHz 

ns 

/lS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

* If more than one unit is cascaded trCL should be made less than or equal to the sum of the transition 
time and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 

CD4014B, CD4021 B Types 

LOAD CAPACITANCE (CLI-pF 
92CS-MSZZ 

Fig. 7 - Typical transition time as a function of 
load capacitance. 

-,F 
9ttS-291!189 

Fig. B - Typical propagation delay time as a 
function of load capacitance. 

10: AMBIENT TEMPERATURE (TAI-25-C 

4 

I II I V . ' o/>~f. ~ ~IO: ~ /l1,~ 
!!: 4 "~"'~~~ ~ 2 ~-{> r·r- j)~ 
~ 1038 

~Ov 

~ . rt..¢ 
;; 4 

~ , 
':--CL-15pF 

~ 10', CL -eOpF 
~ . 

4 

IIII I , 
10 , 468 , 468 2 4 68 , ... , • 6B 

~ ~ ~ ~ ~ 
CLOCK INPUT FREQUENCY (fell-kHz 

92CS-2ga71 

Fig. 9 - Typical dynamic power dissipation 

SER. DATA 
11/4 feLl 

as a function of clock input frequency. 

n)------~ 
92.CS-2987\ 

Fig. 10 - Dynamic power dissipation test circuit. 
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CD4014B, CD4021 B Types 
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o 
Vss 

INPUTS 

92CS-21441RI 
Vss 

V~.PUO' '. :::::.._ 
o ~ SEQUENTIALLY, 

Vss TO 80TH voo AND Yss­
CONNECT ALL UNusm 
INPUTS TO EITHER 
VDO CRYSS ' 

V$S 

Fig. 11 - Ouiescent device 
current test circuit. 

Fig. 12 - Input voltage test circuit. Fig. 13 - Input current test circuit. 

80-88 
(2.032-2.2351 

I 
Dimensions and pad 

layout for CD4014BH 

91 -99 =---------;;>-1 (CD4021 BH is identical) 
k---------,"'"~,~ 2.514) 

The photographs and dimensions of each CMOS chip 
represent a chip when it ;s part of the wafer. When the 
wafer ;s separated Into individual chips, the angle of 
cleavage may vary with respect to the chip lace for 
different chips. The actual dimensions of the isolated 
chip. therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

92CM- 29870 

Dimensions in partmtheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduationure in mils (10-3 inch). 



CD4015B Types 

CMOS Dual 4-Stage 
Static Shift Register 
With Serial Input/Parallel Output 

High-Voltage Types (20-Volt Rating) 

The RCA-CD401SB consists oftwo identical, 
independent, 4-stage serial-input/parallel­
output registers_ Each register has indepen­
dent CLOCK and RESET inputs as well as 
a single serial DATA input. "Q" outputs are 
available from each of the four stages on 
both registers. All register stages are D-type, 
master-slave flip-flops. The logic level pre­
sent at the DATA input is transferred into 
the first register stage and shifted over one 
stage at each positive-going clock transition. 
Resetting of all stages is accomplished by a 
high level on the reset line. Register expan­
sion to 8 stages using one CD401SB package, 
or to more than 8 stages using additional 
CD401SB's is possible. 

The CD4015B-series types are supplied in 
IS-lead hermetic dual-in-line ceramic pack­
ages (0 and F suffixes), IS-lead dual-in-line 
plastic package (E suffix), IS-lead ceramic 
flat package (K suffix), and in chip form (H 
suffix). 

Features: 

• Medium speed operation _ .... _ .. ____ _ 

12 MHz (typ.) clock rate at VDD - VSS = 10 V 

• Fully static operation 
• 8 master-slave flip-flops plus input and output buffering 

• 100% tested for quiescent current at 20 V 
• S-V, 10-V, and lS-V parametric ratings 
• Standardized, symmetrical output charac1eristics 

• Maximum input current of 1 J.l.A at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 

• Noise margin (full package-temperature 
range) = 

1 Vat VDD = S V 
2 V at VDD = 10 V 

2_SVatVDD= 15V 

• Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

• Serial-input/parallel-output data queueing 

• Serial to parallel data conversion 
• General-purpose register 

VDD ,. 
OATA A O'A 

CLOCKA • °2A 

RESETA 
STAGE 0 .. 

ID 
°4A 

OATAS 
15 " 0,. 

CLOCKa ·12 
°2 • • STAGE 

RESETS 0,. 
°.8 

8 nc~· ~~U41\ 

Vss 
CD4015B 

FUNCTIONAL DIAGRAM 

TERMINAL DIAGRAM 

CLOCK B I. I. VOO 

D' B 15 OATA B 
D'A I. RESET B 
D2 A 13 DI B 
DI A 12 D2B 

RE.SET A " D'B 
DATA A 10 D'A 

VSS 9 CLOCK A 

92CS·24457 

J1 Qn-1 

* ALL INPUTS PROTECTED BY COS/MaS INPUT 
PROTECTION NETWORK 92CM-293B3R2 

Fig. t - Logic diagram It register). 

f-:'-:-"'f-:X+"'-I_Q?'Lf-'Q"'"-'itNO CHANGe, 

x • DON'T CARE CASE 
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CD4015B Types 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY·VOLTAGE RANGE. (V DOl 

(Voltages refertnced to V SS Terminall 
INPUT VOLTAGE RANGE. ALL INPUTS 
DC INPUT CURRENT. ANY ONE INPUT 
POWER DISSIPATION PoER PACKAGE (POl: 

For T A = -40 to +60. C (PACKAGE TYPE EI 
For T A = +60 to +85 ~ (PACKAGE TYPE EI 
For T A = -55 to +100·C (PACKAGE TYPES D. F. K) 
For T A = +100 to +12S·C (PACKAGE TYPES D. F. K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

. -0.5 to +20 V 
-0.5 to V DO +0.5 V 

±IOmA 

. . . . ... ',; SOOmW 
Derate Linearly at 12 mWI C to 200 mW 
. . . . . . . .. 500mW 
Derate Linearly at 12 mWi"C to 200 mW 

FOR T A = FULL PACKAGE·TEMPERATURE RANGE {All Package Typesl 
OPERATING·TEMPERATURE RANGE (TAl: 

100mW 

-55 to +125·C PACKAGE TYPES D. F. K. H 
PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE {Tst I . . 
LEAD TEMPERATURE (DURING SOLD~RINGI: 

-40 to +85·C 
-65 to +150·C 

At distance 1/16 ± 1/32 inch 11.59 ± 0.79 mml from case for lOs ma •. 

RECOMMENDED OPERATING CONDITIONS at TA = 250 C, Except as Noted. For maximum 
reliability. nominal operating conditions should be selected so that operation is always within the 
following ranges: 

CHARACTERISTIC 

Supply-Voltage Range (For T A = Full Package-
Temperature Rangel 

Clock Pulse Width. twCl 

Clock Rise and Fall Time, trCl, tfCl 

Clock I nput Frequency. fCl 

Data Setup Time. tsu 

Reset Pulse Width, twR 

ORAIN~TO-SOURCE VOLTAGE IVosl-V 

Fig. 5 - Minimum output high (source) current 
characteristics. 

100 

VDD 
(V) 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

liMITS 

Min. Max. 

3 18 

180 -
80 -
50 -
-
- 15 
-

3 
DC 6 

8.5 

70 -

40 -
30 -

200 -
80 -
60 -

I 
LOAD CAPACITANCE (CL)- pF 

UNITS 

V 

ns 

liS 

MHz 

ns 

92CS-MU2 

Fig. 6 - Typical transition time as a function of 
load capacitance. 

DRAIN-lO-SOURCE VOLTAGE IVoSl-V 

Fig. 2 - Typical output low (sink) current 
characteristics. 

DRA'N-,rO"'OU"CE VOLTAGE 

Fig. 3 - Minimum output low (sink) current 
characteristics. 

DRAIN-TO-SOURCE VOLTAGE IVosl-V 

Fig. 4 - Typical output high (source) current 
characteristics. 

250 AMBIENT TEMPERATURE ITAI-25-C 

f 
~ 

-200 

-~ 
~ . 
~, 

50 
o 20 60 00 100 

LOAD CAPACITANCE ICLI-pF 92CS·2967!1 

Fig. 7 - Typical propagation delay time as a func· 
tion of load capacitance. 



CD4015B Types 

STATIC ELECTRICAL CHARACTERISTICS 

CONDITIONS 
CHARACTER· 

ISTIC vb VIN VDD 
(V) (V) (V) 

Ouiescent Device - 0,5 5 
Current, - 0,10 10 

IDD Max. 0,15 15 -
- 0,20 20 

Output Low 0.4 0,5 5 
(Sink) Current 0.5 0,10 10 

IOLMin. 1.5 0,15 15 

Output High 4.6 0.5 5 
(Source) 2.5 0.5 5 
Current, 9.5 0,10 10 

IOH Min. 
13.5 0,15 15 

Output Voltage: - 0,5 5 
Low·Level. - 0,10 10 

VOL Max. 
- 0.15 15 

Output Voltage: - 0,5 5 
High·Level. - 0,10 10 
VOH Min. - 0,15 15 

Input Low 0.5,4.5 - 5 
Voltage, 1.9 - 10 

VIL Max. 
1.5,13.5 - 15 

Input High 0.5,4.5 - 5 
Voltage, 1.9 - 10 

VIH Min. 1.5,13.5 - 15 

Input Current - O,1B 18 
liN Max. 

LIMITS AT INDICATED TEMPERATURES (DC) 
Values at -55, +25, +125 Apply to D,K,F ,H Packages 
Values at -40, +25, +85 Apply to E Package 

UNITS 

-55 

5 

10 

20 

100 

0.64 

1.6 

4.2 

-0.64 

-2 

-1.6 

-4.2 

to. 1 

-40 +85 

5 150 

10 300 

20 600 

100 3000 

0.61 0.42 

1.5 1.1 

4 2.8 

-0.61 -0.42 

-1.8 -1.3 

-1.5 -1.1 

-4 -2.B 

0.05 

0.05 

0.05 

4.95 

9.95 

14.95 

1.5 

3 

4 

3.5 

7 

11 

to.1 t1 

+25 
+125 Min. Typ. Max. 

150 - 0.04 5 

300 - 0.04 10 

600 - 0.04 20 
J.IA 

3000 - 0.08 100 

0.36 0.51 1 -
0.9 1.3 2.6 -

2.4 34 6.8 -

-0.36 -0.51 -1 .- rnA 

-1.15 -1.6 -3.2 -

-0.9 -1.3 -2.6 -
-2.4 -3.4 -6.B -

- 0 0.05 

- 0 0.05 

- 0 0.05 
V 

4.95 5 -

9.95 10 -
14.95 15 -

- - 1.5 

- - 3 

- - 4 

3.5 
V 

- -
7 - -

11 - -

±1 - t10-5 to.1 J.IA 

DimenSIons in parentheses are in millimeters and 
are derived from the basic inch dimensions as in-

85 dicated. Gnd graduations are in mils (10-3 inchJ. 
2.1591 

The photographs and dimensions of each CMOS chip 
represent a chip when it is par' of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
differsnt chips. The actual dimensions of the isolated 
chip, therefors, may differ slightly from the nominal 
dimensions shown. The USBr should considers tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

92CM-2961S 

Photograph of Chip Lavout for CD40158. 
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CD4015B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C, Input t" tf=20ns, CL =50pF, 
RL =200kn 

CHARACTERISTIC TEST CONDITIONS LIMITS UNITS 
VDD(V) Min. Typ. Max. 

CLOCKED OPERATION 

5 - 160 320 
Propagation Delay Time; TpHL, TpLH 10 - 80 160 

15 - 60 120 

5 - 100 200 
Transition Time; tTHL' tTLH 10 - 50 100 ns 

15 - 40 80 

5 - 90 180 
Minimum Clock Pulse Width, tWCl rIO - 40 80 

15 - 25 50 

5 - - 15 
Clock Rise & Fall Time; trCL., tfCL * 10 - - 15 /As 

15 - - 15 

5 - 35 70 
Minimum Data Setup Time, tsu 10 - 20 40 ns 

15 - 15 30 

5 3 6 -
Maximum Clock Input Frequency, fCl 10 6 12 - MHz 

15 8.5 17 -
Input Capacitance, CI N Any Input - 5 7.5 pF 

RESET OPERATION 

5 - 200 400 
Propagation Delay Time, TpHl, 10 - 100 200 

15 - 80 160 ns 
5 - 100 200 

Minimum Reset Pulse Width tWR 10 - 40 80 
15 - 30 60 

* If more than one unit is cascaded trCL should be made less than or equal to the sum of the transition 
time and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 
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Vss 

INPUTS 

Vss 

Fig. 10 - Quiescent device current test 
circuit. 

v,. 'NPUTOVCO OUTPUTS 

V~ . ~ 
NOTE: 

v,s TEST ANY COMBINATION 
OF INPUTS 

Fig. 11 - Input voltage test circuit. 

,~ AMBIENT TEMPERATURE {TA )-25·C 

~ . t"f, -20ns 

W .!.a 2 
RL -200 kn 

!:. 10'" I III I ,t;>~ 
f5 t r- j tl"''; t; • 

~ 2 ~" # 
ffito! ~ . . 

~ 
.~ ". ~ 

. ~ 

: 2 r'l 
~ : (L -so pF 6 

L: ~ _CL-ISpF 

I IIII I 
2 •• B 2 ." 2 B 2 ." ., 10 102 103 104 

. 
INPUT CLOCK FREQUENCY "CLI-kHt 92CS~29676 

Fig. 8 - Typical power dissipation as a function 
of frequency. 

DATA( f~n I 

CL 
C 

, 
2 

• 4 
5 
• 
7 
8 

Fig. 9 - Power dissipation test circuit. 

V~NP(JU' ... ="::' 
Vss TO BOTH VOO AND Vss 

CONNECT ALL UNUSED 
INPUH TO EITHER 
VOOCIIVSS' 

Vss 

Fig. '2 - Input current test circuit. 



CMOS Quad 
Bilateral Switch 
For Transmission or Multiplexing 

of Analog or Digital Signals 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4016B Series types are quad 
bilateral switches intended for the trans­
mission or multiplexing of analog or digital 
signals. Each of the four independent bi· 
lateral switches has a single control signal 
input which simultaneously biases both the 
p and n device in a given switch on or off. 
The CD4016 "B" Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack­
ages (D and F suffixes). 14-lead dual-in-line 
plastic packages (E suffix). 14-lead ceramic 
flat packages (K suffix). and in chip form (H 
suffix). 

Features: 
_ 20-V digital or ± 10-V peak·to-peak switching 

Terminal Assignment 

SIG A IN I. 
" 

VDD 

OUT • " CONTROL A 

$IG 8 IN 
" 

CONTROL 0 
OUT " IN 

CONTROL B 10 OUT SIG 0 

CONTROL C • OUT 
Vss IN SIG C 

TOP VIEW 
9ZCS-ZH58 

VDD 

CONTROL 
VC,o< ..... 'VV~ ...... -I 

Schematic diagram - 1 of 4 identical sections. 

RECOMMENDED OPERATING CONDITIONS 

IN/OUT I 

SIG A 

OUT liN Z 

OUTIIN 3 

SIG B 

CD4016B Types 

Functional Diagram 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 

• 280-Q typical on-state resistance for 15-V operation 
_ Switch on-state resistance matched to within 10 Q 

CHARACTERISTIC 
LIMITS 

UNITS 
Min. Max. 

typo over 15· V signal·input range 
_ High onloff output-voltage ratio: 

65 dB typ. @fis=10kHz,RL = 10 kQ 
_ High degree of linearity: <0.5% distortion 

typo @ fis = 1 kHz, Vis = 5 Vp.p, 
VDD-VSS ;;;>10 V, RL = 10 kQ 

_ Extremely low off-state switch leakage 
resulting in very low offset current and 
high effective off-state resistance: 
100 pA typo @ VDD-VSS=18 V, TA=250 C 

_ Extremely high control input impedance 
(control circuit isolated from signal circuit: 
1012 Q typo 

_ Low crosstalk between switches: 
-50 dB typo @ fis = 0.9 MHz, R L = 1 kQ 

_ Matched control-input to signal-output 
capacitance: 
Reduces output signal transients 

_ Frequency response, switch on = 40 MHz 
(typ.) 

_ 100% tested for quiescent current at 20 V 
_ Maximum control input current of 1 IlA 

at 18 V over full package temperature 
range; 100 nA at 18 V at 25°C 

_ 5-V, 10-V, and 15-V parametric ratings 

Applications: 
_ Analog signal switching/multiplexing 

Signal gating - Modulator 
Squelch control - Demodulator 
Chopper - Com mutating switch 

• Digital signal switching/multiplexing 
_ CMOS logic implementation 

_ Analog-to-digital & digital-to­
analog conversion 

_ Digital control of frequency, impedance • 
phase, and analog-signal gain 

Supply Voltage Range (For T A = Full Package 
3 18 V Temperature Range) 

MAXIMUM RATINGS, Absolute·Maximum Values: 

DC SUPPL Y·VOLTAGE RANGE. IVDOI 
(Voltages referenced to VSS Terminal) 

INPUT VOLTAGE RANGE. ALL INPUTS 
DC INPUT CURRENT. ANY ONE INPUT IiNCLUOING TRANSMISSION GATEI 

-0.5 to +20 V 

0.5 to V DO +0,5 V 
±10mA 

POWER DISSIPATION PoER PACKAGE (Pol 
For T A = -40 to +60

0 
C (PACKAGE TYPE EI 

For T A = +60 to +85 C (PACKAGE TYPE EI 
For T A = -55 to +100"C (PACKAGE TYPES 0, F. K) 
For T A = +100 to +125"C (PACKAGE TYPES D. F, K) 

DEVICE DISSIPATION PER TRANSMISSION GATE 

. . 500 mW 
Derate Linearly at 12 mW;oC to 200 mW 

. . 500 mW 
Derate Linearly at 12 mW/oC to 200 mW 

FOR T A = FULL PACKAGE· TEMPERATURE RANGE IAII Package Types) 

OPERATING·TEMPERATURE RANGE IT AI' 

100mW 

-55 to + 125:C PACKAGE TYPES D. F. K. H 
PAC KAG E TYPE E 

STORAGE TEMPERATURE RANGE IT" I . 
LEAD TEMPERATURE lOURING SOLD~RINGI 

--40 to +85 C 
-65 to +150oC 

At distance 1/16± 1/32 inch (1.59 ±O.79mml from case for lOs max 

If 
Ii 

SUPPLY VOL.TS, liDO- +115; 'Iss. 0 

AMBIENT TEMPERATURE (TA) ·2!1·C 

Fig. 1- Typ. on-state characteristics for 1 of 4 
switches with VOO~+15V, VSS=OIl. 

10 

• • .0 
INPUT SIGNAl. 'IOI..TS (VIS' 

Fig. 2- Typ. on-state characteristics for 1 of 4 
switches with VOO=+10 V, VSS=O v. 
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CD4016B Types 

ELECTRICAL CHARACTERISTICS 

Characteristic Test Conditions 

VIN VDD 
(V) (V) 

0.5 5 

Quiescent Device 0.10 10 
Current. 100 0.15 15 

0.20 20 

Signal Inputs (Vis) and Output (Vos) 

On·State VC=VOO 
lvis=VOO or VSS 10 

Resistance. ron RL = 10kH 
Vis-4.75 to 5.75 \ 10 

Max. Returned 
to 

VOO-VSS Vis=VOO or VSS 15 

2 Vis=7.25 to 7.75 V 15 
liOn·State 

5 
Resistance 

RL=10kH.VC=VOO Between Any 10 

2 Switches.lir on 15 

Total Harmonic VC=VOO =5V. VSS=-5V.Vis(P·P) 
Oistortion. = 5V (Sine wave centered on OV) 

THO RL =10 kil. lis=l kHz sine wave 

-3dB Cutoff VC=VOO=5V. VSS=-5V. 
Frequency Vis(p.P) =5V (Sine wave 
(Switch on) centered on 0 V) RL=lkil. 

-5odS Feed· 
through VC=VSS= -5V. Vislp,pf5V 
Frequency (Sine wave centered on V) 

(Switch olf) RL = 1 Ikil 

Input/Output VC=OV 
Leakage Current Vis = 18V. Vos=OV; 18 
(Switch off) Vis=OV. 
lis Max. Vos= l8V 

VCIA) =VOO- +5 V. 

-50dS VC(S) = VSS = -5 V. 

Crosstalk Vis(A) = 5 Vp•p• 

Frequency SOil source 
RL = 1 kil 

RL = 200 kil 
5 Propagation Vc = Vf.!f Vss = GNO. 

Oelay (Signal CL =5 p 10 
I nput to Signal Vis = Square Wave 15 Output) tpd o to VOO 

"lr. If = 20 ns 

Capacitance: 
Input. Cis VOO=+5V 

Output. COS VC=VSS=~V 

Feedthrough, 
Cios 

104 

LIMITS AT INDICATED 
TEMPERATURE (oC) 
Values at -55, +25, +125 Apply 
to 0, F, K, H Packages 
Values at -40, +25, +85 Apply to 
E Package 

+25 

-55 -40 +85 +125 Typ. Max. 
0.25 0.25 7.5 7.5 0.01 0.25 

0.5 0.5 15 15 0.01 0.5 

1 1 30 30 0.01 1 

5 5 150 150 0.02 5 

600 610 840 960 - 660 

1870 1900 2380 12600 - 2000 

360 370 520 600 - 400 

775 790 1080 1230 - 850 

- - - - 15 -
- - - - 10 -
- - - - 5 -

- - - - 0.4 -

- - - - 40 -

- - - - 1.25 -

±0.1 ±0.1 ±1 ±1 10-4 ±0.1 

- - - - 0.9 -

- - - - 40 100 

- - - - 20 40 

- - - - 15 30 

- - - - 4 -
- - - - 4 -

- - - - 0.2 -

U 
N 
I 
T 
S 

IJA 

il 

il 

% 

MHz 

~Hz 

IJA 

MHz 

ns 

pF 

SUPPLY YOLTS:VOO-+lhVss-O 
.... BIENT TEMPERATURE' (Tj,I-IS-C 

, . , 
INPUT SIGNAL. VOlTS (Vlsl 

Fig. 3-Typ. on·state characteristics for 1 of 4 
switches with V 00 =+S V. V SS = 0 II. 

INPUT SIGNAL. VOLTS l\ltsl 

Fig. 4- Typ. on·state characteristics for 1 of 4 
switches with VOO=+7.SV. VSs"'-7.S11. 

I"'PUT SIGNAL VOLTS (VIS) 

Fig. 5- Typ. on·state chal7lcteristics for 1 of 4 
switches with VOO=+S V. VSS=-SV. 

., 

SUPPLY YOLTS:Voo·.2!!V;Vss·-2.!lV 
AMBIENT TEMPERATURE (TAl. 2S·C 

X 
rl"''''fpo 
~v. 

-3 -2 -I 0 I 2. S 
INPUT SIGNAL VOLTS (Vasl ftCS-l!1HS 

Fig. 6- Typ. on·state characteristics for 1 of 4 
switches with VOO=+2.S V, VSS=-2.SV. 



ELECTRICAL CHARACTERISTICS (cont'd) 

LIMITS AT INDICATED 
TEMPERATURE (oC) 

U 
Characteristic Test Conditions Values at -55. +25. +125 Apply to N D, F, K, H Packages 

I 
Values at -40. +25. +85 Apply to 

T 

fir E Package I +25 
S 

(V) -55 -40 +85 +125 Typ. Max. 

Control (VC) 

Control Input Ilis l< lOpA 
Low Voltage. Vis = Vss, Vas ~ VDD 5,10. 

0.9 0.9 0.4 0.4 - 0.7 V 
VILe (Max.) and 15 

Vis = VDD, Vas = VSS 

5 3.5 (Min.) 
Control Input 

See Fig. 10 10 7 (Min.) V High Voltage. 
VIHC 15 11 (Min.) 

Input Current. Vis'-;;; V~D 
±10-5 liN (Max.) VDD - SS = 18V 18 0.1 to.l ±1 ±1 ±0.1 I1A 

VCC'-;;; VDD - VSS 

Crosstalk (Con, Vc = 10 V (Sq. Wave) 
trollnputto t r • tf = 20 ns 10 - - - - 50 - mV 
Signal Output) RL=10kQ 

Turn·On t r • tf = 20 ns 5 - - - - 35 70 
Propagation CL = 50 pF 10 - - - - 20 40 ns 
Delay RL = 1 kQ 

15 - - - - 15 30 

Vis - VDB: VSS - GND. 
R L = 1 k to gnd. 

Maximum CL=50pF, 
Control Input Vc = 10 VISquare 10 - - - - 10 - MHz 
Repetition Rate wave centered on 5 V) 

Input 
Capacitance. 

CIN 

VDD Vis 

~. (V) 

5 0 
5 5 

10 0 
10 10 

15 0 
15 15 

* Plastic packag~ 

t r , tf = 20 ns, 
Vos=y,Vos@lkHz 

- - - -

Switch Input 

lis (mA) 

_55°C _40°C 25°C* 25°ca +85°C +125°C 

0.25 0.2 0.2 0.16 0.12 0.14 
-0.25 -0.2 -0.2 -0.16 -0.12 -0.14 

0.62 0.5 0.5 0.4 0.3 0.35 
-0'()'2 -0.5 -0.5 -0.4 -0.3 -0.35 

1.8 1.4 1.5 1.2 1 1.1 
-1.8 -1.4 -1.5 -1.2 -1 -1.1 

• Ceramic package 

-li$ .... _~ CD4016B L-VO!! 
Vis ~ IOF4SWITCHES I L-___ .,-~ 

, .lvis-vo,1 
on ~ 92C5-30967 

Fig. 10- Determination of ron as a test condition for control input 
high voltage (V/HC) specification. 

5 7.5 I1F 

Switch Qutp!'t 

Vos (V) 

Min. Max. 

- 0.4 
4.6 -
- 0.5 
9.5 -
- 1.5 

13.5 -

CD4016B Types 

INPUT SIGNAL VOLTS Iv,,1 

Fig. T- Typ. on-state characteristics asa function of 
temp. for 1 of4switches with VOD =+5 V, 

VSS=-5V. 

SUPPLY VOLTS: "'00" 5, V55·-5 
CONTROL VOI..TS tvel'-5 
INPUT SIGNAL VOLTS 1'1,,1'5 Vp-f' SINE WA ... E\I.77 RMS) 

30 LOAD CAPACITANCE (CU"CfIXTURE +ChlETER"2.' .. 2.5-<\8pF 

?: ~::I~:~:~.~e~;TER NULLEO 0,,1 U+-' -h't+tt-H-t-H 
'0 " 
~ 
:; 

~ 
> 

" 

-tiit--Hcttl J9 ~ 
~ 

* "" 4+Ht-+-lI. 

-;-VTr-r I III I,? ... ~ 
'--j~+H-t-fH+r+.f~"· 

10'12.611 2 .&~022 .&:0)2 ·&l'o4 

INPUT SIGNAL FREQUENCY Ifill kHz 

Fig. 8 - Typ. feedthru vs. frequency - switch 
off. 

~ 
'0 
~ 

~ 
l 
~ 

* 
§ 

=; s:-:~~~~~~~~s:~~P SIIE llilu.7~ JJ}I 
)c FIXTUI!E AND METER NULLED OUT 3!5.!5 

I IIII I Illi I I 
VO'Voo 

" " ...2... 

e"'T:r~ :0 
20 ~ p 1.. 39 i 

-;"111(\6 -=:-111(\ 2 • I 
Vc' Vss :t6~B1N~15~ "L5~ 

~ MODEL 91·CA 
4!1 5 

" \~p@ p .! Vo,IBI , l'KJlTtlo;n~ " 
;OF4 SWITCHEs I""i~ 

·1 , 10 10' 1032 • 6104 

INPUT SIGNAL FREQUENCY 11;,1- U11 

Fig. 9- Typical crosstalk between switch 
circuits in the same package. 

0.1 • I 10 

INPUT SIGNAL FREQUENCY ttlll MHI 

R F. VOLTMETER 
BOONTON RAOIO 
MODEL'I·CI. 
OR EQUrv. 

FiiJ. 11 - Typical frequency response 
-switch on. 
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CD4016B Types 
TYPICAL ON-8TATE RESISTANCE CHARACTERISTics. TA = 25°C 

CHARAC· SUPPLY LOAD 
TERISTIC' CONDITIONS CONDITIONS 

RL = lkU RL = 10kU RL = 100kSl 
VDD Vss VALUE Vis VALUE Vis VALUE Vis 
(V) (V) (II) (V) (I!) (V) (!I) (V) 

200 +15 200 +15 180 +15 
ron +15 0 

200 0 200 0 200 0 

ron (max.) +15 0 300 +11 300 +9.3 320 +9.2 

290 +10 250 +10 240 +10 
ron +10 0 

290 0 250 0 300 0 

ron (max.) +10 0 500 +7.4 560 +5.6 610 +5.5 

860 + 5 470 + 5 450 + 5 
ron + 5 0 

600 0 580 0 800 0 

ron (max.) + 5 0 1.7k +4.2 7k +2.9 33k +2.7 

200 +7.5 200 +7.5 180, +7.5 
ron +7.5 -7.5 

200 -7.5 200 -7.5 180 -7.5 

ron (max.) +7.5 -7.5 290 '0.25 280 ±25 400 iO.25 

260 + 5 250 + 5 240 + 5 
ron + 5 - 5 

310 - 5 250 -5 240 -5 

Iron (max.) + 5 - 5 600 ±0.25 580 ±0.25 760 iO.25 

590 +2.5 450 +2.5 490 +2.5 
ron +2.5 -2.5 

720 -2.5 520 -2.5 520 -2.5 

ron (max.) +2.5 -2.5 232k ±0.25 300k iO.25 870k iO.25 

• Vanatlon from aperfect switch, ron = 0 o. 

SCALE: X" 0.2 ms/DIV Y· 2.0 VIDIV 
~~e ~5VJ:= <t7.5V, VSS = -7.5V, RL· lOKn 

fIS·' KHz VIS"SVP-P 
DISTORTION" 0.2 % 

92CS-27612 

Fig. 14 - Typical sine wave response of VDD = 
+7.5 V. VSS = -7.5 V. 

- - " -

SCALE: x .. 100 ns/DIV 
y = 5.0VIOIV 

92CS-27615 

Fig. 17- Typical square waw response at 
VDD = Vc = +15 V, Vss ~ Gnd. 

106 

SCALE: X '" 0.2 msfOIV V = 2.0 VIOIV 
VOO = Ve= tSV, VSS= -5V, RL= lQKU 
CL" lSpF 
flS= 1 KHz VIS= 5Vpp 
DISTORTION = 0.4 % 

92CS-27S13 

Fig. 15 - Typical sine wave response of VDD = 
+5 V, VSS=-5 V. 

, \ 
/ \ 

'\ 
SCALE: X" l00ns,OIV 

'( = 5.0V DIV 

92CS-27616 

Fig. 18 - Typical square wave response at VDD = 
VC=+IOV. Vss = Gnd. 

ALL UNUSED TERMINALS 
ARE CONNECTED TO Vas 

Fig. 12 - Off .. tate switch input 0' output 
leakage current test circuit. 

ALL UNUSED TERMINALS ARE 
CONNECTED TO Vss 

v .. 

Fig. 13 - Test circuit for square·wave 
response. 

SCALE: X = 0.2 ms/OIV Y = 2.0 V/OIV 
VOO = Vc = +2.SV. VSS = ·2.5V. RL = 10KS! 
CL = lSpF 
liS = 1 KHz VIS = SV p.p 
DISTORTION z 3 % 

92CS-27614 

Fig. 16 - Typical sine wsw ,esponse of VDD­
+2.5 V, VSS = -2.5 V. 

SCALE: X = l00ns/DIV 
Y-2v/DIV 

92CS-27617 

Fig. 19 - Typical square wave ,esponse at VDD 
= VC=+5 V. Vss=Gnd. 



CD4016B Types 

ALL UNUSED TERMINALS ARE 
CONNECTED TO Vss 

(al 

1 ~I--- - -

I I- I ! 

lie· lOY PER DIV 
vas· 02V PER 0111 
I lOOns PER 0111 

(bl 

92CS-27618 

ALL UNUSED TERMINALS 
ARE CONNECTED TO IISS 

Fig.21 - Propagation delay time signal input 
1V'SI to signal output IVOSI. 

Fig.20 - Crosstalk-control input to signal output. 

Vo~~VC 

tr.tf·ron. 

ALL UNUSED TERMINALS ARE 
CONNECTED TO VSS 

Yo. 

SWITCH THRESHOLD \U.TAGE IS DEFINED 
AS THE VOLTAGE APPLIED TO A TRANS­
MISSION GATE CONTROL WHICH CAUSES 
10 t£A OF TRANSMISSION GATE CURRENT. 

MEASURED ON BOONTON c.t.PItiClTANCE 
BRIDGE MODEL lSA I1lII1d 

Yc·-OV 
YSS·-5Y 
YDO-+SY 

ALL UMJSED TERMINALS 
ARE CONNECTED TO Vss 

Fig. 22 - Max. control-input repetition rate. Fig.23 - Switch threshold voltage. Fig.24 - Capacitance C,OS and COS. 

Vo~~Vc 

t r ,tf·20ns 

Voo 

ALL UNUSED TERMINALS ARE 
CONNECTED TO IISS 

Voo 

Dimensions and pad layout for CD4016BH 

53-61 
11.347-1.549) 

Fig.25 - Turn-On propagation delay-control input. 

(O.IO~:~~254) I 
~ ______ ~ 49-57~ 

( 1.245-1.447) 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inchJ. 

92CS-350G3 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the water. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip fece for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mifs to +16 mils applicable to the nominal 
dimensions shown. 
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CD4017B, CD4022B Types 

CMOS Counter/Dividers 
High-Voltage Types (20-Volt Rating) 

CD4017B-Decade Counter' with 
10 Decoded Outputs 

CD4022B-Octal Counter with 
8 Dec~ded Outputs 

The RCA·CD4017B and CD4022B are 5-
stage and 4·stage Johnson counters having 
10 and 8 decoded outputs, respectively. 
Inputs include a CLOCK, a RESET, and a 
CLOCK INHIBIT signal. Schmitt trigger 
action in the CLOCK input circuit provides 
pulse shaping that allows unlimited clock 
input pulse rise and fall times. 

These counters are advanced one count at 
the positive clock signal transition if the 
CLOCK INHIBIT signal is low. Counter 
advancement via the clock line is inhibited 
when the CLOCK INHIBIT signal is high. 
A high RESET signal clears the counter to 
its zero count. Use of the Johnson counter 
configuration permits high-speed operation, 
2-input decode·gating and spike-free de­
coded outputs. Anti·lock gating is provided, 
thus assuring proper counting sequence. The 
decoded outputs are normally low and go 
high only at their respective decoded time 
slot. Each decoded output remains high for 
one full clock cycle. A CARRY-OUT signal 
completes one cycle every 10 clock input 
cycles in the CD4017B or every 8 clock 
input cycles in the CD4022B and is used to 

Features: 
• Fully static operation 
• Medium-speed operation ... 

10 MHz (typ.) at VDD = 10 V 
• Standardized, symmetrical output 

characteristics 
• 100% tested for quiescent current at 20 V 
• 5-V, 10-V, and 15-V parametric ratings 
• Meets all requirements of JEDEC Tentative 

Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

App/ ications: 
• Decade counter/decimal decode display 

(CD4017B) 
• Binary counter/decoder 
• Frequency division 
• Counter control/timers 
• Divide-by-N counting 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges: 

CHARACTERISTICS VDD 
LIMITS UNITS 

(V) Min_ Max. 

Supply-Voltage Range (For T A = Full Package-
Temperature Range) 3 18 V 

5 - 2.5 
Clock Input Frequency, fCl 10 - 5 MHz 

15 - 5.5 

5 200 -
Clock Pulse Wi"th, tw 10 90 - ns 

16 60 -
5 

Clock Rise & Fall Time, trCl' tfCl 10 UNLIMITED' 
15 

5 230 -
Clock Inhibit Setup Time, ts 10 100 - ns 

15 70 -
5 260 -

Reset Pulse Width, tRW 10 110 - ns 
15 60 -

5 400 -

Reset Removal Time, t rem 10 280 - ns 
15 150 -

'Only if Pin 14 is used as the clock input. If Pin 13 is used asthe clock input and Pin 14 is tied high (for advancing 
count on negative transition of the clock), rise and fall time should be:S 15 JJS. 
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CLOCK 14 

CLOCK 13 
INHIBIT 

RESET IS 10 

"0" 

"I" 

"2" 

"3" 

"4" 

"5" 

!;i 
0 

~ 
~ 

" ~ 
'0 

VOO=16 

Vss "6 

"s" 

"7" 

"B" 

"9" 

12 

CARRY 
OUT 

CD4017B 
Functional Diagram 

" CLOCK 

CLOCK 13 

"0" 

"I" 

.. 
0 
0 
u .. 
0 

INHIBIT 

" RESET "2" § 
"3" * 
"4" 8 
"5" ~ 

"6" 

VOO=16 

VSS=B 

10 "7" 

12 

3 
Vss 

• 
NC 

3 
Vss 

CARRY 
OUT 

CD4022B 
Functional Diagram 

I. I. voo ,. RESET 
I. CLOCK 

13 CLOCK INHIBIT 

12 CARRY OUT 

" 9 
10 

92CS.24459RI 

TOPVtEW 

CD4017B 
TERMINAL DIAGRAM 

I. I. Voo 
2 

" 
RESET 

" 
CLOCK 

13 CLOCK INHIBIT 
12 CARRY OUT 

" 10 
9 NC 

TOP VIEW 
NC - no connection 

CD4022B 
TERMINAL DIAGRAM 



D C2 D Q4 

a 
Vss 

tt ALL INPUTS PROTECTED BY 
cosmos PROTECTION NETWORK 

4 

Voo 

a 
vss 

tt ALL INPUTS PROTECTED BY 

D Q5 

CARRY OUT 

COS/MOS PROTECTION NETWORK 

92CL-28746R3 

Fig. 3 - Logic diagram for CD40228. 

CD4017B, CD4022B Types 
CARRY OUT 

CLOCK 

CLOCK 
RESET 11.. ______________________________ __ 

CLOCKINH~I~B~IT~ ______________________ ~~ 

"0" 

"1" 

"2" 

"3" 

"4" 

"5" 

"6" 

"7" 

______ ~f]lL_ __________________ ~ 
______ ~f4lL_ ________________ ___ 

____________ ~f]lL_ ________________ __ 
______________ ~f4lL_ ______________ __ 
______________ ~r,0L __________ __ 

"8" ,...,1.. ____________ _ 

"g" f4l 

CARRY OUT 
Fig. 2 - Timing diagram for CD4017B. 

f~~,~~ _____________________ .-.J,...----,I.. ______________ _ 
··0·' ----c>I1.. ____________ --.JfO\l.. ________________ --'TOL-
"1" ---IT1 m rI 
'2' -1Ti .----zi'-____________ __ 
'.," ~ 1311.. __________ __ 

'4" ________ ~~L ________________ _'~L_ ______ __ 
"5" _________ .-.Jm r51L ______ _ 

"6" ____________ ---'£61 ~ 

C~:~'y =====~==~"'~7;======:;::::==~f1L-~1 
I)UT r-

Fig. 4 - Timing diagram for CD40228. 
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CD40178, CD40228 Types 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE. (VDD) 

(Voltages referenced to VSS Terminal) ................................................ -0.5 to +20 V 
INPUT VOLTAGE RANGE. ALL INPUTS ........................................... -0.5 to VDD +0.5 V 
DC INPUT CURRENT. ANY ONE INPUT ......••.•.•.•..........•..............•...•.•....... ±IO rnA 
POWER DISSIPATION PER PACKAGE (PD): 

For T A = -40 to +60·C (PACKAGE TYPE E) ................................................. 500 mW 
For T A = +60 to +85·C (PACKAGE TYPE E) ...........•••..•.• Derate Linearly at 12 mW/·C to 200 mW 
For T A = -55 to +100· C (PACKAGE TYPES D. F. K) .......................................... 500 mW 
For T A = +100 to +125·C (PACKAGE TYPES D. F. K) .......... Derate Linearly at 12 mW;oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ""'''''''''''''''''' 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE TYPES D. F. K. H '''''''''''''''''''''''''''''''''''''''''''''''''''''''' -55 to +125·C 
PACKAGETYPEE .................................................................. -40to+85·C 

STORAGE TEMPERATURE RANGE (Tstg) ............................................. -65 to +150·C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1!1fi±1/32 inch (1.59±0.79 mm) from case for 10 s max ..••.•.•••......•.•.•....... +265·C 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES 1°C) u 
N 

CHARAC- CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H, Packages I 
TERISTIC Values at -40, +25, +85 Apply to E Package T 

Vo VIN VDD 
+25 S 

(V) (V) IV) -55 -40 +85 +125 Min_ Typ. Max. 

- D,S 
Ouiescent 

5 5 5 ISO' ISO' - 0'.04 5 

10' 300 30'0' 0'.04 10' Device - 0,10' 10' 10' - jJ.A 
Current. - 0'.15 15 20' 20' 600 60'0' - 0'.0'4 20' 
100 Max. 

- 0.20' 20' 10'0' 10'0' 30'00' 30'00' - 0'.0'8 100 

Output Low 0'.4 0'.5 5 0.64 0'.61 0'.42 0'.36 0'.51 1 -
(Sink) Current 0'.5 0'.10' 10' 1.6 1.5 1.1 0'.9 1.3 2.6 -
IOL Min. 1.5 0.15 15 4.2 4 2.8 2.4 3.4 6.8 -

4.6 D,S 5 -0'.64 -0'.61 -0'.42 -0.36 -0'.51 -1 - mt 
Output High 

2.5 0'.5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 (Source) -
Current. 9.5 0'.10' 10' -1.6 -1.5 -1.1 -0'.9 -1.3 -2.6 -
IOH Min. 

13.5 0'.15 15 -4.2 -4 -2.8 -·2.4 -3.4 -6.8 -

Output Voltage: 0'.5 5 0'.0'5 - 0' 0.0'5 

Low·Level. 0'.10' 10' 0'.0'5 - 0' 0.0'5 
VOL Max. - 0'.15 15 0'.0'5 - 0' 0.0'5 V 

Output - 0'.5 5 4.95 4.95 5 -
Voltage: 0'.10' 10' 9.95 9.95 10' -
High·Level. 

15 14.95 14.95 15 VOH Min. - 0'.15 -
0'.5,4.5 - 5 1.5 - - 1.5 

Input Low 
1,9 10' 3 - - 3 Volta!Jt' -

VIL Max. 1.5.13.5 - 15 4 - - 4 V 

Input High 0'.5,4.5 - 5 3.5 3.5 - -
Voltage, 1,9 - 10' 7 7 - -
VIHMin. 1.5.13.5 - 15 11 11 - -

Input Current - 0',18 18 ±0.1 ±0.1 ±1 ±1 - ±ID-5 ±D.l jJ.A 
liN Max. 
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c 
E 
I 

~ ., 
ffi 12.5 

~ 10 

• ~ 7.5 

S g • ~ 
~ 
~ g 25 

10 ,. 
DRAIN-la-SOURCE VOLTAGE 1VoSI-V 

Fig. 5- Typical output low (.ink) current 
characteristics. 

GATE-TO-SOURCE VOLTAGE IYaS).'!SV 

10V 

ov 

:5 10 15 
DRAIN-lO-SOURCE VOLTAGE IVosJ-V 

Fig. 6- Minimum output low (.ink) current 
characteristics. 

DRAIN-TQ-SOURCE VOLTAGE (VosJ-V 
-15 -10 -5 

.. 
-IOV 

i': . 
-'!!IV 

Fig. 7- Typical output high (source) current 
characteristics. 

DRAIN-TO-SOURCE VOLTAGE: IVDSI-Y 
-15 -10 -5 

AMBIENT TEMPERATUR£ IT,,)"ze"c 

~TO-SOURCE VOLTAGE I J--BY 

"-IBV 

Fig. 8- Minimum output high (source) current 
characteristics. 



DYNAMIC ELECTRICAL CHARACTERISTICS 

At T A = 250 C, Input t r, tt = 20 ns, CL = 50 pF, RL = 200 kn 

CHARACTERISTIC 

CLOCKED OPERATION 

Propagation Delay Time, tpH L, tpLH 
Decode Out 

Carry Out 

Transition Time, tTHL' tTLH 
Carry Out or Decode Out Line 

Maximum Clock Input Frequency, fCL * 

Minimum Clock Pulse Width, tw 

Clock Rise or Fall Time, trCL, tfCL 

Minimum Clock Inhibit 
to Clock Setup Time, ts 

Input Capacitance, CIN 

RESET OPERATION 

Propagation Delay Time, tpHL' tpLH 
Carry Out or Decode Out Lines 

Minimum Reset Pulse Width, tw 

Minimum Reset Removal Time 

* Measured with respect to carry output line. 

CLOCK 

CLOCK 
INHIBIT 

CONDITIONS 
VDD(V) 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5,10,15 

5 
10 
15 

Any Input 

5 
10 
15 

5 
10 
15 

5 
10 
15 

RESET --+------,-,--------'1 

DECODE 1-9 
OUTPUT 

LIMITS 

Min. Typ. Max. 

- 325 650 
- 135 270 
- 85 170 

- 300 600 
_. 125 250 
- 80 160 

- 100 200 
- 50 100 
- 40 80 

2.5 5 -
5 10 -

5.5 11 -
- 100 200 
- 45 90 
- 30 60 

UNLIMITED 

- 115 230 
- 50 100 
- 35 70 

- 5 -

- 265 530 
- 115 230 
- 85 170 

- 130 260 
- 55 110 
- 30 60 

- 200 400 
- 140 280 
- 75 150 

DECODE MO" OR 
CARRY 

OUTPUT 

\.. IpRLH 92C5-30948 

DELAYS MEASURED BETWEEN 50 % LEVELS ON ALL WAVEFORMS 

Fig. 9- Propagation delay, setup, and 
hold time waveforms. 

UNITS 

ns 

ns 

MHz 

ns 

ns 

pF 

ns 

ns 

ns 

CD4017B, CD4022B Types 

I 
LOAD CAPACITANCE ICLI-pF 

Fig. 10 - Typical transition time as a function 
of load capacitance. 

LOAD CAPACITANCE ICL ) - pF 92CS-30945 

Fig. 11 - Typical propagation delay time as a 
function of load capacitance (clock 
to decode output). 

! 700 

~ 
~ 

_0. 600 

3 
~ 500 
w 

~ 400 

~ g 300 

z 

~ 200 

'If. 100 

~ 

AMBIENT fEMPERATURE I TA)- 25-C 

10V 

,"V 

10 20 30 40 50 60 70 80 90 100 

LOAD CAPACITANCE (CLJ -pF 92C5-30946 

Fig. 12 - Typical propagation delay time as a 
function of load capacitance (clock 
to carry-out). 

10 AMBIENT TEMPERATURE 

10 
10 

INPUT CLOCK FREQ "CL)-ItHz 12(S-30947 

Fig. 13 - Typical dyanamic power dissipation as B 

function of clock input frequency. 
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CD4017B, CD4022B Types 

o 
Vss 

INPUTS 

VSS 

Fig. 14 - Quiescent-devic~ 
current test circuit 

9tCS~30950 

~ MEASURE INPUTS 

Voo INPUCS Voo NOTE 

o ~ SEQUENTIALL.Y, 
Vss TO BOTH Yoo ANOVSS' 

CONNECT ALL. UNUSED 
INPUTS TO EITHER 
Voo OR Vss 

VSS 

Fig. 15 - input·leakage current. 

.rCiii40i7ii'-l---_;g~TN •• 
'-CLOCK-:'-N 

ALTERNATE COUT 
+-"=='t--""='--t+FOR N"2 TOlD 

f"'CLOCK-:-N 

92CS-30949 

INPUTQVOO OUTPUTS 

V,H 

'-- ~ 
v~ ~ 

NOTE: 

Vss COM~~:!T~~ 
OF INPUTS 

92CS-2144'RI 

Fig. 16 -Input·voltage test circuit. 

Fig. 17 - Dynamic power dissipation test circuit. 

Fig. 18 - Divide by N counter IN'" 10) with N 
decoded au tpu ts. 

When the Nth decoded output is reached 
(Nth clock pulse) the S·R flip flop (con­
structed from two NOR gates of the 
CD4001 B) generates a reset pulse which 
clears the CD4017B or CD4022B to its zero 
count. At this time, if the Nth decoded out­
put is greater than or equal to 6 in the CD-
4017B or 5 in the CD4022B, the COUT line 
goes high to clock the next CD4017B or CD-
4022B counter section. The "0" decoded 
output also goes high at this time. Coinci­
dence of the clock low and decoded "0" 
output low resets the S· R fl ip flop to enable 
the CD4017B or CD4022B. If the Nth de­
coded output is less than 6 (CD4017B) or 5 
(CD4022B), the COUT line will not go high 
and, therefore, cannot be used. In this case 
"0" decoded output may be used to perform 
the clocking function for the next counter. 
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CD4017BH 

D,menSions In parentheses are In millimeters and 
are deflved from the baSIC Inch dimensions as in­
dll:ated. ,Gfld graduations are in mils (10- 3 Inch). 

CD4022BH 
The photographs and dimensions of Bach CMOS chip 
represent IJ chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nomjnal 
dimens;onsshown. The user should considera tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 



CMOS Presettable 
Divide-By-~N' Counter 

Features: 
• Medium speed operation. ... 10 MHz (typ.) at 

VOO - VSS = 10 V 
• Fully static operation 
• 100% tested for quiescent current at 20 V 
• Standardized, symmetrical output characteristics 
• 5-V, 10-V, and 15·V parametric ratings 
• Maximum input current of 1 jJ.A at 18 V over full package· 

temperature range; 100 nA at 18 V and 25°C 
Ii Noise margin (full package-temperature 

range) = 1 Vat VOO = 5 V 
2 V at VOO = 10 V 

2.5 Vat VOO = 15 V 
• Meets all requirements of JEOEC Tentative 

Standard No. 13A, "Standard Specifications 
for Description of'S' Series CMOS Oevices" 

Applications: 

CD4018B Types 

~:~~~~ 10 • 01 

CLOCK 
I. O. ~ 

0 

DATA • 0, 0 ... 
'" ... 

IS " 
~ 

RESET ii. ~ " " 
13 Q5 

Vss 

FUNCTIONAL DIAGRAM 

High-Voltage Types (20-Volt Rating) 

The RCA·CD40188 types consist of 5 
Johnson·Counter stages, buffered Q outputs 
from each stage, and counter preset control 
gating. CLOCK, RESET, DATA, PRESET 
ENA8LE, and 5 individual JAM inputs are 
provided. Divide by 10,8,6,4, or 2 counter 
configurations can be implemented by 
feeding the 05, 04, 03, 02, 01 signals, 
respectively, back to the DATA input. 
Divide·by·9, 7, 5, or 3 counter configura· 
tions can be implemented by the use of a 
CD40118 to gate the feedback connection 
to the DATA input. Divide·by functions 
greater than 10 can be achieved by use of 
multiple CD4018B units. The counter is 
advanced one count at the positive clock· 
signal transition. Schmitt Trigger action on 
the clock line permits unlimited clock rise 
and fall times. A high RESET signal clears 
the counter to an all-zero condition. A high 
PRESET·ENABLE signal allows information 
on the JAM inputs to preset the counter. 
Anti·lock gating is provided to assure the 
proper counting sequence. 

• Fixed and programmable divide-by-10, 9, 8, 
7, 6, 5, 4, 3, 2 counters 

• Fixed and programmable counters greater 
than 10 

TERMINAL DIAGRAM 
Top View 

DATA I. 16 voo 
JAM I 15 RESET 

JAM 2 14 CLOCK 
~ 4 13 Q5 
iii 5 12 JAM5 
Q3 6 II Q4 

JAM3 10 PRESET ENABLE 
Vss 9 JAM4 

The CD40188 types are supplied in l6-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), l6-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

92CS-24460 

MAXIMUM RATINGS, Absolute·Maximum Values: 
DC SUPPLY·VOLTAGE RANGE, (VDD, 

(Voltages referenced to VSS Terminal) . 
INPUT VOLTAGE RANGE, ALL INPUTS. 
DC INPUT CURRENT, ANY ONE INPUT . 
POWER DISSIPATION PoER PACKAGE (PO): 

For T A = -40 to +600 C IPACKAGE TYPE E) 
For T A = +60 to +85 C IPACKAGE TYPE E) 
For T A = -55 to +100'C (PACKAGE TYPES 0, F, K) 
For T A = +100 to +125'C (PACKAGE TYPES 0, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

• Programmable decade counters 
• Divide-by-"N" counters/frequency 

synthesizers 

• Frequency division 
• Counter control/timers 

. -0.5 to +20 V 
-0.5 to V DD +0.5 V 

±10mA 

. . . . . . . ''; 500 mW 
Derate Linearly at 12 mWI C to 200 mW 
. . . . . . . .. 500 mW 
Derate Linearly at 12 mWloC to 200 mW 

FOR T A = FULL PACKAGE·TEMPERATURE RANGE (All Package Types) 
OPERATING·TEMPERATURE RANGE ITA): 

100mW 

-55 to +1250 C PACKAGE TYPES D. F. K. H . 
PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (Tst ) . . 
LEAD TEMPERATURE (DURING SOLD~RING): 

At distance 1116 ± 1132 inch (1.59 ± 0.79 mm) from case for 105 ma •. 

-40 to +85°C 
-65 to +1500 C 

. +265°C 
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CD4018B Types 

114 

RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Unless Otherwise Specified 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 

CHARACTERISTIC 

Supply Voltage Range (at T A = Full Package· 
Temperature Rangel 

Clock Input Frequency, 

Clock Pulse Width, 

Clock Rise & Fall Ti me, 

Data Input Set·Up Time, 

Data Input Hold Time, 

Preset or Reset Pulse Width, 

Preset or Reset Removal Ti me 

FfVDD ON 
Dvss 

* ALL INPUTS PROTECTED 
BY COS/MOS INPUT 
PROTECTION NETWORK 

fCl 

tw 

trCl,tfCl 

ts 

tH 

tw 

Fig. 1 - Logic diagram. 

VDD 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

Fig. 2 - Detail of a typical stage. 

Min. Max. 

3 18 

- 3 
- 7 
- 8.5 

160 -
70 -
50 -

Unlimited 

40 -
12 -
16 -

140 -

80 -

60 -
160 
70 -

50 -

80 -

30 -

20 -

UNITS 

V 

MHz 

ns 

f.ls 

ns 

ns 

ns 

ns 

"'R" 12 * 
" 

"--0--105 QS 

CL as 

PEPE 



STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (oC) U 
N 

CHARAC- CONDITIONS Values at -55, +25, +125 Apply 10 D, F, K, H Packa~ges I 
TERISTIC Values at -40, +25, +S5 Apply to E Package T 

Vo VIN VDD 
+25 S 

(VI (VI (VI -55 -40 +S5 +125 Min. Typ. Max. 

- 0.5 5 5 5 150 150 - 0.04 5 
Quiescent 

10 10 300 300 0.04 10 Device - 0.10 10 - I1A 
Current, - 0.15 15 20 20 600 600 - 0.04 20 
IDD Max. 

- 0.20 20 100 100 3000 3000 - O.OS 100 

Output low 
0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -

(Sink) Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -

IOlMin. 1.5 0,15 15 4.2 4 2.8 2.4 3.4 6.8 -
4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 - mfl 

Output High 
0,5 5 -2 -1.S -1.3 -1.15 -1.6 -3.2 -(Source) 2.5 

Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -
IOH Min. 

13.5 0,15 15 -4.2 -4 -2.8 -·2.4 -3.4 -6.8 -
- 0,5 5 Output Voltage: 0.05 - a 0.05 

low-level, - 0,10 10 0.05 - a 0.05 
VOL Max. - 0,15 15 0.05 - 0 0.05 V 

Output - 0,5 5 4.95 4.95 5 -

Voltage: - 0,10 10 9.95 9.95 10 -
High-level, 

0,15 15 14.95 14.95 15 -VOH Min. -

0.5,4.5 - 5 1.5 - 1.5 
Input low 

1,9 10 3 - 3 Voltage - -

Vil Max. 1.5,13.5 - 15 4 - - 4 V 

Input High 0.5,4.5 - 5 3.5 3.5 - -
Voltage, 1,9 - 10 7 7 - -
VIHMin. 1.5,13.5 - 15 11 11 - -

Input Cu rrent - 0,18 18 ±0.1 ±0.1 ±1 ±1 - ±10-5 ±0.1 I1A 
liN Max. 

DRAIN-lO-SOURCE VOL.TAGE (Vosl-V 
-15 -10 -, 

AMBIENT TEMPERATURE (TA,-25·C 

GATE-lO-SOURCE VOLTAGE IVas'- -, v 

t 

-IOV 

, .. 
-t 

,-. 1: 
,. .. 

+ ••• - i ;.:.,'';: .. 
" HI! : 

I!I l!iill 
Fig. 6 - Minimum output high (source) current 

characteristics. 
Fig. "j - Typical transition rime as a function of 

load capacitance. 

CD4018B Types 

AUSlENT TEMPERATURE (TA)o2'·C 

GATE-TO-SOURCE VOLTAGE (VGS'"I' v 

,ov 

5 10 IS 
DRAIN-lO-SOURCE VOLTAGE (Vosl-V 

Fig. 3 - Typical output low (sink) current 

characteristics. 

!!i 10 IS 
DRAIN-lO-SOURCE VOLTAGE IVosl-V 

Fig. 4 - Minimum output/ow (sink) current 
characteristics. 

DRAIN-lO-SOURCE VOLTAGE (Vos)-V 

9lCS-l.Sloru 

Fig. 5 - Typical output high (source) current 
characteristics. 

• , 
" . 

,ov 
'5V 

20 40 60 80 
LOAD CAPACITANCE (CL1-pF 

Fig. 8 - Typical propagation delay time as a 
function of load capacitance 
(CLOCK to QI. 
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CD4018B Types 

DYNAMIC ELECTRICAL CHARATER ISTICS at T A = 25°C, Input tr,tf = 20 ns, 

CL =50pF, RL = 200 kQ 

CHARACTERISTIC TEST CONDITIONS LIMITS UNITS 

CLOCKED OPERATION 

Propagation Delay Time; 

tpLH, tpHL 

Transition Time; 

tTHL,tTLH 

Maximum Clock Input 

Frequency, fCL 

Minimum Clock Pulse Width, 

tw 

Clock Rise & Fall Time; 

trCL,tfCL 

Minimum Data InputSet·Up 

Time. ts 

Minimum Data Input Hold 

Time, tH 

Average Input Capacitance, CI Any Input 

PRESET* OR RESET OPERATION 

Propagation Delay Time; 

Preset or Reset to 5 
tpLH, tPHL 

Minimum Preset or Reset 

Pulse Width, 

tw 

Minimum Preset or Reset 

Removal Time 

• At PRESET ENABLE or JAM Inputs. 

9ZCS-ZM"IRI 

Fig. 12 - Input voltage test circuit. 

116 

VDD (V) Min. Typ. Max. 

5 - 200 400 

10 - 90 180 ns 

15 - 65 130 

5 - 100 200 

10 - 50 100 ns 

15 - 40 80 

5 3 6 -
10 7 14 - MHz 

15 8.5 17 -

5 - 80 160 

10 - 35 70 ns 

15 - 25 50 

5 

10 Unlimited Ils 
15 

5 - 20 40 

10 - 6 12 ns 
15 - 3 6 

5 - 70 140 

10 - 40 80 ns 

15 - 30 60 

- 5 7.5 pF 

5 - 275 550 

10 - 125 250 ns 

15 - 90 180 

5 - 80 160 

10 - 35 70 ns 

15 - 25 50 

5 - 40 80 

10 - 15 30 ns 

15 - 10 20 

.~NP(JU' '. =~"i:' 
Vss TO BOTH Yoo AND Yss' 

CONNECT ALL UNUSED 
IMtUTS 10 EITHER 

Voo OR Yss' 

·ss 

Fig. 13 - Input current test circuit. 

F400 AMBIENT TEMPERATURE ITAI'25'~ 

-_~ tJ!!!ii~LoOl.~~ 
SUPPL'I' 

15V: 

20 40 60 80 100 
LOAD CAPACITANCE ICLI-pF 92C5-298049 

Fig. 9 - Typical propagation delay time as a 
function of load capacitance 

10 

(RESET to 0). 

2 468'02 2. 468,03 2 468'042 .. 68,0' 

CLOCK FREQUENCY lfcLI- kHt 92CS-29852 

Fig. 10 - Typical dynamic power dissipation 

o 
Vss 

as a function of clock input 
frequency. 

INPUTS 

'i2C$-21'40,'H Vss 
Fig. 11 - Quiescent device 

current test circuit 

500,..F 

92CS-29851 

Fig. 14 - Dvnamic power dissipation test circuit. 



("DATA" INPUT TIED TO aS FOR DECADE COUNTER CONFIGURATION) 

CLOCK 1..rt ~ rL rt.. ~ r"L rt-f\. r"L rt-rt-~ ~ ~ 1.. rt-[L 
RESET -1\ 

PRESET Ir 

I I I 

I 
I 

I I ! I ) 
I 

Jam3 DON'T CARE UNTIL -PRESET" GOES HIGH I 

I 
: 

II 
I I I I-I 

I I-' 
I 

I 

__ I : I I-' -

I I 

I 

I I 
I I I I 

Fig. 15 - Timing diagram. 

~ '\. [1. rt. 1..r-

h 

) 

~ -I-

~I--

r-

92SS-4)48R2 

93 
23621 

~----------~.9~~~85:._._--------------~ 

Dimensions and pad layout for CD4018B~ 

92CN-29853 

DimensIOns In parentheses are In mIllimeters and 
are derived from (he basIc Inch dimensions as in· 
dlcated. Gnd graduations are in mils (10- 3 inch). 

The photographs and dimensions 01 8ach CMOS chip 
represent a chip whon it is part of tho wafer. Whon the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face (or 
different chips. The actua' dimensions of the Isolated 
chip, therefore, may differ slightly (rom the nominal 
dimensions shown. The user should considers tolerance 
01 -3 mils to +76 mils applicable to the nominal 
dimensions shown. 

CL 

CD4018B Types 

EXTERNAL CONNECTIONS FOR DIVIDE 
BY 10,9, B, 7, 6, 5, 4, 3 OPERATION 

DIVIDE BY 10 

DIVIDE BY 8 

DIVIDE BY 6 

DIVIDE BY 4 
DIVIDE BY 2 

DIVIDE BY 9 
1/2 C0401lB 

I I CONNECTED BACK TO -DATA" ~
;-----------i 

'" I (SKIPS "ALL ·1'5" STATE I 
1015' I L ____________ J 

OIVIOE BY 7 
112 C04QII B 

~-3 :-----------1 CONNECTED BACK rO"DATA" 

_ I (SKIPS "ALL·I'S" STATE I 
04 I I L ___________ J 

DIVIDE BY 5 
112 C0401lB 

I I CONNECTED BACK TO "DATA-»--t>+--, ;-----------~ 
_ I (SKIPS "ALL·I's" STATE) 
03 I I L ___________ .J 

DIVIDE BY 3 
112 CD401lB 

I I CONNECTED BACK TO MDATA" ~
-, ;----------i 

_ I (SKIPS "ALl-I'S" STATE) 
02 I I L __________ .J 

92CS-11011R3 

Fig. 16 - External connections for divide by 10, 9~ 
8, 1, 5, 4, 3, 2 operation. 

.-----10 

R 

'-----------j~-- CL-:-1 

92CS-35270 

Fig. 17 - Example of divide by 7. 
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CD4019B Types 

Features.-

• Medium-speed operation ••••• 
CMOS Quad 
ANDIOR Select Gate ••• tpHL = tpLH = 60 ns (typ.) atCL =50pF, VDD = 10V 

• Standardized, symmetrical output characteristics 
• 100% tested for quiescent current at 20 V 
• 5-V, 10-V, and 15-V parametric ratings 

High-Voltage Types (20-Volt Rating) 

The RCA-CD40198 types consist of four 
AND/OR select gate configurations, each 
consisting of two 2-input AND gates driving 
a single 2-input OR gate. Selection is ac­
complished by control bits Ka and Kb. In 
addition to selection of either channel A or 
channel 8 information, the control bits can 
be applied simultaneously to accomplish 
the logical A + 8 function. 

• Meets all requirements of JEDEC Tentative Standard 
No_ 13A, "Standard Specifications for Description of'S' 
Series CMOS Devices" 

The CD40198 types are supplied in l6-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), l6-lead dual-in-line plastic 
packages (E suffix), l6-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

• Maximum input current of 1 /lA at 18 V 
over full package-temperature range; 100 
nA at 18 V and 250C 

• Noise margin (full package-temperature 
range) = 1 Vat VDD = 5 V 

2 V at VDD = 10 V 
2.5 Vat VDD= 15V 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced 10 VSS Terminal) ................................................ -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................... -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ..................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (PD): 

For T A = -40 to +6O"C (PACKAGE TYPE E) ................................................. 500 mW 
For T A = +60 to +85·C (PACKAGE TYPE E) ...•...•... .•.•. .•• Derate Linearly al12 mWI"C 10 200 mW 
For T A = -5510 +l00·C (PACKAGE TYPES D, F, K) .......................................... 500 mW 
For T A = +100 10 +l25·C (PACKAGE TYPES D, F, K) .......... Derale Linearly al12 mWI"C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..•....•..........•... 100 mW 

OPERATING-TEMPERATURE RANGE (T A): 
PACKAGE TYPES D, F, K, H ........................................................ -5510 +12S·C 
PACKAGE TYPE E .................................................................. -4010 +85·C 

STORAGE TEMPERATURE RANGE (T stg) ............................................. -6510 +lS0·C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. .. ....................... +265·C 

TRUTH TABLE 

Ka Kb An Bn On 

Applications: 

CD4019B 
FUNCTIONAL DIAGRAM 

• AND-OR select gating 
• Shift-right/shift-Ieft registers 
• True/complement selection 
• AND/OR/Exclusive-OR selection 

TERMINAL DIAGRAM 
Top View 

B' I. VDo 
A' ,. A. 
B. 

" 
K' 

A2 I. 04 c A4Ka+B4Kb 

B2 12 D3-A3 Ko+ 93 Kb 
AI " D2-A2Ko+92Kb 

B' '0 Ol-AI Ko+81 Kb 
VSS Ka 

92CS-24461 

1 0 1 
1 Ii 0 
0 1 X 
0 1 X 

X 
X 
1 
0 
X 

1 
0 
1 
0 
0 

VOO·,S 

Vss -6 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating 
conditions should be selected so that operation 
is always within the following ranges: 
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0 0 X 
1 1 0 0 0 
1 1 0 1 1 
1 1 1 0 1 
1 1 1 1 1 

x = Don't Care 

_RVoo 

E3vss 
.. INPUTS PROTECTED 

BY CMOS PROTECTION 
NETWORK 

-----, 
*84 I 

-.-1-f.-- __ ._.--.J , 
*A3~ 

".20-
*A' @-

"'.'0-

•
' : To.NoRE fi2\ 

'

SIMILAR ~03 
CIRCUITS· 

~o2 

92CS-552U 

Fig. I-Logic diagram. 

CHARACTERISTIC VDD Min_ Max. Units 
(VI 

Supply·Voltage Range 
(For T A = Full Package 
Temperature Range) - 3 18 V 



STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 
U 

CONDITIONS Values ai-55, +25, +125 Apply 10 D, F, K, H Packages N 
CHARAC· Values at -40, +25, +85 Apply to E Package I 
TERISTIC Vo VIN VDD 

(V) (V) (V) -55 

Quiescent - 0,5 5 1 

Device - 0,10 10 2 
Current, I DD - 0,15 15 4 
Max. - 0,20 20 20 

Output low 0.4 0,5 5 0.64 
(Sink) 

0.5 0,10 10 1.6 Current 
IOl Min. 1.5 0,15 15 4.2 

Output High 4.6 0,5 5 -0.64 

(Source) 2.5 0,5 5 -2 

Current, 9.5 0,10 10 -1.6 

IOH Min. 13.5 0,15 15 -4.2 

Output Voltage: - 0,5 5 

Low·Level, - 0,10 10 

VOL Max. - 0,15 15 

Output Voltage: - 0,5 5 

High·Level, - 0,10 10 
VOH Min. - 0,15 15 

Input Low 0.5,4.5 - 5 

Voltage, 1,9 - 10 
VllMax. 1.5,13.5 - 15 

Input High 0.5,4.5 - 5 

Voltage, 1,9 - 10 
VIHMin. 1.5,13.5 - 15 

I nput Current 
liN Max. - 0,18 18 ±0.1 

DRAIN-le-SOURCE VOL.TAGE {YOSI-Y 

Fig. 5 - Minimum output high (source) current 
characteristics, 

+25 T 
-40 +85 +125 Min. Typ. Max. S 

1 30 30 - 0.02 1 
2 60 60 - 0.02 2 I1A 
4 120 120 - 0.02 4 

20 600 600 - 0.04 20 

0.61 0.42 0.36 0.51 1 -
1.5 1.1 0.9 1.3 2.6 -

4 2.8 2.4 3.4 6.8 -
-0.61 -0.42 -0.36 -0.51 -1 - mA 
-1.8 -1.3 -1.15 -1.6 -3.2 -
-1.5 -1.1 -0.9 -1.3 -2.6 

-4 -2.8 -2.4 -3.4 -6.8 

0.05 - 0 0.05 
0.05 - 0.05 
0.05 - 0 0.05 

V 
4.95 4.95 5 -
9.95 9.95 10 -

14.95 14.95 15 -

1.5 - - 1.5 

3 - - 3 
4 - - 4 

V 
3.5 3.5 - -
7 7 - -
11 11 - -

±0.1 ±1 ±1 - ±10-5 ±0.1 I1A 

Fig. 6 - Typical transition time as a function of 
load capacitance. 

CD4019B Types 

r 
DRAIN-la-SOURCE VOLTAGE (VOsl-Y 

Fig. 2 - Typical output low (.ink) current 
characteristics, 

, r 
DRAIN-lO-SOURCE VOL.TAGE lVosl-V 

Fig. 3 - Minimum output low (sink) current 
characteristics. 

DRAIN- TO-SOURCE VOLTAGE IYQsI ..... y 

9lCS'2"1~1" 

Fig. 4 - Typical output high (source) current 
characteristics. I 

20 

'O. 

". 
40 60 so KID 

LOAD CAPACITANCE (CLI-pF 
92C5-29883 

Fig. 7 - Propagation delay time as a function 
of load capacitance. 
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CD4019B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 2SOC.lnputtr• tt = 20 ns. CL = 50 pF. 

TEST 
CHARACTERISTIC CONDITIONS 

Propagation Delay Time; 
tpLH. tpHL 

Transition Time; 
tTHL. tTLH 

All Aand B 

Input Capacitance. CI N Inputs 

, 
• 3 

• , 
• 1 

• 

,. 
" ,. 

Kaand Kb 
Inputs 

,.~~ ,. 
" 10 CL 

9ZCS~2988!1 

VDD 
(V) 

5 
10 
15 

5 
10 
15 

VDO . 
V55 

LIMITS 

Min. Typ. 

- 150 
- 60 

- 50 

- 100 
- 50 
- 40 

- 5 

- 10 

VDD 

RL =200kO 

UNITS 

Max. 

300 
120 ns 
100 

200 
100 ns 

80 

7.5 pF 

15 pF 

~ , 
; '~~.=t~~f*~tt~-i--tH 
2 • . 

• 
'0 

Fig. 8 - Typical dynamic power dil$ipation 
as a function of input frequency. 

• 'lOti 

,NPUTS ,--'---, 
V'H 'NPUTQVDO OUTPUTS VDO 'NPD

VDO 
NOTE' 

o 0 ~ SEQUENTIALLY, 
........ ~ '-fi'\-- MEASURE INPUTS 

VIL =- Vas TO 80TH Vao MDVss 
CONNECT ALL UNUSED 
WUTS 10 EITHER 

V55 
'2C5-27401"1 

NOTE: VDO OR: VSS' 

Vss w.N~~OMaINATION Vss 

92CS-2744Utl 'Its-27402 

Fig. 9 - Dynamic power dissipation 
test circuit. 

Fig. 10 ~-Quiesc8ntde.ice Fig. 11- Input voltage rest circuit. Fig. 12 - Input currant test circuit. 

'fS" REGISTER "A" REGISTER 
r------, , , , , , , , , , , 
lE~..!.3.!' ~A.!~Y.J 

cu"ent test circuit. 

TYPICAL APPLICATIONS 

-~_+t=l::;:=p=j:;==++=+:;:=l=t=h-t- {K"I (Ko> SELECT 
SELECT I "B" REGISTER 
" .. " REGISTER 1 
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, , 
I , , , , , 
L __ 

OUT , OUT 
2 

OUT , 

Fig. 13 - AND/OR select gating. 

OUT 
• 92CS-29886 

Fig. 14 - "Shift leftlshift right" register. 



A, 

OUT , 

CD4019B Types 

TYPICAL APPLICATIONS (CONT'D) 

a, , rrfd,rrldl £, 
:[ !: :: : 
: : CD4001B : [ CD4001B I: CD4001S 1 
: : OR EOUIY. i i OR EQUIY, :: OR EQUIV, : 

~ : : 1 : : I 
ORr I II II I 

£Q!I!Y> L-S~2::-' L:S--2:"-' L~-.l---' 
----- - ---- - ----- --, , 

CD4001B OR EQUIV. I 

OUT 
2 

OUT , OUT 
4 

, 
__ J 

TRUTH TABLE 

'[.J ,[oJ OUT 

A·a 
Aaa 
'".8 

92.CS-29888 

(KGi 
TRUE 
SELECT 

OUT , OUT OUT 
3 

OUT 

92C5-2.9889 

Fig. 15 - AND/OR F.xclusive-OR selector. Fig. 16 - "True complement" selector. 

o 30 40 60 70 

'1 
54- 62 

( 1.372-1.5751 

1_ 4-10 
r--r0:i02-0.2541 

~ _____ -:-:- 67-75=:-___ --1""1 
(1.702-1.9051 

Dimensions and pad layout for CD4019BH 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in­
dicated. Grid graduations are in mils (10-3 inch). 

92CS-36092 

The photographs and dimensions of '8ch CMOS chip 
represent a chip when it is part of the waf.r. When the 
wal., ;s separated into Individual chips, the ang'. of 
cleavage may vary with respect to the chip lace lor 
different chips. The actus' dlmsnsions of the isolaled 
chip, therefore. may differ slightly from the nominal 
dimensions shown. The usef should consider a tolerance 
01 -3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4020B, CD4024B, CD4040B Types 

CMOS Ripple-Carry 
Binary Counter IDividers 
High-Voltage Types (20-Volt Rating) 

CD4020B - 14 Stage 
CD4024B - 7 Stage 
CD4040B - 12 Stage 

RCA-CD4020B, CD4024B, and CD4040B 
are ripple-carry binary counters. All counter 
'stages are master-slave flip-flops., The state 
of a counter advances one count on the 
negative transition of each input pulse; a high 
level on the RESET line resets the counter to 
its all zeros state. Schmitt trigger action on 
the input-pulse line permits unlimited rise 
and fall times. All inputs and outputs 
are buffered. 

The CD4020B and CD4040B types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (0 and F suffixes), 16-lead 
dual-in-line plastic packages (E suffix), 16-
lead ceramic flat packages (K suffix), and in 
chip form (H suffix). 
The CD40248 types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (0 
and F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

Features: 
• Medium-speed operation 
• Fully static operation 
• Buffered inputs and outputs 
• 100% tested for quiescent current at 20 V 
• Standardized, symmetrical output characteristics 
• Fully static operation 
• Common reset 
• 5-V, 10-V, and 15-V parametric ratings 
• Maximum input current of 1 /lA at 18 V 

over full package-temperature range; 
100 nA at 18 V and 25°C 

• Noise margin (over full package-tempera-

ture range): 1 Vat VOD = 5 V 

2VatVDO=10V 
2.5 V at VOO = 15 V 

• Meets all requirements of JEOEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 
• Control counters • Frequency dividers 
• Timers • Time·delay circuits 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOL TAGE RANGE, (V DO) 

(Voltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT'CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (PO): 

For TA • -40 to +60oC (PACKAGE TYPE E) 
For T A = +60 to +850 C (PACKAGE TYPE E) 
Fot TA = -55 10 +IOO'C (PACKAGE TYPES 0, F, K) 
For TA = +100 10+125'C (PACKAGE TYPES 0, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

~.5to+20V 

~.5 to VDD +D.5 V 
±lOmA 

• • • • • • • •. 500mW 
Derate Linearly at 12 mWfDC to 200 mW 
•••••••• , 500mW 
Derate Linearly at 12 mW/oC to 200 mW 

FOR ,T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (TAl: 

PACKAGE TYPES 0, F, K, H . • . • 

loomW 

-55 to +1250 C 
PACKAGE TYPE E • 

STORAGE TEMPERATURE RANGE (Tstg) 
LEAD TEMPERATURE (DURING SOLDERINGI: 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mml from case for lOs max. 

TERMINAL ASSIGNMENTS 

C04020B C04024B 

012 16 Voo • " 
Voo 

013 2 ,. all RESET " Ne 
01. 3 

" 
010 07 12 01 

as " OB as • 02 
05 12 ag Q5 5 10 Ne 
07 II RESET Q' 03 
a. 10 .,. Vss Ne 

V,S 01 
TOP VIEW 

TOP VIEW 
NC- NO CONNECTION 92CS-24462Rl 

92CS-24466AI 
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-40 to +850 C 
-65 to +1500 C 

C04040B 

01. 16 Voo 
06 15 all 
05 

" 
010 

07 13 aB 
04 I. ag 
03 II 
02 10 

V,S 01 

TOP VIEW 

92CS-20747R2: 

v •• 

IS 

10 9 
01 

INPUT 7 a. PULSES 
5 05 

• as 
6 07 

',"STAGE 13 Q8 
RIPPLE 12 Q9 COUNTER 

14 alo 
15 all 
I 

012 
2 all 

II , 
QI' 

RESET 

Vss 92C$.25D53R2 

CD4020B 
FUNCTIONAL DIAGRAM 

VDO 

" 
12 

0, 

INPUT I " 0, PULSES 

a, 
7 -STAGE 

RESET RIPPLE 0, 
COUNTER 

a. 

Q6 

07 

NC=S,IO,13 
Vos 

CD4024B 92CS-25051R4 

FUNCTIONAL DIAGRAM 

10 
INPUT 

PULSES 

RESET 

CD4040B 

Voq 

IS 

12-STAGE 
RIPPLE 

COUNTER 

v,, 

9 01 

7 02 
6 Q3 
504 
3 05 
2 06 

'07 
13 as 

0" 4 010 
IS all 

1 012 

92CS-29066A2 

FUNCTIONAL DIAGRAM 



CD4020B, CD4024B, CD4040B Types 

RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Unless Otherwise Specified 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges: 

CHARACTERISTIC VOD Min. Max. 

Supply Voltage Range (at T A = Full Package· 
Temperature Range) 3 18 

5 - 3.5 
Input·Pulse Frequency, f</l 10 - 8 

15 - 12 

5 140 -
Input·Pulse Width, tw 10 60 -

15 40 -
5 

Input·Pulse Rise or Fall Time, tr</l' tf</l 10 Unlimited 

Reset Pulse Width, 

Reset Removal Time, 

___ INPUTS 
PROTECTED BY 
COS/MOS PROTECTION 

tw 

tREM 

~
DD .. 

NETWORK QI 

vss 

Fig. 1 - Logic diagram for CD4020B. 

__ *INPUTS ~
DD 

Vss 

PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 01 

15 

5 200 
10 80 
15 60 

5 350 
10 150 
15 100 

Llz-~):;J 

y~-~y 
04 QI3 

Fig. 2 - Logic diagram for CD4024B. 

~
DD .. 

___ INPUTS 

PROTECTED BY 

. 

COS/Mas PROTECTION 
NETWORK 

Vss 

01 

Fig. 3 - Logic diagram for CD4040B. 

-

-
-
-

014 

07 

012 

UNITS 

V 

MHz 

ns 

fJS 

ns 

ns 

11 
I::: 

II 

Fig. 4 - Detail of typical flip·flop stage. 

Fig. 5 - Typical output low 'sink) current 
characteristics. 

I 
DRAIN-lO-SOURCE VOLTAGE IVosl-V 

Fig. 6 - Minimum output low 'sink) current 
characteristics. 

DRAIN-lO-SOURCE VOLTAGE IVosl-V 

Fig. 7 - Typical output high 'SOUTes) current 
characteristics. 
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CD4020B, CD4024B, CD4040B Types 

STATIC ELECTRICAL CHARACTERISTICS ORAIN-TO~SOURC£ YOl.TAGE IVos)-V 
-Ie -10 -" 

LIMITS AT INDICATED TEMPERATURES (OC) AMBIENT TEMPERATURE ITAI-2S·C 

CONDITIONS Values al-55, +25, +125 Apply 10 D, F, K, H Packages GATE-TO-SOURCE VOlTAGE tYos)- -5 v 1 
I 

CHARACTER- Value. at -40, +25; +85 Apply to E Packege 
ISTIC 

Vo VIN VDD 
(VI (V) (V) -55 -40 +85 +125 

Quiescent Device 0,5 5 5 5 150 150 
Current, 0,10 10 10 10 300 300 

100 Max. 0,15 15 20 20 600 600 

0,20 20 100 100 3000 3000 

Output Low 0.4 0,5 5 0.64 0.61 0.42 0.36 
(Sink) Current 0.5 0,10 10 1.6 1.5 .1.1 0.9 

IOlMin. 1.5 0,15 15 4.2 4 2.8 2.4 

Output High 4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 
(Source) 2.5 0,5 5 -2 -1.8 -1.3 -1.15 
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 

IOHMin. 
13.5 0,15 15 -4.2 -4 -2.8 -2.4 

Output Voltage: 0,5 5 0.05 
low·Level, 0,10 10 0.05 

VOL Max. 
0,15 15 0.05 

Output Voltage: 0,5 5 4.95 
High·level. 0,10 10 9.95 
VOH Min. 0,15 15 14.95 

Input Low 0.5,4.5 5 1.5 
Voltage, 1,9 10 3 

Vil Max. 
1.5,13.5 15 4 

Input High 0.5,4.5 5 3.5 
Voltage, 1,9 10 7 

VIH Min. 1.5,13.5 15 11 

I nput Current 
0,18 18 ±0.1 ±1 

liN Max. 

Dimensions and Pad Layout for CD4020BH. Dimensions and 
pad layout for CD4040BH are identical. 
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Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in­
dicated. Grid graduations are in mils (7tr3 inch). 

+25 
Min. Typ. 

0.04 

0.04 

0.04 

0.08 

0.51 1 

1.3 2.6 

34 6.8 
-0.51 -1 

-1.6 -3.2 

-1.3 -2.6 

-3.4 -6.8 

0 

a 
0 

4.95 5 

9.95 10 

14.95 15 

3.5 

7 

11 

±10-5 

UNITS -5! 
I Max. 

5 
-IOV -DE 

10 ~ 
20 

JlA 
-1!lV 151 

100 
~ g 

rnA Fig. 8 - Minimum output high (source) current 
characteristics. 

0.05 

0.05 

0.05 
V 

1.5 

3 

4 
V 

LOAD CAPACITANCE (CL'-pF 'J2CS-24322 

Fig. 9 - Typical transition time as a function of 
load capacitance. 

±0.1 JlA 

9091 

88-96 
12 236-2 438} 

IO~:b02541 ~ f..----.... 64-72 92CM-30160 
·626-1.8281 

Dimensions and Pad Layout for CD4024BH. 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer ;s separated into individual chips. the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip. therefore. may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
01 -3 mils to +16 mils applicable to the nominal 
dimensions shown. 



CD4020B, CD4024B, CD4040B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA ; 25°C, Input t r, tf; 20 ns, 
CL; 50 pF, RL ; 200 kQ 

CHARACTERISTIC 

Input-Pulse Operation 

Propagation Delay Time, ¢ to 
01 Out; tpHL. tpLH 

°n to On+ 1; 
tpHL. tpLH 

Transition Time. 

tTHL. tTLH 

Minimum Input-Pulse 
Width. tw 

Input-Pulse Rise or Fall 

Time. t r¢. tf¢ 

Maximum Input-Pulse 
Frequency. f¢ 

Input Capacitance. CI 

Reset Operation 

Propagation Delay 

Time. tpHL 

Minimum Reset Pulse 
Width, tw 

Reset Removal Time. 

tREM 

o 
Vss 

INPUTS 

Vss 

TEST VDD 
CONDITIONS (VI 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

+0 
~ 

5 
10 

15 

Any Input 

5 
10 
15 

5 
10 
15 

5 
10 
15 

LIMITS 

Min_ Typ_ Max_ 

- 180 360 
- 80 160 
- 65 130 

- 100 200 
- 40 80 
- 30 60 

- 100 200 

- 50 100 
- 40 80 

- 70 140 

- 30 60 

- 20 40 

Unlimited 

3.5 7 -
8 16 -

12 24 -

- 5 7.5 

- 140 280 
- 60 120 
- 50 100 

- 100 200 
- 40 80 
- 30 60 

- 175 350 
- 75 150 
- 50 100 

92CS-27441RI 

UNITS 

ns 

ns 

ns 

ns 

fJ.s 

MHz 

pF 

ns 

ns 

ns 

Fig. 13 - Quiescent device 
current test circuit. Fig. 14 - Input voltage test circuits. 

AMBIENT TEMPERATURE (TA)· 25-C 

'0 

20 40 60 eo 100 
LOAOCAPACITANCE ICL.I-pF 92CS-30156 

Fig. 10 - Typical propagation delay time as a 
function of load capacitance 

l¢toO/). 

2468102468102246810324681042468105 

INPUT PULSE FREQU£NC'1 It.l-kH, 92CS-J0151 

Fig. 11 - Typical dynamic power dissipation as a 
function of input pulse frequency for 
CD4020B. 

Fig. 12 - Dynamic power dissipation test circuit 
for CD4020B. 

Voo INPu(Js V

DD 

NOTE. 
~ MEASURE INPUTS 
o -~ SEQUENTIALLY, 

Vss TO BOTH Voo AND Vss· 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR VSS· 

Vss 

Fig. 15 - Input current test circuit. 
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CD4026B, CD4033B Types 

CMOS 
Decade Counters/Dividers 
High-Voltage Types (20-Volt Rating) 
With Decoded 7-Segment Display Outputs and: 

Display Enable - CD4026B 
Ripple Blanking - CD4033B 

Features: 

CLOCK 

CLOCK 
INHIBIT 

" AESET 

Voo 

.0 }" 
. " 

12 b ~ 
13 c ~ 

9 d ~ 
.. 8 

• \!l 
• I h 

7, 
, CARRVOUT 

• Counter and 7-segment decoding in one package DISPLAY DISPLAy 
ENABLE ENABLE 

The RCA-CD4026B and CD4033B each con­
sist of a 5-stage Johnson decade counter 
and an output decoder which converts the 
Johnson code to a 7-segment decoded out­
put for driving one stage in a numerical 
display. 

• Easily interfaced with 7-segment display types IN OUT .. 
• Fully static counter operation: DC to 6 MHz (typ.) UNGATED ·C· 

SEGMENT 

These devices are particularly advantageous 
in display applications where low power 
dissipation and/or low package count are 
important. 
Inputs common to both types are CLOCK, 
RESET, & CLOCK INHIBIT; common 
outputs are CARRY OUT and the seven 
decoded outputs (a, b, c, d, e, f, gJ. Addi· 
tional inputs and outputs for the CD4026B 
include DISPLAY ENABLE input and 
DISPLAY ENABLE and UNGATED "C· 
SEGMENT" outputs. Signals peculiar to the 
CD4033B are RIPPLE·BLANKING INPUT 
AND LAMP TEST INPUT and a RIPPLE­
BLANKING OUTPUT. 
A high RESET signal clears the decade 
counter to its zero count. The counter is 
advanced one count at the positive clock 
signal transition if the CLOCK INHIBIT 
signal is low. Counter advancement via the 
clock line is inhibited when the CLOCK 
INHIBIT signal is high. The CLOCK INHI· 
BIT signal can be used as a negative·edge 
clock if the clock line is held high. Antilock 
gating is provided on the JOHNSON counter, 
thus assuring proper counting sequence. The 
CARRY·OUT (Cgut) signal completes one 
cycle every ten CLOCK I NPUT cycles and 
is used Y:l clock the succeeding decade di· 
rectly in a multi·decade counting chain. 
The seven decoded outputs (a, b, c, d, e, f, g) 
illuminate the proper segments in a seven 

at VDD=10 V 
• Ideal for low-power displays 
• Display enable output (CD4026B) 
• "Ripple blanking" and lamp test (CD4033B) 
• 100% tested for quiescent current at 20 V 
• Standardized, symmetrical output 

characteristics 
• 5-V, 10·V, and 15-V parametric ratings 
• Schmitt-triggered clock inputs 
• Meets all requirements of JEDEC Tentative 

Standard No.13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications 
• Decade counting 7-segment decimal 

display 
• Frequency division 7·segment decimal 

displays 
• Clocks, watches, timers 

(e.g. ';'60, .;. 60, .;. 12 counter/display) 
• Counter/display driver for meter 

applications 

segment display device used for representing 
the decimal numbers 0 to 9. The 7 -segment 
outputs go high on selection in the CD4033B; 
in the CD4026B these outputs go high only 
when the DISPLAY ENABLE IN is high. 

MAXIMUM RATINGS. Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) ...•••...•..•...•....•........•..•••.••..•••. -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS .........••...•...•..••.•.•.•...•..•..•• -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT .•.•......•.•.•.•......••.•....•••...••.•..••••••. ±10 rnA 
POWER DISSIPATION PER PACKAGE (PO): 

For T A = -40 to +60'C (PACKAGE TYPE E) •...••.•...•••..••.......•..•••.••.••.•..•••. 500 mW 
For T A = +60 to +65'C (PACKAGE TYPE E) .....•.•.•••.•. Derate Linearly at 12 mW/'C to 200 mW 
For T A = -55 to +100'C (PACKAGE TYPES 0, F, K) ........•....•..•••.••.•••.•..•.••..•• 500 mW 
For T A = +100 to +125'C (PACKAGE TYPES 0, F, K) ....... Derate Linearly at 12 mW/'C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...•..••••••••••.. 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES 0, F, K, H .•.....•.••••..•........•.•.••.••.•.•...•••....•.•... -55 to +125·C 
PACKAGE TYPE E ...•.•..•........••.•.•..••..••......•.....•.. , ••. , ••.•.•.••... -40 to +85'C 

STORAGE TEMPERATURE RANGE (T stg) ...........••.•••.•••..••.......••.•••.•• -65 to +150·C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max ...•....••.•••••••.••.. +265'C 
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RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges: 

CHARACTERISTIC VDD LIMITS UNITS 
IV) MIN. MAX. 

Supply·Voltage Range (For T A = Full Package 
Temperature Range) 3 18 V 

Clock Input Frequency, fCl 5 - 2.5 
10 - 5.5 MHz 
15 - 8 

Clock Pulse Width, tv..cl 5 220 -
10 100 -
15 80 -

Clock Rise and Fall Time, trCl' tfCl 5 -
10 - Unlimited 
15 -

Clock Inhibit Set Up Time, tsu 5 200 -
10 50 - ns 

15 30 -
Reset Pulse Width, tw 5 200 -

10 100 -
15 50 -

Reset Removal Time 5 30 -
10 15 -

15 10 -

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages 

CHARACTER· Values at -40, +25, +85 Apply to E Package 
ISTIC 

Vo VIN VDD +25 

(V) (V) (V) -55 -40 +85 +125 Min. Typ. Max. 

Quiescent Device - 0,5 5 5 5 150 150 - 0.04 5 
Current, - 0,10 10 10 10 300 300 - 0.04 10 

IDD Max. - 0,15 15 20 20 600 600 - 0.04 20 

- 0,20 20 100 100 3000 3000 - 0.08 100 

Output low 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -

(Sink) Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -
IOl Min. 1.5 0,15 15 4.2 4 2.8 2.4 3.4 6.8 -

Output High 4.6 0.5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 -

(Source) 2.5 0.5 5 -2 -1.8 -1.3 -1.15 -1.6 3.2 
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 2.6 

IOH Min. 
13.5 0.15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 

Output Voltage: - 0,5 5 0.05 - 0 0.05 
Low-Level, - 0,10 10 0.05 - 0 0.05 

VOL Max. 
0,15 15 0.05 0 0.05 -

Output Voltage: - 0.5 5 4.95 4.95 5 -
High·level, - 0.10 10 9.95 9.95 10 
VOH Min. - 0,15 15 14.95 14.95 15 -

Input low 0.5.4.5 - 5 1.5 - 1.5 
Voltage. 1.9 - 10 3 - - 3 

Vil Max. 
1.5,13.5 - 15 4 - - 4 

Input High 0.5,4.5 - 5 3.5 3.5 

Voltage. 1,9 - 10 7 7 - -
VIH Min. 1.5,13.5 - 15 11 11 - -

Input Current - 0,18 18 ±D.l ±0.1 ±1 ±1 - ±10-5 ±0.1 
liN Max. 

UNITS 

IJA 

rnA 

V 

V 

IJA 

CD4026B, CD4033B Types 

CD4026B 

When the DISPLAY ENABLE IN is low the 
seven decoded outputs are forced low reo 
gardless of the state of the counter. Acti· 
vation of' the display only when required 
results in significant power savings. This 
system also facilitates implementation of 
display·charaGter mUltiplexing. 
The CARRY OUT and UNGATED "C· 
SEGMENT" signals are not gated by the 
DISPLAY ENABLE and therefore are avail· 
able continuously. This feature is are· 
quirement in implementation of certain di· 
vider functions such as divide·by·60 and 
divide·by·12. 

CD4033B 

The CD4033B has provisions for automatic 
blanking of the non·significant zeros in a 
multi·digit decimal number which results in 
an easily readable display consistent with 
normal writing practice. For example, the 
number 0050.0700 in an eight digit display 
would be displayed as 50.07. Zero suppres· 
sian on the integer side is obtained by con­
necting the RBI terminal of the CD4033B 
associated with the most significant digit in 
the display to a low-level voltage and con­
necting the RBO terminal of that stage to 
the RBI terminal of the CD4033B in the 
next-lower significant position in the dis· 
play. This procedure is continued for each 
succeeding CD4033B on the integer side of 
the display. 
On the fraction side of the display the RBI 
of the CD4033B associated with the least 
significant bit is connected to a low·level 
voltage and the RBO of that CD4033B is 
connected to the RBI terminal of the 
CD4033B in the next more·significant·bit 
position. Again, this procedure is continued 
for all CD4033B's on the fraction side of the 
display. 
I n a purely fractional number the zero 
immediately preceding the decimal point can 
be displayed by connecting the RBI of that 
stage to a high level voltage (instead of to the 
RBO of the next more-significant-stage). 
For example: optional zero -+ 0.7346. 
Likewise, the zero in a number such as 763.0 
can be displayed by connecting the RBI of 
the CD4033B associated with it to a high· 
level voltage. 

Ripple blanking of non-significant zeros 
provides an appreciable savings in display 
power. 

The CD4033B has a lAMP TEST input 
which, when connected to a high-level volt­
age, overrides normal decoder operation and 
enables a check to be made on possible 
display malfunctions by putting the seven 
outputs in the high state. 

The CD4026B- and CD4033B-series types 
aresupplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes). 16-
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 
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CD4026B, CD4033B Types 

UNGATED "e· 
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It 
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I. 
VooO 
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Vss 

Fig. 1 - CD40268 logic diagram. 

*~ CLOCK D 
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I. 
VODQ 

GND08 

* ALL INPUTS PROTECTED 
BY COS/MOS INPUT 
PROTECTION NETWORK. 

~VDD 

~vss 

'~I,E,N,l 

Fig. 2 - CD40338 logic diagram. 
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CL 
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CLOCK 
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DISPLAY 
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DISPLAY 
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• CARRY OUT 

UNGATED 
"e· SEG. 

Fig. 3 - CD40268 timing diagram. 
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RESET,L-________________ _ 
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Fig. 4 - CD40338 timing diagram. 

~o D , 

CL_= a: 
_ Q CL 

R CL -l..r>o-CL 

Fig. 5 - Detail of typical flip-flop stage for both types. 

DRAIN-TO-SOURCE VOLTAGE (VcsJ-V 

-I!I -10 -5 
AMBIENT TEMPERATURE (TA'-2!1·C 

GATE-TO-SOURCE VOLTAGE (VGS)--5V 

-IOV 

-15V 

d 
~ 

-IO~ 

ffi 
-15 ~ 

-20~ 

Fig. 6 - Typical n-channel output low (sink) 
current characteristics. 

Fig. 7 - Minimum n~hannel output low (sink) 
current characteristics, 

Fig. 8 - Typical p·channel output high (source) 
current characteristics. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25"C, Input tr , t,= 20ns, 
CL =50pF, RL =200kfl. 

TEST 
CONDITIONS LIMITS 

CHARACTERISTIC 
VDD 
(V) Min. Typ. Max. 

CLOCKED OPERATION 

Propagation Delay Time; tpLH, tPHL 5 - 250 500 
Carry·Out line 10 - 100 200 

15 - 75 150 

5 - 350 700 
Decode Outlines 10 - 125 250 

15 - 90 180 
Transition Time; tTHL' tTLH 5 - 100 200 

Carry·Out line 10 - 50 100 
15 - 25 50 

Maximum Clock Input Frequen~y, fCL A 5 2.5 5 -
10 5.5 11 -
15 8 16 -

Min. Clock Pulse Width, tw 5 - 110 220 
10 - 50 100 
15 - 40 80 

Clock and Clock Inhibit Rise or Fall Time; r2-
trCL, tfCL rlQ.- Unlimited 

15 
Average Input Capacitance, CIN Any Input - 5 7 

RESET OPERATION 

Propagation Delay Time; 5 - 275 550 
To Carry·Out line, tpLH 10 - 120 240 

15 - 80 160 
To Decode Out Lines, tpHL' tpLH 5 - 300 600 

10 - 125 250 
15 - 90 180 

Min. Reset Pulse Width, tw 5 - 100 120 
10 - 50 100 
15 - 25 50 

Min. Reset Removal Time 5 - a 30 
10 - a 15 
15 - 0 10 

... Measured with respect to carrv-out line. 

UNITS 

ns 

MHz 

ns 

pF 

ns 

CD4026B, CD4033B Types 

DRAIN-lO-SOURCE VOLTAGE {Vosl-V 
-IS -10 -5 

AMBIENT TEMP£RATURE (lAI-25-C 

-10'0' 

-15'0' 

Fig. 9 - Minimum p-channel output high (source) 
current characteristics. 

'OV 

20 40 60 00 
LOAD CAPACITANCE ICLI-pF 92CS-,.705 

Fig. 10 - Typical propagation delay time as a 
function of load capacitance for 
decoded outputs. 

AMBIENT TEMPERATURE ITA I-ZS-C 

20 ~ 60 ~ ~ 

LOAD CAPACITANCE ICLI-pF 92CS-31104 

Fig. 11 - Typical propagation delay time as a 
function of load capacitance for 
carry-out outputs. 

46810121416 
SUPPLY VOLTAGE (VODI-V 92CS-StTQ3 

Fig.. 12 - Tvpical maximum clock input-frequency 
as a function of supply voltage. 
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CD40268, CD40338 Types 

10 2 468102 2 "68103 2 "68'0" 2 "6~05 

CLOCK INPUT~FREQUENCY ffeL.I-MHz 92CS·3,701 

Fig. 13 - Typical power dissipation as a function 
of clock input frequency. 

Voo 

92C5- 31702 

TEST PEFORMEO WITH 
THE FOLLOWING SEQUENCE OF 
111"5 AND IIOlia AT EACH INPUT 

SI S2 S3 S4 S5 

I 000 0 
10100 

o 0 I 0 I 

o I 

* DISCONNECT PIN 14 
FOR CD4026B 

92CS-31706 

Fig. 15 - Quiescent device current. 

Fig. 14 - Dynamic power dissipation test circuit 
for CD4033B. 

INTERFACING THE CD4026B AND CD4033B WITH COMMERCIALLY AVAILABLE 
LIGHT EMITTING DIODE DISPLAYS 

MONSANTO MAN 3 
OR EQUIVAL.ENT 
(LOW POWER) 

CLOCK 

INHIBIT 

RESET 

Veo ~ 3.5 V 

VDD 

IFItI 5 mA/SEGMENT 
100% DUTY CYCLE 

R~VP-V8E-VF (LEol 

ILED WHERE Vp'INPUT PULSE 

'IF ~ ~~~~~D o?C8f 
92CS-31708 

MONSANTO MAN I 
OR EQUIVAL.ENT 

VOO 

Ie Z: 0.4 mA 

IF~ 12 mA/Seg.IIOO"loOUTYCYClEI 

Pdt (MINI~30 

VeE I SAT! 5 0.5 V 
Ra "OO-VeE tsatl-vFtLEDI 

ILED 
WHERE "Fa FORWARD DROP ACROSS DIODE 

88 -96 
(2.235 - 2.438) 

~1---(O.lO~~_~254)_ 104 -112 ----J 
(2.642 - 2.845) 92CS-3I70001 
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Dimensions and pad layout for CD4026B. 

DimenSions Ifl paren theses are Ifl millimeters and 
are deflved from the baSIC Iflch dimensions as in­
dicated. Gfld graduations are Ifl mils (10--- 3 inch). 

rMANI---' 
I A I 

92CS-27441RI 

I-+-: 
Fig. 16 - Input voltage. 

I I IF I 
I I I 
I I I 
I I I 
I I I 

R II I I 
G I 

L ____ --' 
Voo 

~ 
VSS 

92C5-31709 

VSS 

NOTE: 

MEASURE INPUTS 
SEQUENTIALLY. 
TO BOTH VOO AND VSS· 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

VDD OR VSS' 

Fig. 17 - Input current. 

S2.CS-32207 

Dimensions and pad layout for CD4033B. 
The photographs and dimensions of each CMOS chip 
represent B Chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
Cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 



CD4026B, CD4033B Types 

INTERFACING THE CD4026B AND CD4033B WITH COMMERCIALLY AVAILABLE 
7·SEGMENT DISPLAY DEVICES* 

(Refer to RCA Application Note ICAN·6733 for detailed interfacing information) 
VT 

LOW-POWER INCANDESCENT READOUTS 
PINLITES INC-5eries 0 and R 
TUBE ReaUIREMENTS VT(V) mNSegment 

0-03-15 1.5 B 
0-04-30 3 B 
0-06.-30 3 8 
R-R3-20 2 4.3 
R-R4--30 3 4.3 

liT 

ASSUMED 
TRANSISTOR 
CHARACTERISTICS 
Ode (min.l:i!: 30 
VeE(sol.IS n.SY 

• Vee> 3.5 V (min.) 
Ie ~ 0.25 mA (mift.) 
IT ~ 7.5 mA (min.) 

INCANDESCENT READOUTS 

RCA Numilron DA2000 Series 

TUBE REOUIREMENTS 

VT ;:: 3.5-5V 

IT .., 24 rnA Segment 

ASSUMED CD4049UB 
TRANSISTOR 
CHARACTERISTICS @Vee ;:: 10 V (min.) 

8de (min.) ?! 25 Vo "0" S 2v 

VeE(SOI.)S n.sv 

: VOO '" 8 V (min.) 

Ie'" 1m'" (min.) 

IT :8mA (min,) 

Vr::3.S V T06 V 

CD4049UB 

IT'" 24m.4. (min.) @Vee = 10 V (min.) 

Yo"O" 5 0.6 V 

IT'" 8 mol (min,) 

@Vee =6V (min.) 

Yo"O" 5 I,V 

IT = SmA (min.) 

Yr::::I.5 V TO 3.S V 

92CM-31707 

• The interfacing buffers shown, while a necessity with the CD4026A and CD4033A, are not required when 
using the .oS" devices; the "B" outputs (~10 times the "A" outputs) can drive most display devices 
directly especially at voltages above 10 V. 

NEON READOUT INIXIE TUBE"I 

1. Aleo Electronics - MG 19 

2. Burroughs - 85971. 87971, B8971 

TUBE REOUIREMENTS VTIVdcl 

Aleo MG19. . lBO . 
Burroughs 85971 . 170 • 

BurroughsB7971,88971. 170. 

... (Trademark) Burroughs Corp. 

VT '" 1JOV DC 

rnA Segment 

0.5 
3 

TRANSISTOR CHARACTERISTICS 

Leakage with transistor cutoff - 0.05 rnA 

VIBRICER. • .. > VT 
Ode (min.) > 30 92CS-31710 

WITH VON"BV MEDIUM BRIGHTNESS 

~ _____ VDD '~~~~ ~~~~~NT i~~H~~:i~~R~~ND 
NOTICEBLE GLOW IS VOFF;: 4.5 V 

C04026B/

r CD4033B 

CLOCK ~ _____ -, 

13.5V INHIBIT 7 

V~~~~E SEGMENTS ~---..., 

l RESET 

..L ____ ~.yVss 

114.5V 

LOW VOLTAGE VACUUM FLUORESCENT 
READOUTS 

1. Tung-Sol DIGIVAC S/G t Type DT1700fA or DT1705C 

2. Nippon Electric (NEe); Type DG12E or L091S 
TUBE REQUIREMENTS: 100 to 300 pA/segment 
at tube voltages of 12 V to 25 V depending on 
required brightness Filament requirement 45 mA 
at 1.6 V. ac or de. 

* (Trademark) Wagner Electric Co. 
92C5-31711 
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CD40278 Types 

CMOS Dual J-K 
Master-Slave Flip-Flop 

Features: 
• Set-Reset capability 

• Static flip-flop operation - retains state indefinitely 
with clock level either "high" or "low" 

High-Voltage Types (20-Volt Rating) 

The RCA-C04027B is a single monolithic 
chip integrated circuit containing two iden­
tical complementary-symmetry J-K master­
slave flip-flops. Each flip-flop has provi­
sions for individual J, K, Set, Reset, ang 
Clock input signals. Buffered Q and Q 
signals are provided as outputs. This input­
output arrangement provides for compatible 
operation with the RCA-CD4013B dual D­
type flip-flop. 

• Medium speed operation - 16 MHz (typ.) clock toggle 

The CD4027B is useful in performing con­
trol, register, and toggle functions. Logic 
levels present at the J and K inputs along 
with internal self-steering control the state 
of each flip-flop; changes in the flip-flop 
state are synchronous with the positive­
going transition of the clock pulse. Set and 
reset functions are independent of the clock 

and are initiated when a high level signal is 
present at either the Set or Reset input. 

The CD4027B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes). 16-lead dual-in-line plastic 
packages (E suffixl.16-lead ceramic flat 
packages (K suffix). and in chip form (H 
suffix). 

rate at 10 V 

• Standardized symmetrical output characteristics 

• 100% tested for quiescent current at 20 V 

• Maximum input current of 1 IlA at 18 V over 

full package-temperature range; 100 nA at 
18 V and 250 C 

• Noise margin (over full package­
temperature range): 

1 Vat VDD = 5 V 
2 Vat VDD = 10 V 

2.5 V at VDD = 15 V 
• 5-V, 10-V, and 15-V parametric ratings 
• Meets all requirements of JEDEC Tentative 

Standard No. 13A. "Standard SpeCIfications 
for Description of '8' Series CMOS Devices" 

Applications: 
• Registers, counters, control circuits 

MAXIMUM RATINGS. Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE. (VDD) 

(Voltages referenced to VSS Terminal) ................................................ -0.5 to +20 V 
INPUT VOLTAGE RANGE. ALL INPUTS .....................•...•.•............... -0.5 to VDD +0.5 V 
DC INPUT CURRENT. ANY ONE INPUT ................•...................•................ ±10 mA 
POWER DtSSIPATION PER PACKAGE (PO): 

For T A = -40 to +60'C (PACKAGE TYPE E) ................................................. 500 mW 
For T A = +60 to +85'C (PACKAGE TYPE E) ................... Derate Linearly at 12 mW/'C to 200 mW 
For T A = -55 to +100'C (PACKAGE TYPES D. F. K) ......•..................................• 500 mW 
For T A = +100 to +125'C (PACKAGE TYPES D. F. K) .......... Derate Linearly at 12 mW/'C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
ForTA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...................... 100 mW 

OPERA TING-TEMPERATURE RANGE (T A): 
PACKAGE TYPES D. F. K. H ........................................................ -55 to +125'C 
PACKAGE TYPE E .................................................................. -40 to +85'C 

STORAGE TEMPERATURE RANGE (Tstg) ............................................. -65 to +150'C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for lOs max. . ....................•... +265'C 

* RESETr-------~----------------------------------------------__, 

4 (1210-+------1 )<>-------r-------------------------------4 

* SET 
71.10--------4 

R CL 

* C'::OCK r--..... t ~ t 
3fI3)~ 

~oo 

*ALLINM PROTECTED BY Vss 
COS/MOS PROTECTION 
NETWORK 

Fig_1 - Logic diagram and truth table for CD40278 (one of two identical J-K flip flops). 
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Functional Diagram 
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RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the fol/owing ranges: 

LIMITS 
All 

CHARACTERISTIC 
VDD Packages UNITS 

(VI Min. Max. 

Supply-Voltage Range - 3 18 V 
(For TA = Full Package Temperature Rangel 

5 200 -
Data Setup Time ts 10 75 - ns 

15 50 -
5 140 -

Clock Pulse Width tw 10 60 - ns 
15 40 -
5 3.5 

Clock Input Frequency (Toggle Model fCl 10 dc 8 MHz 
15 12 

5 - 45 
Clock Rise or Fall Time trCl *, tfCl 10 - 5 J,ts 

15 - 2 

5 180 -
Set or Reset Pulse Width tw 10 80 - ns 

15 50 -

If more than one unit is cascaded in a parallel clocked operation, trCl should be made less 
than or equal to the sum of the fixed propagation delay time at 15 pF and the transition 
time of the output driving stage for the estimated capacitive load. 

DRAIN- TO-SOURCE VOLTAGE (Vns)-V 

-15 -10 -5 
AMBIENT TEMPERATURE ITA»-Z5·C 

GATE-TO-SOURC[ VOLTAGE 1Vc;s)--5V 

-IOV 

-15V 

Fig.4 - Typical output high (source} 
current characteristics. 

Yeo 1NPUOS VDO NOTE 
~ ~:~~:;I!~~~S 

Yss TO BOTH VOD AND Vss' 
CONNECT ALL UNUSm 
INPUTS 10 EITHER 

"'DO OR Vss ' 
Vss 

Fig.7,- Input cu"ent test circuit. 

DRAIN-lO-SOURCE VOLTAGE eVosl-v 
-1!5 -10 -5 

At.tI81ENT TEII,F£RATURE ITA'-25·C 

-lOY 

Fig.5 - Minimum output high (source} 
current characteristics. 

INPUTOVDO OUTPUTS 
V,H 

'-- ~ 
v~ J: 

NOTE: 
TEST ANV ONE INPUT, 

Vss WITH OTHER INPUTS AT 
Yoo ORVss' 

Fig.s - Input·voltage test circuit. 

CD40278 Types 

DRAIN-lO-SOURCE VOLTAGE lVoSI-V 

Fig.2 - Typical output low (sink} 
current characteristics. 

DAAIN-TO-SOURCE VOLTAGE (Vosl-V 

Fig.3 - Minimum output low (sink} 
current characteristics. 

10 : AMBIENT TEMPERATURE ITA '-Z5·C 

~ 

~ 
ii 
" 

/ y~ 
10: . 

2 

I 

Fig.6 - Tvpical power dissipation vs. frequency. 

. 
Vss 

INPUTS 

Vss 
nCS-2740IAI 

Fig.9, - Quiescent device current test circuit. 
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STATIC ELECTRICAL CHARACTERISTICS 

CHARAC· 
TERISTIC 

CONDITIONS 

Vo VIN VDD 
(V) (V) (V) 

Quiescent - 0,5 5 
Device - 0,10 10 
Current - 0,15 15 
100 Max. - 0,20 20 

Output Low 
(Sink) 0.4 0,5 5 
Current, 0.5 0,10 10 
IOL Min. 1.5 0,15 15 

Output High 4.6 D,S 5 
(Source) 2.5 0,5 5 
Current, 9.5 0,10 10 
IOH Min. 13.5 0,15 15 

Output Volt-
age: - 0,5 5 
Low-Level, - 0,10 10 

VOL Max. - 0,15 15 

Output Volt-
age: - 0,5 5 
High- Level, - 0,10 10 
VOH Min. - 0,15 15 

Input Low 0.5,4.5 - 5 
Voltage, 1,9 - 10 
VIL Max. 1.5,13.5 - 15 

Input High 0.5,4.5 - 5 
Voltage, 1,9 - 10 

VIH Min. 1.5,13.5 - 15 

Input 
Current, - 0,18 18 
liN Max. 

LIMITS AT INDICATED TEMPERATURES (OC) 
Values 81 -55, +25, +125 Apply to D, F, K, H Pkgs. 

Values at -40,+25,+85 Apply to E Pkgs. UNITS 

-55 -40 +85 

1 1 30 
2 2 60 
4 4 120 

20 20 600 

0.64 0.61 0.42 
1.6 1.5 1.1 
4.2 4 2.8 

-0.64 0.61 -0.42 
-2 -1.8 -1.3 

-1.6 -1.5 -1.1 
-4.2 -4 -2.8 

0.05 
0.05 
0.05 

4.95 
9.95 
14.95 

1.5 
3 
4 

3.5 
7 
11 

±0.1 ±0.1 ±1 

60-68 
(1.524-1.727\ 

+25 

+125 Min. Typ. Max. 

30 - 0.02 1 
60 - 0.02 2 

/lA 120 - 0.02 4 
600 - 0.04 20 

0.36 0.51 1 -
0.9 1.3 2.6 -
2.4 3.4 6.8 -

mA 
-0.36 -0.51 -1 +-=---1.15 -1.6 -3.2 -
-0.9 -1.3 -2.6 -
-2.4 -3.4 -6.8 -

- 0 0.05 
- 0 0.05 
- 0 0.05 

V 

4.95 5 -
9.95 10 -
14.95 15 -

- - 1.5 
- - 3 
- - 4 

V 
3.5 - -

7 - -
11 - -

±1 - ±10-5 ±0.1 /lA 

Dimensions in millimeters are derived from the basic inch dimensions 
as indic8ted. Grid graduations are in mils (10-3 ). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
differsnt chips. The actual dimensions of the isolated 
chip, therefore. mey differ slightly from the nominal 
dimensions shown. The user should considers tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

79-8~~ ________ ~1 
14----------(:-:2-.007-2.209\ Dimensions and Pad Layout for CD4027BH 

92CS-35059 



DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input t r• It = 20 ns. 
CL =50 pF. RL = 200 kQ 

LIMITS 
CHARACTE RISTIC 

VDD All Packages 
(V) Min. Typ. 

Propagation Delay Time: 5 - 150 
Clock to Q or Q Outputs 10 - 65 

tpHL. tpLH 15 - 45 

5 - 150 
Set to Q or Reset to Q tpLH 10 - 65 

15 - 45 

5 - 200 
Set to Q or Reset to Q tpHL 10 - 85 

15 - 60 

5 - 100 
Transition Time tTHL· tTLH 10 - 50 

15 - 40 

Maximum Clock Input 5 3.5 7 

Frequency# (Toggle Mode) 10 8 16 

tCL 15 12 24 

5 - 70 
Minimum Clock Pulse Width tw 10 - 30 

15 - 20 

Minimum Set or Reset Pulse 5 - 90 

Width tw 10 - 40 

15 - 25 

5 - 100 
Minimum Data Setup Time ts 10 - 35 

15 - 25 
5 - -Clock Input Rise or Fall Time 
10 - -

trCL. ttCL 15 - -
Input Capacitance CI - 5 

# Inputt,,1t = 5ns. 

50 pF 

r:50PF 

16 

(5°i 15 

14 

1 4 13 50 PF1 = 
5 12 

II 

7 10 

e 9 

PULSE 
L---------------~~__i GEN 

92CS-36061 

Fig. 13-Dynamic power dissipation test 
circuit. 

Max. 

300 

130 

90 

300 

130 

90 

400 

170 

120 

200 

100 

80 

-
-
-

140 

60 

40 

180 

80 

50 

200 

75 

50 

45 
5 
2 

" 

7.5 

UNITS 

ns 

ns 

ns 

ns 

MHz 

ns 

ns 

ns 

/.IS 

pF 

CD4027B Types 

92C5-Z7~5Z 

Fig. to - Typical propagation delay time VS'. 

load capacitance (CLOCK or SET 
to 0, CLOCK or RESET to Q. 

Fig./1- - Typical propagation delaY.Jime vso 
load capacitance (SET to Q or 
RESET to 0). 

SUPPLY VOLTAGE t'"ool-V 

Fig.12- Typical maximum clOCk rrequency VS'. 

supply voltage (toggle mode). 
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CMOS 
BCD-to-Decimal Decoder 
High-Voltage Types (20-Volt Rating) 

The RCA-C0402BB types are BCD-to­
decimal or binary-to· octal decoders consist­
ing of buffering on all 4 inputs, decoding· 
logic gates, and 10 output buffers. A BCD 
code applied to the four inputs, A to D, 
results in a high level at the selected one of 
10 decimal decoded outputs. Similarly, a 
3-bit binary code applied to inputs A through 
C is decoded in octal code at output 0 to 7 
if D = "0". High drive capability is provided 
at all outputs to enhance dc and dynamic 
performance in high fan-out applications. 

The CD402BB-Series types are supplied in 
l6-lead hermetic dual-in-line ceramic pack­
ages (D and F suffixes), l6-lead dual-in-line 
plastic packages (E suffix), l6-lead ceramic 
flat packages (K suffix), and in chip form (H 

suffix). 

Features: 

• BCO-to-decimal decoding or binary-to-octal decoding 
• High decoded output drive capability 
• "Positive logic" inputs and outputs_ ... 

..... decoded outputs go high on selection 
• Medium-speed operation .... 

tpHL' tpLH = 80 ns (typ.) @VOO = 10 V 
• Standardized, symmetrical output characteristics 
• 100% tested for quiescent current at 20 V 

• Maxi mum input current of 1 I1A at 18 V 
over full package-temperature range; 
100 nAat 18 V and 250 C 

• Noise margin (over full package­
temperature range): 

1 Vat VOO = 5 V 
2 Vat VOO = 10 V 

2.5 Vat VOO = 15 V 
• 5-V, 10-V, and 15-V parametric ratings 
• Meets all requirements of JEOEC 

Tentative Standard No. 13A, "Standard 
Specifications for Oescription of 'B' 
Series CMOS Devices" 

Applications: 
Ii C-ode conversion • Indicator-tube decoder 
• Address decoding-memory selection control 

VDD 

~3~;;ll'l :: : 
BCD 

INPUT':. I " . , 
, II D 

CD4028B 
FUNCTIONAL DIAGRAM 

4 I. " voo 

• • 15 3 
0 3 

" t • 13 
9 • I. 
S • " • t 10 

Vss 9 

92CS_24471 

Top View 
TERMINAL DIAGRAM 

TABLE I - TRUTH TABLE 

DC B A 0 1 2 3 4 5 6 7 

~
v 0 * ALL INPUTS ARE PROTECTED 

BY COSIMOS PROTECTION 
----- NETWORK. 

Fig. , - Logic diagram. 
vss 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE. (VDD) 

92CM-28612 

(Voltages referenced to VSS Terminal) ....................................................... -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALLINPUTS ................................................... -0.5 to VOD +0.5 V 
DC INPUT CURRENT. ANY ONE INPUT ............................................................. ±10 mA 
POWER DISSIPATION PER PACKAGE (PD): 

For T A • -40-to +6O"C (PACKAGE TYPE E) ........................................................ SOO mW 
For TA • +60 to +85'C (PACKAGE TYPE E) •.• , ....•••...••••••....•• Derate Llnesrly at 12 mWI'C to 200 mW 
For T A • -55 to +100' C (PACKAGE TYPES D. F. K) .................................................. 500 mW 

0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
1 

1 
1 
1 
1 
1 

o 0 
o 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 
0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 

0 1 0 0 0 0 0 0 0 
1 0 1 0 0 0 0 0 0 
0 0 0 1 0 o 0 0 0 
1 0 0 0 1 o 0 0 0 
0 000 0 1 0 0 0 
1 0 0 0 0 0 1 0 0 
o 0 0 o 0 0 0 1 0 
1 0 0 o 0 0 0 0 1 
0 0 0 0 0 0 0 0 0 
1 0 0 0 0 0 0 0 0 
0 0 o 0 0 o 0 0 0 
1 0 o 0 0 o 0 0 0 
0 0 o 0 o 0 0 0 0 
1 0 0 0 o 0 0 0 0 
0 0 0 0 0 0 0 0 0 
1 0 0 0 o 0 0 0 0 

B 9 

0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
1 0 
0 1 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 

ForTA • +100 to +l25'C (PACKAGE TYPES D, F, K) .................. Derate Linearly at 12 mWI'C to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

I • HIGH LEVEL o· LOW LEVEL 

For T A • FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .••••.••••••.••••.•.••.•••••• 100 mW 
OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE TYPES D, F, K. H ................................................................ -55 to +125'C 
PACKAGE TYPE E •••.•••.•••..••..••...••••.•••••..••••.•..•...•.•..••••..••.•....•.••.•.•• -40 to +85'C 

STORAGE TEMPERATURE RANGE (Tstg) ...................................... : .............. -65 to +15O'C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max .................................. +265'C 
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RECOMMENDED OPERATING CONDITIONS 

For maximum reliability. nominal operating conditions should be selected so that 

operation is always within the following ranges: 

CHARACTERISTIC 
LIMITS 

UNITS 
MIN. MAX. 

Supply,Voltage Range 

(For T A = Full Package 

Temperature Rang(!) 3 18 V 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OCI 

CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packag'e.-
CHARACTER· V.lue •• t ..... 0. +25. +85 Apply to E Poe"'", 

ISTIC 
Vo VIN VDD 
(VI (VI (VI -55 ..... 0 +85 +125 Min. 

Quiescent Device - a,s 5 5 5 150 150 -
Current, - 0,10 10 10 10 300 300 -

100 Max. - 0,15 15 20 20 600 600 -
- 0,20 20 100 100 3000 3000 -

Output Low 0.4 0.5 5 0.64 0.61 0.42 0.36 0.51 
(Sinkl Current 0.5 0.10 10 1.6 1.5 1.1 0.9 1.3 

IOL Min. 
1.5 0.15 15 4.2 4 2.8 2.4 34 

Output High 4.6 0.5 5 -0.64 -0.61 -0.42 -0.36 -0.51 
(Sourcel 2.5 0.5 5 -2 -1.8 -1.3 -1.15 -1.6 
Current, 9.5 0.10 10 -1.6 -1.5 -1.1 -0.9 -1.3 

IOH Min. 
13.5 0.15 15 -4.2 -4 -2.8 -2.4 -3.4 

Output Voltage; - 0.5 5 0.05 -
Low·Level. - 0.10 10 0.05 -VOL Max. - 0.15 15 0.05 -

Output Voltage: - 0.5 5 4.95 4.95 
High·Level. - 0.10 10 9.95 9.95 
VOH Min. - 0.15 15 14.95 14.95 

Input Low 0.5.4.5 - 5 1.5 -
Voltage. 1.9 - 10 3 -

VIL Max. 
1.5.13.5 - 15 4 -

Input High 0.5.4.5 - 5 3.5 3.5 
Voltage. 1.9 - 10 7 7 

VIH Min. 1.5.13.5 - 15 11 11 

Input Current - 0.18 18 ±0.1 ±0.1 ±1 ±1 -liN Max. 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 250C.CL = 50 pF. 

Input t,.1f = 20 ns, RL = 200 kn 

TEST CONDITIONS LIMITS 
CHARACTERISTIC 

VDDIV) Typ. Max. 

Propagation Delay Time: 5 175 350 

tpHL' tpLH 10 80 160 
15 60 120 

5 100 200 

Transition Time 10 50 100 

tTHL. tTLH 15 40 80 

Input Capacitance. CIN - 5 7.5 

+25 

Typ. Max. 

0.04 5 

0.04 10 

0.04 20 

0.08 100 

1 -
2.6 -
6.8 -

1 -
-3.2 -
-2.6 -
-6.8 -

0 0.05 

0 0.05 

0 0.05 

5 -
10 -
15 -
- 1.5 

- 3 

- 4 

- -
- -
- -

.±1O-5 ±0.1 

UNITS 

ns 

ns 

pF 

UNITS 

IJA 

mA 

V 

V 

IJA 

CD4028B Types 

, , 
DRAIN-lO-SOURCE VOLTAGE !VOSI-V 

Fig. 2 - Typical output low Isink) 
current characteristics. 

AMeIEN~ TEMPE~~TURE~TAI'2~·C: ::1 :::: IT: ... 
:::::1:: :::11::::1::::1:::: :::: :::: : .. , 
:::: J: :::: :::: :::: :::: :'f: :::: ::: 

!I 10 I!I 
DRAIN-lO-SOURCE VOLTAGE (I.'051-V 

Fig. 3 - Minimum output low (sink J 
current characteristics. 

Fig. 4 - Typical propagation delay time as 
a function of load capacitance. 

DRAIN-10-SOURCE VOL1AGE \VosJ-V , 

Fig. 5 - Typical output high (source) 
current characteristics. 
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CD4028B Types 

TABLE II - CODE CONVERSION CHART 

INPUT CODES 

Hexa_ Decimal 
Decimal 

INPUTS '" '" OUTPUT NUMBER >- ~~>-a: 1->- z~ 
1-< W' -z -< U u< ~~ 

DeB A 'l'- "'a: X xa: <~ 0 1 2 3 4 5 6 7 89101112131415 ... '" .tel w wel 

o 0 o 0 0 0 0 o 1 0 o 0 o 0 0 o 0 0 0 0 0 0 0 0 

000 1 1 1 1 1 0 1 o 0 o 0 o 0 0 000 0 0 0 0 

0 0 1 0 2 3 0 2 2 0 0 1 0 o 0 0 .0 0 000 0 o 0 0 

0 0 1 1 3 2 0 3 3 o 0 0 1 o 0 0 o 0 o 0 o 0 0 o 0 

0 1 0 0 4 7 1 4 4 o 0 o 0 1 000 0 0 0 0 0 000 

o 1 0 1 5 6 2 3 0 000 o 1 000 0 000 000 

0 1 1 0 6 4 3 1 4 0 0 0 0 0 0 1 o 0 0 000 o 0 0 

0 1 1 1 7 5 4 2 o 0 0 o 0 0 o 1 o 0 o 0 0 0 0 0 

1 o 0 0 8 15 5 o 0 0 0 
1 0 

1 0 
1 0 
1 1 

1 1 

1 1 
1 1 
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0 1 9 14 6 5 0 0 0 0 

1 0 10 12 7 9 6 0 000 
1 1 11 13 8 5 0 o 0 0 

0 0 12 8 9 5 6 0 o 0 0 

0 1 13 9 6 7 7 0 0 0 0 
1 0 14 11 8 8 8 O. 0 0 0 
1 1 15 10 7 9 9 0 000 

Fig. 8 - Typical transition time as a 
function of load capacitance. 

500,..F 

Fig. 10 - Dvnamic power dissipation 
test circuit. 

0 000 1 o 0 000 0 0 

o 0 o 0 0 1 0 000 0 0 

o 0 000 0 1 0 000 0 

0 0 000 0 o 1 o 0 0 0 

0 o 0 0 0 0 0 o 1 0 o 0 

o 0 0 0 0 0 o 0 0 1 0 0 

0 000 0 0 0 o 0 o 1 0 
00000 0 o 0 0 0 0 1 

YDO 1NPUOS Vco NOW 
~ ~::~~;I~~~~~S 
'Iss TO BOTH YOD AND Yss' 

CONNECT ALL UNUSED 
INPUTS TO EITHER 
YeD OR Vss' 

Vss 

Fig. 9 - Input current test circuit. 

Voo 

v," 
'-- ~ 

'NPUTO. OuTPuTS 

Y~L :t 
NOTE· 

'Iss ~S:-N~"u~~OMBIN"TlON 

Fig. 11 - Input voltage test circuit. 

vOD 

. 
Vss 

INPUTS ,_L----, 

Vss 

Fig. 12 - Quiescent device current 
test circuit. 

nel-uu,,!! 
Fig. 6 - Minimum output high (source) 

ID · · ~I04. - . 
~ . 
~ . 
~ 10', 
!!i • 
II • e I 
E 

~I~ 
L • · I 

10 

current characteristics. 

AMBIENT TtMPERATURE (TA). 25"'C 

I II~ 
.~ 

~ "o~ 
I-.~ 7~.,~ 

cY ~ 

~ 
'I' 
/ CL -SOpF' 

----CL -I"F r= 

UI I .. 
I 2 418'0 2 4 11,02 2 4 "I~Z 4 ",ef ' ',r! 

INPUT FREQUENCY (f)-IIHI 
8ZCS-294IZ 

Fig. 7 - Typical dynamic power dissipa· 
tion as a function of input 
frequency. 

TVflCAL APPLICATIONS 

INPUT/ 

116 CD4069B 

"CI-aM'" 

Fig. 13 - Code conversion circuit. 

The circuit shown in Fig.13 converts any 4· 
bit code to a decimal or hexadecimal code . 
Table 2 shows a number of codes and the 
decimal or hexadecimal number in these 
codes which must be applied to the input 
terminals of the CD4028B to select a partie· 
ular output. For example: in order to get a 
high on output No. 8 the input must be 
either an 8 expressed in 4·Bit Binary code, a 
15 expressed in 4·Bit Gray code, or a 5 ex· 
pressed in Excess·3 code. 



CD4028B Types 

"(Trademark) Burroughs Corp. 

Fig. 14 - Neon readout (Nixie Tube·) display application. 

Fig. 15 - 6·bit binary to '·of·64 address decoder. 

71-79 
1.804-2.006) 

CD4028BH 
DIMENSIONS AND PAD LAYOUT 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils 110-3 inch). 

The photographs and dimensions 01 each CMOS chip 
represent a chip when it is parr of the wafer. When the 
waler is separated into individual chips. the angle 01 
clsavage may vsry with respect to the chip face for 
different chips. The actual dimensions 01 the isolated 
chip. therefore. may differ slightly from the nominal 
dimensions shown. The user should considers tolerancs 
of -3 mils to +16 mils applicable 10 the nominal 
dimensions shown. 
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CD4029B Types 

CMOS Presettable 
Up/Down Counter 
Binary or BCD-Decade 

High-Voltage Types !20-Volt Rating) 

The RCA-CD4029B consists of a four-stage 
binary or BCD-decade up/down counter with 
provisions for look-ahead carry in both 
counting modes_ The inputs consist of a 
single CLOCK, CARRY-IN (CLOCK EN­
ABLE), BINARY/DECADE, UP/DOWN, PRE­
SET ENABLE, and four individual JAM sig­
nals_ 01, 02, 03, 04 and a CARRY OUT 
signal are provided as outputs. 

A high PRESET ENABLE signal allows 
information on the JAM INPUTS to preset 
the counter to any state asynchronously with 
the clock. A Iowan each JAM line, when the 
PRESET-ENABLE signal is high, resets the 
counter to its zero count. The counter is 
advanced one count at the positive transition 
of the clock when the CARRY-IN and PRE­
SET ENABLE signals are low. Advancement 
is inhibited when the CARRY-IN or PRESET 
ENABLE signals are high. The CAR RY -OUT 
signal is normally high and goes low when 
the counter reaches its maximum count in 
the UP mode or the minimum count in the 
DOWN .mode provided the CARRY-IN sig­
nal is low. The CARRY-IN signal in the low 
state can thus be considered a CLOCK 
ENABLE. The CARRY-IN terminal must be 
connected to VSS when not in use. 

Binary counting is accomplished when the 
BINARY!DECADE input is high; the counter 
counts in the decade mode when the BI­
NARY/DECADE input is low. The counter 
counts up when the UP/DOWN input is 
high, and down when the UP/DOWN input 
is low. MUltiple packages can be connected 
in either a parallel-clocking or a ripple­
clocking arrangement as shown in Fig. 17. 

Parallel clocking provides synchronous con­
trol and hence faster response from all 
counting outputs. Ripple-clocking allows for 
longer clock input rise and fall times. 

The CD4029B-series types are supplied in 
l6-lead ceramic dual-in-line plastic pack­
ages (E suffix), l6-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

CD4029B Terminal Diagram 

. PRESET ENABLE I. I. VDD 

o' • ,. CLOCK 
JAM4 3 I. 03 
JAMI 13 JAM 3 

CARRY IN 
" 

JAM2 
01 " 02 

CARRY OUT 10 UP/DOWN 
Vss BINARY I DECADE 
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Features: 
• Medium-speed operation ___ 8 MHz (typ_1 

@ Cl = 50 pF and VDD-VSS = 10 V 
• MUlti-package parallel clocking for synchronous 

high speed output response or ripple clocking 
for slow clock input rise and fall times 

• "Preset Enable" and individual" Jam" inputs provided 
• Binary or decade up/down counting 
• BCD outputs in decade mode 

• 100% tested for quiescent current at 20 V 
• 5-V, 10-V, and 15-V parametric ratings 

• Standardized, symmetrical output charac­
teristics 

• Maximum input current of 1 /.IA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 250 C 

• Noise margin (over full package-tempera­
ture rangel 

1 Vat VOO = 5 V 
2 V at VDO = 10 V 

2_5 Vat VOD = 15 V 
• Meets all requirements of JEDEC Tentative 

Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 
• Programmable binary and decade 

counting/frequency synthesizers-BCD output 
• Analog to digital and digital to 

analog conversion 
• Up/Down binary counting 
• Magnitude and sign generation 
• Up/Down decade counting 
• Difference counting 

PRESET 
ENABLE 

BINARVI 
DECADE 9 

~IO 

~15 

Vss 
92CS-17190R3 

CD4029B 

FUNCTIONAL DIAGRAM 

RECOMMENDED OPERATING CONDITIONS at TA = 25°C, Except as Noted_ For maximum 
reliability, nominal operating conditions should be selected so that operation is always within the 
following ranges: 

CHARACTERISTIC VDD LIMITS UNITS 
(VI Min. Max. 

Supply-Voltage Range (For T A = Full Package-
Temperature Range) - 3 18 V 

Setup Time tSU: 
5 60 -

Carry-In 10 20 -
15 12 -

5 340 -

U/D or B/D 10 140 -
15 100 - ns 
5 180 -

Clock Pulse Width, tw 10 90 -

15 60 -
5 130 -

Preset Enable Pulse Width, tw 10 70 -
15 50 -

5 - 2 
Clock Input Frequency, fCl 10 - 4 MHz 

15 - 5.5 

5 -

Clock Rise and Fall Time, trCl, tfCl 10 - 15 /.Is 
15 -



MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPL Y-VOL TAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) """'''''''''''',''', ..... " ...... "....... -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS .".".""."."",,"""""",,.,," -0.5 to VDD +0.5 V 
DC INPUT CURRENT. ANY ONE INPUT"" "". ". ". " " "" " """ "". " "" ",,"" ±10 mA 
POWER DISSIPATION PER PACKAGE (PO): 

For T A = -40 to +60°C (PACKAGE TYPE E) """""""""""."""""".,,"",,. 500 mW 
For T A = +60 to +B5°C (PACKAGE TYPE E) ............... Derate Linearly at 12 mW/oC to 200 mW 
For T A = -55 to +loo°C (PACKAGE TYPES 0, F, K) ""."""""."""""".",,.,, .. 500 mW 
For T A = +100 to +125°C (PACKAGE TYPES D. F, K) ....... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .........•.•.•.... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES 0, F, K, H "."."""."." ...... """""""",,,, .. ,,",,. -55 to +125°C 
PACKAGE TYPE E ." .............................. " ................... "." ..•. -40 to +85°C 

STORAGE TEMPERATURE RANGE (Tstg) ."." ........... " ...... " ..•...... " ... -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max ........•...•.......... +265°C 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (oC) 

CHARAC- CONDITIONS Values al -55, +25, +125 Apply 10 D, F, K, H Packages 
TERISTIC Values at -40, +25, +85 Apply to E Package 

Vo VIN VDD 
+25 

(V) (V) (V) -55 -40 +85 +125 Min. Typ. Max. 

- 0,5 5 5 5 150 150 - 0.04 5 
Quiescent 

Device - 0,10 10 10 10 300 300 - 0.04 10 

Current, - 0,15 15 20 20 600 600 - 0.04 20 
100 Max. 

- 0,20 20 100 100 3000 3000 0.08 100 -

0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -
Output Low 

(Sink) Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -

IOL Min. 1.5 0,15 15 4.2 4 2.8 2.4 3.4 6.8 -

4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 -
Output High 

(Source) 2.5 0,5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -

Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -
IOH Min. 

13.5 0.15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 -

Output Voltage: 
- 0,5 5 0.05 - 0 0.05 

Low·Level, - 0,10 10 0.05 - 0 0.05 
VOL Max. - 0,15 15 0.05 - 0 0.05 

Output - 0,5 5 4.95 4.95 5 -

Voltage: - 0,10 10 9.95 9.95 10 -
High·Level, 

14.95 VOH Min. - 0,15 15 14.95 15 -

0.5,4.5 - 5 1.5 - - 1.5 
Input Low 

1,9 10 3 3 Voltage - - -
VIL Max. 1.5,13.5 - 15 4 - - 4 

Input High 0.5,4.5 - 5 3.5 3.5 - -
Voltage, 1,9 - 10 7 7 - -
VIHMin. 

1.5,13.5 - 15 11 11 - -

Input Current - 0,18 18 ±0.1 ±0.1 ±1 ±1 - ±10-5 ±0.1 
liN Max. 

U 
N 
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T 
S 

p.A 
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V 

V 
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~ 10 

5 , 

" DRALN-10~SOURCE VOLTAGE (VDSI-V 

Fig. 1 - Typ;caJ output low (sink) current 
characteristics. 

~ AM""" TEMP'Riilii i1i'iiiiil 
1111111111111' E , 

~6 15 

'JJ,I,'JJJ1UID, VOLTAGE tvos"'" " ~125 
H1T 

~ 10 

[I] ~ I 
~ 7.5 . g , 
§ 25 ill , 5 10 5 

DRAIN-la-SOURCE VOLTAGE (V051-V 

Fig. 2 - Minimum output low (sink) current 
characteristics. 

DRAIN-TO-SOURCE VOLTAGE (V05)-\1 

Fig. 3 - Typical output high (source) current 
characteristics. 

DRAIN-TO-SOURCE VOLTAGE IVos)-V 

-" -'0 -, 0 
AMBIENT TEMPERATURE ITAI-25-C 

tttttttttW!. 
GATE-TO-SQURCE VO~T~E (VGS)' -5 v 

-, 

~U! , ·0 

'-15 V 

11l1l1 
." 

1-

II Ililll , , 

Fig. 4 - Minimum output high (source) current 
characteri$tics. 

141 

• 



CD4029B Types 

CAPACITANCE (CLl-pF 

Fig. 5 - Typica' transition time as B function of 
load capacitance. 

Fig. 6 - Typical p_tion delay times as a func· 
tion of load capilCitanco (0 output). 

LOAD CAPACITANCEfCL,J-pf 92CS."720 

Fig. 7 - Typical propagation dolay time as a func· 
tion of load capacitance (carry outputl. 

4 A"IIENT TEWE1ifj-ITA).e 
r-- . - -- ---t- o!'".!.. 

, ~~ ~IO" 
r- . I II ~I ]:J .~ , ==. ... ~ .... • ? . --.~ 

z - ... ' I?-~ 
i~ 

~. = .fr. 
~ . - -r.,1 --.'" v/ 
"' . (I ;J. 
f • - CL -'0 pf := • CL-I'5 pI __ 

,. IIII I . .. z 4 e.· 
10 ,0' 
CLOCK FREQUENCY C 'a..l-'HI lieS-tin, 

Fig. 8 - Typical power dissipation as a function 
of frequency. 
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*ALL INPUTS ARE PROTECTED 
BY COSIMOS INPUT PROTECTION 
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92CL·28675 R1 

Fig. 9 - ,Logic diagram. 
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Fig. 10 - Timing diagram-binary mode. 
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CONTROL LOGIC 
INPUT LEVEL 

BIN/DEC 
(BID) 

04 UP/DOWN 
(U/D) 

PRESET ENABLE 
(PEl 

CARRY IN icY) 
(CL.OCK ENABLE) 

Fig. 9 - Logic diagram (cont'd). 

ACTION 

BINARY COUNT 
DECADE COUNT 

UP COUNT 
DOWN COUNT 

JAM IN 
NO JAM 

NO COUNTER 
AOVANCE AT POS. 
CLOCK TRANSITION 

ADVANCE COUNTER 
AT POS. CLOCK 
TRANSITION 

CD4029B Types 

92CS-17195R2 

Fig. 11 - Conversion of clock up, clock down 
input signals to clock and up/down 
input signals. 

The CD4029B CLOCK and UP/DOWN inputs 
are used directly in most applications. In 
applications where CLOCK UP and CLOCK 
DOWN inputs are provided, conversion to 
the CD4029B CLOCK and UP/DOWN inputs 
can easily be realized by use of the circuit 

in Fig. 11. 

CD4029B changes count on positive transi· 
tions of CLOCK UP or CLOCK DOWN 
inputs. For the gate configuration shown 
below, when counting up the CLOCK DOWN 
input must be maintained high and conversely 
when counting down the CLOCK UP illPLIt 
must be maintained high. 

I , 

~-+--~~~~~+-~-+--~~-+--~+-~~--~~-+~~:~ 
I I 
I , 

:--7-~~--+-~-7~--7-~~--+-~~--~+-~~--+-~-7~:r-:­
~~7-+-+-~~~-7-+~~--~7-7-+-+-~~~-7~U-:-

I 

, 
I I I I 
I I I I 
IL..L......!--.! 11"1" 
I I . I I I I 

~:=+::~+==+~::+=~=+'~~' I"'~~':=+::~+=~=+::~+=~-:I~ I I I I I I I I 

IIUI I I I~ 
I I I 1 I I I I I 
I I I I [ I I 1 1 I I 

7:eI9:81716:54 32:1 °1°1916:7 
I I I I I I I I I I 

nCM-1719:3R3 

Fig. 12 - Timing diagram-decade mode. 
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CD4029B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A • 25°C. Input tr.t, = 20 ns. 
Cl ~50pF.Rl =200kn 

CHARACTERISTIC TEST CONDITIONS LIMITS 

VDD(VI Min. !yp. Max. 

Clocked Oparation 

Propagation Delay Time: tpHl' tpLH 5 - 250 500 

a Output 10 - 120 240 
15 - 90 180 

5 - 280 560 
Carry Output 10 - 130 260 

15 95 190 

5 - 100 200 
Transition Time: tTHl' tTlH 10 - 50 100 

a Outputs. Carry Output 15 - 40 80 

5 - 90 180 
Minimum Clock Pulse Width. tw 10 - 45 90 

15 30 60 

5 - - 15 
Clock Rise & Fall Time, trCl, ttCl ** 10 - - 15 

15 - - 15 

Minimum Setup Times, 
.. 5 - 170 340 

ts 
10 - 70 140 

8/0 or UfO 
15 - 50 100 

5 2 4 -
Maximum Clock Input Frequency, tCl 10 4 8 -

15 5.5 11 -
Input Capaci tanee, CIN Any Input - 5 7.5 

Preset Enable 

5 - 235 470 
Propagation Delay Time: tpHl, tpLH 10 - 100 200 a Outputs 15 - 80 160 

5 - 320 640 
Carry Output 10 - 145 290 

15 - 105 210 

5 - 65 130 
Minimum Preset Enable Pulse Width, tw 10 - 35 70 

15 - 25 50 

Minimum Preset Enable Removal 5 - 100 200 

Time. 10 - 55 110 
trem * 15 - 40 80 

Carry Input 

Propagation Delay Time·: tpHl' tplH 5 - 170 340 

Carry Output 10 - 70 140 
15 - 50 100 

Min. HOLD Time 5 - 25 50 

tH *** Carry In 10 - 15 30 
15 - 12 25 

5 - 100 200 Min Set-Up Time 
fs *** Carry In 10 - 35 70 

15 - 30 60 

* from Up/Down, Binary/Decode, Carry In, or Preset Enable Control Inputs to Clock Edge. 

UNITS 

ns 

/JS 

ns 

MHz 

pF 

ns 

ns 

ns 

~ 
ns 

l 

** If more than one Unit IS r:ascaded In the parallel clocked application, trCL should be made less than or 
equal to the sum of the fixed propagation delay.n 15 pF and the transition time of the carry output 
driving stage for the estimated capacitive load. This measurement was made with a decouplina capacitor 
(>1 ~F) between VOO and VSS' ***From Carry In to Clock Edge 
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92C~-29722 

Fig. 13 - Power dissipation test circu;f. 

° Vss 

INPUTS 

VSS 

Fig. 14 - Ouiescent-device current test circuit. 

VDO 

V'H 

'-- ~ 

,NPUTOOUTPUTS 

V~L :t 
NOTE 

vss TEST ANY COMBINATION 
OF" INPUTS 

92CS-27441FiI 

Fig. 15 - Input voltage test circuit. 

Voo INPUCS V

DD 

NOTE 

~ ~:;~i::,~~~~~S 
Vss TO BOTH Voo AND Vss 

CONNECT ALL UNUSED 
INPUTS TO EITHER 

Voo OR Vss· 

Vss 

Fig. 16 - Input current test circuit. 
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·PARALLEL CLOCKING" 

U~OOWN>_-----1--------------------~~====::::==~--------~---------------+ 
~~~~~~ >-------j--.... ------------------t--..------------------+--_.-------------+ 

UP'D 

.... 
C1: CD4029 n>, p------Qn CD4029 

BID 

CLOCK >------i--~------------------t-~------------------t--4-------------+ 

g~~~r>------4--------------------~~--------------------~---------------* 

• CARRY OUT lines at the 2nd, 3rd, etc., stages may have a negative-going glitch 
pulse resulting from differential delays of different CD4029B IC's. These negative­
going glitches do not affect proper CD4029B operation. However. if the CARRY OUT 
signals are used to trigger other edge-sensitive logic devices, such as FF's or counters, 
the CARRY OUT signals should be gated with the clock signal using a 2·input OR gate 
such as C04071B. 

UP/DOWN >_-----.----------------------=;"~R'=P=PL=E=CL=O=CK='N=G="=---------_.----------------.. 

~:i~~~ >-------t--.... ------------------t--..------------------+---.-------------* 

UWD 

CI. 

BID 

CLOCK >_------+--+----------.... -1 92CL-Z8176Rt 

BINARY/> ______ .L ____________ --====±=======~ ____ ...l----------------.. DECADE 

Ripple Clocking Mode: 
The Up/Down control can be changed at any count. The only restriction on changing 
the Up/Down control is that the clock input to the first counting stage must be high. 
For cascading counters operating in a fixed up-count or down-count mode, the OR 
gates are not required between stages, and CO is connected directly to the CL input of 
the next stage with Ci grounded. 

Fig. 71- Cascading counter packages. 

10 20 30 40 50 60 70 eo 90 100 108 

Dimensions and pad layout for CD4029B_ 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in­
dicated. Grid graduations are in mils (10- 3 inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it ;s part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from fhe nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown_ 

I 
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CD4030B Types 

CMOS Features: 

Quad Exclusive-OR Gate 
• Medium-speed operation-tpHL, tpLH = 65 ns (typ.) at 

High-Voltage Types (20-Volt Rating) 

VDD = 10 V, CL = 50 pF 
• 100% tested for quiescent current at 20 V 
• Standardized, symmetrical output characteristics 
.• 5-V, 10-V, and 15-\,,"parametric ratings 

• J 

4 K 

The RCA·CD4030B types consist of four in-­

dependent Exclusive·OR gates. The CD4030B 

provides the system designer with a means 

for direct implementation of the Exclusive· 

OR function. 

•• Maximum input current of 1 /lA at 18 V over full package­

temperature range; 100 nA at 1.8 V and 25° C " M 

The CD4030B types are supplied in 14-lead 

hermetic dual-in-line ceramic packages (D 

and F suffixes), 14-lead dual-in-line plastic 

packages (E suffix). 14-lead ceramic flat 

packages (K suffix). and in chip form (H 

suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY -VOLTAGE RANGE, (VDD) 

• Noise margin (over full package-temperature 
range): 

1 Vat VDD = 5 V 
2VatVDD=10V 

2.5 Vat VDD = 15 V 
• Meets all requirements of JEDEC Tentative 

Standard No. 13A, "Standard Specifications 
for Description of '8' Series CMOS Devices" 

(Vollages referenoed 10 VSS Terminal) ............................................. -O.Slo +20 V 
INPUT VOLTAGE RANGE. ALL INPUTS ........................................ -O.Slo VDD +O.S V 
DC INPUT CURRENT, ANY ONE INPUT .................................................. ±10 mA 
POWER DISSIPATION PER PACKAGE (PD): 

For TA = -4010 +60'C (PACKAGE TYPE E) ............................................. SOO mW 
For T A = +6010 +85'C (PACKAGE TYPE E) ............... Derale Linearly al12 mWI'C 10 200 mW 
For TA = -SSlo +100'C (PACKAGE TYPES D, F, K) ...................................... SOO mW 
For TA = +100 10 +12S'C (PACKAGE TYPES D. F, K) ....... Derale Linearly al12 mWI'C 10 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ....•.....•....... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES D, F, K, H ..................................................... -5510 +125'C 
PACKAGE TYPE E ............................................................... -4010 +BS'C 

STORAGE TEMPERATURE RANGE (T stg) ......................................... -6510 +lS0'C 
LEAD TEMPERATURE (DURING SOLDERING): 

AI dislance 1/16± 1/32 inch (1.S9±0.79 mm) from case for lOs max .........•.....•...•... +26S'C 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the fol/owing ranges: 

CHARACTERISTIC 

Supply·Voltage Range (For T A = Full Package 
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Temperature Range) 

*'NPUTS P::~ECTED ~ __ Vss Vss 

BY COS/MOS 
PROTECTION NETWORK 

Vss 92CS-30052 

LIMITS 

MIN. 

3 

UNITS 
MAX. 

18 V 

TRUTH TABLE FOR ONE OF 
FOUR IDENTICAL GATES 

A B 

0 0 
1 0 
0 1 

1 1 

I = HIGH LEVEL 

0= LOW LEVEL 

J 
0 
1 

1 

0 

Fig. 1 - Schematic diagram (1 of 4 identical 
gatesl. 

Applications: 

VSS·7 
VOO-14 

92CS-30051 

CD4030B 
FUNCTIONAL DIAGRAM 

• Even and odd-parity generators and checkers 

• Logical comparators 

• Adders/subtractors 

• General logic functions 

TERMINAL DIAGRAM 
Top View 

A I 14 Voo 
B 2 13 H 

J. AESB 3 12 G 

K'C~O 4 II M'GESH 
5 10 L'EESF 

0 6 9 F 
V55 7 8 E 

TOP VIEW 
92CS-24473RI 



STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 
U 

CONDITIONS Values at -55, +25, +125 Apply to 0, F, K, H Packages N 
CHARAC- Va'lues at -40, +25, +85 Apply 10 E Package 
TERISTIC Vo VIN VDD +25 

(V) (V) (V) -55 -40 +85 +125 Min. Typ. 

Quiescent - 0,5 5 1 1 30 30 - 0.02 

Device - 0,10 10 2 2 60 60 - 0.02 

Current,lDD - 0,15 15 4 4 120 120 - 0.02 
Max. - 0,20 20 20 20 600 600 - 0.04 

Output Low 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 
(Sink) 

0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 Current 

IOL Min. 1.5 0,15 15 4.2 4 2.8 2.4 3.4 6.8 

Output High 
4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 

(Source) 2.5 0,5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 

Current, 9.5 0,10 10 -l.B -1.5 -1.1 -0.9 -1.3 -2.B 

IOH Min. 13.5 0,15 15 -4.2 -4 -2.8 -2.4 -3.4 -B.8 

Output Voltage: - 0,5 5 0.05 - 0 

Low-Level, - 0,10 10 0.05 -
VOL Max. - 0,15 15 0.05 - 0 

Output Voltage: - 0,5 5 4_95 4.95 5 

High-Level, - 0,10 10 9.95 9_95 10 

VOH Min. - 0,15 15 14.95 14_95 15 

Input Low 0.5.4.5 - 5 1.5 - -
Voltage, 1,9 - 10 3 - -
VILMax. 1.5,13.5 - 15 4 - -

Input High 0.5,4_5 - 5 3.5 3.5 -
Voltage. 1,9 - 10 7 7 -
VIHMin. 1.5,13.5 - 15 11 11 -

Input Current 

'IN Max. - 0,18 18 ±O.l ±0.1 ±1 ±l - ±10-5 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; Input t r, If = 20 ns, 
CL = 50 pF, RL = 200 K!2 

CONDITIONS 
CHARACTERISTIC 

VDD 
LIMITS 

(V) Typ. Max. 

5 140 280 

Propagation Delay Time, tpLH, tpHL 10 65 130 

15 50 100 

5 100 200 

Transition Time, tTHL, tTLH 10 50 100 

15 40 80 

Input Capacitance, CIN Any Input 5 7.5 

I 
T 

Max. S 

1 

2 iJ.A 
4 

20 

-
-
-

- mA 
-

0.05 

0.05 

0.05 
V 

-
-
-

1.5 

3 

4 
V 

-
-
-

±O.l ',llA 

UNITS 

ns 

ns 

pF 

CD4030B Types 

~15 . i '2.5 

a 10 

I , 

DRAIN-lO-SOURCE VOLTAGE1IJosl-1J 

Fig. 2 - Typical output low (sink) current 
characteristics. 

AMBIENT TEMPERATURE (TAlo25"C 

+ 

GATE TO-SOURCE VOLTAGE (V05'015V 

.. f I-t + +-t. 

,v 

," 
10V 

5 10 15 
DRAIN-lO-SOURCE VOLTAGE Nasi-V 

Fig. 3 - Minimum output low (sink) current 
characteristics. 

DRAIN-lO-SOURCE VOLTAGE IVDSI-V 
I I 

Fig. 4 - Typical output high (source) current 
characteristics. 

DRAIN-lO-SOURCE VOLTAGE tVosl-V -, 

Fig. 5 - Minimum output high (source) current 
characteristics. 
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CD4030B Types 

CAPACITANCE (CL)-pF 'J2tS*Mm 

Fig. 6 - Typical transition rime as a function of 
load capacitance. 

LOAD CAPACITANCE ICLJ-pF 

Fig. 7 - Typical propagation delay time as a function 
of load capacitance. 

AMBIENT TEMPERATURE (TA )·25-C 
LOAD CAPACITANCE ICL~:50 pF 

!5 10 15 20 
SUPPLY VOLTAGE 1Vool-V 

Fig. 8 - Typical propagation delay time as a function 
of supply voltage. " 

. . , 
~IO'+---+ e 
~I~'~'~----~~~~~--+------r----~ 
i : 
i,o'~~~~~-4-----+---1---~ 
• t 
it , 
~ I~~~~---r~--T----;----~ : 

10-12 

1,12 .... 2 "6',2 ... ',2 .... 2 ... 1ib" 
INPUT FREQUENCY itII-kHI 

Fig. 9 - typical dynamic power dissipation as a 
function of input frequency. 
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. 
Vss 

INPUTS 

Fig. 10 - Quiescent·device current 
test circuit. 

VDO 1NPUOS Voo NOTE 

~ MEASURE tNPUTS 

o ~ SEQUENTIAL,LY. 
Vss TO BOTH Voo ANOVSS 

CONNECT ALL UNUSED 
INPUTS TO EITHER 

Voo OR VSS 

VSS 

Fig. 12 - Input-current test 
circuit. 

V,H 

10PUTOVoo OUTPUTS 

'-- ~ . -
Vil -=-

NOTE; 

Vss ~S:-N",~~~OMaINATION 

92CS-27441RI 

Fig. 11 - Input·voltage test 
circuit. 

92CS-300!S5 

Fig. 13 - Dynamic power dissipation test 
circuit. 

92CS-35057 

Dimensions and pad layout for CD4030BH. 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in­
dicated. Grid graduations are in mils (10--3 inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considera tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4031 B Types 

Features: CMOS 64-Stage 
Static Shift Register 

• Fully static operation: DC to 12 MHz typo @ VDD-VSS 
= 15 V DATA I I~ 

IN 

High-Voltage Types (20-Volt Rating) • Standard TTL drive capability on Q output MODE 10 CONTROL 64 
. CONT LOGIC STAGES DATA 

• Recirculation capability OUT 

• 
• Three cascading modes: 

Direct clocking for high-speed operation The RCA-CD4031 B is a static shift register 
that contains 64 D-type, master-slave flip­
flop stages and one stage which is aD-type 

master flip-flop only (referred to as a 112 
stage)_ 

Delayed clocking for reduced clock drive requirements 

Additional 1/2 stage for slow clocks 

• 100% tested for quiescent current at 20 V 

The logic level present at the DATA input is 

transferred into the first stage and shifted 
one stage at each positive-going clock transi­
tion. Maximum clock frequencies up to 
12 Megahertz (typical) can be obtained. Be­
cause fully static operation is allowed, infor· 

mation can be permanently stored with the 

clock line in either the low or high state. The 
CD4031B has a MODE CONTROL input 
that, when in the high state, allows operation 
in the recirculating mode. The MODE CON­
TROL input can also be used to select be­
tween two separate data sources. Register 
packages can be cascaded and the clock 
lines driven directly for high·speed qperation. 
Alternatively, a delayed clock output (CLD) 
is provided that enables cascading register 
packages while allowing reduced clock drive 
fan-out and transition·time requirements. A 
third cascading option makes use of the 0' 
output from the 112 stage, which is available 
on the next negative-going transition of the 

clock after the 0 output occurs. This delayed 
output, like the delayed clock CLD, is used 
with clocks having slow rise and fall times. 

• Maximum input current of 1 J.lA at 18 V 
over full package·temperature range; 100 nA 
at 18 V and 250 C 

• Noise margin (over full package·temperature 
range) 

1 Vat VDD = 5 V 
2 VatVDD = 10 V 

2.5 VatVDD = 15 V 

• 5·V, 10-V, and 15-V parametric ratings 

• Meets all requirements of JEDEC Tenta­
tive Standard No. 13A, "Standard Specifi­
cations for Description of 'B' Series CMOS 
Devices" 

Applications: 

• Serial shift registers 

• Time delay circuits 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that 
operation is alwavs within the following ranges: 

LIMITS 
CHARACTERISTIC Min. Max. UNITS 

The CD4031 B types-are slJPplied in 16-lead 
hermetic dual-in-line ceram1c packages (0 
and F suffixes). 16-lead plastic dual-in-line 

packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

Supply· Voltage Range 
(For T A=Full Package- 3 18 

Temperature Range) 

(Voltages referenced to VSSTerminal) ,.,,,,,,,,,,,,.,,,,.,,,,,.,,, ... ,.,,,,,,,,,,, -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS."""""."" .. "" .... "".".", .. , -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT,,,,,,,,,,,,,,,,.,,,,,,,,,,.,,,,,,,,,,,,,,,,,,,, .. ±10 mA 
POWER DISSIPATION PER PACKAGE (PD): 

For T A = -40 to +60°C (PACKAGE TYPE E) """,,,,,,,,,,,,,,.,,,,,,,,,,,,,,,,,,,,,,,, 500 mW 
For T A = +60 to +85°C (PACKAGE TYPE E) ",.",.""", Derate Linearly at 12 mwrc to 200 mW 
For T A = -55 to +100°C (PACKAGE TYPES D, F, K) .,.".,."",,,,,,,,,,,,,,, .. ,,,,,,,,, 500 mW 
For T A = +100 to +125°C (PACKAGE TYPES D, F, K) ""'" Derate Linearly at 12 mwrc to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ,.",."" ... , ... , 100 mW 

OPERATING-TEMPERATURE RANGE (T A): 
PACKAGE TYPES D, F, K, H "',."""',.,."." ... " ... ""'''''''".",, .... ,, -55 to +125°C 
PACKAGE TYPE E ,,,,,,,,,,,,,,,,,,,.,,,,, ",,,.,,,,,,,.,,,,,,,,,,,,,,, "",,,,. -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg) """"."" .. "",,,,,,,,,, .. ,,,,.,,.,, -65 to +150° C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 5 max. "" .. ".""",,,,, .. +265°C 

V 

DELAYED 
CLOCK 

Voo'" 16 OUT 

\Iss = e 
Ne", :3,4,11,12,13,14 

FUNCTIONAL DIAGRAM 

INPUT CONTROL CIRCUIT TRUTH TABLE 

DATA RECIRC. MODE 
BIT INTO 

STAGE I 

1 X 0 1 

0 X 0 0 

X 1 1 1 

X 0 1 0 

TYPICAL STAGE TRUTH TABLE 

Dau CL Data + 1 

0 J 0 

1 ..r 1 

X "- NC 

TRUTH TABLE FOR OUTPUT FROM Q' 
(TERMINAL 5) 

Data + 64 CL 

0 \... 
1 \... 
X J 
1 = HIGH LEVEL 

X = ~ON'T CARE 

RECIRCU-
LATE 

OATAIN2 

CL IN 

NC { 
0' 

Q 

0 
VS5 

Data + 64Y2 

0 

1 

NC 

0= LOW LEVEL 

NC = NO CHANGE 

I. VOO 
15 DATA IN I 

" 

tNC 
13 
12 

10 MOUE CONTROL 
9 CLo 

TOP VIEW 

NC~ NO CONNECTION 
nCS-29065RI 

TERMINAL ASSIGNMENT 
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CD4031 B Types 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 
Values at -55, +25, +125 Apply to 0, F, K, H Packages 

CONDITIONS Values at -40, +25, +85, Apply to E Package 
CHARACTERISTIC 

Vo VIN VDD 
(V) (V) (V) >-li5 

Ouiescent Device - '0,5 5 '5 
Current, - 0,10 10 TO 

100 Max. 0,15 15 20 
_. 0.20 20 100 

Output Low (Sink) 0.4 0.5 5 2.56 
Current IOL Min. 

Q 
0.5 0,10 10 6.4 

1.5 0,15 15 16.8 

0.4 0,5 5 0.64 

Q, Q', CLD 0.5 0,10 10 1.6 
1.5 0,15 15 4.2 

Output High (Source) 4.6 a,s 5 -0.64 
Cur,.!:.nt, IOH Min. 2.5 0,5 5 2 

Q, Q, Q', CLD 9.5 0,10 10 ·1.6 

13.5 0,15 15 4.2 

Ou tpu t Vol tage: - 0,5 5 
Low·Level, 0,10 10 
VOL Max. - 0,15 15 

Output Voltage: a,s 5 
High·Level, 0,10 10 

VOH Min. 0,15 15 

Input Low 0.5,4.5 - 5 
Voltage 1,9 - 10 

VIL Max. 1.5,13.5 .- 15 

Input High 0.5,4.5 .- 5 
Voltage. 1,9 10 

VIH Min. 1.5,13.5 - 15 

Input Current 

liN Max. 0,18 18 ±0.1 

~ 
2 CL 

CLOCK 
9 CLD 

EL 

- - * ALL. INPUTS ARE 1£00 

V55 

PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 

-40 +85 
5 150 

10 300 

20 600 

100 3000 

2.44 1.68 

6 4.4 

16 11.2 

0.61 0.42 

·1.5 1.1 
4 2.8 

-0.61 -0.42 

··1.8 -1.3 

-1.5 -1,1 

4 -2.8 

0.05 
0.05 

0.05 

4.95 
9.95 

14.95 

1.5 

3 
4 

3.5 
7 

11 

±0.1 ±1 

Fig. 1 - Logic diagram. 

150 

+25 

+125 Min. Typ. 
15t! - 0.04 

300 - 0.04 

600 - 0.04 

3000 - 0.08 

1.44 2.04 4 

3.6 5.2 10.4 

9.6 13.6 27.2 

0.36 0.51 1 

0.9 1.3 2.6 
2.4 3.4 6.8 

-0.36 -0.51 -1 

-1.15 -1.6 -3.2 

-0.9 -1.3 -2.6 

-2.4 -3.4 -6.8 

- a 
- 0 

- 0 

4.95 5 
9.95 10 

14.95 15 

- -
- -
- -
3.5 -

7 -
11 --

± 1 - ±10-5 

CL 

Max. 
5 

10 

20 

100 

-

-

-

-
-

-

-

-

-
0.05 
0.05 

0.05 

-

1.5 

3 
4 

-
-
-

±0.1 

UNITS 

fJA 

mA 

V 

V 

fJA 

DRA,IN-lO-SOURCE VOLTAGE IVos)-V 

Fig, 2 - Typical output low (sink) 
current characteristics (0 sink 
current = 4X ordinate). 

DRAIN-lO-SOURCE VOLTAGE IVDS)-V 

Fig. 3 - Minimum output low (sinkl 
current characteristics (Q sink 
current := 4X ordinate). 

DRAIN-TO-SOURCE VOLTAGE (Vosl-V 

Fig, 4 - Typical output high (.<ource) 
current characteristics. 

DRAIN-TO-SOURCE VOLTAGE tVosl-V 
-15 -10 -5 

AMBIENT TEMPERATURE CTA)-25·C 

GATE-TO-SOURCE VOLTAGEt\': 1--5V 

-IOV 

·d •• J! 
,. '-15 V 

C1 , . 
: t 

iF' mill ... ., 
Fig, 5 - Minimum output high (sourcel 

current characteristics. 



DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 2SOC'lnput tr,t,= 20 ns, 
CL =50pF, RL =200kfl. 

CHARACTERISTIC 
TEST CONDITIONS LIMITS 

VDD(V) Min. Typ. Max. 
Propagation Delay Time: 5 - 250 500 

Clock to 0: tpH l' tplH; 10 - 110 220 
Clock to Q, tpLH 15 - 90 180 

Clock to Q', tpHl, tPlH; 
5 - 190 380 

10 - 80 160 Clock to Q, tpHl 
15 - 65 130 

5 - 100 200 
Clock to ClD 10 - 50 100 

15 - 40 80 

Transition Time, tTHl' tTlH 
5 - 100 200 

10 - 50 100 (Any Output, except Q, tTH l) 
15 - 40 80 

5 - 50 100 
Q, tTHl 10 - 25 50 

15 - 20 40 

5 - 30 60 
Minimum Data Setup Time. ts 10 - 15 30 

15 - 10 20 

5 - 30 60 
Minimum Data Hold Time, tH 10 - 15 30 

15 - 10 20 

5 - 120 240 
Minimum Clock Pulse Width, tw 10 - 50 100 

15 - 40 80 

Maximum Clock Input Frequency. 
5 2 4 -

tCl 
.. 10 5 10 -

15 6 12 -

Clock Input Rise or Fall Time, 5 - - 1000 . 10 - - 1000 
trCl. ttCl 15 - - 200 

Input Capacitance. CIN - - 5 7.5 (Any Input) 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

J.I.S 

pF 

*If more than one unit is cascaded in the parallel clocked application, trCL should be made less than or 
equal to the sum of the propagation delay at 50 pF and the transition time of the output driving stage. 

**Maximum Clock Frequency for Cascaded Units; 

a) Using Delayed Clock Feature in Recirculation Mode: 

1 
f x = where n = number of packages 
ma (n.ll C LO prop. delay + Q prop. delay + set·up time 

bl Not Using Delayed Clock: 

1 

'max; propagation delay + set·up tim. 

CD4031 B Types 

40 60 8 100 
LOAD CAPACITANCE ICL l-pF 92CS'302~4 

Fig. 6 - Typical propagation delay time as a function 
of load capacitance Isee table). 

LOAD CAPACITANCE ICU-pF 92CS- 302':15 

Fig. 7 - Typical propagation delay time as a function 
of load capacitance Isee table). 

92CS-24'22 

Fig. 8 - Typical transition time as B function of 
load capacitance (except 0, tTHL)' 
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CD4031 B Types 

: AM81~I'tT TEM ERAT RE 

4 ITAI- 2S-C--ttttt;~ 

• ,~ 

J:>i,IOKa 
,'/ 

,~'k~ I • ~~ ,0 ~ 
,f 4 ~¥ ~;p 
Z 

2 ~ h~~ 
~ ''Ii ~q.¢ / 

f . 4' 
~ 

4 

II 2 

i l 

___ CL-I!5pF 

: . CL-!50pF 

4 

2 

II 1111 I 10 
2 "ea , ... , ... 2 • GG 2 ... 

LOAD CAPACITANCE ICLI-pf" 
10 100 IK 10K 
CLOCK INPUT FREQUENCY (fell-kHz 92CS.30Z,.,IU 

Fig. 9 - Typical transition time 8S a function of 
load capacitance (0, tTHLI. 

Fig. 10 - Typical dynamic power dissipation as a 
function of clock input frequency. 

VDD 

! 

1 
DELAYED 
CLOCt< 
TO CLOCK 
NEW DATA 
INTO FIRST 
REGISTER 

VDD 

! 
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CLOCK DRIVER 
___ • ____ •• ___ . ____________ .....J 

MODE CONTROL Voo' RECIRCULATION 

GNO' NEW OATA 

Fig. 12 - Cascading using direct clocking for high·speed oparation 
(see clock rise and fall time requirement). 

92C5-29063 

eLOCI< 
DRIVER 

* FOR RECIRCULATION MODE ONLY 
FF TO DELAY DATA UNTIL 

MODE CONTROL: VOO"RECIRCULATION 
GNO ~ NEW OATA 

FIRST REGISTER DELAYED CLOCKING 
HAS OCCURRED. 

Fig. 14 - Cascading using delayed clocking for reduced clock drive requirements. 

MODE CONTROL Voo· RECIRCULATION 

GND· NEW OATA 

Fig. 16 - Cascading using half-clock-pulse delayed data output (0'1 to permit 
use of slow rise and fall time clock input<. 

9ZCS-29062R! 

Q' 

9ZCS-29064 

VDD 

-=- vss 
fCL 

NOTE; P.G.I" fel; P.G.2· 4 

Fig. 11 - Dynamic power dissipation test circuit. 

VDD 

INPUTS r--~-' 

V55 

Fig. 13 - Ouiescent-device· 
current test circuit. 

Yoo ,NPUDS VDO NOTE' 
~~ MEASURE INPUTS 
o ~ SEQUENTIALLY, 

Vss TO BOTH Yoo AND Vss' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
YDO OR Vss' 

VSS 
92CS·ZT40Z 

Fig. 75 - Input·leakage current. 

V,H 

'NPUTQVDD OUTPUTS 

'-- ~ 
Y~ ~ 

9ZCS-Zl'44UU 

VSS NOTTE~sr ANY 

COMBINATION 
OF INPUTS 

Fig. t7 - Input·voltage test circuit. 



CD4031 B Types 

136 -144 
(3.454 -3.658) 92CM- 30259RI 

Dimensions and pad layout for CD40378. 
D,menSIons m parentheses are in millimeters and 
are derived from the basic Inch d,mensions as in­
dicated. Grid graduations .ue II) mds fla- 3 inch), 

The photographs and dimensions 01 each CMOS Chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the Chip laCB for 
different chips. The actual dimensions of the isolated 
chip. therefore, may dlfle' slightly from the nominal 
dimensions shown. The user should consider B tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4032B, CD4038B Types 

CMOS 
Triple Serial Adders 
High-Voltage Types (20-Volt Rating) 

Positive Logic Adder - CD4032B 

Negative Logic Adder - CD4038B 

The'RCA-CD4032B and CD4038B types 
consist of three serial adder circuits with 
common CLOCK and CARRY-RESET in­
puts. Each adder has provisions for two 
serial DATA INPUT signals and an IN­
VERT command signal. When the com­
mand signal is a logical "1", the sum is 
complemented. Data words enter the adder 
with the least significant bit first; the sign 
bit trails. The output is the MOD 2 sum of 
the input bits plus the carry from the pre­
vious bit position. The carry is only added 
at the positive-going ciock transition for the 
CD4032B or at the negative-going ciock for 
the 'CD4038B, thus. for spike-free operation 
the input data transitions should occur as 
soon as possible after the triggering edge_ 

The CARRY is reset to a logical "0" at the 
end of each word by applying a logical "1" 
signal 'to a CARRY-RESET input one-bit­
position before the application of the first 
bit of the next word. 

The CD4032'B and CD4038B types are sup­
plied in l6-lead hermetic dual-in-line ceramic 
packages(D and Fsuffixes). l6-lead dual-in­
line plastic packages (E suffix). l6-lead 
ceramic flat packages (K suffix). and in chip 
form (H suffix). 
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CD4032B, CD4038B 
TERMINAL DIAGRAM 

SUM 3 16 voo 
INVERT 3 15 .3 

CLOCK 
" 

B3 
5UM2 13 .2 

lNVERT2 12 B2 
r:ARRY RESET " B I 

INVERT I 10 ., 
VSS SUM I 

TOP VIEW 
92CS_24474RI 

Features: 
• I nvert inputs on all adders for sum complementing 

applications 
• Fully static operation. • _ _ dc to 10 MHz (typ_) 

@VDD=10V 
• Single-phase clocking 
• Standardized, symmetrical output characteristics 

• 100% tested for quiescent current at 20 V 
• 5-V, 10-V, and 15-V parametric ratings 

'I-"'-_-r---, ., 
INVERT I 

"SS"e 

"co '16 

SUM 2 

92CS-I'I'66:5 

• Maximum input current of lilA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 

CD4032B, CD4038B 
FUNCTIONAL DIAGRAM 

• Noise margin (over full package-tempera­
ture range I 

1 Vat VDD = 5 V 
2 V at VDD = 10 V 

2_5 V at VDD = 15 V 
• Meets all requirements of JEDEC Tentative 

Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY -VOLTAGE RANGE. (VDD) 

Applications: 
• Serial arithmetic units 
• Digital correlators 
• Digital datalink computers 
• Flight control computers 
• Digital servo control systems 

(VoHages referenced 10 VSS Terminal) _. __ ... _ . _ . _______ . ___ .. _ . _ ... _ . _ . _ ..... _ .. _. -0.510 +20 V 
INPUT VOLTAGE RANGE. ALL INPUTS __ ..... _. _____ . ___ . _ .... ___ ... _. ___ ..... -0.5 10 VDD +0.5 V 
DC INPUT CURRENT. ANYONE INPUT __ ._._. _. _._._ ... _. _ ....... _ ... _. ____ .. __ ... _ ._. _. _ ±10mA 
POWER DISSIPATION PER PACKAGE (PO): 

ForTA = -40 to +6O"C (PACKAGE TYPE E) .. _____ ._. _. ____ . _. _._. _. _._ .. _____ . _. _ . ___ .. 500 mW 
For T A = +60 10 +85·C (PACKAGE TYPE E) _ ....... _. __ ... Derale Linearly at 12 mWI"C 10 200 mW 
ForTA = -5510 +l00·C (PACKAGE TYPES O. F. K) ._. _. _ ........ _. _ ...... _. ___ .. __ ._ ._ .. 500 mW 
ForTA = +10010 +125·C (PACKAGE TYPES D. F. K) __ ._ ... Derale Linearly al12 mWI"Clo 200mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
ForTA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types). _. _._. __ ... _ ..... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): , 
PACKAGE TYPES D. F. K. H _. _ ..... _ ........ _._ ....... __ ......... _ ... _. _ ... _" __ -5510 +125·C 
PACKAGE TYPE E _._ ......... __ ._ ... _. _._. _. _____ .. _ ... ___ . __ .... __ . _. _ .... _ ... _ -4010 +8S·C 

STORAGE TEMPERATURE RANGE (TsIg) . _. _._ ........ __ . _ .. _ ..... _. _. _. __ . __ .. __ -8510 +150·C 
LEAD TEMPERATURE (DURING SOLDERING): 

AI distance 1/16± 1/32 inch (1.59± 0.79 mm) 'rom case for lOs max_ ._. _ ... ___ ... __ ... ___ . +285·C 

RECOMMENDED OPERATING CONDITIONS at TA = 25°C, Unless Otherwise Specified 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges_ 

CHARACTERISTIC VOD Min_ Max_ UNITS 

Supply Voltage Range (at T A - Full Package-Temperature 
Range) 3 18 V 

5 - 2.5 
Clock Input Frequency. fCl 10 - 5 MHz 

15 - 7.5 

5 - 500 
Clock I nput Rise or Fall Time, trCl. tfCl 10 - 500 IlS 

15 - 500 

Data Input Set-Up Time, 5 200 -
Clock to A or B Inputs tsu 10 80 - ns 

15 60 



* CLOCK ;;.3 ____ -1 

CD4032B, CD4038B Types 

STATIC ELECTRICAL CHARACTERISTICS 

CHARAC· CONDITIONS 
TERISTIC 

Vo VIN VDD 
(V) (V) (V) 

- 0,5 5 
Quiescent 

Device - 0,10 10 
Current, - 0,15 15 
IDD Max. 

- 0,20 20 

Output Low 0.4 0,5 5 

(Sink) Current 0.5 0,10 10 
IOL Min. 1.5 0,15 15 

Output High 
4.6 0,5 5 

(Source) 2.5 0,5 5 
Current, 9.5 0,10 10 
IOH Min. 

13.5 0,15 15 

Output Voltage: - 0,5 5 

Low·Level, - 0,10 10 
VOL Max. - 0,15 15 

Output - 0,5 5 
Voltage: - 0,10 10 
High·Level, 
VOH Min. - 0,15 15 

0.5,4.5 - 5 
Input Low 

1,9 10 Voltage -

VIL Max. 1.5,13.5 - 15 

Input High 0.5,4.5 - 5 

Voltage, 1,9 - 10 
VIH Min. 1.5,13.5 - 15 

Input Current - 0,18 18 
liN Max. 

LIMITS AT INDICATED TEMPERATURES (oC) u 
N 

Values at -55, +25, +125 Apply to D, F, K, H, Packages I 
Values at -40, +25, +85 Apply to E Package T 

-55 

5 

10 

20 

100 

0.64 

1.6 

4.2 

-0.64 

-2 

-1.6 

-4.2 

±0.1 

+25 S 

-40 +85 +125 Min. Typ. Max. 

5 150 150 - 0.04 5 

10 300 300 - 0.04 10 p.A 
20 600 600 - 0.04 20 

100 3000 3000 - 0.08 100 

0.61 0.42 0.36 0.51 1 -

1.5 1.1 0.9 1.3 2.6 -
4 2.8 2.4 3.4 6.8 -

-0.61 ·-0.42 -0.36 -0.51 -1 - mJl 

-1.8 -1.3 ':"'1.15 -1.6 -3.2 -
-1.5 -1.1 -0.9 -1.3 -2.6 -

-4 -2.8 -·2.4 -3.4 -6.8 -

0.05 - 0 0.05 

0.05 - 0 0.05 

0.05 - 0 0.05 V 

4.95 4.95 5 -

9.95 9.95 10 -
14.95 14.95 15 -

1.5 - - 1.5 

3 - - 3 

4 - - 4 V 

3.5 3.5 - -
7 7 - -

11 11 - -

±0.1 ±1 ±1 - ±10-5 ±0.1 p.A 

- WORD I+WO~D2 WORD 3+WORO 4-

CL 

INVERT -l-+-+-+--+-+-.f..-f-I-tiIIIIH 
CARRY 
RESET 

SUM 

-- TRUE SUM - - COMPLEMENTED SUM 

WORD I 0.011 LIDO" +60 WORD 3 1.10110 II. -31 
WORO 2 0.0'10010" +50 WORO 4 1.1001110--50 ] ~~DERS g ___ Voo 

>-____ -+-_ 2 a3 
0.1101110 .. no 1.0101001 "-87 

VSS 

* ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 

92CM-29082R2 

Fig.2 - CD40328 timing diagram. 

Fig. 1 - CD4032B logic diagram of one of three serial adders. 
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CD4032B, CD4038B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C, Input tr , tf = 20 ns, 
CL =50pF, RL =200kn 

TEST CONDITIONS LIMITS 
CHARACTERISTIC 

VDD(V) Min. Typ. Max. 

Propagation Delay Time: tpHL. tpLH 5 - 260 520 
A,B, Carry Reset, or Invert Inputs to 10 - 120 240 
Sum Outputs 15 - 90 180 

5 - 325 650 
Clock Input to Sum Outputs 10 - 175 350 

15 - 150 300 

5 - 100 200 
Transition Time: tTHL, tTLH 10 - 50 100 

15 - 40 80 

Minimum Data Input Setup Time, tsu 
5 - 125 200 

10 - 50 80 Clock to A or B Inputs 
15 - 40 60 

5 2.5 4.5 -
Maximum Clock Input Frequency, fCL 10 5 10 -

15 7.5 15 -
5 - - 500 

Clock Input Risear Fall Time, trCL,tfCL * 10 - - 500 
15 - - 500 

I nput Capacitance, CIN (Any Input) - 5 7.5 

UNITS 

ns 

ns 

ns 

ns 

MHz 

f.ls 

pF 

* If more than one unit is cascaded trCL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 
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'* 10'- - - - - AoI5"E'RI------------------------·! 

AI -~SUM' 
I' 

*61 111 -! 
I I 
: I 
I 
I 

* I ~--.::===+=1=='j INVERTI~_=_==_~-_.:_=== 

CARR~.§.~~_4l 
RESET ~ c!-~j-

ho 
J'ADOERS 

>-r"" ~~>-----t-- 2 a, 

ROD 
4ss 

* ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 

92CM-29083RI 

Fig. 3 - CD40388 logic diagram of one of three serial adders. 

-- WOAD :+WORD2 -._. -WORD 3+WORD 4--" 

CL 

INVERT -tttttttl~l=l=l=l=i=i=t_i= CARRY 
RESET 

SUM 

~ TRUE SUM-­

WORD I 1.1000011 --61 
WORD Z 1.100 II 01 =-51 

1.0010000 a-112 

- COMPLEMENTED SUM­

WORD 3 0.0100100 =+36 
WORD 4 0.0110001 -+49 

0.1010101 -+85 

Fig.4 - CD40388 timing diagram. 

· • I 

':m~t~ 
lt1t:7:-c 

·"0\1" -

'V 
10 15 

ORAtN-10-S0URCE VOLTAGE (Vest-V 

Fig. 5 - Typical output low (sink) current 
characteristics. 

~1'5 

i 12,5 

a 10 

GATE-TO-SOURCE VOLTAGE {VGS,-I!lV 

~ 
1.' 

IOV 

· g , 

· § 25 5V 

'5 10 15 
CRAIN-TO-SOURCE VOLTAGE (Vosl-V 

Fig. 6 - Minimum output low {sink} current 
characteristics. 

DRAIN-TO-SOURCE VOLTAGE IVosl-V 
-15 -10 -5 

AMBIENT TEMPERATURE (TAI=25-C 

Fig. 7 - Typical output high (source) current 
characteristics. 

DRAIN-TO-SOURCE VOlTAGE (Vasl-V 
-1'5 -10 -, 

AMBIENT TEMPERATURE (TA,,-2S·C 

GATE -TO- SOURCE VOL~GE (~Sl. -5 V 

t 
"-1'5 V 

fHilI 
IIi mil! 

-IOV 

Fig. 8 - Minimum output high (source) current 
characteristics. 



Fig. 9 - Typical transition time as a function of 
load capacitance. 

PUL.SE 
GEN. I 

'L 

'L 

=Yss 

P.G I- fel 

PG.2- fiL. 

16 

15 

" 12 
II 

10 

Fig. 12 - Dynamic power dissipation test 
circuit. 

o 
Vss 

INPUTS 

Voo 

Vss 
9iCS 2740Hfl 

Fig. 15 - Quiescent·device current test circuit. 

AMBIENT TEMPERATURE ITA) - 25·C 

10V 

I5V 

20 40 60 
LOAD CAPACITA~CE (CLJ-pF 

Fig. 10 - Tvpical propagation delay times as a 
function of load capacitance (A, 8, 
carry reset or invert to SUM). 

V,H 

INPUTQVOO OUTPUTS 

~ ~ 
v~ ~ 

NOTE. 
Yss TEST ANY COMBINATION 

OF INPUTS 

9ZCS-21441RI 

Fig. 13 - Input voltage test circuit. 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in· 
dicated. Grid graduations are in mils (Hr3 inch). 

CD40328, CD40388 Types 

10 2 46~022 103 Z 68,04 Z 4158,05 

CLOCK I~PUT FREQUENCY "CL)- kHz .2CS-30541 

Fig. 11 - Typical dynamic power dissipation as a 
function of clock input frequency. 

Fig. 14 - Input current test circuit. 

The photographs and dimenSIons of each CMOS chip 
repressnt a chip when it ;s part of the wafer. When Ihe 
waler is seperated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip. therefore. may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils 10 +16 mils applicable to the nominal 
dimensions shown. 

Dimensions and pad layout for CD4032BH,' dimensions and pad layout for 
CD40388H are identical. 
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CD4034B Types 

CMOS a-Stage Static 
. Bidirectional Parallel/Serial 
Input/Output Bus Register 

High-Voltage Types '20-Volt Ratlng) 

The RCA-CD4034B is a static eight-stage 
parallel-or serial-input parallel-output regis­
ter. It can be used to: 

1) bidirectionally transfer parallel informa: 
tion between two buses, 2) conven serial 
data to parallel form and direct the parallel 
data to either of two buses, 3) store (recircu­
late) parallel data, or 4) accept parallel data 
from either of two buses and convert that 
data to serial form. Inputs that control the 
operations include a single-phase CLOCK 

(Cl), A DATA ENABLE (AE), ASYNCHRO­
NOUS/SYNCHRONOUS (A/S), A-BUSTO­
B-BUS/B-BUS-TOABUS (A/B), and PAR­
ALLEL/SERIAL (P/S). 

Data inputs include 16 bidirectional parallel 
data lines of which the eight A data lines are 
inputs (3-state outputs) and the B data lines 
are outputs (inputs) depending on the signal 
level on the A/B input. I n addition, an input 
for SERIAL DATA is also provided. 

All register stages are D-type master-slave 
flip-flops with separate master and slave 
clock inputs generated internally to allow 
synchronous or asynchronous data transfer 
from master to slave. Isolation from external 
noise and the effects of loading is provided 
by output buffering. 

PARAllEL OPERATION 

A high PIS input signal allows data transfer 
into the register via the parallel data lines 

synchronously with the positive transition 
of the clock provided the A/S input is low. 
If the A/S input is high the transfer is in­
dependent of the clock. The direction of 
data flow is ,controlled by the A/B input. 

When this signal is high the A data lines are 

inputs (and B data lines are outputs); a low 

A/B signal reverses the direction of data flow. 

The AE input is an additional feature which 

allows many registers to feed data to a 
common bus. The A DATA lines are enabled 
only when this signal is high. 

Data storage through recirculation of data in 
each register stage is accomplished by mak­
ing the A/B signal high and the AE signal 
low. 
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Applications: 

• Parallel Input/Parallel Output, 
Parallel Input/Serial Output, 
Serial Input/Parallel Output, 
Serial Input/Serial Output Register 

• Shift right/shift left register 
• Shift right/shift left with parallel loading 

• Address register 
• Buffer register 
• Bus system register with enable parallel 

I ines at bus side 

• Double bus register system 
• Up-Down Johnson or ring counter 

• Pseudo-random code generators 
• Sample and hold register (storage, 

counting, display) 

• Frequency and phase comparator 

SERIAL OPERATION 

A low PIS signal allows serial data to transfer 

into the register synchronously with the 
positive transition of the clock. The A/S in­

put is internally disabled when the register is 
in the serial mode (asynchronous serial opera­

tion is not allowed). 

The serial data appears as output data on 
either the B lines (when A/B is high) or the 
A lines (when A/B is low and the AE signal 

is high). 

Register expansion can be accomplished by 

simply cascading CD4034B packages. 

The CD4034B types are supplied in 24-lead 
dual-in-line ceramic packages (0 and F suf­

fixes), 24-lead dual-in-line plastiC packages 

(E suffix), 24-lead ceramic flat packages (K 

suffix), and in chip form (H suffix). 

51-------, 
AE 

AI. 

AIS 

PIS 
CL-L __ --' 

Features: 

92CS~2910B 

Functional Diagram 

• Bidirectional parallel data input 
• Parallel or serial inputs/parallel outputs 

• Asynchronous or synchronous parallel 
data loading 

• Parallel data-input enable on "A" data 
lines (3-state output) 

• Data recirculation for register expansion 

• Multipackage register expansion 

• Fully static operation dc-to-l0 MHz (typ.) 
at VDD = 10 V 

• Standardized, symmetrical output 
characteristics 

• 100% tested for quiescent current at 20 V 
• 5-V, 10-V, and 15-V parametric ratings 

• Maximum input current of lilA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 250 C 

• Noise margin (over full package-temperature 
range): 

1 Vat VDD =5 V 

2 Vat VDD = 10 V 
2.5 Vat VDD = 15 V 

• Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 

for Description of 'B' Series CIVIOS Devices" 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY -VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) ............................................. -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................ -0.5 to VDD +0.5 Y 
DC INPUT CURRENT, ANY ONE INPUT .................................................. ±10 mA 
POWER DISSIPATION PER PACKAGE (PD): 

For T A = -40 to +60'C (PACKAGE TYPE E) ............................................. 500 mW 
ForTA = +60 to +85'C (PACKAGE TYPE E) ............... Derate Linearly at 12 mWrCto 200 mW 
For T A = -55 to +100' C (PACKAGE TYPES D. F, K) ...................................... 500 mW 
For TA = +100 to +125'C (PACKAGE TYPES D, F, K) ....... Derate, Linearly at 12 mwrc to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................. 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES D, F. K. H ..................................................... -55 to +125'C 
PACKAGE TYPE E ............................................................... -40 to +85'C 

STORAGE TEMPERATURE RANGE (T stg) ......................................... -65 to +150'C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16± 1/32 inch (1.59± 0.79 mm) from case for 10s max ....................... +265'C 



RECOMMENDED OPERATING CONDITIONS at T A = 250 C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

VDD LIMITS 
CHARACTERISTIC (V) Min. Max. 

Supply·Voltage Range (For T A = Full Package-
Temperature Range) 3 18 

Data Setup Time, ts 5 160 -

Serial Data to Clock 10 60 -
15 40 -
5 50 -

Parallel Data to Clock 10 30 -
15 20 -
5 350 -

Clock Pulse Width, tw 10 140 -
15 80 -
5 2 

Clock Input Frequency, fCl 10 dc 5 
15 7 

Clock Input Rise or Fall Time, trCl, tfCl ' 5.10.15 - 15 

UNITS 

V 

ns 

ns 

ns 

MHz 

Ils . 
If more than one unit is cascaded trCL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 

Fig. 1 - Steering logic diagram_ 

FLIP-FLOP TRUTH TABLE 

INPUTS 

elM Cls D 

'- \.... 0 

.F '- 0 

'- J 0 

.F J x 

'- '- 1 

.J '- 1 

'- J 1 

9.::CS·':9!09RI 

ROD 
Ys. 

* INPUTS PROTECTED BY 
COS/MOS PROTECTION 
NETWORk 

OUTPI,JT 

Q 

0 

0 
INVALID 

CONDITION 

0 

1 

1 
INVALID 

r.ONDITION 

1 = High Level 0= Low Level x = Don't Care 

'A" OR"S" 
DATA 

INPUTS 

CD4034B Types 

"S"OR"A" ITLH ~:~_90%LDO 
DATA ________ ----50% 

.:O:::UT:.;,'.:.UT:':'_-f __ *t ____ 10%0 

Fig. 2 - Asynchronous operation propagation 
delay time and transition time. 

OUTPUT 

,Veo 
----=-90% 
-- ___ 50% 

-----10% 0 

* INPUT REFERS TO ANY OF THE "A" OR "B" DATA INPUTS, "~'ENABLE, 
SERIAL INPUT, AlB, PIS. OR AlS INPUTS 

**tSLH AND 'SHL ARE SET-UP TIMES 

Fig. 3 - Synchronous operation propagation 
delay times, transition times, and 
set-up times_ 

ClOCK~ 

ENA~lE~ 

'" n...n =======::::::=:,--
AlB 1- ~ 

'" n'--__ ---Jn'--______ -'r--
St:.:tL ~ 
"~ 
.en Il.SL 

"~ 
A41l Il.SL 
,,~ 

AS!! Il.SL 
,,~ 

"n'--____________________ ~1l.SL 

.. rl-------c ______________ ..Jr--unL 

".~ 
"I r-vLJ 
,,~ .. ~ 

_I __ B DATA LINES ARE OUTPUTS ~lI~f:l~E-' 
OUTPUTS 

Fjg. 4 - Timjng djagram. 
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CD4034B Types 
STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OCI IU 

CHARAC- CONDITIONS Values at -55, +25, +125Applyto D, F, K, H Packages 
TERISTIC Values at -40, +25, +115 Apply to E Package 

Vo VIN VDD 
+25 

(VI (VI (VI -55 -40 +85 +125 Min. Typ. Max. 

- 0,5 5 5 5 150 150 - 0.04 5 
Ouiescent 

Device - 0,10 10 10 10 300 300 - 0.04 10 

Current, - 0,15 15 20 20 600 600 - 0.04 20 
IDD Max. 

0,20 20 100 100 3000 3000 0.08 100 - -

0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -
Output Low 

(Sink) Current 0.5 0,10 10 1.6 1 .5 1.1 0.9 1.3 2.6 -

IOL Min. 1.5 0,15 15 4.2 4 2.8 2.4 3.4 6.8 -

4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 -
Output High 

(Sourcel 2.5 0,5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
Current, 9.5 0.10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -
IOH Min. 

13.5 0.15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 -

Output Voltage: 
- 0,5 5 0.05 - 0 0.05 

Low-Level, - 0,10 10 0.05 - 0 0.05 
VOL Max. - 0,15 15 0.05 - 0 0.05 

.-f--
Output - 0,5 5 4.95 4.95 5 -

Voltage: - 0,10 10 9.95 9_95 10 -
High-Level, 
VOH Min. - 0,15 15 14.95 14_95 15 -

0.5,4.5 - 5 1.5 - - 1.5 
Input Low 

Voltage 1,9 - 10 3 - - 3 

VILMax. 1.5,13.5 - 15 4 - - 4 

Input High 0.5,4.5 - 5 3.5 3.5 - -

Voltage, 1,9 - 10 7 7 - -
VIHMin. 1.5,13.5 - 15 11 11 - -

In put Current' 
- 0,18 18 ±0.1 ±0.1 ±1 ±1 - ±10-5 ±0.1 

liN Max. 

3-State 
Output 
Leakage 0,18 0,18 18 ±O.4 ±0.4 ±12 ±12 - ±10-4 ±0.4 
Current 
lOUT Max. 

* All inputs except A and B Lines. 

DRAIN-lO-SOURCE VOLTAGE (Vosl-V 
-15 -10 -5 

AMBIENT TEMPERATURE (TA)~25·C 

1±±:I±±±l±H-ttttt-tttt 
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GATE-lO-SOURCE VOLTAGE (Ves)' -5 v 

-IOV 

'-15 V 

Fig. 8 - Minimum output high (source) 
current characteristics. 

-~ 

Fig. 9 - Typical transition time as a function 
of load capacitance. 

N 
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mJl 
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J.l.A 

J.l.A 

~ 
z 
~ 25 

~ 20 

3 " 
~ 10 

5 5 

~ 12.5 
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~ 
<Ii 7.5 

• 3 5 

" 

AMBIENT TEMPERATURE (TA)·25°C 

GATE-lO-SOURCE VOLTAGE (VGsl'15 V 

5 10 15 
DRAIN-lO-SOURCE VOLTAGE (VosJ-V 

Fig. 5 - Typical output low (sink) 

current characteristics. 

GATE-lO-SOURCE VOLTAGE (VGS1~15V 

·IOV 

g 2_5 5V 

5 10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS)-V 

Fig. 6 - Minimum output low (sink) 
current characteristics. 

DRAIN-TO-SOURCE VOLTAGE (Vos)-V 

-15 -10 -5 
AMBIENT TEMPERATURE (TAl'25"C 

~~EI_T~-SOJRCE VOLTAGE (VGSl'-5V 

-IOV 

Fig. 7 - Typical output high (source) 

current characteristics. 

I ~ ~ro AMBIENT TEMPERATURE T~ -25'C 

I5V 
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lOAO CAPAClTA~CE (Cll - pF 92CS.~OI52 

Fig. 10 - Typical propagation delay time as a 
function of load capacitance [A(B) 
parallel Data Input to B(A) parallel 

Data Output, synchronous or 
asynchronous}. 
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I 

PROTECTION NETWORK I 
ON SERIAL DATA INPUT I 
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Enable PIS AlB 
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Fig. 11 - Register stage logic diagram 11 of 8 s,tages). 

TRUTH TABLE FOR REGISTER INPUT·LEVELS AND 

RESULTING REGISTER OPERATION 

AIS Operation' 

X Serial Mode; 
Disabled 

Synch. Serial Data Input, "A" Parallel Data Outputs 

X Serial Mode; Synch. Serial Data Inp~t, "8" Parallel Data Output 

0 
Parallel Mode; "8" Synch. Parallel Data Inputs. "A" Parallel Data 
Outputs Disabled 

1 
Parallel Mode; "8" Asynch. Parallel Data Inputs, "A" Parallel Datd 
Outputs Disabled 

0 Parallel Mode; "A" Parallel Data Inputs Disabled, "8" Parallel Data 
Outputs, Synch. Data Recirculation 

1 Parallel Mode; "A" Parallel Data Inputs Disabled, "8" Parallel Data 
Outputs, Asynch. Data Recirculation 

X Serial Mode; Synch. Serial Data Input, "A" Parallel Data Output 

X Serial Mode; Synch. Serial Data Input, "8" Parallel Data Output 

0 
Parallel Mode; "8" Synch. Parallel Data Input, "A" Parallel Data 
Output 

1 Parallel Mode; "8" Asynch. Parallel 
Output 

Data Input, "A" Parallel Data 

0 
Parallel Mode; "A" Synch. Parallel Data Input, "8" Parallel Data 
Output 

1 
Parallel Mode; "A" Asynch. Parallel Data Input, "8" Parallel Data 
Output 

·Outputs ch,mge elt positive transition of clock in the serial mode and when the A/S control input 15 "low" 
in the parullL-j mode. During tri.lnsfer from parnllel to serial operation A/S should 
fern;]in low in order to prevent Os transfer into Flip Flops, 

1 " HIGH LEVEL 0= LOW LEVEL x = DON'T CARE 

CD4034B Types 

Fig. 12 - Typical dynamic power dissipation 

as a function af clack frequency. 

Voo 

fCL 

fCL .-
I. 
10 

13 

I. 12 

-=-Vss 
92CS-301!54 

Fig. 13 - Dynamic power dissipation 

test circuit. 

o 
Vss 

INPUTS 

Fig. 14- Ouiescent·device·current test circuit. 

~ ~i~US~N~'~~~~~S 

Voo 1NPUOS Voo NOTE' 

Vss TO BOTH Voo ANOVSS' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

Voo OR VSS' 

Vss 

Fig. 15 - Input-current test circuit. 
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CD4034B Types 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 250 C; Input tr,t, = 20 ns, 

CL =50pF,RL =200kn 

VDD LIMITS 
CHARACTERISTIC 

(V) Min. Typ. Max. 

Propagation Delay Time, tpHL. tpLH 5 - 350 700 
A(B) Parallel Data In to 10 - 120 240 
B(A) Parallel Data Out 15 - 85 170 
Serial to Parallel Data Out 

3-State Propagation Delay Time. tPLZ' tpHZ' 5 - 200 400 
AlB or AE to "A" OUT tpZl. tpZH 10 - 80 160 

15 - 60 120 

5 - 100 200 
Transition Time. tTHl. tTlH 10 - 50 100 

15 - 40 80 

Minimum Data Setup Time. tsu 5 - 80 160 
Serial Data to'Clock 10 - 30 60 

15 - 20 40 

5 - 25 50 
Parallel Data to Clock 10 - 15 30 

15 - 10 20 

Minimum High·level Pulse Width. 
5 - 175 350 

tw 10 - 70 140 
AE. PIS. AIS 

15 - 40 80 

5 2 4 -
Maximum Clock Frequency. fCl 10 5 10 -

15 7 14 -
5 - 125 250 

Minimum Clock Pulse Width. tw 10 - 50 100 
15 - 35 70 

Maximum Clock Rise or Fall Time. trCl. tfCl' 5.10.15 - - 15 

Input Capacitance. (Any Input) CIN - - 5 7.5 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

ns 

IlS 

pF 

*If more than one unit is cascaded, trCL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated'capacitive load. 

V,N INPUTQVCO OUTPUTS 

........... ~ 
V~L :t 

NOTE: 

Vss 6~SYN'p't~~OMBINATION 

92C5-2744IRI 

Fig. 16 - Input·voltage test circuit. 

Applications 

Fig. 17 - 16·bit parallel in /parallel out, 
parallel inlserial out, serial in/ 
parallel out, serial in/serial out 
register. 

A/.~=±======:::::::t======::: 
Fig. 18 - 16-bit serial in/gated p;!rallel out 

DOUBLE - BUS SYSTEM 
(ENABLE INPUTS ON BOTH SIDES) 

register. 

,------, 
I : 
I 
I 
I 
I 
I 
I 
I 

MEMORY 
UNIT 

L _____ .-J 

~-------l 

I I 
I 
I 
I 
I 
I 
I 
I 

PERIPHERAL 

UNIT 

L ______ J 

Y REG 

CD4034 

The "A" enable (AE) and AlB signals control all 

AE 

~~;l 

~~~j 

combinations of transfer between the registers B(U~NL~~i~ 

Z REG 

CD4034 

and bus systems. Fig, 19 - Single· and double-bus systems. 
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CD4034B Types 

Fig. 21 - N·stage shift register with fixed serial 
output line. 

SAMPLE I HOLD 

SERIAL DATA 

YDD 

AIS 

CLOCK 

PIS 
TO DISPLAY ETC 

• 
A "High" ("Low") on the shift Left/Shift 
Right input allows serial data on the Shift 
Left Input (Shift Right Input) to enter the 
register on the positive transition of the 
clock signal. A "high" on the "A" Enable 
Input disables the "A" parallel data lines on 
Reg. 1 and 2 and enables the "A" data lines 
on registers 3 and 4 and allows parallel data 

into registers 1 and 2. Other logic schemes 
may be used in place of registers 3 and 4 for 
parallel loading. 

92CS-19211RI 

When parallel inputs are not used Reg. 3 and 
4 and associated logic are not required. 

Fig. 22 - Sample and hold register-serial/ 
parallel in-parallel out. 

* Shift left input must be disabled during parallel 
entry. 

Fig. 20 - Shift right/shift left with parallel inputs. 
8 I. 24 a VDD 

~7 2 23 
:; 3 22 7 ~ 
~ . 21 

2D 5 ::l 
11 I. ~ ~ 2 I. 

=rrJ I 2.° 
17 l;:t 

"A" ENABLE I. 
SERIAL INPUT 10 I. CLOCK 

AlB " I. AIS 
VSS 12 13 PIS 

TOP VIEW 

TERMINAL DIAGRAM 

107 
2.718) 

Dimensions in paren theses are in millimeters and 
are derived from the basic inch dimensions as in­
dicated. Grid graduations are in mils (10--3 inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when It Is part of the wafer. When the 
wafer is separated into individual chips. the engle 01 
cleavage may vary with respect to the chip lace lor 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
01 -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

Dimensions and pad layout for CD4034BH. 
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CD4035B Types 

CMOS 4-Stage 
Parallel In/Parallel Out 
Shift Register 
with J-K Serial Inputs and True/ 
Complement Outputs 

High-Voltage Types (20-Volt Rating) 

The RCA·CD4035B is a four·stage clocked 
signal serial register with provision for syn· 
chronous PARALLEL inputs to each stage 
and· SERIAL inputs to the first stage via 
JK logic. Register stages 2, 3, and 4 are 
coupled in a serial D flip·flop configuration 
when the register is in the serial mode 
(PARALLEL/SERIAL control lowl. 

Parallel entry into each register stage is per· 
mitted when the PARALLEL/SERIAL con· 
trol is high. 

In the parallel or serial mode information is 
transferred on positive clock transitions. 

When the TRUE/COMPLEMENT control is 
high, the true contents of the register are 
available at the output terminals. When the 
TRUE/COMPLEMENT control is low, the 
outputs are the complements of the data in 
the register. The TRUE/COMPLEMENT 
control functions asynchronously with reo 
spect to the CLOCK ·signal. 
JK input logic is provided on the first stage 
SERIAL input to minimize logic require· 
ments particularly in counting and sequence· 
generation applications. With JK inputs 
connected together, the first stage becomes 
a D flip·flop. An asynchronous common 
RESET is also provided. 

The CD4035B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

Features: 
• 4·Stage clocked shift operation 
• Synchronous parallel·entry on all 4 stages 

• JK inputs on first stage 
• Asynchronous True/Complement control 

on all outputs 

• Static flip·flop operation; Master·slave 
configuration 

• Buffered inputs and outputs 
• High speed - 12 MHz (typ.) at VDD = 10 V 

• 100% tested for quiescent current at 20 V 

• Standardized, symmetrical output 
characteristics 

• 5·V, 10-V, and 15·V parametric ratings 
• Meets all requirements of JEDEC Tentative 

Standard No. 13A, "Standard Specifications 
for Description of "B" Series CMOS 
Devices" 

Applications: 

• Counters, Registers 
Arithmetic·unit registers 

Shift-left - shift right registe~s 

Serial-to-parallel/parallel-to·serial 
conversions 

• Sequence generation 

• Control circu its 

• Code conversion 

FI RST STAGE TRUTH TABLE 

tn-I (INPUTS) In (OUTPUTS) 

CL J K R On-I Qn 

J 0 X 0 0 0 

-' I X 0 0 I 

-' X 0 0 I 0 

F I 0 0 On-I On-l ~gg~E 
..r X , 0 , , 
\.. X X 0 On-I On-I 

X X X I X 0 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPL Y -VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) ............................................. -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................ -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT .................................................. ±10 mA 
POWER DISSIPATION PER PACKAGE (PD): 

For T A = -40·to +60'C (PACKAGE TYPE E) ............................................. 500 mW 
For T A = +60 to +85'C (PACKAGE TYPE E) •.............. Derate Linearly at 12 mwrc to 200 mW 
For T A = -55 to +l00'C (PACKAGE TYPES D, F. K) ...................................... 500 mW 
For TA = +l00to +125'C (PACKAGE TYPES D, F, K) ••...•. Derate Linearly at 12 mwrc to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...•.•............ 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES D, F, K, H ..................................................... -55 to +125'C 
PACKAGE TYPE E ............................................................... -40 to +85'C 

STORAGE TEMPERATURE RANGE (T stg) ............. • . .. . . . .. . . . .. . .. • . . .. . • .... -65 to +150"C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max ....................... +265'C 
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T T '3 
\Iss =8 
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FUNCTIONAL DIAGRAM 

IA.BIEN· PE."! 

C 
E , 
~15 

~ 

~12.5 

B 10 

I-SOl 

ORA1N-TO-SQURCE VOLTAGE (Vosl-V 

Fig. 1 - Typical output low Isink) 
current characteristics. 

GATE-TO-SOURCE VOLTAGE (VGS)-15Y 

,ov 

5 10 15 
DRAIN-TO-SOURCE VOL.TAGE (VosJ-V 

Fig. 2 - Minimum output low Isink) 
current characteristics. 

DRAIN-TO-SOURCE VOlTAGE(Vosl-Y , 

Fig. 3 - Typical output high Isource) 
current characteristics. 



.!t I'-- rr::::=-T 
~T 

TAUE! 
COMPLEMENT 

PlS_O'SEAIAl MODE 
T/c-I-TRUE OUTPUTS 

D~P~-p 
L Q 

P! 

Typical Stage Detail Logic 

Fig. 4 - Logic diagram. 

fiDD 
Y ss 

* AL.L INPUTS ARE PROTECTED 
BY COSINOS PROTECTION 
NETWORK 

04/04 

RECOMMENDED OPERATING CONDITIONS at TA = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTIC VDO LIMITS 
, 

UNITS 
(V) MIN. MAX. 

Supply·Voltage Range (For T A = Full 
3 18 V Package·Temperature Range) 

Data Setup Time, tS: 5 220 -

J/K lines 10 80 - ns 
15 60 -
5 140 -

Parallel·ln Lines 10 50 - ns 
15 40 -
5 200 -

Clock Pulse Width, tw 10 90 - ns 
15 60 -
5 2 

Clock Input Frequency, fCl 10 de 6 MHz 
15 8 

5 - 15 
Clock Rise or Fall Time, trCl, tfCl: 10 -- 15 )1S 

15 - 15 

5 250 -
Reset Pulse Width, tw 10 110 - ns 

15 80 -

CD4035B Types 
DRAIN~TO-SOURCE VOL.TAGE IVos)-V 

-I~ -10 -~ 

ANBIENT TEMPERATURE tTA)'2~·C 

GATE-TO-SOURCE VOL.TAGE (Y(;s'.-S II 

-IOV 

-15V 

Fig. 5 - Minimum output high (source) 
current characteristics . 

Fig. 6 - Typical transition time as a function of 
load capacitance. 

II 
LOAD CAPACITANCE (CL.I- pF 92CS-30362 

Fig. 7 - Typical propagation delay times as a func­
tion of load capacitance (0 output). 

AMBIENT TEMPERATURE ITA)- 25-C 
LOAD CAPACITANCE (CLI- ~O pF 

10 " SUPPLY VOLTAGE {VOD)-V 

20 

92CS-3036'l1 

Fig. 8 - Typical maximum clock Input frequency 
as a function of supply voltage. 
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CD4035B Types 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES rCI 
CHARAC· CONDITIONS Values aI-55, +25, +125 Apply 10 D, F, K, H, Packages 
TERISTIC Values at -40, +25, +85 Apply to E Package 

Vo VIN VDD 
+25 

(VI (VI (V) -55 -40 +85 +125 Min. Typ. Max. 

- 0,5 5 5 5 150 150 - 0.04 5 
Quiescent 

Device - 0,10 10 10 10 300 300 - 0.04 10 
Current, - 0,15 15 20 20 600 600 - 0.04 20 
100 Max. 

0,20 20 100 100 3000 3000 0.08 100 - -

Output Low 
0.4 0,5 5 0.64 0,61 0.42 0.36 0.51 1 -

(Sink) Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -
IOl Min. 1.5 0,15 15 4.2 4 2.8 2.4 3.4 6.8 --

4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 -
Output High 

(Source) 2.5 0,5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -

Current, 9.5 0,10 10 -1.6 -1.5 -1,1 -0.9 -1.3 -2.6 -
IOH Min. 

13.5 0,15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 -

Output Voltage: 
- 0,5 5 0.05 - 0 0.05 

low·Level, 0,10 10 0.05 - 0 0.05 
VOL Max. 0,15 15 005 0 0.05 

Output -- 0,5 5 4.95 4.95 5 
Voltage: 0,10 10 9.95 9.95 10 
High· level, 

15 14.95 14.95 15 VOH Min. 0,15 -

0.5,4.5 5 1.5 - 1.5 
Input low 

10 3 3 Voltage 1,9 -

VllMax. 1.5,13.5 15 4 .. 4 

Input High 0.5,4.5 5 3.5 3.5 -

Voltage, 1,9 10 7 7 - -

VIH Min. 1.5,135 15 11 11 - .. 

Input Current 0,18 18 ±D.l ±0.1 ± 1 ± 1 - ±10-5 ±0.1 
liN Max. 

Voo 

INPUTQOUTPUTS 
V,H =-- ~ 

V tL I 

NOTE: 

~ ~:;~~:;1~~~~~5 

Vss ~~STNAp~~~OMBINATION 

liDO 1NPOUS Voo NOTE 

Vss TO BOTH Voo ANO Vss 
CONNECT AL.L UNUSED 
INPUTS TO EITHER 

Voo OR Yss 
V55 

Fig. 12 - Input-voltage test ~ircuit. Fig. 13 - Input-current test circuit. 
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IOE~ AMBIENT TEMPERATURE (TA I: 25°C . . ~ + __ . IIII t ' t-
~IO~ 
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~ 10· 
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~ 2 ,,l 1/]}' 1 Ci 103 

~ ~ -~fj' 
CV l5 pF 

~ 
. t-- -- --- ---CL'50pf-, 

I<i- lL W.l-4ll 1 , 4 . . , 
" . 10 10 10 10 

CLOCK INPUT FREQUENCY (feLl-kHz 

Fig. 9 - Typical dynamic power dissipation as a 
function of clock input frequency. 

Voo 

92C$-30365 

Fig. 10 - Dynamic power dissipation test circuit. 

o 
V55 

INPUTS 

VDo 

100 

V55 

Fig. 11 - Quiescent-device current test circuit. 

PIS 

LEFT 
SHIFT 
INPUT 

4 J 

3 K 

CL C04035 

TRUE/CQMPL: 2 TIC 

RESET 

92CS-I')974F11 

Fig. 14 - Shift left/shift right register. 



)----~---<)P/S 

>-+_----------0 pI-' 

pI-3 

>-----oPI-4 

\Using Couleur's Technique (BIDECI.... a 
'binary number (most significant bit. MSBI 
first is shifted and processed. such that the 
BCD equivalent is obtained when the last 
binary bit is clocked into the register. The 
CD4035B. with the correct conversion 
logic. can also be used as a BCD·to·binary 
converter. 

AThe basic rule is: If a 4 or less is in a decade. 
shift with the next clock pulse; if a 5 or greater 
is in a decade, add 3 and then shift at the next 
clock pulse. For more information refer to 
"IRE TRANSACTIONS ON ELECTRONIC 

COMPUTERS". Dec. 1958. Pages 313-316. 

Fig. 15-BIDEClogic. 

2 TIC 

6 CL CD4035 
4 J 4'STAGE REGISTER 

3 K 
5 R 

0, 

92CS-19973RI 

Fig. 16(al - Double sequence generator. 

CD4035B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS 
At TA ; 25"C. Input tr• tf; 20ns. CL ; 50 pF. RL ; 200 krl. 

TEST 
CONDITIONS LIMITS 

CHARACTERISTICS 
VDD 

UNITS 

(VI Min. Typ. Max. 

CLOCKED OPERATION 

5 - 250 500 
Propagation Delay Time: 

10 100 200 
tpHL' tplH - ns 

15 - 75 150 

5 - 100 200 
Transition Time: 

10 50 100 
tTHl· tTlH 

- ns 

15 - 40 80 

5 - 100 200 

Minimum Clock Pulse Width. tw 10 - 45 90 ns 

15 - 30 60 

Clock Rise or Fall Time. trCL, tfCl * 5.10. - - 15 /J.s 
15 

5 - 110 220 
Minimum Setup Time: 

10 - 40 80 ns 
J/K Lines 

15 - 30 60 

5 - 70 140 

Parallel·ln-Lines 10 - 25 50 ns 

15 - 20 40 

5 2 4 -
Maximum Clock Frequency. fCl 10 6 12 - MHz 

15 8 16 -
I nput Capacitance. CI N Anylnput - 5 7.5 pF 

RESET OPERATION 

5 - 230 460 
Propagation Delay Time: 

10 100 200 
tpHl' tplH 

- ns 

15 - 80 160 

5 - 125 250 

Minimum Reset Pulse Width. tw 10 - 55 110 ns 

15 - 40 40 
. . .. 

*If more than one Unit IS cascaded trCL should be made less than or equal to the sum of the transition 
time and the fixed propagation delay of the output of the driving stage for the estimated capacitive 
load. 

Control'" E = a 
°1 03 °4 
A 8 C 0 

0 a 0 0 0 
1 1 0 0 0 
2 a 1 0 0 
5 1 a 1 0 

10 a 1 0 1 
4 a 0 1 0 
9 1 0 a 1 
3 1 1 0 0 
6 a 1 1 0 

13 1 0 1 1 
11 1 1 0 1 

7 1 1 1 0 
14 0 1 1 
12 0 0 1 

8 0 0 0 

15 
14 
13 
10 

5 
11 

6 
12 

9 
2 
4 
8 
1 
3 
7 

°1 
A 

1 
0 
1 
0 
1 
1 
0 
a 
1 
0 
0 
0 
1 
1 
1 

B , 
1 
o ., 
o 
1 
1 
o 
o 
1 
a 
a 
o 
1 
1 

03 °4 
C 0 

1 1 
1 1 
1 1 
0 1 
1 0 
0 1 
1 0 
1 1 
0 1 
0 0 
1 0 
a 1 
0 0 
0 0 
1 0 

Using a control line (e) two different state sequences can be generated. 
For example, suppose the following two sequences are desired on 
command (control line E) 

Fig. 16(b) - State sequences. 
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CD40358 Types 

CLOCK 

CARRY 
INPUT 

~ 

~ VDD 
RESET .~ 

.----! PIS 

• CL 
~, 
1..-2 K 

2 TIC 
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• R 

.1 lot lit 12t 
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C04035 
UNITS REGISTER 

QI Q2 Q, Qo 
I 15 10 I. 

.1 lof lit 12' 

,.---! PIS 
PI-' PI-2 PI"5 PI-4 

• CL 
H=i' CD40!!5 ..... . . TENS REGISTER 

~p:/C 
QI Q2 Q, Qo 

I IS 10 13 

~]"CD UNITS 
OUT T£ 

~}C 
OU 

o 
NS 
T 

'--- PIS '--- PIS 

CARRY 
BCD UNITS FORWARD 

BCD TENS 
t SIDEe LOGIC) (BIDEt LOGIC) 

FIG.7 
PI-2 

TO PI-3 
UNITS 
£GISTER PI-4 

Dimensions and pad layout for CD4035BH. 

Dimensions in parentheses are in millimeters and 
are derived from the baSI(: inch dImensions as in­
dicated. Grid graduations are in mils (1o-- 3 inch). 
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FIG.7 
P1-2 

TO 
TENS 

PI-3 

REGISTER PI-O 

Fig. 17 - Binary·to-BCD converter. 

83-91 
(2.109-2.311) 

The photographs and dimension, of each CMOS chip 
represent a chip when it is par' of the wa/er. When the 
waler ;s separated into Individual chips, the angle 01 
cleavage may vary with respect to the chip f.ce for 
different chips. The actua' dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable 10 the nominal 
dimensions shown. 
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CD4041 UB Types. 

Features: CMOS Quad 
True/Complement Buffer 

• Balanced sink and source current; approximately 4 times 
standard "B" drive 

• Equalized delay to true and complement outputs 

High Voltage Types (20-Volt Rating) 

The RCA-CD4041 UB types are quad true! 
complement buffers consisting of n- and 
p-channel units having low channel resistance 
and high current (sourcing and sinking) 
capability. The CD4041UB is intended for 
use as a buffer, line driver, or CMOS-to-TTL 
driver, It can be used as an ultra-low power 
resistor-network driver for AID and Df A con­
version, as a transmission-line driver, and in 
other applications where high noise immun­
ity and low power dissipation are primary 
design requirements. 

I neCD4041UBtypesaresupplied in 14-lead 
hermetic dual-In-line ceramic packages (D 
and F suffixes). 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOL TAGE RANGE, (VDD) 

• 100% tested for quiescent current at 20 V 
• Maximum input current of 1 IlA at 18 V over 

full package temperature range; 100 nA at 
18 V and 250 C 

• S-V, 10-V, and 15-V parametric ratings 

• Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of '8' Series CMOS Devices" 

Applications: 
• High current sourcelsink driver 
• CMOS-to-DTLITTL Converter Buffer 

• Display driver 
• MOS clock driver 
• Resistor network driver 

(Ladder or weighted R) 

• Buffer 
• Transmission line driver 

(Vollages referenced io VSS Terminal) ............................................. -0.510 +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................ -0.510 VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT .................................................. ±10 mA 
POWER DISSIPATION PER PACKAGE (PO): 

ForTA ; -4010 +6O"C (PACKAGE TYPE E) ............................................. 500mW 
ForTA ; +60lo+85"C (PACKAGE TYPE E) ............... Derale Linearlyal 12 mWrClo 200mW 
For T A = -55 to +l00"C (PACKAGE TYPES 0, F, K) ...................................... 500 mW 
ForTA = +10010 +125"C (PACKAGE TYPES 0, F, K) ....... Derate Linearly at 12 mW/"Clo 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..•......•.....•.• 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES 0, F, K, H ..................................................... -55 to +125"C 
PACKAGE TYPE E ............................................................... -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg) ......................................... -85 10 +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

AI distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max ....................... +265°C 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 

CHARACTERISTIC 

Supply-Voltage Range (For TA=Full Package-
Temperature Range) 

DRAIN-TO-SOURC£ VOlTAGE 

Fig.2 - TVPical output low 'sink) current 
characteristics. 

LIMITS UNITS 

Min. 

I~ 
II 

3 

Max. 

18 V 

IGATE-TO-SlURCE vou 

=" 
DRAIN-TO-SOURCE VOLTAGE (VOSI-V 

Fig.3 - Minimum low (sink) current 
characteristics. 

E=A I. 
F"A 

G=B 
H=8 

vss 

'~B C K 
K=C 

9 
L 

L=t 

I. Voo 
13 0 
12 N=O 

.'0 
10 
9 L=t 

K=C 

92CS-20755R1 

TOP VIEW 
TERMINAL ASSIGNMENT 

voo 

Vss 

* ALL INPUTS PROTECTED 
BY COS/MaS INPUT 
PROTECTION NETWORK 

&JO TRUE 

5lJ rPUT 

9 9 
Vss Vss 

II' r;t COOFlEMENT 
!~ygUT 

:r. 9 
Vss 

Fig. t - Schematic diagram t of 4 buffers. 

ORAIN-TD-SQURCE VOLTAGE (VoS)-V 

Fig.4 - TVpical output high 'source) current 
characteristics. 
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CD4041UB Types 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OCI 

CHARAC· 
Values at-55, +25, +125 Apply to D, F, K, H, Packages 

CONDITIONS Values at -40,+25.-i65 Apply to E Pkgs. 
TERISTIC 

Vo VIN VDD +25 

(VI (VI (VI -55 -40 +85 +125 Min. Typ. Max. 

Quiescent - 0,5 5 1 1 30 30 - 0.02 1 
Device - 0,10 10 2 2 60 60 - 0.02 2 
Current - 0,15 15 4 4 120 120 - 0.02 4 
IDD Max. - 0,20 20 20 20 600 600 0.04 20 

Output low 
(Sink) 0.4 0,5 5 2.1 1.8 1.3 1.2 1.6 3.2 :.. 
Current, 0.5 0,10 10 6.25 5.6 4 3.5 5 10 -
IOl Min. 1.5 0,15 15 24 23 15.5 13 19 38 -

Output High 4.6 0,5 5 -2.1· -1.8 -1.3 -1.2 -1.6 -3.2 -.-
(Source) 2.5 0,5 5 -8.4 -6.7 -5.3 -4.6 -6.4 -12.8 
Current, 9.5 0,10 10 -6.25 -5.6 -4 -3.5 -5 -Hi 
IOH Min. 13.5 0,15 15 -24 -23 -15.5 -13 -19 -38 -

Output Volt· 
age: - 0,5 5 0.05 - 0 0.05 

low· level , - 0,10 10 0.05 - a 0.05 

VOL Max. - 0,15 15 0.05 - a 0.05 

Output Volt· 
age: - 0,5 5 4.95 4.95 5 -
High· level, - 0,10 10 9.95 9.95 10 -
VOH Min. - 0,15 15 14.95 14.95 15 -

Input low 0.5,4.5 - 5 1 - - 1 
Voltage, 1,9 - 10 2 - - 2 
VIL Max. 1.5,13.5 - 15 2.5 - - 2.5 

Input High 0.5,4.5 - 5 4 4 - -
Voltage, 1,9 - 10 8 8 - -
VIH Min. 1.5,13.5 - 15 12.5 12.5 - -

Input 
Current, - 0,18 18 ±0.1 ±0.1 ±1 ±1 - ±10-5 ±0.1 

liN Max. 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C, Input tr.tt = 20 ns. 
CL = 50 pF. RL = 200 kn. 

CONDITIONS 
ALL TYPES 

LIMITS 
CHARACTERISTIC 

VDD 
UNITS 

Volts Typ. Max. 
Propagation Delay Time: 5 60 120 

tPHL, 10 35 70 ns 
tPLH 15 25 50 

5 40 80 
Transition Time 

tTHL, 10 20 40 ns 
tTLH 15 15 30 

Input Capacitance CIN Any Input 15 22.5 pF 
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UNITS 

Jl.A 

rnA 

V 

V 

Jl.A 

> 

ORAIN~TO-SOURCE VOLTAGE (Vos)-V 

Fig.5 - Minimum output high (source) 
current characteristics. 

LOAD CAPACITANCE (CLI-pF 

Fig.6 - Typical propagation delay time 
VI. load capacitance. 

20 

12 

'!::~'''''' 
," 

o ~ ~ ~ ~ 00 ro 00 ~ 00 
LOAD CAPACITANCE (CLI-pF 

Fig.7 - Typical transition time VS. 

load capacitance. 

SUPfI'LY VOLTAGE (~ODI.15V 

~ 10 
V -IOV ~ 

AMBIENT TEMPERATURE 
tTAI·~'"C 

~ 
~ . 
I .,y 

..... ,y 

10 12 14 II II 
INPUT VOlTAGlIVI I-V 

Fig.S - Minimum and maximum transfer 
characteristics - true output. 
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'v 

INPUT VOLTAGE lVII-V 
92C5~ ZlS63&Rl 

Fig.9 - Minimum and maximum transfer 
characteristics - complement output. 

.!. , 

.e:,c'o",I,----I--+-:--:-I---J.. ----+-----1 

10 A ,ol to3 104 10' 4 108 10' 
INPlJr RISE AND FALL. TI"'E (t"lf i-nl 
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Fig.tt - Typical power dissipation vs 
frequency per output pair. 

VOO 
o 

V55 

INPUTS 

00 

Vss 

CD4041UB Types 

V,H 
,"PUTG

VDO 

OUTPUTS 

'-- ~ 
V~L r 

NOTE: 
TEST ANY ONE INPUT, 

Vss WITH OTHER INPUTS AT 
"'00 OR Vss' 

Fig. 13 - Input voltage test circuit. 

1100 1NPUOS Voo NOTE. 
~ MEASURE INPUTS 
o ~ SEQUENTIALLY, 

Vss TO BOTH VDD AHOYss' 
CONNECT ALL UNUSED 
INI='UTS TO EITHER 
YOOORVSS' 

Vss 

Fig. to - Typical power dissipation vs. input 
rise & fall time per output pair. 

Fig. 12 - Quiescent device current test circuit. Fig. 14 - Input-Ieakage-current test circuit. 

Dimensions and pad layout for the CD4041 UBH 

79-87 
(2.007-2.209) 

Dimensions in parentheses are in millimeters and are 
derived (rom the basic inch dimensions as indicated 
Grid graduations are in mils (10-3 inch). 

The photographs and dimensions 01 each CMOS chip 
represent a chip when it is part 01 the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip lace for 
different chips. The actual dimensions of the isolated 
chip, therefore. may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicabla to the nominal 
dimensions shown. 
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CD40428 Types 

CMOS Features: 
• Clock polarity control 

., 0, 

Quad Clocked HO" Latch • Q and Q outputs 
• Common clock 

., 
02 02 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4042B types contain four latch 
circuits, each strobed by a common clock. 
Complementary buffered outputs are availa­
ble from each circuit. The impedance of the 
n· and p-channel output devices is balanced 
and all outputs are electrically identical. 
Information present at the data input is 
transferred to outputs Q and IT during the 
CLOCK level which is programmed by the 
POLARITY input. For POLARITY = 0 the 
transfer occurs during the 0 CLOCK level 
and for POLARITY = 1 the transfer occurs 
during the 1 CLOCK level. The outputs 
follow the data input providing the CLOCK 
and POLARITY levels defined above are 
present. When a CLOCK transition occurs 
(positive for POLARITY = 0 and negative 
for POLARITY = 1) the information present 
at the input during the CLOCK transition is 
retained at the outputs until an opposite 
CLOCK transition occurs. 

The G04042B types are supplied in IS-lead 
hermetic dual-in~line ceramic packages (0 
and F suffixes), 16-lead'duait-ln-line plastic 
package (E. suffix), 16-lead ceramic flat 
package {K suffix), and in chip form (H 
suffix). 

172 

CLOCK 

0 

..F 
1 

\... 

gOO ,,,,.,,,,,,,, 

-- *ALL INPUTS ARE 
PROTECTEO BY 
COS/MOS PROTECTION 
NETWORK 

Vss 

POLARITY Q 

0 0 

0 LATCH 

1 0 
1 LATCH 

FIg. 1 - LogiC block diagram and 
truth table. 

• Low power TTL compatible 
• Standardized symmetrical output characteristics 
• 100% tested for quiescent current at 20 V 
• Maximum input current of 1 p.A at 18 V over 

full package-temperature range; 100 nA at 
18 V and 250 C 

• 5-V, 10-V, and 15-V parametric ratings 
• Noise margin (o.ver full package 

temperature range): 

1 Vat VDD =5 V 
2 V at VDD = 10 V 

2.5 Vat VDD = 15 V 
• Meets all requirements of JEDEC Tentative 

Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

• Buffer storage 
• Holding register 
• General digital logic 

STATIC ELECTRICAL CHARACTERISTICS 

a2 
D. 

13 

Cl. 
D. O. ,. 

POLARITY 

• O:::----I~ 
VDD~ 
Vss 0"- CD4042B 

FUNCTIONAL DIAGRAM 

Q4 ,. " voo 
QI 2 If a-
il, • 14 DO 
III 4 ,S D. 

CLOCK 5 '2 iii 
POLAflT\' 6 " 03 

D2 7 '0 
,. 

Vss • iii 
TOP VIE. 

ftCS-2P7!IIR1 

TERMINAL ASSIGNMENT 

LIMITS AT INDICATED TEMPERATURES (OCI 

CHARAC-
Values at -55, +25, +125 Apply to O"F, K, H Pkgl. 

CONDITIONS Values at -40,+25,+85 Apply to E Pkgs. 
TERISTIC 

Vo VIN VDO +25 

(VI (VI (VI -55 -40 +85 +125 Min. Typ. Max. 

Quiesce,lt - 0,5 5 1 1 30 30 - 0.02 1 
Device - 0,10 10 2 2 60 60 - 0.02 2 
Current - 0,15 15 4 4 120 120 - 0.02 4 
100 Max. - 0,20 20 20 20 600 600 - 0.04 20 

Output Low 
(Sink) 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -
Current, 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -
'.01 Min. 1.5 0,15 15 4.2 4 2.8 2.4 3.4 6.8 -

Output High 4.6 0,5 5 0.64 0.61 -0.42 -0.36 -0.51 1 -
(Source) 2.5 0.5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
Current, 9.5 0,10 10 -1.6 -1.5 -1;1 -0.9 -1.3 -2.6 -
IOH Min. 13.5 0,15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 -

Output Volt· 
age: - 0,5 5 0.05 - 0 0.05 
Low· Level , - 0,10 10 0.05 - 0 0.05 

VOL Max. - 0,15 15 0.05 - 0 0.05 

Output Volt· 
age: - 0,5 5 4.95 4.95 5 -
High· Level, - 0,10 10 9.95 9.95 10 -
VOH Min. - 0,15 15 14.95 14.95 15 

Input Low 0.5,4.5 - 5 1.5 - - 1.5 
Voltage, 1,9 - 10 3 - - 3 
VIL Max. 1.5,13.5 - 15 4 - - 4 

Input High 0.5,4.5 - 5 3.5 3.5 - -
Voltage, .1,9 - 10 7 7 - -
VIH Min. 1.5,13.5 - 15 11 11 - -

Input 
Current, - 0,18 18 ±0.1 ±0.1 ±1 ±1 - ±10-5 ±0.1 

liN Max. 

" 

UNITS 

/lA 

mA 

V 

V 

/lA 



MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) ......... _. . .. . . . .. . .. ......... .. ... . .... . . .. -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................ -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT .................................................. ±10 rnA 
POWER DISSIPATION PER PACKAGE (PO): 

For T A = -40 to +60°C (PACKAGE TYPE E) ............................................. 500 mW 
For T A = +60 to +85°C (PACKAGE TYPE E) •.............. Derate Linearly at 12 mWfOC to 200 mW 
For T A = -55 to +100°C (PACKAGE TYPES 0, F, K) ...................................... 500 mW 
For T A = +100 to +125°C (PACKAGE TYPES 0, F, K) ....... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................. 100 mW 

OPERATING-TEMPERATURE RANGE (T A): 
PACKAGE TYPES 0, F, K, H ..................................................... -55 to +125°C 
PACKAGE TYPE E ............................................................... -40 to +85°C 

STORAGE TEMPERATURE RANGE (Tstg) ......................................... -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max ....................... +265°C 

RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted, 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTER ISTIC 

Supply· Voltage Range 
(For T A=Full Package 
Temperature Range) 

Clock Pulse Width, tw 

Setup Time, ts 

Hold Time, tH 

Clock Rise or Fall 
Time: tr ' tf 

DRAIN-lQ-SOURCE VOLTAGE (VOSI-V 

·5 
AMBIENT TEMPERATURE (TA)-25-C 

l,t! HI I:: H: j' 

I ~ 

E ht ~:!:li .... 
~ tn -10'1 

t' .:+! ," I::: Ii t: 
.+ -t- 1;, 

:W- - I:; w;:, .i.* [; i: 
1ft rn ::: r !:l :iU 
,tl; [iii i Hi iii ;It T " 

, . 

''-
:8 

: 
~ .. 
: 

Fig. 5 - Minimum output high (source) 
current characteristics. 

VDD 

(V) 

-

5 
10 
15 

5 
10 
15 
5 
10 
15 

5,10 

15 

LIMITS 
ALL TYPES UNITS 

Min. Max. 

3 18 V 

200 -
100 - ns 
60 -

50 -
30 - ns 
25 -
120 -

60 - ns 
50 -

Not rise or fall 
f-LS time sensitive. 

LOAD CAPACITANCE (ell - pf 

Fig. 6 - Typical propagation delay time vs. 

load capacitance-data to Q. 

CD40428 Types 

AMBIENT TENPERA.TURE (TA'-ZS·C 

GATE-lO-SOURCE VOLTAGE {VGSI.I~ v 

10V 

g 
~ 10 

g 5 ,v 
10 

ORAIN-lO-SOURCE VOLTAGE (VDSI-V 

Fig. 2 - Typical output low (sink) current 
characteristics. 

JI5 

~12.5 

a 10 

GATE-TO-SOURCE VOLTAGE (VGS)"15 V 

10V 

5 10 15 
DRAIN-TO-SOURCE VOLTAGE ('1051-'1 

Fig. 3 - Minimum output low (sink) current 
characteristics. 

DRAIN- TO-SOURCE VOLTAGE (VDS)-V 

-'0 
AMBIENT TEMPERATURE (TA)'25"C 

lli:lli:I±±'G:':At!TE+>_T~ VOLTAGE (VGSI'-5V 

:::t: 100 

j ::t 
-10'1 

Fig. 4 - Typical output high (source) 
current characteristics. 

20 30 40 50 60 70 60 90 
lOAD CAPACITANCE (Cli - pF 

Fig. 7 - Typical propagation delay time vs. 
load capacitance-data to O. 
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CD4042B Types 

DYNAMIC ELECTRICAL CHARACTERISTICSatTA = 25°C;lnPUttr ,tt= 20 ns, CL = 50pF, 

RL =200 Kn 

CHARACTERISTIC 

Propagation Delay 
Time: tpHL, tpLH 
Data In to a 

Data Into Q 

Clock to a 

Clock to Q 

Transition 
Time: tTHL, tTLH 

Minimum Clock 
Pulse Width, tw 

Minimum Hold Time, tH 

Minimum Setup 
Time,ts 

Clock Input Rise or Fa" 
Time: t,. tf 

Input Capacitance, CI N 
(Any Input) 

{

NOTE I 

CLgLCK ----,N::OT:'''2:-:I ___ ----!.-------

I 

DATA I I I 

LATQt HIGHI I 
16ill1 i I 

IN~UT t-'sTtH .... 1 

~ I ~-+-----

Q{~ OUTPUT I I I I 
I I 

r~f:::~A I 

tpHL' tpLH 
CLTOQORO 

NOTES: 
I. FOR POSITIVE CLOCK EDGE, INPUT DATA IS LATCHED WHEN 

POLARITY IS LOW. 
2. FOR NEGATIVE CL.OCK EDGE, INPUT DATA IS LATCHED WHEN 

POLARITY IS HIGH. 
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92CS-2?630 

Fig. 12 - Dynamic test parameters. 

VDD 
(VI 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5,10 
15 

-

LIMITS 
ALL TYPES 

Typ. Max. 

110 220 
55 110 
40 80 

150 300 
75 150 
50 100 

225 450 
100 200 
80 160 

250 500 
115 230 
90 180 
100 200 
50 100 
40 80 

100 200 
50 100 
30 60 

60 120 
30 60 
25 50 

0 50 
0 30 
0 25 

Not rise or fall 
time sensitive. 

5 7.5 

, 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

jJS 

pF 

LOAD CAPACITANCE 
CL-15pF 

CL'50PF 

10' 104 10e 106 
INPUT FREQUENCY-Hz 

92CS-3093IRI 

Fig. 10 - Typical power dissipation VI. 

frequency. 

o 
Vss 

INPUTS 

DO 

Vss 
Fig. 13 - Qu;escent device current test circuit. 

LOAD CAPACITANCE (eLI - pF 

Fig. 8 - Typical propagation delay time vs. 
load capacitance-clock to 0 

lOAD CAPACITANCE (Cll - pF 

Fig. 9 - Typical propagation delay time vs. 

load capacitance-clock to a: 

capacitance. 

'NPUTOVDO OUTPUTS 
V,H 

'-- ~ 
V~L :r 

NOTE: 

Vss ~~STN~"u;~OMBINATION 

92CS-27441RI 

Fig. 14 -Input voltage test circuit. 



VDO INPu(Js V
DD 

NOTE' 
~ ~:~~~:;I!~~~~S 

Vss TO BOTH Yoo ANO Vss' 
CONNECT ALL UfiUSEO 
INPUTS TO EITHER 

VOD OR Vss' Vss 

Fig. 15 -Input current test circuit. 

Chip Photograph, Dimensions, and Pad Layout 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in­
dicated. Grid graduations are in mils (1(J3 inch). 

The photographs and dimensions of Bach CMOS chip 
(spresent B chip when it Is part of tha wafer. When the 
walef Is separated into individual chips, the angle of 
cleavage may va,y with respect to the chip facB for 
different chips. The actual dimenSIons of the isolated 
chip, therefore. may differ slightly from the nominel 
dimensions shown. The USBr should consider a tolsrance 
of -3 mils to +16 mils applicable to the nominal 
ciimensions shown. 

CD4042B Types 

• 
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CD4043B, CD4044B Types 

CMOS Quad 3-State 
RIS latches 
High-Voltage Types (20-Volt Rating) 
Quad NOR RIS Latch - CD4043B 
Quad NAND RIS Latch - CD4044B 

Features: 
• 3-state outputs with common output 

ENABLE 
• Separate SET and RESET inputs for 

each latch 
• NOR and NAND configurations 
• 5-V, 10-V, and 15-V parametric ratings 

• Standardized symmetrical output 
characteristics 

• 100% tested for quiescent current at 20 V 

The RCA-CD4043B types are quad cross­
coupled 3-state CMOS NOR latches and the 
CD4044B types are quad cross-coupled 3-
state CMOS NAND latches. Each latch has a 
separate Q output and individual SET and 
RESET inputs. The Q outputs are controlled 
by a common ENABLE input. A logic "1" or 
high on the ENABLE input connects the 
latch states to the Q outputs. A logic "0" or 
low on the ENABLE input disconnects the 
latch states from the Q outputs, resulting in 
an open circuit condition on the Q outputs. 
The ppen circuit feature allows common bus­
ing of the outputs. 

• Maximum input current of 1 IlA at 18 V over 
full package temperature range; 100 nA at 
18 V and 250 C 

The CD4043B and CD4044B types are sup­
plied in 16-lead hermetic dual-in-line cer­
amic packages (D and F suffixes). 16-lead 
dual-in-Iine plastic packages (E suffix). 16-
lead ceramic flat packages (K suffix), and in 
chip form (H suffix). 

.~E , E 

E CD40438 

JD 

r' 
9 Voo 
Vss E:L 

• Noise margin (over full package temperature 

range): 1 Vat VDD = 5 V 

2VatVDD = 10 V 
2.5VatVDD=15V 

• Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

• Holding register in multi-register system 

• Four' bits of independent storage with 
output ENABLE 

• Strobed register 
• General digital logic 
• CD4043B for positive logic systems 

• CD4044B lor negative logic systems 

04 I. I. VDD 

01 2 " R4 
14 54 

SI " NC 

ENABLE 12 53 
52 " R3 

R2 10 0' 
vss 9 0' VDD -Uvss 

d *ALL INPUTS PROTECTED TOP VIEW 

NC' NO CONNECTION 
92CS-2A476RI 

CD40438 

FUNCTIONAL DIAGRAM 

R, 

S I 

R, 

5, 

5, 

R4 

54 
04 

ENABLE NC 

04 I. 16 VDD 

NC 15 54 

51 
" RI " 01 

ENABLE 12 R3 

R2 " 53 
52 10 DO 

Vss 9 0' 

TOP VIEW 

l BY cosmos INPUT 
"-l __ ~ PROTECTION NETWORIi 

~" 
CD4043B 

NC' NO CONNECTION 

CD4044B TERMINAL ASSIGNMENTS 

9 
Vss E 

*5~: 
CD40448 

Fig. 1 - Logic diagrams. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE. (VDD) 

S R 

X X 
o 0 
1 0 
0 1 
1 1 

·OPEN CIRCUIT 
+NO CHANGE 

E Q 

0 oc' 
1 NC' 
1 1 
1 0 
1 c, 

6 DOMINATED BYS"', INPUT 
92CS-20211 

CD4043B 

(Voltages referenced to VSS Terminal) ................................................ -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................... -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ....................... . ......................... ±10 mA 
POWER DISSIPATION PER PACKAGE (PD): 

For T A = -40 to +60°C (PACKAGE TYPE E) ................................................. 500 mW 
For T A = +60 to +85°C (PACKAGE TYPE E) ................... Derate Linearly at 12 mWfOC to 200 mW 
For T A = -55 to +100°C (PACKAGE TYPES D, F, K) .......................................... 500 mW 
For T A = +100 to +125°C (PACKAGE TYPES D, F, K) .......... Derate Linearly at 12 mWfOC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES D, F, K, H ........................................................ -55 to +125°C 
PACKAGE TYPE E .................................................................. -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg) ............................................. -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. . .................... +265°C 
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S R 

x x 
1 1 
0 1 
1 0 
0 0 

·OPEN CIRCUIT 
+NO CHANGE 

E Q 

0 oc' 
1 NC' 
1 1 
1 0 
1 c,c, 

66 DOMINATED BY R"'O INPUT 

92CS-20212 

TRUTH TABLES CD4044B 

Recommended Operating Conditions T A =250 C 
For maximum reliability, nominal operating 
conditions should be selected so that opera­
tion is always within the following ranges 

Characteristic VOD Min. Max. Units 
(V) 

Supply-Voltage Range 

(T A = Full Package 
Temperature Range) - 3 18 V 

SET Dr RESET 5 160 -

Pulse Width, tw 10 80 - ns 
15 40 -



~ 10 
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CD4043B, CD4044B Types 

STATIC ELECTRICAL CHARACTERISTICS 

CHARACTER· 
ISTIC 

Quiescent Device 
Current, 

IDD Max. 

Output Low 
(Sink) Current 

IOL Min. 

Output High 
(Source) 
Current, 

IOH Min. 

Output Voltage: 
Low·Level, 

VOL Max. 

Output Voltage: 
High·Level, 
VOH Min. 

Input Low 
Voltage, 

VIL Max. 

Input High 
Voltage, 

VIH Min. 

Input Current 
liN Max. 

3·State Output 
Leakage Current 
lOUT Max. 

5V 

10 
DRAIN-TO-SOURCE VOLTAGE (VDS)~V 

Fig. 2 - Typical output low (sink) 
current characteristics. 

LIMITS AT INDICATED TEMPERATURES laC) 
CONDITIONS Values aI-55, +25, +125 Apply 10 D, F, K, H Packages 

Vo 
IV) 

-
-
-
-
0.4 

0.5 

1.5 

4.6 

2.5 

9.5 

13.5 

-

-
-
-

-

-

0.5,4.5 

1,9 
1.5,13.5 

0.5,4.5 

1,9 

1.5,3.5 

-

O,lB 

Values at -40, +25, +85 Apply to E Package 
UNITS 

VIN VDD 
(V) (V) -55 -40 +85 +125 

0,5 5 1 1 30 30 

0,10 10 2 2 60 60 

0,15 15 4 4 120 120 

0,20 20 20 20 600 600 

D,S 5 0.64 0.61 0.42 0.36 

0,10 10 1.6 1.5 1.1 0.9 

0,15 15 4.2 4 2.B 2.4 

D,S 5 -0.64 -0.61 -0.42 -0.36 

D,S 5 -2 -l.B -1.3 -1.15 

0,10 10 -1.6 -1.5 -1.1 -0.9 

0,15 15 -4.2 -4 -2.B -2.4 

0,5 5 0.05 

0,10 10 0.05 

0,15 15 0.05 

D,S 5 4.95 

0,10 10 9.95 

0,15 15 14.95 

- 5 1.5 

- 10 3 

- 15 4 

- 5 3.5 
- 10 7 

- 15 11 

O,lB 18 ±0.1 ±0.1 ±1 ±1 

O,lB lB ±0.4 ±0.4 ±12 ±12 

GATE-TO-SOURCE VOLTAGE (VGS)=15 V 

~ e 7.5 10V 

~ 
~ 5 

o 

§ 25 5V 

5 10 15 
DRAIN-TO-SOURCE VOLTAGE (Vpsl-V 

Fig. 3 - Minimum output low (sink) 
current characteristics. 

Min. 

-
-
-
-

0.51 

1.3 

3.4 
-0.51 

-1.6 

-1.3 

-3.4 

-
-
-

4.95 

9.95 

14.95 

-
-
-

3.5 

7 

11 

-

-

+25 
Typ. Max. 

0.02 1 

0.02 2 

0.02 4 
IlA 

0.04 20 

1 -

2.6 -

6.B -
-1 - rnA 

-3.2 -

-2.6 -
-6.B -

0 0.05 

0 0.05 

0 0.05 
V 

5 -
10 -
15 -

- 1.5 

- 3 
- 4 

V - -

- -
- -

±10-5 ±0.1 IlA 

±1O-4 ±OA IlA 

CRAIN-TO-SOURCE VOLTAGE (VoSI-V 
-15 -5 

AMBIENT TEMPERATURE ITA'-Z5"C 

GATE-TO-SOURCE VOLTAGE (VGs)--!5V 

-10'1 

-15'1 

Fig. 4 - Typical output high (source) 
current characteristics. 

. 
-5 f 

~ 
-10 § 
-15 ~ 

-20~ 
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CD4043B, CD4044B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25" C; Input tr, tf= 20ns, 
CL =50pF, RL=200KO 

LIMITS 

CHARACTERISTIC VDD 
ALL TYPES 

(VI TYP. MAX. 

Propagation Delay 5 150 300 
Time: tpHL, tpLH 10 70 140 
SET or RESET to Q 15 50 100 

3·Stat8 Propagation Delay 5 115 230 
Time: ENABLE to Q 10 55 110 

tpHZ, tpZH 15 40 80 

5 90 180 

tpLZ, tpZL 10 50 100 
15 35 70 

Transition Time: 5 100 200 

tTHL, tTLH 10 50 100 
15 40 80 

Minimum 5 80 160 
SET or RESET 10 40 80 
Pulse Width, tw 15 20 40 

Input Capacitance, - 5 7.5 
(Any Input) CIN 

TEST CIRCUITS 

UNITS 

ns 

ns 

ns 

ns 

ns 

pF 

LOAO CAPACITANC 
CL-15 pF 

178 

Fig. 7 - Typical propagation delay time 
w. load clIpacitance-SET, 
RESET to Q, Q. 

CL; 50 pF 

IN~UT FR~QUENCY-Hz 

Fig. 8 - Typical power dissipation v •• 
frequency. 

:~UTO'" -;__ y~NPu(Js. '. =.~::c'::' 
Vss TO BOTH Yoo AND Vss' 

CONNECT ALL UNUSED 
NOTE: ...urS 10 EITHER 

Vss ~~S:-NAp~~OMBINATICIH Yss Yeo OR Vss' 

9ZCS-27404IRI 

Fig. 10 - Input voltage. Fig. 11 - Input current. 

10' 

YOD 

YDD 

DRAIN-TO-SOURCE VOLTAGE, (V05)-1/ 

I 

Fig. 5 - Minimum output high (source) 
current characteristics. 

Fig. 6 - Typical transition time liS. 

load capacitance. 

o 
Vss 

INPUTS 

Vss 

Fig. 9 - Quiescent device current. 

OUTPUT 

Fig. 12- Switch bounce eliminator. 



CD4043B, CD4044B Types 

ENABL.E 

Vss 

CHIP PHOTOGRAPHS 
DIMENSIONS AND PAD LAYOUTS 

I. 
" I. 
13 
12 IN 
II iN IKn 

10 f-+.-"N\,-{) 

TEST IN IN 

tpHZ Voo VSS Vss 

tpL.Z Vss Voo Vee 

I PZH Vee V5S Vss 

tpZl VS5 Voo Veo 

z· HIGH IMPEDANCE 

~VOD 
50% 50% 

EPIIABL.E VS5 

Fig. 13 - ENABL E propagation delay time test circuit and waveforms. 

I 
I 
I 
I 

" C04043 , 

50 60 65 
I I 

I ______ .J 

L.OAO A 

ENABL.E Ao----------J----.J 

CD4043BH 

CD4044BH 

l " 
" 
3 C04043 10 

74-82 
(1.880-2.082) 

" " 

92C5-21750 

92C5-27751 

" I. 
3 C04043 10 

7 

" " 
ENABL.E C 0---------+-----' 

LOAD D 

" 
" 
3 C04043 10 

ENABL.E oo-----___ -+_---.J 
RESET 

Fig. 14 - Multiple bus storage. 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when It is part of the wafer. When the 
wafer ;5 separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip. therefore, may differ slIghtly from the nominal 
dimensions shown. The user should consider 8 tolerance 
of -3 mils to --16 mils applicable to the nominal 
dimensions shown. 

213 C04009 

179 

I 



CD4045B Types 

CMOS 21-Stage Counter 
High-Voltage Types (20-Volt Rating) 

The RCA-CD40456 is a timing circuit con­
sisting of 21 counter stages, two output­
shaping flip-flops, two inverter output drivers, 
and input inverters for use in a crystal oscil­
lator. The CD40456 configuration provides 
21 flip·flop counting stages, and two flip­
flops for shaping the output waveform for a 
3.125% duty cycle. Push-pull operation is 
provided by the inverter output drivers. 

The first inverter is intended for use as a 
crystal oscillator/amplifier. However, it may 
be used as a normal logic inverter if desired. 
A crystal oscillator circuit can be made less 
sensitive to voltage-supply variations by the 
use of source resistors. In this device, the 
sources of the p and n transistors have been 
brought out to package terminals. If external 
resistors are not required, the sources must 
be shorted to their respective substrates (Sp 
to VDD, Sn to VSS). See Fig. 1. The first 
inverter in conjunction with an outboard 
inverter, such as 1/6 CD4069, and AX, CX, 
and RS can also be used to construct an 
RC oscillator. The following data is supplied 
as a guide in the selection of values for RX, 

RS' and Cx used in Fig. 11: 
1. RX max = 10 Mil with RS = 10 Mil 

and Cx = 50 pF 
2. C X max = 25 f..LF with RS = 560 kil 

and RX = 50 kil 

The CD4045B types are supplied in 16-lead 
dual-in-line ceramic packages (D and F 
suffixes). 16-lead dual-in-line plastic pack­
ages (E suffix). 16-lead ceramic flat packages 
(K suffix). and in chip form (H suffix). 

Applications: 
• Oigital equipment in which ultra-low dissi­

pation and/or operation using a battery 
source is required. 

• Accurate timing from a crystal oscillator 
for timing applications such as wall clocks, 
table clocks, automobile clocks, and digital 
timing references in any circuit requiring 
accurately timed outputs at various inter­
vals in the counting sequence. 

• Driving miniature synchronous motors, 
stepping motors, or external bipolar tran­
sistors in push-pull fashion. 

180 

Features: 
• Very low operating dissipation 

<1 mW (typ.) @VOO = 5 V, ftjJ = 1 MHz 
• Output drivers with sink or source capability 

7 mA (typ.) @ VOO = 5 V 
• Medium speed (typ.) ... ftjJ=25 MHz@VDO=10V 
• 100% tested for quiescent current at 20 V 
• 5-V, 10-V, and 15-V parametric ratings 
• Meets all requirements of JEDEC Tentative Standard 

No. 13A, Standard Specifications for Oescripiton of 
'6' Series CMOS Devices" 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY·VOLTAGE RANGE, (VDDI 

(Voltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (PDI: 

For T A = -40 to +600 C (PACKAGE TYPE EI 
For T A = +60 to +850 C (PACKAGE TYPE EI . . 
For TA = -55 to +100oC (PACKAGE TYPES D, F, KI 
For TA = +100 to +1250 C (PACKAGE TYPES 0, F, K). 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

VOD'3 

VSS'I4 

4,5,6,9,10,11,12,13' 

FUNCTIONAL DIAGRAM 

-0.5 to +20 V 
-0.5 to V DD +0.5 V 

±10mA 

.. .. ... 500mW 
Derate Linearly at 12 mW/oC to 200 mW 
. . . . . . . .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 

FOR TA = FULL PACKAGE·TEMPERATURE RANGE (All Package Typesl 
OPERATING· TEMPERATURE RANGE IT AI: 

100mW 

PACKAGE TYPES 0, F, K, H . 
PACKAGE TYPE E . 

-55 to +1250 C 
-40 to +850 C 

STORAGE TEMPERATURE RANGE (Tstgl 
LEAD TEMPERATURE (DURING SOLDERINGI: 

-65 to + 150°C 

cx 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for lOs max. 

1·-----------------------; 
V:DI I 

RS 

= 
2.097152. 

MH, 

I 

14 
Vss 

-~ 

L EXTERNAL ~ 
COMPONENTS 

REfER TO APPLICATION NOTE 
ICAN6086 1FORTHE CHOICE Of 
OSCILLATOR COMPONENT VALUES 
AND TYPICAL OSCILLATOR CURRENTS 

SCHEMAT,e OF 
FIRST INvERTER 

Fig. 1 - CD40458 and outboard components in a tvpical 21 -stage counter application. 
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STATIC ELECTRICAL CHARACTERISTICS 

liMITS AT INDICATED TEMPERATURES (OC) 
Values at-55, +25, +125 Apply to D, F, K, H Packages 

CHARACTERISTIC CONDITIONS Values at -40.+25,+85, Apply to E Package 

Vo VIN ~DD +25 
(V) (V) (V) -55 -40 +85 +125 Min. Typ. Max. 

Quiescent Device - 0,5 5 5 5 150 150 - 0.04 5 
Current, IDD Max. - 0.10 10 10 10 300 300 - 0.04 10 

- 0,15 15 20 20 600 600 - 0.04 20 

- 0,20 20 100 100 3000 3000 - 0.08 100 

Output low (Sink) 0.4 0,5 5 4.5 4.3 2.9 2.5 3.6 7 -
Current IOl Min. 0.5 0,10 10 11.2 10.5 7.7 6.3 9.1 18 -

1.5 0,15 15 29.4 28 19.6 16.8 23.8 47 -
Output High (Source) 4.6 0.5 5 -4.5 -4.3 -2:9 -2.5 -3.6 -7 -

Current, IOH Min. 9.5 0,10 10 Hl.2 -10.5 -7.7 -6.3 -9.1 -18 -
13.5 0,15 15 r29.4 -28 -19.6 -16.8 -23.8 -47 -

Pin 15 Output 0.4,4.6 0,5 5 - +0.1 +0.18 -
Low and High 0.5.9.5 0.10 10 - ±0.2 ±0.3 -
Current. IOL,IOH 1.5.13.5 0,15 15 - ±0.5 ±1 -

Output Voltage: - 0.5 5 0.05 - - 0.05 

Low· Level. - 0.10 10 0.05 - - 0.05 
VOL Max. - 0.15 15 0.05 - - 0.05 

Output Voltage: - 0.5 5 4.95 4.95 - 5 -
High-Level. - 0,10 10 9.95 9.95 10 -

VOH Min. - 0.15 15 14.95 14.95 15 -
Input Low 0.5,4.5 - 5 1.5 - - 1.5 

Voltage 1.9 - 10 3 - - 3 

VIL Max. 1.5.13.5 - 15 4 - - 4 

Input High 0.5,4.5 - 5 3.5 3.5 - -
Voltage. 1.9 - 10 7 7 - -

VIHMin. 1.5.13.5 - 15 11 11 - -
Input .current - 0.18 18 ±0.1 ±0.1 ±1 ±1 - ±10-5 to.l 

liN Max. 

RECOMMENDED OPERATING CONDITIONS 

For maximum ~iabllity, nominal operating conditions should be selected so that operation is 
always within the following ranges 

CHARACTERISTIC VDD LIMITS 
UNITS 

(V) Min. Max. 

Supply-Voltage Range (For T A = Full Package· - 3 18 V Temperature Range) 

5 - 100 
Minimum Input-Pulse Width. tw 10 - 50 ns 

15 - 40 

Maximum Input-Pulse Frequency. ft/l 5 5 -
(External Pulse SOurce) 

10 12 - MHz 
15 15 -

U 
N 
I 
T 
S 

p.A 

mA 

mA 

V 

V 

p.A 
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CD4045B Types 

DYNAMIC ~LECTRICAL CHARACTERISTICS at TA = 25°C; Input t r• tf = 20 ns. 
CL=50pF. RL=200kn 

TEST 
CHARACTERISTIC CONDITIONS 

Propagation Delay Time: 
¢I to y or y+d out 

tpHL' tpLH 

Transition Time: 

tTHL' tTLH 

Minimum Input·Pulse Width 

tw 

Input·Pulse Rise or Fall Time: 

tr¢. tf¢ 

Maximum Input·Pulse 
Frequency: 

(External Pulse Source) fq, 

Input Capacitance. CIN Any Input 

Variation of Output Frequency 
(Unit·to·Unit) t = 5 MHz 

RC Oscillator Operation 

Maximum Oscillator Frequency RX=50kn. 
(See Fig. 11) RS=56(tkn. 

tosc CX=50pF 

DRAIN-TO-SOURCE VOLTAGE IVQsI-Y 

92C$-:5I'''2 
Fig. 4 - Typical output high (source! current 

characteristics. 

r 2 "6810 2 "68r02 2 "6810,2 "'110.2 "68 

INPUT FREQUENCY UfI'-'Hr 

Fig. 7 - Typical power dissipation as a function of 
input frequency (27 counting stages!. 
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VDD 
V 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

LIMITS 
UNITS 

Min. Typ. Max. 

- 2.2 5.5 
- 0.9 2.7 JJS 
- 0.65 2 

- 25 50 
- 13 25 
- 10 20 ns 
- SO 100 
- 25 50 
- 20 40 

- - SOO 
- - 500 JJS 
- - 500 

5 10 -
12 25 - MHz 
15 30 -
- 5 7.5 pF 

- 0.05 -
.- 0.03 - % 
- 0.1 -

45 60 75 
45 60 75 kHz 
45 60 75 

DRAIN-lO-SOURCE VOLTAGE IV05I-v 

9eeS-lIS'" 
Fig. 5 - Minimum output high (source! 

SUPPLY VOLTAGE CVooJ-V 

Fig. 8 - Typical meximum input'pulse frequency 
as a function of supply voltage. 

DRAIN-TO-SOURCE VCLTAGE IVOSI-V 
92CS-31340 

Fig. 2 - Typical output low (sink! current 
characteristics. 

DRAiN-TO-SOURCE VOLTAGE IVOsl-V 
HeS-"'''1 

Fig. 3 - Minimum output low (sink! current 
characteristics. 

1 

SUPPLY VOLTAGE (VOOI-V 92<:S-,.,"4 
Fig. 6 - 'Typical propagation delay time 8S a 

function of supply voltage (<P, to y 
or y+dout .s. VOrY' 

0.01 
10 2468022.68,0,2468104246810,246110' 

CAPACITANCE (Cxl-" 92CS-'513"7 

Fig. 9 - Typical RC oscillstor frequency a. a 
function of capacitance (C X). 
Sse Fig. 11. 



~ 

"OO"5,IO,OR 1511 
CX"50pf 

f-+--hH-J---'~-H RS"I NQ 

l~~~~tt~~~~~~~~~~ ~ :~ " I 1~f-+--h~--f--H~-1~~++-+~-tH 
~ )~~~ft~~~~~~~~~~~~ 

0.1 
1 2 4 6810 2 4 Ii IK:J2 2 4 61103 2 4 68 104 

RES\S'TANC(. tRX}-kQ 

Fig. 10 - Typical RC oscillator frequency as a 
function of resistance (R XJ, 
See Fig. 11. 

92CS -2 7441 R 1 

Fig. 13 - Noise-immunity test circuit. 

TO COUNTER 

Fig. 11 - Typical RC circuit. 

NOTE: 

MEASURE INPUTS 
SEQUENTIALLY" 

TO BOTH Voo AND VSS' 
CONNECT ALL UNUSEO 

~ __ .--_...J INPUTS TO EITHER 

Voo OR VSS' 

VSS 92C$-27402 

Fig. 14 - Input-leakage-current test circuit. 

92CM-3135!5 

Dimensions and pad layout for CD4045B. 

Dimensions in paren theses are in millimet.rs .nd 
are derived from the basic inch dimensions ., in­
dicated. Grid graduation, are in mil, ,,0-3 inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated Into individual chips, the angla of 
cleavage may vary with respect to the chip 'ace for 
different chips. The actual dimensions of the isolated 
chip. therefore. may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nomfnal 
dimensions shown. 

CD4045B Types 

Voo 

o 
Vss 

INPUTS 

9lC$-2740IRI 

Fig. 12 - Quiescent-device-current test circuit. 

Fig. 75 - Dynamic power diSSipation test circuit. 

TERMINAL DIAGRAM 
Top View 

5p I. IS +, 
5N 2 15 ·0 Voo 14 VSS 

No{ 

I~ 

}C 

12 

II 
10 

y+d 9 

'32CS_2447BA2 

NC- NO CONNECTION 

NOTE Observe power-supply terminal connec­
tions, VOO is terminal No. 3and VSS is 
terminal No. 14 (not 16 and 8 ,espec­
tively. a. in other CD4000B Series 16-lead 
device.1. 
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CD4046B Types 

CMOS Micropower 
Phase-Locked Loop 

Features: 
• Very low power consumption: 

70 }J.W (typ.) at VCO fo = 10 kHz, VOO = 5 V 
• Operating frequency range up to 1.4 MHz (typ,) 

at VOD = 10 V, RI = 5 kU 

~ 

PHASE I. 16 YDD PULSES 
PHASE COMP 

" 
ZENER lOUT 2 

~ATcwt 5 14 SIGNAL IN The RCA-CD40468 CMOS Micropower 
Phase-Locked Loop (PLL) consists of a low­
power, linear voltage-controlled oscillator 
(VCO) and two different phase comparators 
having a common signal-input amplifier and 
a common comparator input. A 5.2-V zener 
diode is provided for supply regulation if 
necessary_ 

• Low frequency drift: 0.04%fC !typ.) at VDO = 10 V veo OUT • 
INHIBIT • 

IS 
PHASE e_ 

II OUT 
I. R2 TO Yss • Choice of two phase comparators: 

Exclusive·OR network (I) CICIJ • " RI TO Yss 

DEMOOULATOII 
Edge-controlled memory network with phase-pulse 
output for lock indication (II) 

C1(2) 

·so 
T 

• "' OUT 

• VCO IN 

The CD40468 types are supplied in 16-lead 
ceramic dual-in-line packages (D and F 
suffixes), 16-lead dual-in-line plastic pack­
ages (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

VCO Section 

• High VCO linearity: <1% (typ,) at VDD = 10 V 

• VCO inhibit control for ON-OFF keying 
and ultra-low standby power con­
sumption 

• Source-follower output of VCO control 
input (Demod. output) 

• Zener diode to assist supply regulation 
• Standardized, symmetrical output 

characteristics 
• 100%' tested for quiescent current at 20 V 
• 5-V, 10-V, and 15-V parametric ratings 
• Meets all requirements of JEDEC Tentative 

Standard No. 13A,"Standard Specifications 
for Description of 'B' Series CMOS Devices" 

TOP VIEW 

tlCS-10757AI 

TERMINAL ASSIGNMENT 

Applications: 
• FM demodulator and modulator 
• Frequency synthesis and multiplication 
• Frequency discri minator 
• Data synchronization 
• Voltage-to-frequency conversion 
• Tone decoding 
• FSK - Modems 
• Signal conditioning 
• (See ICAN·6101) "RCA COS/MOS 

Phase-Locked Loop - A Versatile 
Building Block for Micropower 
Digital and Analog Applications" 

FiOO 

LIss 
* All INPUTS ARE PROTECTED 

BY COS/MOS PROTECTION 
NETWORK 

92CS-29172 

The VCO requires one external capacitor C1 
and one or two external resistors (Rl or Rl 
and R2). Resistor Rl and capacitor Cl 
determine the frequency range of the VCO 
and resistor R2 enables the VCO to have a 
frequency offset if required. The high input 
impedance (1012U) of the VCO simplifies 
the design of low-pass filters by permitting 
the designer a wide choice of resistor-to­
capacitor ratios. In order not to load the 
low-pass filter, a source-follower output of 
the VCO input voltage is provided at terminal 
10 (DEMODULATED OUTPUT). If this 
terminal is used, a load resistor (RS) of 10 
kU or more should be connected from this 
terminal to VSS. If unused this terminal 
should be left open. The VCO can be con­
nected either directly or through frequency 
dividers to the comparator input of the 
phase comparators_ A full COS/MOS logic 
swing is available at the output of the VCO 
and allows direct coupling to COS/MOS 
frequency dividers such as the RCA-CD4024, 
CD4018, CD4020, CD4022, CD4029, and 
CD4059. One or more CD4018 (Preset­
table bivide·by:1'iI Counter) or CD4029 (Pre­
settable Up/Down C,ounterl, or C04059A 
(Programmable Divide-by-"N" Counter), to­
gether with the C04046B (Phase-Locked 
Loop) can be used to build a micropower 
low-frequency synthesizer_ A logic 0 on the 
INHIBIT input "enables" the VCO and the 
source follower, while a logic 1 "turns off" 
both to minimize stand-by power consump­
tion_ 

Fig. i - COS/MOS phase·locked loop block diagram. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) ............................... ,............. -0,5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ............................. ,.......... -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT .................................................. ±10 mA 
POWER DISSIPATION PER PACKAGE (PD): 

For T A = -40 to +60' C (PACKAGE TYPE E) ............................................. 500 mW 
For T A = +60 to +85'C (PACKAGE TYPE E) ......•......• , Derate Linearly at 12 mwrc to 200 mW 
For T A = -55 to +l00'C (PACKAGE TYPES D, F, K) ............ _ .... _ ..... __ ............. 500 mW 
For T A = +100 to +125'C (PACKAGE TYPES D, F, K) .....•. Derate Linearly at 12 mwrc to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
ForTA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................. l00mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES D. F, K, H ..•.. ' ................................................ -55 to +125'C 
PACKAGE TYPE E ............................................................... -40 to +85'C 

STORAGE TEMPERATURE RANGE (T stg) ......................................... -65 to +150"C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1132 inch (1.59 ± 0.79 mm) from case for lOs max .................. , ..•. +265'C 
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Phase Comparators 

The phase-comparator signal input (terminal 
14) can be direct-coupled provided the signal 
swing is within COS/MOS logic levels [logic 
"0" <;;30% (VOD-VSS), logic "1" ;;. 70% 
(VDO-VSS) J. For smaller swings the signal 
must be capacitively coupled to the self­
biasing amplifier at the signal input. 
Phase comparator I is an exclusive-OR net­
work; it operates analagously to an over­
driven balanced mixer. To maximize the lock 
range, the signal- and comparator·input fre· 
quencies must have a 50% duty cycle. With 
no signal or noise on the signal input, this 
phase comparator has an average output 
voltage equal to VOO/2. The low-pass filter 
connected to the output of phase comparator 



RECOMMENDED OPERATING CONDITIONS at TA = Full Package-Temperature Range 

For maximum reliability, nominal operating corviitions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTIC LIMITS UNITS 
Min_ Max_ 

Supply-Voltage Range VCO Section: 
As Fixed Oscillator 3 18 
Phased-Lack-Loop Operation 5 18 V 

Supply-Voltage Range Phase Comparator Section: 
Comparators 3 18 
VCO Operation 5 18 

DESIGN INFORMATION 

This information is a guide for approximating 
the values of external components for the 
CD4046A in a Phase-Lacked-Loop system_ 

The selected external components must be 
within the following ranges: 

Phase 
Characteristics Comparator 

Used 

VCO Frequency 1 

2 

For No.Signal Input 1 

2 

Frequency Lock 1 

Range, 2 fL 
2 

Frequency Capture 
Range, 2 fC 

1 

Loop Filter 
Component 

Selection 

2 

Phase Angle Between 1 
Signal and Comparator 

2 

Locks On Harmonic of 1 
Center Frequency 2 

Signal Input 1 
Noise Rejection 2 

.For further information, see 

5 H2O;;; Rl, R2, RSo;;; 1 Mn 
Cl ;;'100pF atVDD;;'5 V; 
Cl ;;. 50 pF at VDD -;;. 10 V 

Design Information 

VCO WITHOUT OFFSET veo WITH OFFSET 
R2=oo 

'-~ t:c - 2fL 

IQ --

f _ 

12fL I 
I I 

fNIN 
YDOI2 Yoo ...... v •• 

veo INPUT YOLTAGE YCO INPUT VOLTAGE 
92($-20012111 

Same as for No.1 

VCO will adjust to center frequency, fa 

VCO will adjust to lowest operating frequency, fmin 

2 fL = full VCO frequency range 

2 fL - fmax-fmin 

Same as for No.1 

I. R' OUT 
(I), (2)· 

~ ltrrfL 2fC"'- --
rr 71 

I. R' OUT 

t For 2 fC, see Ref. (2) 

~C2 
92C$-21901 

fC = fL 

900 at center frequency (fa) approximating 00 

and 1800 at ends of lock range (2 fL) 
Always 00 in lock 

Ves 

No 

High 

Low 

(1) F. Gardner, "Phase-Lock Techniques" John Wiley and Sons, New York, 1966 
(2) G. S. Moschytz, "Miniaturized RC Filters Using Phase-Locked Loop", BSTJ, May, 1965. 
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I supplies the averaged voltage to the VCO 
input, and causes the VCO to oscillate at the 
center frequency (fa). 
The frequency range of input signals on 
which the PLL will lock if it was initially 
out of lock is defined as the frequency cap­
ture range (2fcl. 
The frequency range of input signals on 
which the loop will stay locked if it was 
initially in lock is defined as the frequency 
lock range (2fL). The capture range is 0;;; the 
lock range. 
With phase comparator I the range of fre­
quencies over which the PLL can acquire 
lock (capture range) is dependent on the 
low-pass-filter characteristics, and can be 
made as large as the lock range. Phase-com­
parator I enables a PLL system to remain 
in lock in spite of high amounts of noise 
in the input signal. 
One characteristic of this type of phase com­
parator is that it may lock onto input fre­
quencies that are close to harmonics of the 
VCO center-frequency. A second charac· 
teristic is that the phase angle between the 
signal and the comparator input varies be­
tween 00 and 1800 , and is 900 at the center 
frequency. Fig. 2 shows the typical, trian­
gular, phase·to-output response characteristic 
of phase-comparator I. Typical waveforms 
for a CMOS phase-locked-loop employ­
ing phase comparator I in locked condition 
of fa is shown in Fig. 3. 

VOLTAGE 
VDD V·OUTPUT 

O~ -' VDD/2 

o 90· 180-
SIGNAL-TO- COMPARATOR 
INPUTS PHASE DIFFERENCE 

Fig.2 - Phase-comparator I characteristics 
at low-pass filter output. 

SIGNAL INPUT ITEAM. 14} 

veo OUT PUT (TE RM 41 • 
COMPARATOR INPUT 
ITER.,31 
PHASE COMPARATOR I 
OUTPUT (TERM. 2) 

veo lNPIJT ITERM.9Ia 
-LOW-PASS FILTER 

OUTPUT -vss 

Fig. 3-Typical waveforms for CMOS phase-locked 
loop employing phase comparator in locked 
condition of fo. 

Phase-comparator II is an edge-controlled 
digital memory network. I t consists of four 
flip-flop stages, control gating, and a three­
state output circuit comprising p- and n-type 
drivers having a common output node. When 
the p-MOS or noMOS drivers are ON they 
pull the output up to VDD or down to 
VSS, respectively. This type of phase com­
parator acts only on the positive edges of 
the signal and comparator inputs. The duty 
cycles of the signal and comparator inputs 
are not important since positive transitions 
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STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURE (Oel U 
CHARAC· CONDITIONS Values at-55, +25, +125 Apply to D, F, K, H Packages N 

I TERISTIC Values at -40. +25. +85 Apply to E Package 
T 

Vo VIN VDD 
(VI (VI (VI -55 -40 +85 +125 

VCOSaction 

Output Low 0.4 0,5 5 0.64 0.61 0.42 0.36 
(Sinkl Current 0.5 0,10 10 1.6 1.5 1.1 0.9 
IOLMin. 1.5 0,15 15 4.2 4 2.8 2.4 

Output High 4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 
(Sourcel 2.5 0,5 5 -2 -1.8 -1.3 -1.15 
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 
IOHMin. 13.5 0.15 15 -4.2 -4 -2.8 -2.4 

Output Voltage: Term. 4 0,5 5 0.05 
Low-Level, driving 0,10 10 0.05 
VOL Max. CMOS 0,15 15 0.05 

Output 0,5 5 4.95 
Voltage: e.g. 010 10 9.95 
High·Level, Term.3 0,15 15 14.95 
VOH Min. 

Input Cu rrent - 0,18 18 ±0.1 ±0.1 ±1 ±1 
liN Max. 

Phase Comparator Section 

Total Device - 0,5 5 0.2 
Current, 100 Max. - 0,10 10 1 
Term. 14 open, - 0,15 15 1.5 
Term.5=VOO - 0,20 20 4 

- 0,5 5 20 
Term. 14 = Vss - 0,10 10 40 

or VOO, Term. 5 - 0,15 15 80 
=VOO - 0,20 20 160 

Output Low 0.4 0,5 5 0.64 0.61 0.42 0.36 

(Sinkl Current 0.5 0,10 10 1.6 1.5 1.1 0.9 
IOLMin. 1.5 0,1& 15 4.2 4 2.8 2.4 

Output High 4.6 0,5 5 "-0.64 -0.61 -0.42 r-0.36 
(Sourcel 2.5 0,5 5 -2 -1.8 -1.3 r-1.15 
Current 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 
IOHMin. 

13.5 0,15 15 -4.2 -4 -2.8 -~.4 

DC·Coupled 
. Signal Input and 
Comparator Input 

0.5,4.5 5 1.5 Voltage Sensitivity -
Low Level 1,9 - 10 3 

VIL Max. 1.5,laS- - 15 4 

High Level 0.5,4.5 - 5 3.5 

VIHMin. 1,9 - 10 7 
1.513.5 - 15 11 

control the PLL system utilizing this type 
of' comparator. If' the signal-input fre· 
quency is higher than the comparator-input 
frequency, the p-type output driver is main­
tained ON most of the time, and both the 
nand p drivers OFF (3 state) the remainder 
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of the time. If the signal-input frequency 
is lower than the comparator-input frequen­
cy, the n-type output driver is maintained 
ON most of the time, and both the nand 
p drivers OFF (3 state) the remainder of 
the time. If the signal- and comparator-

Min. 

0.51 
1.3 
3.4 

0.51 
1.6 
1.3 

-3.4 

-
-
-

4.95 
9.95 

14.95 

-

-
-
-
-
-
-

-
0.51 

1.3 
3.4 

H>.51 
-1.6 
-1.3 
-3.4 

-
-
-
3.5 

7 
11 

+25 S 
Typ. Max. 

1 
2.6 
6.8 -

1 mA 
3.2 
2.6 

-6.8 -
0 0.05 
0 0.05 
0 0.05 V 
5 

10 
15 -

10-5 ±0 .. 1 p.A 

0.1 0.2 

0.5 1 mA 
0.75 1.5 

2 4 

10 20 
20 40 p.A 
40 80 
80 160 

1 -
2.6 -
6.8 -
-1 - mA 

-3.2 -
-2.6 .,. 
-6.8 -

- 1.5 

- 3 
- 4 V 

- -
- -
- -

input frequencies are the same, but the 
signal input lags the comparator input in 
phase, the n-type output driver is main· 
tained ON for a time corresponding to the 
phase difference. If the signal- and com­
parator-input frequencies are the same, but 



STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURE (oCI U 

CHARAC· CONDITIONS Values aI-55, +25, +125 Apply 10 D, F, K, H Packages N 

TERISTIC Values at -40, +25, +85 Apply to E Package I 
T 

Vo VIN VDD 
+25 S 

(VI (VI (VI -55 -40 +85 +125 Min. Typ. Max. 

Phase Comparator Section (cont'dl 

Input Current 
liN Max. - 0,18 18 ±0.1 ±0.1 
(except Term. 141 

±1 ±1 - ±10-5 ±0.1 jJ.A 

3·State Leakage 
Current, 0,18 0,18 18 ±O.t ±O.t 

lOUT Max. 
±O.2 ±O.2 - ±to-' ±D.t jJ.A 

"Limit determined by minimum feasible leakage current measurement for automatic testing. 

ELECTRICAL CHARACTERISTICS at TA = 25°C 

CHARAC· LIMITS 
TERISTIC TEST CONDITIONS VDD ALL TYPES UNITS 

(VI Min. TVD. M~x 

VCOSection 

Operating Power 
fo = 10 kHz Rl = 1 Mn 5 - 70 140 

Dissipation, PD 
R2 = 00 VDD 10 - 800 1600 jJ.W 

VCOIW --
2 15 - 3000 6000 

Maximum Cl=50 pF 5 0.3 0.6 -
Operating R2 = 00 Rl = 10 kn 10 0.6 1.2 -
Frequency fmax VCOIN=VDD 15 0.8 1.6 -

MHz 
Cl = 50pF 5 0.5 0.8 -
R2 = 00 Rt = 5 kn 10 1 1.4 -
VCOIN=VDD 15 1.4 2.4 -

Center Frequency 
(fol and Frequency 
Range 

Programmable with external components R 1, R2. and Cl 
(fmax-fmin) See Design Information 

VCOIN= 2.5V±0.3V, Rl=10 kn 5 - 1.7 -
=5V±1 V, = 100kn 10 - 0.5 -

Linearity =5V± 2.5V. =400kn 10 - 4 - % 
=7.5V±1.5V, = 100kn 15 - 0.5 -
=7.5V±5V, = 1 Mn 15 - 7 -

Temperature -
Frequency 5 - ±0.12 -
Stability: 10 - ±0.04 -
No Frequency 15 - ±0.015 -
Offset fMIN = 0 

%fC 
Frequency 5 - ±0.09 -
Offset 10 - ±0.07 -

fMIN ;0 15 - ±0.03 -
Output Duty 

Cycle 5.10.15 - 50 - % 
Output Transftion 5 - 100 200 

Times, 10 - 50 100 ns 
tTHL' tTLH 15 - 40 80 

CD4046B Types 

the comparator input lags the signal in phase, 
the p-type output driver is maintained ON 
for a time corresponding to the phase dif­
ference. Subsequently, the capacitor voltage 
of the low-pass filter connected to this phase 
comparator is adjusted until the signal and 
comparator inputs are equal in both phase 
and frequency. At this stable point both p­
and n-type output drivers remain OFF and 
thus the phase comparator output becomes 
an open circuit and holds the voltage on the 
capacitor of the low-pass filter constant. 
Moreover the signal at the "phase pulses" 
output is a high level which can be used for 
indicating a locked condition. Thus, for 
phase comparator II, no phase difference 
exists between signal and comparator input 
over the full VCO frequency range. More­
over. the power dissipation due to the low­
pass filter is reduced when this type of phase 
comparator is used because both the p- and 
n-type output drivers are OFF for most of 
the signal input cycle. It should be noted 
that the PLL lock range for this type of phase 
comparator is equal to the capture range, 
independent of the low-pass filter. With no 
signal present at the signal input, the VCO 
is adjusted to its lowest frequency for phase 
comparator II. Fig. 10 shows typical wave­
forms for a CMOS PLL employing phase 
comparator II in a locked condition. 

AMBIENT TEMPERATURE (TA). 25·C 
VCOIN.VOO/2,R2 _CD,INHIBIT -Vss 

10-4 10.3 10.2 10.1 10 

veo TIMING CAPACITOR (CII-,.F 92($-3034' 

Fig. 4 - Tvpical center frequency as a function of 
CI and RI at VDD =5 V, 10 V, and 15 II. 
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10-3 10-4 10-3 10-2 10-1 10 

veo TIMING CAPACITOR (CIl-,.F 92CS-30353 

Fig. 5 - Center frequency as a function of C1 and 
R1 fer ambienJ temperatures of 
-55 Cta 125 C. 
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ELECTRICAL CHARACTERISTICS at TA = 25°C 

CHARAC· LIMITS 

TERISTIC TEST CONDITIONS VDD ALL TYPES 
(V) Min.' Typ. Max. 

VCOSection (cont'd) 

Source· Follower 
Output (Demodu· 5 - 1.8 2.5 
lated Output) : RS> 10 kG 10 - 1.8 2.5 
Offset Voltage 15 - 1.8 2.5 

(VCOIN-VDEM) 

RS=100 kG VCOI N = 2.5±0.3 V 5 - 0.3 -
Linearity =300kG =5±2.5V 10 - 0.7 -

=500kG =7.5±5V 15 - 0.9 -
Zener Diode 

IZ=50j.tA 4.45 5.5 ~.15 Voltage (V z) 

Zener Dynamic 
IZ= 1 mA Resistance, Rz - 40 -

Phase Comparator Section 

Term. 14 (SIGNAL 5 1 2 -
IN) Input 10 0.2 0.4 -
Resistance R14 15 0.1 0.2 -
AC Coupled 
Signal Input 

fiN = 100 kHz, 
5 - 180 360 

Voltage Sensi· 
sine wave 10 - 330 660 

tivity* (peak· 15 - 900 1800 
to·peak) 

Propagation Delay 
5 225 450 Times, Terms. 14 -

to13: High to 10 - 100 200 

Low Level, tpH L 15 - 65 130 

Low to High 5 - 350 700 

Level, tpLH 
10 - 150 300' 
15 - 100 200 

3·State Propagation 
Delay Times, 5 - 225 450 
Terms. 14 to 13: 10 - 100 200 

High Level to 15 - 95 190 
High Impedance, 

tpHZ 

Low Level to 5 - 285 570 
High Impedance, 10 - 130 260 

tpLZ 15 - 95 190 

Input Rise or Fall 
5 50 Times, tr, tf See Fig. 5 for Phase Compo II - -

Comparator output loading 10 - - 1 

Input, Term. 3 15 - - 0.3 

Signal Input, S - - 500 

Term. 14 10 - - 20 

15 - - 2.5 

Output Transition 
5 - 100 200 

10 - 50 100 
Times, tTHL, tTLH 15 - 40 80 

• For sine wave, the frequency must be greater than 10 kHz for Phase Comparator 11. 
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SIGNAL INPUT ITERM 141 

veo OUTPUT (TERM ~ 1 0 

COMPARATOR INPUT 
(TERM 31 
PHASE COMPARATOR n 
OUTPUT (TERM 131 

VCO INPUT (TERM 9)' 
~ LOW-PASS FILTER 
OUTPUT 

PHASE PULSE ITERM I) 

_JL- -- - -il- - - - -u- -"._~~~~ 
II 12-----VOO 

-Vss 

~1-! ------;u--u-~~~~ 
NOTE. ~~~~~~~~NI~''1 SAT~~~~N CIRCUIT 92CS20011R2 

F;g. 70 -- Typical waveforms for COS/MOS phase-locked loop 
employing phase comparator II in locked condition. 

4VD

: Kn 
PHASE 13 20 Kll 
COMPARATOR n 
OUTPUT 

2Kn 

Vss 

92CS-303$$ 

Fig. 11 - Phase comparator II 
output loading circuit. 
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'I. 
I 10'~;;::_--;:--f------f--------i 
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Fig. 12 - Typical VCO power dissipation at f MIN 
as a function of R2. 
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Fig. 13 -- Typical source follower power 
dissipation as a function of Rs. 
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Fig. 14 -- AC-coupled signal input voltage as a 
function of signal input frequency. 
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92CM-36467 
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RI- kG 92CS-3034!1 

Fig. 15 -- Typical VCO linearity as a function of 
RI and CI at VDD = 10 V. 
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Fig. 16 - Typical VCO linearity as a function of 
RI and CI at VDD = 15 V. 

Dimensions and pad layout for CD4046BH. 

Dimensions in parentheses are in millimeters and 
are derived from the basic Inch dimenSIons as in­
dicated. Gnd graduations are in mils (10-3 inch). 

The photographs and dimensions 01 each CMOS chip 
represent 8 chip when it is part of the wafer. When the 
waler is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face lor 
different chips. The actua' dimensions o( the isolated 
chip. therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to + 16 mils applicable to the nominal 
dimensions shown. 
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CD4047B Types 

CMOS Low-Power 
Monostable/ Astable 
M u Itivibrator 

High Voltage Types (20-Volt Rating) 

The· RCA-CD4047B consists of a gat able 
astable multivibrator with logic techni­
ques incorporated to permit positive or 
negative edge-triggered monostable 
multivibrator action with retriggering and 
external counting options. 

Inputs include + TRIGGER, -TRIGGER, 
ASTABLE, ASTABLE, RETRIGGER, and 
EXTERNAL RESET. Buffered outputs are 
C, 0, and OSCILLATOR. In all modes of 
operation, and external capacitor must be 
connected between C-Timing and RC­
Common terminals, and an external 
resistor must be connected between the 
R-Timing and RC-Common terminals. 
Astable operation is enabled by a high 
level on the ASTABLE input or a low level 
on the ASTABLE input, or both. Th~ 
period of the square wave at the 0 and 0 
Outputs in this mode of operation is a 
function of the external components 
employed. "True" input pulses on the 
ASTABLE input or "Complement" pulses 
on the ASTABLE input allow the circuit to 
be used as a gatable multivibrator. The 
OSCILLATOR output period will be half of 
the 0 terminal output in the astable 
mode. However, a 50% duty cycle is not 
guaranteed at this output. 

The CD4047B triggers in the monostable 
mode when a positive-going edge occurs on 
the + TRIGGER-input while the -TRIGGER is 
held low. Input pu Ises may be of any duration 
relative to the output pulse. 

If retrigger capability is desired, the 
RETRIGGER input is pulsed. The retrig­
gerable mode of operation is limited ~o 
positive-going edge. The CD4047B Will 
retrigger as long as the RETRIGGER-input 
Is hiQh, with or without transitions (See 
Fig. 34). 

An external countdown option can be im­
plemented by coupling "0" to an external 
"N" counter and resetting the counter 
with the trigger pulse. The counter output 
pulse is fed back to the ASTABLE input 
and h~s a duration equal to N times the 
period of the multivibrator. 

A high level on the EXTERNAL RESET in­
put assures no output pulse during an 
"ON" power condition. This input can 
also be activated to terminate the output 
pulse at any time, for monostable opera­
tion, whenever VDD is applied, an internal 
power-on reset circuit will clock the Oout­
put low within one output period (tM)' 

The CD4047B-Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack­
ages (D and F suffixes), 14-lead dual-in-line 
plastic packages (E suffix), 14-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 
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Features: 
• Low power consumption: special CMOS 

oscillator configuration 
• Monostable (one-shot) or astable (free-running) 

operation 
• True and complemented buffered outputs 
• Only one external Rand C required 
• Buffered inputs 
• 100% tested for quiescent current at 20 V 
• Standardized, symmetrical output 

characteristics 
• 5-V, 10-V, and 15-V parametric ratings 
• Meets all requirements of JEDEC 

Tentative Standard No. 13B, 
"Standard Specifications for 
Description of 'B' 
Series CMOS Devices" 

Monostable Multivibrator Features: 
• Positive- or negative-edge trigger 
• Output pulse width independent of 

trigger pulse duration 
• Retriggerable option for pulse width 

expansion 
• Internal power-on reset circuit 
• Long pulse widths possible using small 

RC components by means of exter­
nal counter provision 

• Fast recovery time essentially indepen­
dent of pulse width 

• Pulse-width accuracy maintained at 
duty cycles approaching 100% 

Astable Multivibrator Features: 
• Free-running or gatable operating 

modes 
• 50% duty cycle 

R 
R-C COMMON 

ASTABLE 

ASTABLE : 
-TRIGGER 

Vss 

VDD 

:: OSCOUT 

12 RE~RIGGER 

:~ Q 

9 + T~'G~~SRE T 
8 

TOP VIEW 

92CS-2143iRI 

Terminal Diagram 

• Oscillator output available 
• Good astable frequency stability: 

Frequency deviation: 
= ± 2% + 0.03%/"C @ 100 kHz 
= ± 0.5% + 0.015%I·C @ 10 kHz 
(circuits "trimmed" to frequency 
VDD = 10 V ± 10%) 

Applications: 
Digital equipment where low-power 
dissipation andlor high noise immunity 
are primary design requirements: 
• Envelope detection 
• Frequency multiplication 
• Frequency diviSion 
• Frequency discriminators 
• Timing circuits 
• Time-delay applications 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so 
that operation is always within the following ranges: 

LIMITS 
UNITS CHARACTERISTIC 

MIN_ I MAX, 
Supply-Voltage Range (For T A - Full Package-Temperature I RanQe) 3 18 V 
NOTE: IF AT 15 V OPERATION A 10 MQ RESISTOR IS USED THE OPERATING 

TEMPERATURE SHOULD BE BETWEEN -25'C and 100'C 

MAXIMUM RATINGS. AbSOlute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) ........ _ ................•. _........ ... .•. ...... -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS .. _. _ .................. _ ................... -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ..•................•• _ ...................•......•. _ .. ±10 mA 
POWER DISSIPATION PER PACKAGE (PD): 

For T A = -40 to +60· C (PACKAGE TYPE E) ................. _ ............................... 500 mW 
For T A = +60 to +85·C (PACKAGE TYPE E) ....••....•....•... Derate Linearly at 12 mW/·C to 200 mW 
For T A = -55 to +l00·C (PACKAGE TYPES D, F, K) .......................................... 500 mW 
For T A = +100 to +125·C (PACKAGE TYPES D, F, K) ...... _ ... Derate Linearly at 12 mW/·C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) . _ .................... 100 mW 

OPERATING-TEMPERATURE RANGE (T A): 
PACKAGE TYPES D, F, K, H ........................................................ -55 to +125·C 
PACKAGE TYPE E .................................................................. -40 to +85·C 

STORAGE TEMPERATURE RANGE (T stg) ..... _ ....................................... -65 to +150·C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max .......................... +265·C 
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+TRIGGER 

-TRIGGER 

CD4047B FUNCTIONAL TERMINAL CONNECTIONS 
NOTE: IN ALL CASES EXTERNAL RESISTOR BETWEEN TERMINALS 2 AND 3& 

EXTERNAL 'CAPACITOR BETWEEN TERMINALS 1 AND 3& 

TERMINAL CONNECTIONS OUTPUT OUTPUT PERIOD 
FUNCTION TOVDD TOVSS INPUT PULSE OR 

TO FROM PULSE WIDTH 
Astable Multivibrator: 

Free Running 4,5,6,14 7,8,9,12 - 10,11,13 tA (10,11) = 4.40 RC 
True Gating 4,6,14 7,8,9,12 5 10,11,13 tA (13) = 2.20 RC# 
Complement Gating 6,14 5,7,8,9,12 4 10,11,13 

Monostable Multivibrator: 
Positive·Edge Trigger 4,14 5,6,7,9,12 8 10,11 
Negative-Edge Trigger 4,8,14 5,7,9,12 6 10,11 1M (10,11) =2.48 RC 
Retriggerable . 4,14 5,6,7,9 8,12 10,11 
External Countdown 14 5,6,7,8,9,12 - 10,11 

... See Text. 

# First positive 'h cycle pulse·width = 2.48 RC, see Note on Page 10 . 

• Input Pulse to Reset of External Counting Chip External Counting Chip Output To Terminal 4 

C-TlMING 

'--R';- ---
I COMMON 

I 
)--"A::cST,-,A:!B::!C:.!:E'---t-I~ AST AS l E 

GATE 

4 ASTABLE 
CONTROL 

L _____ _ 
Fig. 1-CD40478 logic block diagram. 

92CS-29071 

RETRIGGER 

VDD@­

VS5@--

EXTERNAL 
RESET 

VDD 

* INPUTS PROTECTED BY a COS/MOS PROTECTION ---
NETWORK 

V5S 

~
DD CAUTION: TERMINAL 315 MORE 

SENSITIVE TO STATIC 
ELECTRICAL DISCHARGE. ** SPECIAL RC COMMON EXTRA HANDLING PRE-

____ PROTECTION NETWORK CAUTIONS ARE RECOMMENDED. 

92CM -2lf042RI 

Vss 

Fig. 2-CD40478 logic diagram. 
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CL 

a: Uo 

RI R2 
FFI, FF3 

FF2, FF4 

o 

CL 
.....,.----__ 0 

CL 
(b) 

92CM- 29040 

Fig. 3-Detaillogic diagram for flip-flops FFI and FF3 (a) and for flip-flops FF2 and FF4 (b). 

AMSIENT TEMPERATURE (TA).25-C 

4 • I 

~15 

~12.5 GATE TO ·SOURCE VOLTAGE (VGSI-15V 

~ 10 

~ 
§ 7.5 lOY 

~ 

9 , 
~ § 2.5 'Y 

I 5 10 15 
DRAIN-lO-SOURCE VOLTAGE IVosl-V DRAIN-lO-SOURCE VOLTAGE (VoSI-V 

Fig. 4-Typical output low (sink) current 
characteristics. 

Fig. 5-Minimum output low (sink) current 
characteristics. 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 
CHARAC- CONDITIONS Values at-55, +25, +125 Apply to D,F,K,H Packages 
TERIS- Values at ·40, + 25, + 85 Apply to E Package 
TICS Vo VIN VDD 25 UNITS 

(V) (V) (V) -55 -40 +85 +125 Min. Typ. Max. 

Quiescent - 0,5 5 1 1 30 30 - 0.02 1 
Device Cur· - 0,10 10 2 2 60 60 - 0.02 2 

,..A 
rent,IDD - 0,15 15 4 4 120 120 - 0.02 4 
Max. - 0,20 20 20 20 600 600 - 0.04 20 

Output Low 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -
Low (Sink) 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -

Current 
1.5 0,15 15 4.2 4 2.8 2.4 3.4 6.8 -

IOLMin. mA 
OUtput High 4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 1 
(Source) 2.5 0,5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -

Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -
IOHMin. 13.5 0,15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 -

Output Volt- - 0,5 5 0.05 - 0 0.05 
age: Low- - 0,10 10 0.05 - 0 0.05 

V 
Level VOL - I 0,15 15 0.05 - 0 0.05 
Max. 
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DRAIN-lD-SDURCE VOLTAGE (VosI-V 
-15 -10 -5 

AMBIENT TEMPERATURE (TA'-2S·C 

GATE-TO SOURCE VOLTAGE (V(;S'--5V 

-IOV 

-15V 

't2CS- ~4 ~201l4 

Fig. 6-Typical output high (source) current 
characteristics. 

DRAIN-lO-SOURCE VOLTAGE (Vosl-V 
-15 -10 -, 

AMBIENT TEMPERATURE ITAI~25·C 

GATE-TO-SOURCE VOL.TAGE IVGS'--5 V 

lOY 

-15 V 

Fig. 7-Minimum output high (source) ~~;;~~t3 
characteristics. 
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LOAD CAPACITANCE ICL1-pF 

Fig. 8-Typical propagation delay time as a 
function of load capacitance (Astable, 
Astable to Q, c:iJ. 

\OV 

" 
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LOAD CAPACITANCE ICL1-pF 

Fig. 9-Typical propagation delay time as a 
function of load capacitance (+ or 
- trigger to Q, 01. 



STATIC ELECTRICAL CHARACTERISTICS (CONTINUED) 

LIMITS AT INDICATED TEMPERATURES ('C) 
CHARAC· CONDITIONS Values ai-55, +25, +125 Apply 10 0, F, K, H Packages 
TERIS· Values al ·40, + 25, + 85 Apply 10 E Package 
TICS Vo VIN VDD 25 UNITS 

(VI (V) (V) -55/ -40 1 +85 1+125 Min. Typ. Max. 

Output Volt· 0.5 5 4.95 4.95 5 -
age: High· 010 10 9.95 9.95 10 -

V 
L..evel,VOH - 0,15 15 14.95 14.95 15 -
Min. 

Input Low 0.5,4.5 - 5 1.5 - - 1.5 
Voltage, VIL 1,9 10 3 - - 3 

Max. 1.5,13.5 - 15 4 4 V 
Input High 0.5,4.5 - 5 3.5 3.5 - -
Voltage, 1.9 - 10 7 7 -

VIH Min. 1.5,13.5 - 15 11 11 - -
Input Cur· 

±0.1! ±0.1! ±1 1 ±1 ± 105 rent liN - 0,18 18 - ±0.1 JAA 
Max. 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 2S ·C, Input tr, tf = 20 ns, 
CL = SOpF, RL = 200kQ 

CHARACTERISTICS VDD LIMITS 
UNITS (VI Min. Typ. Max. 

tpHL, tpLH 5 - 200 400 Propagation Delay Time: 10 - 100 200 Astable, Astable to Osc. Out 15 - 80 160 

- 5 - 350 700 
Astable, Astable to Q, Q 10 - 175 350 

15 - 125 250 
5 - 500 1000 

+ or - Trigger to Q, Q 10 - 225 450 
15 - 150 300 
5 - 300 600 

Retrigger to Q, Q 10 - 150 300 
15 - 100 200 
5 250 500 

ns 

External Reset to Q, Q 10 - 100 200 
15 - 70 140 
5 - 100 200 Transition Time: tTHL, tTLH 10 - 50 100 Osc. Out, Q, Q 15 - 40 80 
5 - 200 400 Minimum Input Pulse Width: tw 10 - 80 160 + Trigger, - Trigger 15 - 50 100 
5 - 100 200 

Reset 10 - 50 100 
15 - 30 60 
5 - 300 600 

Retrigger 10 - 115 230 
15 - 75 150 

Input Rise and Fall Time: tr,tf 
5 
10 Unlimited jAs 

All Inputs 15 

Q or Q Deviation from 50% 5. - ±0.5 ±1 
10 - ±0.5 ±1 % Duty Factor 15 - +0.1 +0.5 

Input Capacitance, CIN 
Any - 5 7.7 pF Input 
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I AMBIENT TEMPERATURE 

Ii 
'~ 

!Ill 

Ii 
U 10 CAl "TANe ·ICLI":-,. 

Fig. 10-Typical transition time as a function 
of load capacitance. 

4 AMBIENT TEMPERATURE ITA ,. 25-C 
ex· r"F , 

.. 
o 

\ "" 

6 8 10 12 14 16 18 20 
SUPPLY VOLTAGE 1'.1001-'.1 

Fig. II-Typical astable oscillator or Q. Q 
period accuracy vs. supply voltage. 
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~ -I 
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2 -2 
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SUPPLY VOLTAGE (VDol-V 

Fig. 12-Typical astable oscillator or Q, "(f 
period accuracy vs. supply voltage. 
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6 8 10 12 14 16 18 W 
SUPPLY VOLTAGE IVool-V 

Fig. 13-Typical astable oscillator or Q, a­
period accuracy vs. supply voltage. 
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-3 _ ~ , ~ ~ M " _ ,~ _ 

AMBIENT TEMPERATURE (TA )_·c 

Fig. 14-Typical astable oscil/ator or Q, 'Q 
period accuracy vs. ambient temper­
ature (ultra-low frequency). 
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IOV.I~V 

_ _ ~ , ~ ~ M ~ ~ ~ ~ 

AMBIENT TEMPERATURE ITA )- ·c 
Fig. 17-Typical astable oscillator or Q, l1 

period accuracy vs. ambient temper­
ature (high-frequency). 

8 AMBIENT TEMPERATURE ITA'=25°C 
~ 6 ex = o.II'-F 
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i5 

10 Mn IOkn,lOOkQ',1 MnAND IOMn 
% 0 

RX_10kD.,IOOkn,IMtl. 

10 15 20 

SUPPLY VOLTAGE IVooJ-V 

~ 

Fig. 20-Typical output pulse· width variations 
vs. supply voltage. 

AMBIENT TEMPERATURE ITA I-·C 

Fig. 23-Typical output pulse-width variations 
vs. ambient temperature. 
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AMBIENT TEMPERATURE (T A J - ·c 
Fig. 15-Typical astable oscil/ator or Q, Q 

period accuracy vs. ambient temper­
ature (low frequency). 

~ 10 

~ 
Q 
Q 

~ 0 

RX.IO ktl. 
SUPPLY VOLTAGE (Voo'- 5V 

0.01 F,O.I,.F, I F 

~35 -15 5 25 45 65 85 
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92~S"l2947 

Fig. 18-Typical astable oscillator or Q, Q 
period accuracy vs. ambient 
temperature. 
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R 01 Mn AND IOn 
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10 kSl 
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SUPPL.Y VOLTAGE {VoOI-V 

Fig. 21-Typical output pulse-width 
variations vs. supply voltage. 
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Fig. 24-Typical output·pulse-width variations 
vs. ambient temperature. 
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R -100 til. 
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AMBIENT TEMPERATURE (TA J_·C 

Fig. 16-Typical astable oscillator or Q, if 
period accuracy vs. ambient temper­
ature (medium frequency). 
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Fig. 19-Typical output pulse-width variations 
vs. supply voltage. 
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Fig. 22-Typical output pulse-width variations 
vs. ambient temperature. 
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Fig. 25-Typical output pulse-width variations 
vs. ambient temperature. 



LO~ ASTABLE MOCE 
SUPPLY VOLTAGE IVCC]'~V 

100 _10 10Z 10:5 104 

OOR Q FREQUENCY III-Hz 

Fig. 26-Typical power dissipation vs. output 
frequency (V 00 = 5 Vi. 

voo 

o 
vss 

INPUTS 

Fig. 29-Qulescent device current 
test circuit. 

1. Astable Mode Design Information 
A. Unlt·to·Unlt Transfer·Voltage 
Variations - The following analysis 
presents variations from unit to unit as a 
function of transfer·voltage (VTR) shift 
(33% -67% VOO) for free·running 
(astable) operation. 

TERMINALI3~ 

TERMLNALIO~ 

~IA-1 
92CS-20027 

Fig. 32-Astable mode waveforms. 

t1 -RC In ___ _ 

-RC In 

VOO + VTR 

typically, t1 

Voo - VTR 

2VOO - VTR 

typically, t2 

1.1 RC 

1.1 RC 

(VTR)(VOO - VTR) 
-2 RC In ---___ -.:...-.:..._ 

(VOO + VTR)(2VOO - VTR) 

L06 ASTABLE MODE 
SUPPLY VOLTAGE IVOOI-IOV 

lO't--+--+-+-+--+--j---l 

lO't--+--+-+-+--+---. 
, 

10 

10'+-+-+---''-1---+--+--11--1 

10' 

10° 101 102 10:5 10' 
OOR 0: FREOUENCY CO-Hz 

105 lif 

Fig. 27-Typical power dissipation vs. output 
frequency (VOO = 10 Vi. 

Voo 

}-:"'o·~; 
NOTE: 

VSS TEST ANY COMBINATION 
OF INPUTS EXCEPT PIN 3 

92CS·27441Rl 

Fig. 30-lnput·voltage test circuit. 

Typ: VTR=0.5 VOO 
Min: VTR=0.33 VOO 
Max: VTR = 0.67 VOO 

tA = 4.40 RC 
tA = 4.62 RC 
tA = 4.62 RC 

thus IfitA - 4.40 Rclis used, the variation 
will be + 5%, 0% due to variations In 
transfer voltage. 
B. Variations Due to VDO and Tempera­
ture Changes - In addlflon to variations 
from unit to unit, the astable period varies 
with VOO and temperature. Typical varia· 
tions are presented In graphical form In 
Figs. 11 to 18 with 10 V as reference for 
voltage variations curves and 25'C as 
reference for temperature variations 
curves. 
II. Monostable Mode Design Information 
The following analysis presents varia­
tions from unit to unit as a function of 
transfer·voltage (VTR) shift (33% - 67% 
V DO) for one·shot (monostable) operation. 

TERMtNALB~ 

TERMINAL 13 ~ 

TERMINALIO~ 
92C5-20028 

Fig. 33-Monostable waveforms. 

CD4047B Types 

ASTABl.E MODE 

1O' 

SUPPLY VOLTAG1E IVocl-15V 

~ , . 
'0 , ~.~ o· o.~ 

'0' - v" _"0·..___0 

1O' 

, , , , , 
10 _10 10 10 10 

Q OR Q FREQUENCY If 1-Hz 

Fig. 28-Typical power dissipation vs. output 
frequency (VOO = 15 Vi . 

Voo 

~ 
NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

VSS TO BOTH Voo AND VSS' 
CONNECT ALL UNUSED 

'-_-,--~...J INPUTS TO EITHER 
Voo OR VSS· 

VSS 

Fig. 31-lnput·leakage·current 
test circuit. 

VTR 
-RCln --; 

2VOO 

typically, t1' 1.38 RC 

(VTR)~VOO - VTR) 
-RCln--':"'-':"'-~---

(2VOO - VTR)(2VOO) 

where tM = Monostable mode pulse. 
width. Values for tM are as follows: 

Typ: VTR = 0.5 VOO 
Min: VTR=0.33 VOO' 
Max: VTR = 0.67 VOO 

tM=2.48 RC 
tM=2.71 RC 
tM=2.48 RC 

thus isltM - 2.48 RCJ.iS used, the variation 
will be +9.3%, _Oo~ due to variations in 
transfer voltage. 

Note: 
In the astable mode, the first positive half 
cycle has a duration of tM; succeeding 
durations are tA/2. 
In addition to variations from unit to unit, 
the monostable pulse width varies with 
VOO and temperature. These variations 
are presented in graphical form in Fig. 19 
to 26 with 10 V as reference for voltage· 
variation curves and 25'C as reference for 
temperature-variation curves. 
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CD4047B Types 

III. Retrlgger Mode Operation 
The CD4047B can be used in the retrigger 
mode to extend the output·pulse duration, 
or to compare the frequency of an input 
signal with that of the internal oscillator. 
In the retrigger mode the input pulse is 
applied to terminal 12, and the output is 
taken from terminal 10 or 11. As shown in 
Fig. 34 normal monostable action is ob· 
tained when one retrigger pulse is ap· 
plied. Extended pulse duration is obtain· 
ed when more than one pulse is applied. 

larger than the CMOS "ON" resistance 
in series with it, which typically is hundreds 
of ohms. In addition, with very large values 
of R, some short-term instability with 
respect to time may be noted. 

The recommended values for these com­
ponents to maintain agreement with 

j L 

OSCOUTPUT ~"t 'Jiil!2.JiihL ~ ~ 
TERMINAL 13 

'RE L 

Fig. 34-Retrigger-mode waveforms. 

For two input pulses, tRE = t1' + t1 + 
212. For more than two pulses, the output 
pulse width Is an integral number of time 
periods, with the first time period being 
t1' + tf!' typically, 2.48RC, and all subse­
quent time periods being t1 + t2, typical· 
IY,2.2RC. 

IV. Extemal Counter Option 
Time tM can be extended by any amount 
with the use of external counting cir· 

cuitry. Advantages include digitally con­
trolled pulse duration, small timing 
capacitors for long time periods, and ex· 
tremely fast recovery time. A typical i m· 
plementation is shown in Fig. 35. The 
pulse duration at the output is 

text = (N - 1) (tA) + (tM + tA/2) 

where text = pulse duration of the cir· 
cuitry, and N is the number of counts 
used. 

92CS-29041 

Fig. 35-lmplementation of external counter 
option. 

V. Tlming·Component Limitations 
The capacitor used in the circuit should 
be non·polarized and have low leakage 
(I.e. the parallel reSistance of the 
capacitor should be at least an order of 
magnitude greater than the external 
resistor used). There is no upper or lower 
limit for either R or C value to maintain 
oscillation. 

previously calculated formulas without 
trimming should be: 
C;;' 100 pF, up to any practical value, for 
astable modes; 
C;;' 1000 pF, up to any practical value for 
monostable modes. 
10kQ.;R.;1MQ 

VI. Power Consumption 
In the standby mode (Monostable or 
Astable), power dissipation will be a func-

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in· 
dicated. Grid graduations are in mils (10-3 inch). 

tion of leakage current in the circuit, as 
shown in the static electrical 
characteristics. For dynamic operation, 
the power needed to charge the external 
timing capacitor C is given by the follow· 
ing formulae: 

Astable Mode: 
P = 2CV2f. (Output at 
terminal No. 13) 
P = 4CV2f. (Output at 
terminal Nos. 10 and 11) 

Monostable Mode: 

p = (2.9CV2) (Duty Cycle) 
T 

(Output at terminal Nos. 10 and 11) 

The circuit is designed so that most of the 
total power is consumed in the external 
components. In practice, the lower the 
values of frequency and voltage used, the 
closer the actual power dissipation will 
be to the calculated value. 

Because the power dissipation does not 
depend on R, a design for minimum power 
dissipation would be a small value of C. 
The value of R would depend on the 
desired period (within the limitations 
discussed above). See Figs. 27, 28, and 29 
for typical power consumption in astable 
mode. 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips. the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ s/ighfly 'rom the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

However, in consideration of accuracy, C 
must be much larger than the inherent 
stray capacitance in the system (unless 
this capacitance can be measured and 
taken into account). R must be much 

Dimensions and pad layout for CD4047B. 
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CMOS Multifunction 
Expandable a-Input Gate 
High-Voltage Types (20-Volt Rating) 

The RCA-CD4048B is an 8-input gate having 
four control inputs_ Three binary control 
inputs - Ka, Kb, and Kc - provide the 
implementation of eight different logic func­
tions_ These functions are OR, NOR, AND, 
NAND,OR/AND,OR/NAND,AND/OR and 
AND/NOR_ 
A fourth control input, Kd, provides the 
user with a 3-state output_ When control in­
put Kd is high, the output is either a logic 
1 or a logic 0 depending on the inner states_ 
When control input Kd is low, the output is 
an open circuit_ This feature enables the 
user to connect this device to a common 
bus line_ 

In addition to the eight input lines, an 
EXPAND input is provided that permits the 
user to increase the number of inputs into a 
CD4048B (see Fig_ 2)_ For example, two 
CD404BB's can be cascaded to provide a 
l6-input multifunction gate_ When the 
EXPAND input is not used, it should be 
connected to VSS-
The CD4048B-series types are supplied in 
16-lead hermetic dual-in-line ceramic pack­
ages (D and F suffixes), 16-lead dual-i n-line 
plastic packages (E suffix), 16-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 

MAXIMUM RATI NGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VCC) 

(Voltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (Pol: 

For T A = -40 to +6QoC (PACKAGE TYPE EI 
For TA = +60 to +850 C (PACKAGE TYPE E) 
For TA = -55 to +100'C (PACKAGE TYPES D, F, K) 
For TA = +100 to +125'C (PACKAGE TYPES D, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

-0.5·to +20 V 
-0.5 to VDD +0.5 V 

±10mA 

•.••.. _ .. 500mW 
·Derate Linearly at 12 mW/oC to 200 mW 

.• ___ • 500mW 
Derate Linearly at 12 mW/oC to 200 mW 

FOR TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (TA): 

100mW 

PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E _ _ . 

STORAGE TEMPERATURE RANGE (Tstg) 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for lOs max_ 

NOR OR NAND 

-55 to +1250 C 
-40 to +850 C 

-65 to +1500 C 

ANa 

A~ C 0 
E F 

G " 
EXP 

Ay C 0 
E , 

G " 
EXP 

A~ ; 0 

G " 
EXP 

A~ C 0 
E F 

G " 
EXP 

OR/AND OR/NAND ANDIOR AND/NOR 

;~~~;~;~ 
Fig. 1 - Basic logic configurations. 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 
CHARACTE R ISTIC 

MIN. MAX. 

Supply-Voltage Range (For TA = Full Package 
3 18 

Temperature Range) 

92CM-12250 

UNITS 

V 

CD4048B Types 

BINARY CON TROt. INPUTS 

FuNCTION CONTROL 

--- 3-STATE 
Kt jb it KV CONTROL 

10 7 9 2 r- 14 INPUTS B- 13 
c- 12 
0-11 

EXPANO- 15 
I Ou~PUT 

1'--INPUTS F- 5 
G- 4 
H- , 

vss·a 
VOO'16 

'JltS-i'2('49 

Functional Diagram 

Features: 
• Three-state output 
• Many logic functions available in one package 
• Standardized, symmetrical output 

characteristics 

• 100% tested for quiescent current at 20 V 
• Maximum input current of 1 p.A at 18 V 

(full package-temperature range), 100 nA 
at 18 V and 25°C 

• Noise margi n (full package-temperature 
range) = 1 Vat VDD=5 V, 2 V at VDD 
= 10 V, 2_5 Vat VDO=15 V 

• 5-V, la-V, and 15-V parametric ratings 
• Meets all requirements of JEOEC Tentative 

Standard No_ 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 
• Selection of up to 8 logic functions 
• Digital control of logic 
• General-purpose gating logic 

- Decoding 
- Encoding 

J(OUTPUT) K. 
INPurs1 

Kb 
Vss 

4 

• 
6 

TOP VIEW 

16 

" 
" " 12 

" 10 
9 

VDO 
EXPAND 

~}INPUTS 
K, 
K, 

TERMINAL ASSIGNMENT 
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CD4048B Types 

K. 

NOR 

"~ " 13 . 

" I' I 

i Ka -Kb-Kc 
0-0-0 

AND 

AND/NOR 

*Ka *Kb *Kc *Kd 

~ ~ ~. 
.------=----' ,T, ft ," _ . 

VDD 

d r J 

g-- "'." _ .. , .~ .. 
BY COS/MOS PROTECTION 
NETWORK 

Vss 

Fig. 2 - Logic diagram. 

NAND 

OR 

ORINAND 

ANDIOR 

ORlAND 

92CS-22252 

Fig. 3 - Actual-circuit logic configurations. 

APPLICATIONS OF EXPAND INPUT 

J (OUTPUTI 
vDD 

12-INPUT ORlAND GATE 

J = (A+B+C+O)' (E+F+G+H)· (XI +X2+X3+JC~) 

Fig. 4 - 12-input OR/AND gate. 
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92CS-20240 

Fig. 5 - 16-input NOR gatB. 

II 
1:= 

II 
Ii 

I I 
ORAIN-TO-SOURCE VOLTAGE (Vcsl-V 

Fig. 6 - Typical output low (sink) 
current characteristics. 

I I 
DRAIN-TO-SOURCE VOLTAGE (Vasl-V 

Fig. 1 - Minimum output low (sink) 
current characteristics. 

DRA1N- TO- SOURCE VOLTAGE (Vasl-V 
-15 -10 -5 

AMBIENT TEMPERATURE ITAt-25·C 

GATE-TO-SOURCE VOLTAGE (1I65)--5V 

-IOV 

-15V 

Fig. 8 - Typical output high (source) 
current characteristics. 

DRAIN-TO-SOURCE VOL.TAGE tVosl-V 

Fig. 9 - Minimum output high (source) 
current characteristics. 



STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 

CONDITIONS Values at -55, +25, +125 Apply 10 D, F, K, H Packages 
CHARACTER- Values at -40, +25, +85 Apply to E Package 

UNITS ISTIC 
Vo VIN VDD 
(V) (V) (V) -55 -40 +85 +125 Min_ 

Quiescent Device - D,S 5 0.25 0.25 7.5 7.5 -

Current, - 0,10 10 0.5 0.5 15 15 -
IDD Max. 0,15 15 1 1 30 30 -_. 

- 0,20 20 5 5 150 150 -

Output Low 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 
(Sink) Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 

IOL Min. 
1.5 0,15 15 4.2 4 2.8 2.4 3.4 

Output High 4.6 D,S 5 -0.64 -0.61 -0042 -0.36 -0.51 
(Source) 2.5 D,S 5 -2 -1.8 -1.3 -1.15 -1.6 
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 

IOH Min. 
13.5 0,15 15 -4.2 -4 -2_8 -2.4 -3.4 

Output Voltage: - D,S 5 0.05 -
Low-Level, - 0,10 10 0.05 -

VOL Max. 
0,15 15 0.05 ~ .-

Output Voltage: - D,S 5 4.95 4.95 
High-Level. - 0,10 10 9.95 9.95 
VOH Min. - 0,15 15 14.95 14.95 

Input Low ~.4_5 - 5 1.5 -
Voltage. 1,9 - 10 3 -
. VIL Max. 

1.5,13_5 - 15 4 -
Input High 0.5,4.5 - 5 3.5 3.5 

Voltage, 1,9 - 10 7 7 
VIH Min. 1.5,13_5 - 15 11 11 

I nput Current 
0,18 18 ±0.1 ±0.1 ±1 ±1 -

liN Max. 

3-State Output 
0,18 0,18 18 ±Oo4 ±Oo4 ±12 ±12 

Current, lOUT 
-

IMPLEMENTATION OF EXPAND INPUT FOR 9 OR MORE INPUTS 

OUTPUT FUNCTION OUTPUT BOOLEAN 
FUNCTION NEEDED AT EXPRESSION 

EXPAND INPUT 

NOR OR J-(A+B+C+D+E+F+G+H)+(EXP) 

OR OR J=(A+B+C+D+E+F+G+H)+(EXP) 

AND NAND J=(ABCDEFGH)-(EXP) 

NAND NAND J=(ABCDEFGH)-(EXP) 

OR/AND NOR J=(A+B+C+D)-(E+F+G+H)'(EXP) 

OR/NAND NOR J=(A+B+C+D)'(E+F+G+H)'(EXP) 

AND/NOR AND J-(ABCD)+(EFGH)+(EXP) 

AND/OR AND J=(ABCD)+(EFGH)+(EXP) 

Note: ~EXP) designates the EXPAND functio:" (i.e., Xl+X2+ ... XN). 

+25 
Typ_ Max_ 

0.01 0.25 

0,01 0.5 

0.01 1 
/lA 

0.02 5 

1 -
2.6 -
6.8 -
-1 - rnA 

-3.2 -
-2.6 -

-6.8 -
0 0.05 

0 0.05 

0 0.05 
V 

5 -
10 -

15 -
- 1.5 

- 3 
- 4 

V 
- -
- -
- -

±10-5 ±0.1 /lA 

±10-4 ±Oo4 /lA 

NOTE: 

Refer to FUNCTION 
TRUTH TABLE for 
connection of unused 
inputs. 

CD4048B Types 

40 60 80 100 
CAPACITANCE (CL)-pF 

Fig. 10 - Typical propagation delay time 
(logic inputs to output) 
as a function of load capacitance. 

LOAD CAPACITANCE ICLI-pF 

Fig. 11 - Typical transition time vs. load capacitance. 

10 : AMBIENT TEMPERATURE ITAI-25°C · LOAD CAPACITAN~E I 'ICI'·150 "I. 
• 2 

~o" ~~ YL 
of · . ~ · -ti ~~ ~ z r,,"'" 4-S 2 - 4,o.j-9' -,'-I-~ 
~J03 - . ~ ~ . 
<; • I~ ~ 2 

0 102. 
u :P' ~ !l · 'I 10 

2 ... 2 ... 2 4 •• 2 4 •• 2 ... 
ro ~ ~ ~ ~ 

INPUT FREQENCY (trl - kHz 92C5-31623 

Fig. 12 - Typical power diSSipation as a function of 
input frequency. 
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DYNAMIC CHARACTERISTICS at TA=250 C. CL =50 pF. Input tr.4=20 ns. 
R L =200 kn unless otherwise specified 

TEST CONDIT~ LIMITS 
CHARACTERISTIC VDD All Package Types 

V Typ. Max. 

Propagation Delay: tpHL.tpLH 5 300 600 
Inputs to Output and 10 150 300 

Ka to Output 15 120 240 

Kb to Output 5 225 450 
10 85 170 
15 55 110 

Kc to Output 5 140 280 
10 50 100 
15 40 80 

Expand Input to Output 5 190 380 
10 90 180 
15 65 130 

3·State Propagation Delay: 
RL=l kn 

5 80 160 

Kd to Output tpHZ.tpLZ 10 35 70 

tpZH·tpZL 
See Fig.21 

15 25 50 

Transition Time: tTH L.tTLH 5 100 200 
10 50 100 
15 40 80 

Input Capacitance: CI Any Input 5 7 

3·State Output Capacitance 5 10 

UNITS 

ns 

pF 

FUNCTION TRUTH TABLE 
Voo 

OUTPUT BOOLEAN EXPRESSION Ka Kb 
FUNCTION 

NOR J A+B+C+D+E+F+G+H 0 0 
OR J=A+8+C+D+E+F+G+H 0 0 
OR/AND J=(A+8+C+D)-(E+F+G+H) 0 1 
OR/NAND J-(A+B+C+D)-(E+F+G+H) 0 1 
AND J=ABCDEFGH 1 0 
NAND J=ABCDEFGH 1 0 
AND/NOR J=ABCD+EFGH 1 1 
AND/OR J=ABCD+EFGH 1 1 

Kd=l Normal Inverter Action 

Fig. 13 - Dynamic power dissipation test circuit. 
Kd=O High Impedance Output 

Kc 
UNUSED 
INPUT* 

0 VSS 
1 VSS 
0 VSS 
1 VSS 
0 VDD 
1 VDD 
0 VDD 
1 VDD 

EXPAND Input=O * See Figs. 1,2,3.4, and 5. 

200 

o 
Vss 

VoD 

INPUTS ,----'--, 

V55 

TEST CIRCUITS· STATIC MEASUREMENTS 

VCUTQVDO OUTP~UT: v~NPu(J' 'w ::~._ 
o a ~ SEQUENTIALLY, 

YIL - Vss TO BOTH VODANOVSS 
-= CONNECT ALL UNUSED 

INPUTS TO EITHER 
NOTE Yoo OR Vss 

VSS ~~srN~U~~OMBINATION VSS 

92CS-21441RI 

Fig. 14 - Ouiescent device current 
test circuit. 

Fig. 15 - Input voltage test 
circuit. 

Fig. 16 - Input current test circuit. 



CD4048B Types 

TEST CIRCUITS· DYNAMIC MEASUREMENTS 
VDD 

OUTPUT I. 
~~'~5o";~ 

10 I. 
13 

12 '. " 10 

9 

Vss 92CS-31671 

INPUT 

INPUT -50"1. 

OUTPUT 

92CS-22264 

JNPUT~50% 

OUTPUT ~=-~g~ 
tTHl -I ~ ~ ~tTLH 

92CS-22265 

Fig. 17 - Test circuit for 'PHL' 
'THL- and 'TLH (AND) 
measurements. 

Fig. 18 - Waveforms for tpHL 
and tpHL (AND). 

Fig. 19 - Waveforms for tTHL 
and tTLH (AND). 

Voo 
'-------4_o' 

92CS_31669 0VSS 

Fig. 20 - Test circui' for 'PZL- 'PZH' 'PLZ' 
and 'PHZ (AND). 

o 10 20 30 

Dimensions and pad layout for CD4048BH. 

40 

Dimensions in parentheses are in millimetef$ and are 
derived from the basic inch dimensions as indicated. 
Grid graduBtions are in mils (10-3 inchJ. 

50 

92C5-31674 

Fig. 21 - Waveforms for 'PZL' 'PZH' 
'PLZ' and 'PHZ (AND). 

60 70 77 

The photographs and dimensions of Bach CMOS chip 
represent B chip when it is part of the wa/ef. When the 
wafer is separated Into individual chips. the angle of 
cleavage may vary with respect to the chip face lor 
different chips. The actual dimensions 01 the isolated 
chip, ,hat.fofe. may diller slightly from the nominal 
dimensions shown. The user should consider a toleranca 
of -3 mUs to +16 mils applicable to the nominal 
dimensions shown. 
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CD4049UB, CD4050B Types 

CMOS 
Hex Buffer/Converters 

High-Voltage Types (20-Volt Rating) 

CD4049UB-lnverting Type 
CD4050B-Non-lnverting Type 

The RCA-CD4049UB and CD4050B are in­
verting and non-inverting hex buffers, respec­
tively, and feature logic-level conversion 
using only one supply (voltage (VCC)' The 
input-signal high level (VIH) can exceed the 
VCC supply voltage when these devices are 
used for logic-level conversions. These da­
vices are intended for use as CMOS to 
DTLfTTL converters and can drive directly 
two DTLfTTL loads. (VCC=5 V, VOL ';;;0.4 V, 
and IOL;l! 3.3 mA.) 
The CD4049UB and CD4050B are desivnated 
as replacements fur CD4009UB and CD401 OB, 
respectively. Because the CD4049U Band 
CD4050B require only one power supply, 
they are preferred over the CD4009UB and 
CD40l0B and should be used in place of the 
CD4009UB and CD40l0B in all inverter, cur­
rent driver, or logic·level conversion appli­
cations. In these applications the CD4049UB 
and CD4050B are pin compatible with the 
CD4009UB and CD40l0B respectively, and 
can be substituted for these devices in existing 
as well as in new designs. Terminal No. 16 is 
not connected internallyon the CD4049UB or 
CD4050B, therefore. connection to this 
terminal is of no consequence to circuit 
operation. For applications not requiring 
high sink-current or voltage conversion, the 
CD4069UB Hex Inverter is recommended. 

The CD4049UB and CD4050B types are 
supplied in Ill-lead hermetic dual-in-line 
ceramic packages (0 and F suffixes), Ill­
lead dual-in-line plastic packages (Esufflx), 
11l-Iead ceramic flat packages (K suffix), 
and In chip form (H suffix). 
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A ~ G·A 

B~ H." 

~ r·e 

D~ JoO 

E~ "E 

r~ L" 

Vee_'_ 
vss-"-

Ne :13 
NC '16 

CD4050B 
FUNCTIONAL DIAGRAM 

Features: 
• High sink current for driving 2 TTL loads 
• High-to-Iow level logic conversion 
• 100% tested for quiescent current at 20 V 
• Maximum input current of 1 IlA at 18 V over full package­

temperature range; 100 nA at 18 V and 25°C 

• 5-, 10-, and 15-volt parametric ratings 

Applications: 
• CMOS to DTLlTTL hex converter 
• CMOS current "sink" or "source'" 

driver 
• CMOS hlgh-to-Iow logic-level 

converter 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, IVcc) 

IVoltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT. ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE IPD): 

For T A = -40 to +60oC IPACKAGE TYPE E) 
For T A = +60 to +850 C IP!,CK!,GE TYPE E) . . . 
For T A = -55 to +100"C (PACKAGE TYPES 0, F, K) . 
For TA = +100 to +1 25°C (PACKAGE TYPES 0, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

A~ GoA 

B~ Hoe 

c~ I>e 

o !{>E Joe 

~ 14.1',_ 15 
"~L'F 

Vee _,_ 

Vss -"-
Ne -,3 
NC -,6 

CD4049UB 
FUNCTIONAL DIAGRAM 

-{l.5 to +20 V 
-0.5 to +20.5 V 

±IOmA 

. . . . . . . .. 500mW 
Derate Linearly at 12 mW,aC to 200 mW 
. ....... , 500mW 
Derate Linearly at 12 mW/oC to 200 mW 

FOR T A = FULL PACKAGE·TEMPERATURE RANGE IAII Package Types) 
OPERATING·TEMPERATURE RANGE ITA): 

loomW 

PACKAGE TYPES D. F, K. H. . . . . . 
~ACKAGE TYPE E . . . . . . . . . 

STORAGE TEMPERATURE RANGE ITstg) . • 
lEAD TEMPERATURE lOURING SOLDERING): 

At distance 1/16 ± 1132 inch 11.59 ±0.79 mm) from case for lOs ma •. 

-55 to +1 25°C 
-40 to +850 C 

-65 to + 150°C 

RECOMMENDED OPERATING CONDITIONS at TA=250 C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

Jl 
IN 

CHARACTERISTIC 
LIMITS 

UNITS 
Min. Max. 

Supply·Voltage Range (VCC) (For T A=Full Package· 
3 18 V 

Temperature Range) 

Input Voltage Range (VIN) Vee 18 V 

*The CD4049 and CD4050 have high-to-low-level voltage conversion c,apahllllY hUI nol 

low·to-high.level; therefore it is recommended that V 1N ~ Vee-

R 

Vee 

vss 
(0 ) I b) 

Fig. I-aJ Schematic diagram of C04049UB. 1 of 6 identica' units; 
b) Schematic diagram of CD4050B, 1 of 6 identical units. 

\Iss 

92CS-20117RI 



CD4049UB, CD4050B Types 

STATIC ELECTRICAL CHARACTERISTICS 

Limits At Indicated Temperatures (OC) 
CHARAC· CONDITIONS Values at -55, +25, +125 Apply to 0, F, K, H Pkgs. UNITS 
TERISTIC Values at -40,+25, +85 Apply to E Package 

Vo VIN VCC -55 -40 +85 +125 +25 
(V) (V) (V) Min. Typ. Max. 

Quiescent - 0,5 5 1 1 30 30 - 0.02 1 
Device - 0,10 10 2 2 60 60 - 0.02 2 

/lA 
Current, I DD - 0,15 15 4 4 120 120 - 0.02 4 
Max. - 0,20 20 20 20 600 600 - 0.04 20 

Output Low 0.4 0,5 4.5 3.3 3.1 2.1 1.8 2.6 5.2 -
(Sink) 0.4 0,5 5 4 3.8 2.9 2.4 3.2 6.4 -
Current 0.5 0,10 10 10 9.6 6.6 5.6 8 16 -
IOL Min. 1.5 0,15 15 26 25 20 18 24 48 -

rnA 
Output High 4.6 0,5 5 0.81 -0.73 -0.58 -0.48 -0.65 -1.2 -

(Source) 2.5 0,5 5 -2.6 -2.4 -1.9 -1.55 -2.1 -3.9 -

Current 9.5 0,1(\ 10 -2.0 -1.8 -1.35 -1.18 -1.65 -3.0 -
IOH Min. 13.5 0,15 15 -5.2 -4.8 -3.5 -3.1 -4.3 -8.0 -

Output Voltage: - 0,5 5 0.05 - 0 0.05 
Low·Level, - 0,10 10 0.05 0 0.05 

VOL Max. - 0,15 15 0.05 - 0 0.05 
V 

Output Voltage: - 0,5 5 4.95 4.95 5 -

High·Level, - 0,10 10 9.95 9.95 10 -
VOH Min. - 0,15 15 14.95 14.95 15 -

Input Low 
4.5 - 5 1 - - 1 

Voltage: 
9 - 10 2 - - 2 

VILMax. 
13.5 - 15 2.5 - - 2.5 CD4049UB 

Input Low 
0.5 - 5 1.5 - - 1.5 

Voltage: 
1 - 10 3 - - 3 

VIL Max. 1.5 - 15 4 - - 4 
CD4050B V 

Input High 
0.5 - 5 4 4 - -

Voltage: 
1 - 10 8 B - -

VIH Min. 
1.5 - 15 12.5 12.5 - -

CD4049UB 
Input High 

4.5 - 5 3.5 3.5 - -
Voltage: 

9 - 10 7 7 - -
VIH Min. 

13.5 - 15 11 11 .- -
CD4050B 

Input Current, 
- 0,18 18 ±0.11 ±0.1 ±1 ±1 .- ±1O-5 ±0.1 /lA 

liN Max. 

DRAIN-TO-SOURCE VOLTAGE eVOSl-V 
9ZCS-27483AI 

Fig. 5 - Minimum output low (sink J current 
drain characteristics. 

Fig. 6 - Typical output high (source) current 
characteristics. 

I 

AMBIENT TENPERAT\JRE 1T.'-2:5"C 
,SUPPLY VOLTAGE 1Vee'"!5 v 

I 2 , 
INPUT VOLTAGE {Vxl-V 

MA)lIMUM 

Fig. 2-Minimum and maximum voltage 
transfercllaracteristics for CD4049UB. 

'MB lENT TEMPERATURE ITA10Z50C\! I II 
, 

III:! supp LY VOLTAGE 1Vcc"!! V ". , .. ',. 

Hili nl! !ll! 11:1 !i:! .t,. 

!H1l !I! I II''' Hit :! I::: . 
~ t! :!d l:i d!i 1'" /, .. 

MIN'MUM • 'MAXIMUM t··, , 
~ t, 1:1! 

i ••• fT .. , . .., I·', 

n :::: ;t:: .... II.' 
I'" 

~ 
, , .. I.t· ! : ~ ~ t:: '1', .... .... ,I,· .... . ... ,,' 

li 
, 

t· .. 

11" 
, ... Hit • I, I;:: . ... .... . ... ..j' . ... , 

INPUT VOLTAGE !V11-V 

Fig. 3-Minimum and maximum voltage 
transfer characteristics for CD4050B. 

t 
AMBIENT TEMPERATURE ITA" 

I 2 3 4 5 6 7 
ORAIN-TO-SOURCE VOLTAGE tVosl-V 

Fig. 4 - Typical output low (sink) current 
charac teristics. 

_A -:,".'. '~ •• _.v,O."· .. EI:VOSI-' 

I AMBIENT TEMPERATURE IT. i. 

IOLTAGE. 

92CS·2748:1RI 

Fig. 7 - Minimum output high (source) current 
characteristics. 
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CD4049UB, CD4050B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA=250 C; Input t"tf=20 ns, 
CL=50pF, RL=200kn 

CHARACTERISTIC CONDITIONS 

VIN 

Propagation Delay Time: 5 
Low·to·High, tpLH 10 

CD4049UB 10 
15 
15 
5 
10 

CD4050B 10 
15 
15 

High·to·Low, tpHL 5 
10 

CD4049UB 10 
15 
15 
5 
10 

CD4050B 10 
15 
15 

Transition Time: 5 

Low·to·High, tTLH 10 
15 
5 

High·to·Low, tTHL 10 
15 

Input Capacitance, CI N 
CD4049UB -

CD4050B -

::. 10. AM81ENT TEMPERATURE ITA '·2~·C 

l,o~ 
t 
~ 6 104 

~ 
~ 103 

~ 102 

* 
10 

INPUT RISE AND FALL TIME 11,,1, J -nl 

Fig. 11 - Typical power dissipation VS. input 
rise and fall times per inverter for 
CD4049UB. 
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VCC 

5 
10 
5 
15 
5 
5 
10 
5 
15 
5 
5 
10 
5 
15 
5 
5 
10 
5 
15 
5 
5 
10 
15 
5 
10 
15 

-
-

10' 

LIMITS 
ALL PKGS. UNITS 
Typ. Max. 

60 120 
32 65 
45 90 
25 50 
45 90 
70 140 

/1S 

40 80 
45 90 
30 60 
40 80 
32 65 
20 40 
15 30 
15 30 
10 20 
55 110 

IlS 

22 55 
50 100 
15 30 
50 100 
80 160 
40 80 
30 60 
30 60 

IlS 

20 40 
15 30 

15 22.5. 

5 7.5 
pF 

~ ::, 'M.".T TEMPER.TURE IT. I'''', 

~ 
~ 
~ 
~ 

~ 
~ 

10 10' 

INPUT RISE AND FALL TIME II, ,If 1 -lit '9lCS-204'!t IA 2 

Fig. 12 - Typical power dissipation Vi. 
input rise and fall times per 
inverter for CD4050B. 

Fig. 8 - Typical voltage transfer charac­
teristics8S a function of temperature 
for CD4049UB. 

INPUT VOLTAGE IV11-V 

Fig. 9 - Typical voltage transfer charac­
teristics as a function of temper­

__ .~IJ!"-f~ r::.~4050B. 
10 ~BIENT TEMPERATURE 

10 2 .. 6 8102 2 .. 6110S 2 4 6 8 10• 2 4 6810s 

INPUT FREQUENCY (t1 kHl: 
,zea-IMI. 

Fig. 10 - Typical power dissipation vs. frequency 
characteristics. 

Vee 

o 
Vss 

Vee 

INPUTS 

Vss 

Fig. 13 - Quiescent device current 
test circuit. 



CD4049UB, CD4050B Types 

INPUTOvee OUTPUTS 

V'H 

~ ~ 
IJIL l 

NOTE. 
TEST ANY ONE INPUT, 

'.ISS WITH OTHER INPUTS AT 
Vee OR'VSS 

Fig. 14 - Input voltage test circuit. 

20 

CD4049UBH 

Vee 

vee 

~ 
INPU~S 

t J :~:~URE INPUTS 
SEQUENTIALLY, 

TO BOTH Vee ANOVSS 
CONNECT ALL UNUSED 

I ~;cu~ :~:ITHER 
Vss 

Fig. 15 - Input current test circuit. 

CHIP PHOTOGRAPHS 
DIMENSIONS AND PAD LAYOUTS 

71-79 
(1.803-2.0061 

92CM-33556 

COS/Mas 10 II LEVEL TO OTL/TTL 5 V LEvEL 
Yee • 5 v 

COS/Mas OUTPUT 

I...:N ____ --ic 04049 TO OTL/TTL 

IN TERMINAL - 3,5,7,9.II,ORI4 

OUT TERMINAL- 2,4,6,IO,I2,OR 15 

Yee TERMINAl- I 

'Vss TERMINAl- a 

J N PUTS 

92CS-ZOlllfll 

Fig. 16 - Logic-level conversion application. 

65 -73 
( 1.651-1.854) 

CD4050BH 

Dimensions in parentheses 8re in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inchJ. 

The photographs and dimensions of each CMOS chip 
represent a chip when it is par' of the wafer. When the 
wafer is separated into individual chIps, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the Isolated 
chip, ,therefore, may differ slightly from the nominal 
dimensiom,shown. The user should considers tolerance 
of -3 mils to +16 mils appficab/e to the nominal 
dimensions shown. 

Voo 

TERMINAL ASSIGNMENTS 

Vee ,. ,. Ne vee ,. ,. Ne 
G=l 2 15 LoF G;A ,S L-' 

A 
" 

, ,. F 

H="B " Ne HoB " Ne 

• 12 .·r '2 .-. 
,.<:" " I=e " • 

e 10 J'" e '0 JOO 

Vss 9 Vss 0 

CllNClUDES 

NC. NO CONNECTION 92CS_24480AI NC· NO CONNECTION 92CS.244Blfll f'IKTUflE CAPACITANCE 

CD4049UB CD4050B Fig. 17 - Dynamic power dissipation test clrcuil. 
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CD4051 B, CD4052B, CD40538 Types 

CMOS Analog 
Multiplexers/Demultiplexers· 

With Logic-Level Conversion 

High-Voltages Types (20-Volt Rating) 

CD4051B - Single a-Channel 
CD4052B - Differential 4-Channel 
CD4053B - Triple 2-Channel 

RCA-C04051 B, C04052B, and C04053B 
analog multiplexers/demultiplexers are digi­
tally controlled analog switches having low 
ON impedance and very low OFF leakage 
current. Control of analog signals up to 
20 V peak-to-peak can be achieved by digi­
tal signal amplitudes of 4.5 to 20 V (if 
VOO-VSS = 3 V, a VOO-VEE of up to 13 
V can be controlled; for VOO-VEE level 
differences above 13 V, a VOO-VSS of at 
least 4.5 V is required). For example, if 
VOO=+4.5V, VSS=O, and VEE = -13.5 V, 
analog signals from -13.5 V to +4.5 V can 
be controlled by digital inputs of 0 to 5 V. 
These multiplexer circuits dissipate extremely 
low quiescent power over the full VOO-VSS 
and VOO-VEE supplv-voltage ranges, inde­
pendent of the logic state of the control 
signals. When a logic "1" is present at the 
inhibit input terminal all channels are off. 

The C04051 B is a single 8-channel multi­
plexer having three binary control inputs, A, 
B, and C, and an inhibit input_ The three 
binary signals select 1 of 8 channels to be 
turned on, and connect one of the 8 inputs 
to the output_ 

Applications: 
• Analog and digital multiplexing and demultiplexing 
• A/O and 0/ A conversion • Signal gating 

Features: 
• Wide range of digital and analog signal 

levels: digital 3 to 20 V, analog to 
20 Vp_p 

• Low ON resistance: 125 n (typ.) over 15 
Vp_p signal-input range for VOO-VEE = 15 V 

• High OFF resistance: channel leakage of 
±100 pA (typ.) @ VOO-VEE = 18 V 

• Logic-level conversion for digital addressing 
signals of 3 to 20 V (VOO-VSS = 3 to 20 
VI to switch analog signals to 20 V Pop 
(VOO-VEE = 20 VI; see introductory text 

• Matched switch characteristics: RON = 
5 n (typ.1 for VOO-VEE = 15 V 

• Very low quiescent power dissipation under 
under all digital-control input and supply 
conditions: 0.2 p.W (typ_1 @ VOO-VSS = 
VOO-VEE = 10 V 

• Binary address decoding on chip 

• 5-, 10-, and 15-V parametric ratings 

• 100% tested for quiescent current at 20 V 

• Maximum input current of 1 p.A at 18 V 
over full package temperature range; 
100 nA at 18N and 25°C 

• Break-before-make switching eliminates 
channel overlap 

C~:~~~sJ: = ~. I. Voo 

COM OJT/IN - 3 :: = ~I 
CHI~~~;S ,; = : 13 - o~* 

12-3 
lNH - 6 II - A 
VEE _ 7 10 -8 
Vss - 8 9-C 

If CHANNELS ,)2C5<"4-492 
IN/OUT 

CD4051B 
Terminal Assignment 

Y CHANNELS 10 
lNIOUT 2 

COMMON "y" OUT lIN 

Y CHANNELS 13 
INIOUT . I 

INH 

VEE 
Vss 

I. I. Voo 

'" ~ t X Cl~~~~~LS 
" 13 ·COMMON"X·OUT/IN 
12 0, X CHANNELS 

" 3 lNIOUT 
10 A 

92CS-24483 

CD4052B 

Terminal Assignment 

The C040528 is a dfferential 4-channel multi­
plexer having two binary control inputs, A 
and B, and an inhibit input. The two binary 
input signals select 1 of 4 pairs of channels 
to be turned on and connect the analog in­
~uts to the outputs_ 

RECOMMENOED OPERATING CONOITIONS AT TA =250 C (Unless Otherwise Specified I 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the fol/owing ranges. Values shown apply to aI/ types except as noted. 

The C04053B is a triple 2-channel multi­
plexer having three separate digital control 
inputs, A, 8, and C, and an inhibit input. 
Each control input selects one of a pair of 
channels which are connected in a single­
pole double-throw configuration. 

The C04051 B, C04052B, and C04053B are 
supplied in f6-lead ceramic dual-in-line 

. packages (0 and F suffixes), 16-lead plaslic 
dual-in-line packages (E suffix). 16-lead 
ceramic flal packages (K suffix). and in chip 
form (H suffix). 

* When these devices are used as demultiplexers, 
the "CHANNEL IN/OUT" terminals are the 
outputs and the "COMMON OUT/IN" terminals 
are the inputs. 
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CHARACTERISTIC 

Supply-Voltage Range 
(T A = Full Package-
Temp. Range) 

Multiplexer Switch Input 
Current Capability* 

Output Load Resistance 

VDO Min. Max_ 

- 3 18 

- - 25 
- 100 -

Units 

V 

mA 

n 

* In certain applications. the external load-resistor 
current may include both VOO and signal-line 
components. To avoid drawing VOO current 
when switch current flows into the transmission 
gate inputs. the voltage drop across the bidirec­
tional switch must not exceed 0.8 volt 'calcu­
lated from RON values shown in ELECTRICAL 
CHARACTERISTICS CHART). No VDD cur­
rent will flow through RL if the switch current 
flows into terminal 3 on the C04051; terminals 
3 and 13 on the CD4052; terminals 4.14. and 15 
on the CD4053. 

!" I. I. voo 
IN/OUT bl 2 

" 
OUTIIN b~orby 

" " 
OUTIIN alloray 

OUTIIN CX or CY 
" ::, INIOUT IN/OUTCX 12 

1M! " A 
VEE 10 
VSS • 

92CS-24484 

CD4053B 

Terminal Assignment 



CD4051 B, CD4052B, CD4053B Types 

MAXIMUM RATINGS, Absolute·Maximum Values: 
DC SUPPLY·VOL TAGE RANGE. (VDD) 

(V:oltages referenced t9 VSS or VEE- whichever is more negative) 

INPUT VOLTAGE RANGE. ALL INPUTS. 
DC INPUT CURRENT. ANY ONE INPUT . 
POWER DISSIPATION PER PACKAGE (PD): 

-0.5 to +20 V 
-0.5 to VDD +0.5 V 

±10mA 

For T A = -40 to +600 C (PACKAGE TYPE E) . . . . . . . ., 500 mW 
For T A = +60 to +850 C (PACKAGE TYPE E) • . Derate Linearly at 12 mW/oC to 200 mW 
For T A = -55 to +100°C (PACKAGE TYPES D. F, K) . . •..•..•....•.. 500 mW 
For TA = +100 to +125°C (PACKAGE TYPES D, F, K) . • • . • Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE·TEMPERATURE RANGE (All Package Types) 

OPERATING·TEMPERATURE RANGE ITA): 
PACKAGE TYPES D, F. K, H • • • . . • . • • . • . . • • . • . . . .• 
PACKAGE TYPE E . • • . • . .•.••... 

STORAGE TEMPERATURE RANGE (Tstg) 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 nim) from case for lOs max. 

• C • 

• INH 6 

LOGIC 
LEVEL 

CONVERSION 

8 VSS 

6 VOD 

BINARY 
TO 

IOF8 
DECODER 

WITH 
INHIBIT 

7 VEE 

Fig. 1 - Functional diagram of CD40518. 

X CHANNELS IN/OUT 

* A 0 

* B 9 

* lNH 6 

LOGIC 
LEVEL 

CONVERSION 

6 VOO 

BINARY 
TO 

I OF 4 
DECODER 

WITH 
INHIBIT 

I 

Y CHANNELS IN/OUT 

Fig. 2 - Functional diagram of CD40528. 

Fig. 3 - Functional diagram of CD40538. 

100mW 

-55 to +125° C 
-40 to +85°C 

-65 to +1500 C 

+2650 C 

COMMON 
OUrllN , 

COMMON X 
OUT/IN 

COMMON Y 
OUTIIN 

UCS-200871t3 

~ 200 

z 
:i 100 

G o 
-4 -3 -2 -I 0 I 

INPUT SIGNAL VOLTAGE (VIS) - V 

Fig.4 - Typical channel ON resistance VI input 
signal voltage (all types). 

q SUPPLY VOLTAGE (VDD-VEEI-IOV 

I 300 

~ 
~2~ 

tl 
:i 200 
in 
~ 150 

z 0 100 

~ 
~ 50 

AMBIENT TEMPERATURE 
(TA)- +12S·C 

-10 -1.5 -S -2.S 0 2.5 1.' 10 
INPUT SIGNAL VOLTAGE (Vi') - V 

Fig.5 - Typical channel ON resistance VI. input 
signal voltage (all types). 

" I 600~rrHtHH+H+rrH+HH+~+H++~~~ 
z 
g 5ooH;fHtHllHB 
"' u 

e400 

~300 
z 
0200 

~ 
~ 100 

G 0 
-10 

INPUT SIGNAL VOLTAGE (Vis) - V 
92CS-27074RI 

Fig.S - Typical channel ON resistance VI. input 
signal voltage (all types). 

.. SUPPLY VOLTAGE (VOO-VEEI.IS V u:· 
I 300 

:!I ': ;1:: !t: 

Z III !I!!!. "j. 0 
~250 

!I! 1 ::1 tl ll! 
~200 AMBI ENT TEMPERATURE iii! !; (TAl - +125·C 
; 150 qm I; z 
~ 100 ;t~~;~m 

· ... S!5·C·· . 

:i .0 

1111111111 G 
0 -10 7.5 . . -2.5 0 2.S 1.5 10 

INPUT SIGNAL VOLTAGE (Vi. I - V 

Fig.7 - Typical channel ON resistance vs, input 
signal voltage lall types). 
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CD4051 B, CD4052B, CD4053B Types 

ELECTRICAL CHARACTERISTICS 

CONDITIONS 
LIMITS at Indicatad Temperature (OC) 

Values at -55, +25, +125 Apply to D, F, K, H Pkgs. 
CHARAC- Vi. VEE Vss VDD Values .al -40, +25, +85 apply to E pkgs. 

Units TERISTIC (V) (VI (V) (V) 
+125 1 +25 -55 -40 +85 

Min. Typ. Max. 

SIGNAL INPUTS (Vi.) AND OUTPUTS (VOS) 

Quiescent Device 5 5 5 
Current, I DO 10 10 10 

Max. 15 20 20 
20 100 100 

On-State 
Resistance 
0';;; Vis';;; VOO 0 0 5 :800 850 

ron Max. 0 0 10 310 330 
0 0 15 200 210 

Change in On-
State Resistance 
(Between Any 
Two Channels) 0 0 5 - -

l!J. ron 0 0 10 - -
0 0 15 - -

OFF Channel 
Leakage Current: 

Any Channel 
OFF Max. 0 0 18 ±100' 

All Cha~~els 
OFF (Common 
OUT/IN) Max. 

Capacitance : 
Input, Cis - -
Output, Cos 

~ - -
CD4052 -5 -5 5 - -
Ci54i)53 - -

Feedthrough, 
Cios - -

Propagation Delay 
Time (Signal In· 
put to Output VDD RL:' 200kQ 5 - -

.n.. CL =50 pF 10 - -
tr,tf = 20ns 15 - -

150 150 - 0.04 

300 300 - 0.04 
600 600 - 0.04 

3000 3000 - 0.08 

1200 1300 - 470 
520 550 - 180 
300 320 - 125 

- - - 15 

- - - 10 
- - - 5 

±1000' - ±'0.01 

- - - 5 

- - - 30 
- - - 18 
- - - 9 

- - - 0.2 

- - - 30 
- - - 15 
- - - 10 

5 
10 
20 
100 

1050 
400 
240 

-
-

-

ilOO' 

-

-
-
-

-

60 

30 
20 

vA 

n 

n 

nA 

pF 

ns 

'0 

INPUT SIGNAL VOLTAGE !Vlsl-VOLTS 

Fig.8 - Typical ON characteristics for 
7 of 8 channels (CD40518i. 

1 
10 102 105 

SWITCHING FREQUENCY!tI-kHz 

Fig.9 - Typical dynamic power dissipation 
vs. switching frequency (CD40518i. 

• Determined by minimum feasible leakage measurement for automatic testing. 

10" AMBIENT TEMPEAATURE!T,,' • 25-C R4f!fJHj ALTERNATING ~o'" ANO "," PATTER . LOAD CAPACITANCE!C I • so pF 

~ I~I,. lllll 111 f .~ 

I Ht~..1 ;; ." W~ TEST CIRCUIT 

- ~-h: • c, 
~ IO]~ ~ 4t 3 12 , , 
: II CD4053 2 

I 
, 

" ~ • ,0' 6 " ~ CL '1511F 
.}::J 

" '0 ,0' '0 . 10 
SWITCHING FREQU(NCY(fl- kHI 

SiteS-2ZnORI 

Fig. 11 - Typical dynamic power dissipation 
vs. switching frequency (CD4053BJ. 
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, 

10 102 10:5 '0' 
SWITCHING FREQUENCY (f)-.Hz 

Fig. to - Typical dynamic power dissipation 
vs. switching frequency (CD40528i. 

Voo· +15 V Yoo' +7.5 V 
0------, 

VEE' -10 V 

'Iss' OV 
1,1 '" 

The ADDRESS (digital-control inputsl and INHIBIT logiC levels are: 
"0" = VSS and "I" = VDD. The analog signal (through the TGI may 
swing from VEE to Voo. 

Fig. 72 - Typical bias voltage •• 

,,1 

Voo' +5 V 

IIEE' -5 V 

Idl 

92CS-IOOet!lA1 



CD4051 B, CD4052B, CD4053B Types 

ELECTRICAL CHARACTERISTICS (Cont'd) INPUT STATES 
"ON" CHANNEL(S) 

CONDITIONS 

CHARAC· Vis VEE VSS VDD 
TERISTIC (V) (VI (VI (V) 

CONTROL (ADDRESS or INHIBIT) Vc 

Input Low 

Voltage, VIL 
Max. VEE=VSS 5 

=VDD 
RL =1 k!1 10 

thru 15 to VSS 
Input High lk!1 5 115< 2 J.1.A 

Voltage, V I H on all OFF 10 

Min. Channels 15 

Input Current, 
VIN = 0,18 18 

liN Max. 

Propagation Ir, If = 20 ns. CL = 50 pF 
Delay Time: RL = lk n 
Address·ta· 

5 Signal OUT 0 0 

(Channels ON 0 0 10 

or OFF) See 0 0 15 

Figs.14,lS,18 
-S 0 5 

Inhibil-Io-
RL = 1 k n,CL = 50 pF 

I r• If = 20 ns 
Signal OUT 

0 0 5 (Channellurn-
0 0 10 ing ON) 

15 --0 0 
See Fig. 14 -10 0 5 

Inhibil-Io-
RL = lk n,CL = 50 pF 

Signal OUT 
I r• If = 20 ns 

(Channellurn- 0 0 5 

ing OFF) 0 0 10 
15 0 0 

See Fig. 15 -10 0 5 

Input 

Capacitance, CI N 
(Any Address 
or I nhibit Input) 

Fig. 15 - Waveforms, channel being 
turned OFF (RL = lk n). 

LIMITS at Indicated Temperature (DC) 
Values al -55, +25, +125 Apply to D, F, K, H, Pkg 
Values at -40,+25,+85, apply to E pkgs Uniu 

-55 -40 +85 +125 
+25 

Min. Typ. Max. 

1.5 - - 1.5 

3 - - 3 
4 - - 4 

3.5 3.5 - - V 

7 7 -
11 11 - -

±0.1 ±0.1 ±1 ±1 - ±10-5 ±0.1 }.J.A 

- - - - - 450 720 
- - - - - 160 320 ns - - - - - 120 240 
- - - - - 225 450 

- - - - - 400 720 
- - - - - 160 320 

120 240 
ns - - - - -

- - - 200 400 

- - - - - 200 450 
- - - - 90 210 

70 160 
ns - - - - -

- - - - - 130 300 

- - - - - 5 7.5 pF 

INHIBIT C B A 

CD4061B 

0 0 0 0 0 

0 0 0 1 1 

0 0 1 0 2 

0 0 1 1 3 

0 1 0 0 4 

0 1 0 1 5 

0 1 1 0 6 

0 1 1 1 7 

1 X X X NONE 

CD4062B 

INHIBIT B A 

0 0 0 Ox, 0" 

0 0 1 lx,ly 

0 1 0 2x,2y 

0 1 1 3x,3y 

1 X X NONE 

CD4053B 

INHIBIT AorB 
or C 

0 0 ax or bx or ex 

0 1 ay or by or cy 

1 X NONE 

X = Don't care 
Fig. 13 - Truth tabl ••• 

92CS-27042RI 

Fig.14 - Waveforms, channel baing 
turned ON (RL C 1 kfl.). 

TEST CI RCUITS 

.--____ -tVOO 

16 
15 
14 100 
13 

" " 

r--____ ---i VOO 

16 
15 

Fig. 16 - OFF channel leakage current - any channel OFF. 
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CD40518, CD40528, CD40538 Types 

ELECTRICAL CHARACTERISTICS (Cont'd) 

TEST CONDITIONS 

CHARACTERISTIC Vis VDD RL 
(V) (V) (kO) 

Cutoff (-3-dB) 5- 10 1 CD40S3 

Frequency VEE = Vss, Vos at Common OUT/IN CD40S2 
Channel ON 

20iog Vos = -3dB 
CD4051 

(Sine Wave Input) 
Vos at Any Channel Vis 

~ 5 

Total Harmonic ~ 10 10 
Distortion, S- IS 

THO 
VEE = VSS, 

fis = 1 kHz sine wave 

-40-dB 
5- I 10 I 1 CD4053 

Feedthrough VEE = VSS, Vos at Common OUT/IN CD40S2 

Frequency Vos CD4051 
(All Channels OFF) 20 log Vis =-4OdB Vos at Any Channel 

Between Any 2 Channels 

Between Measured on Common 
5- 10 1 Sections 

-4Q.dB CD4052 
Measured on Any 

Signal Crosstalk, VEE = VSS, Only Channel 
Frequency Vos Between 2010g- =-4OdB 

Vis Any 2 In Pin 2, Out Pin 14 
Sections In Pin 15, Out Pin 14 
CD4053 
Only 

- 10 10# 

Address-or-Inhibit- VEE=O,VSS=O, tr,tf 

to Signal Crosstalk =20 ns, Vc = VDD 

- Vss(Square Wave) 

- Peak-to-peak voltage symmetrical about VDO - VEE 

2 

# Both ends of channel 

voo 
OUTPUT 

LIMITS 

TYPICAL UNITS 

VALUE 

30 

25 MHz 

20 

60 

~ 
~ 

0.12 % 

8 
10 

12 MHz 

8 

3 

6 

10 

2.5 
MHz 

6 

65 
mV 

(Peak) 

vo~ 

Vss CLOCK 
IN 

TEST CIRCUITS (Cont'd) 

,.-___ -;VDD 

,.-___ -;VDD 

I. 

VDD 
r-----1 

I. 
I~ 

" 13 
12 

Fig. 17 - OFF channelloakage current-all 

channels OFF. 

VDD 

~ ~ ~ 
CD40SI 

210 

CD4Q52 C04053 

Fig. 78 - Propagation delay - address input to signal output. 

Vss 
1 PHL AND lPLH 

CD4051 

I. 
15 

" 13 
12 

" 10 

1 PHL AND t PLH 

CD4052 

Voo 

Vss 

Fig. 19 - Propagation delay - inhibit input to signal output. 

VDD 

Vss 
t.PHL AND tpLH 

CD4053 
'jtc:S-2!045 



CD4051B, CD4052B, CD4053B Types 

TEST CIRCUITS (Cont'd) 

92:CS-30932 

MEASURE < 2 iJoA ON ALL 
"OFF" CHANNELS (e_g. CHANNEL 6) 

92C5- 30933 

MEASURE <: 2 1-"'''' v" ... lL 
"OFF" CHANNELS (e,g CHANNEL 2x) 

MEASURE <: 2 p.A ON ALL 

"OFF" CHANNELS (e_g CHANNEL by) 

'DO 'DO 

I. I. 
15 15 

I. I. 
" " 12 

Fig.21 - Quiescent device current. 
Fig. 20 - Input voltage test circuits (noise immunity). 

VDD 
KEITHLEY 

160 DIGITAL 
MULTIMETER 

x-v 
L-____ ~~------~~PLOTTER 

92CS -22716 

Fig.22 - Channel ON resistance 
measurement circuit. 

5 II p-p 

rv -+-fOFFH--.--{ 

92C5-27049 

Fig.24 - Feedthrough (all types). 

~ v p-p 

r"\....J 

92CS-27051 

Fig.26 - Crosstalk between duals or triplets 

(CD4052B, CD4053B). 

COMMON 
r"\....J 

NOTE; 
MEASURE INPUTS 
SEQUENTIALLY. TO BOTH 
Vao AND VSS CONNECT 

ALL UNUSED INPUTS TO 
EITHER Vao OR \Iss 

92CS-27048 

Fig. 23 - Input current. 

5 V p-p 

rv 

'DO 

VOO 

~ 
NOTE: 

Vss 

MEASURE INPUTS 
SEQUENTIALLY, TO BOTH 
VOO AND \Iss CONNECT 
ALL UNUSED INPUTS TO 
EITHER VOO OR VSS. 

92C5- 27050 

Fig.25 - Crosstalk between any two channels (all types). 

DIFFERENTIAL 
SIGNALS 

CD4052 

D1FF. 
MULTIPLEXING 

COMMUNICATIONS 
LINK 

CD4052 

OEMULTIPLEXING 

92.CS-270:52 

Fig.27 - Typical time..cfivision application of the CD4052B. 
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CD4051 B, CD4052B, CD4053B Types 

SPECIAL CONSIDERATIONS 

In applications where separate power sources 
are used to drive VOO and the signal inputs, 
the VOO current capability should exceed. 
VOO/Rl (Rl = effective external load). This 
provision avoids permanent current flow or 
clamp aClion on the VOO supply when power 
is applied or removed from the CD4051 B 
C04052B, or CD4053B. ' 

212 

92CS-35068 
Dimensions and pad layout for CD4052BH. 

88 

'1 

92CM-35069 

Dimen.ion. and pad layout for CD4051BH. 
The photographs and dimensions of sach CMOS chip 
represent 8 chip when it is part 01 the wafer. When the 
wsfer is separated into individual chips, the angl8 of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip. therefore. may differ slightly flom the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid Graduations are in Mils (10-3 inch). 

102. 

94 
2..388) 

o (0 2.0 30 40 50 60 70 8~ 

82 -90 
(2.083-2.2861. 

~--------~~y--~~~ 
92CS-35067 

Dimensions and pad layout for CD4053BH. 



CD4054B, CD4055B, CD4056B Types 

CMOS Liquid-Crystal 
Display Drivers 

Features: 

• Operation 01 liquid crystals with CMOS 
circuits provides ultra-low-power displays 

• Equivalent ac output drive for liquid- STROBE I. High-Voltage Types (20-Volt Rating) 
CD4054B - 4-Segment Display Driver 

crystal displays - no external capacitor required 
BCD \ ~~ - ~ 

I. 
" 
" 

CD4055B - BCD to 7-Segment Decoder/Driver with 
"Display-Frequency" Output 

• Voltage doubling across display, e.g. 
VDD - VEE ~ 18 V results in effective 
36 V POp drive across selected display 
segments 

CD4056B - BCD to 7-Segment Decoder/Driver with 
Strobed-Latch Function 

The RCA CD4055B and CD4056B types are 
single-digit BCD-to-l-segment decoder/driver 
circuits that provide level-shifting functions 
on the chip. This feature permits the BCD 
input-signal swings (VDD to VSSI to be the 
same as or different from the l-segment 
output-signal swings (VDD to VEE). For 
example, the BCD input-signal swings (VDD 
to VSS) may be as small as 0 to -3 V, where­
as the output-display drive-signal swing (VDD 
to VEE) may be as large as from 0 to -15V. 

If VDD to VEE exceeds 15 V, VDD toVSS 
should be at least 4V (0 to -4VI. 

The l-segment outputs are controlled by 
the DISPLAY-FREQUENCY (DF) input 
which causes the selected segment outputs 
to be low, high, or a square-wave output 
(for liquid-crystal displays). When the DF 
input is low the output segments will be 
high when selected by the BCD inputs. 
When the DF input is high, the output 
segments will be low when selected by the 
BCD inputs. When a square-wave is present 
at the DF input, the selected segments will 
have a square-wave output that is 1 BOo out 
of phase with the DF input. Those segments 
which are not selected will have a square­
wave output that is in phase with the input. 
DF square-wave repetition rates for liquid­
crystal displays usually range from 30 Hz 
(well above flicker rate) to 200 Hz (well 
below the upper limit of the liquid-crystal 
frequency response). The CD4055B pro-
vides a level-shifted high-amplitude DF out­
put which is required for driving the common 
electrode in liquid-crystal displays. The 
CD4056B provides a strobed-latch function 
at the BCD inputs. Decoding of all input 
combinations on the CD4055B and CD4056B 
provides displays of 0 to 9 as well as L, P, 
H, A, -, and a blank position. 

The CD4054B provides level shifting similar 
to the CD4055B and CD4056B independently 
strobed latches, and common DF control on 
4 signal lines. The CD40548 is intended to 
provide drive-signal compatibility with the 
CD4055B and CD4056B 7 -segment decoder 
types for the decimal point, colon, polarity, 
and similar display lines. A level-shifted 
high-amplitude DF output can be obtained 
from any CD40548 output line by connect-

• Low- or high-output level de drive for 
other types of displays 

• On-chip logic·level conversion for different 
input- and output-level swings 

• Full decoding of all input combinations: 
0-9, L, H, P, A,-, and blank positions 

• Strobed-latch function-CD40548 Series 
and CD40568 Series 

• DISPLAY-FREQUENCY (DF) output 
for liquid-crystal common-line drive signal­
CD4055B Series (CD40548 Series also: 
see introductory text) 

• 100% tested for quiescent current at 20 V 
• Maximum input current of 1 /JA at 18 V 

over full package temperature range; 
100 nA at 18 V and 250 C 

• Noise margin (over full package temper­
ature range): 

1 Vat VDD ~ 5 V 
2 V at VDD ~ 10 V 

2.5 V at VDD ~ 15 V 
• 5-V, 10-V, and 15-V parametric ratings 

Applications 
• Ganeral,purpose displays 
• Calculators and meters 
• Wall and table clocks 
• Industrial control panels 
• Portable lab instruments 
• Panel meters 

• Auto dashboard displays 
• Appliance control panels 

ing the corresponding input and strobe lines 
to a low and high level, respectively and 
applying a square wave to DFIN' The 
CD40548 may also be utilized for logic-level 
"up conversion" or "down conversion". For 
example, input-signal swings (VDD to VSS) 
frum +5 to 0 V can be converted to output­

signal swings (VDD to VEE) of +5 to -5 V. 
The level-shifted function on all three types 
permits the use of different input- and out­
put-signal swings. The input swings from a 
low level of VSS to a high level of VDD while 
the output swings from a low level of VEE to 
the same high level of VDD. Thus, the input 
and output swings can be selected indepen· 
dently of each other over a 3-to-18 V range. 
VSS may be connected to VEE when no 
level-shift function is required. 

For the CD40548 and CD40568, data are 

INPUTS I ;~ : 
DIS, FREQ IN 

VEE 
Vss 

"* 7-SEGMENT 
OUTPUTS 

" 12 

" 10 

9 

CD4056B 
Terminal Assignment 

STROBE 4 I. I. 
DISPLAY FREO.IN 2 '5 

OUT4 ,. 
OUT3 " OUT2 '2 
OUT I " VEE '0 

Vss 

VDD 

'N' 
STROBE 3 

'N' 
STROBE2 

'N2 
STROBE I 

'N' 

CD40548 Terminal Assignment 

DISPLAY FREQ. OUT ,. 'S VDD 

'5 ,. l~ BCD 2! , 
IN-PUTS ~ " : f 7-SEGMENT 20 '2 OUTPUTS 

DISPLAY FREQ. IN " , 
VEE '0 b 
Vss 9 

92CS-2<l496 

CD40558 Terminal Assignment 

transferred from input to output by placing 
a high voltage level at the strobe input. A 
low voltage level at the strobe input latches 
the data input and the corresponding output 
segments remain selected (or non-selected) 
while the strobe is low. 

Whenever the level-shifting function is re­
quired, the CD40558 can be used by itself 
to drive a liquid-crystal display (Fig.16 and 
Fig.201. The CD4056B, however, must be 
used together with a CD4054B to provide 
the common DF output (Fig.19). The capa­
bility of extending the voltage swing on the 
negative end (this voltage cannot be extended 
on the positive end) can be used to advantage 
in the setup of Fig.1B. Fig.,17 is common 
to all three types. 

The CD4054B-, CD4055B-, and CD4056B­
series types are available In 16-lead ceramic 
dual-in-llne packages (D and F suffixes), 16-
lead plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 
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CD4054B, CD4055B, CD4056B Types 

ALL INPUTS ARE 
PROTECTED BY 
CMOS PROTECTION 
NETWORK 

VOD 

4 
Vss 

92C8-20090R3 

AU. INPUTS ARE 
PROTECTED BY 
CMOS PROTECTION 
NETWORK 

7~SEG· 

OUT, 

DIS PLAY­
'==::---+-r--'J)l FREQ.OUT 

VDO 

92C8-20092R2 

Fig. 1 - CD40548 functional diagram. 
Fig.2 - CD40558 functional diagram. 

214 

[

,0 5 

" , 
BCO 

INPUTS 22 

" 
STROBE I 

~~~~~~y- 6 

7-
SEGMENT 
OUTPUTS 

Fig.3 - CD40568 functional diagram. 

ALL INPUTS ARE 
PROTECTED BY 
CMOS PROTEcnON 
NETWORK 

Voo 

92CS-20091 R3 

TRUTH TABLE FOR CD4055B and CD4056B 

INPUT CODE OUTPUT STATE 
DISPLAY 

CHARAC· 
23 22 2' 20 a b C d • f 9 TER 

0 0 0 0 1 1 1 1 1 1 0 
, , 
I , 

0 0 0 1 0 1 1 0 0 0 0 
, , 

0 0 1 0 1 1 0 1 1 0 1 - , 
I 

0 0 1 1 1 1 1 1 0 0 1 - , , 
0 1 0 0 0 1 1 0 0 1 1 

, - , , 
0 1 0 1 1 0 1 1 0 1 1 

, - , 
0 1 1 0 1 0 1 1 1 1 1 

, -, , 
0 1 1 1 1 1 1 0 0 0 0 

, , 
1 0 0 0 1 1 1 1 1 1 1 '-' , I 

1 0 0 1 1 1 1 1 0 1 1 '-, , 
1 0 1 0 0 0 0 1 1 1 0 

, , 
1 0 1 1 0 1 1 0 1 1 1 :-: 
1 1 0 0 1 1 0 0 1 1 1 

, -' , 
1 1 0 1 1 1 1 0 1 1 1 

, , ,-, 
1 1 1 0 0 0 0 0 0 0 1 -
1 1 1 1 0 0 0 0 0 0 0 BLANK 

Fig.4 - Typical propagation delay time va. 
load capacitanca, for CD40548. 

LOAD CAPACITANCE (CI.J- pF 

Fig.5 - Typical propagation dalBY time vs. 10Bd 
capacitance for CD4055 and CD40568. 

LOAD CAPACITANCE Ie L J - pF 
92.CS-28"'90RI 

Fig.6 - Typical transition time v£. 
load capacitance. 

Hf -+ri- --
LOAD CAPACITANCE leLI-50 pF 

--- CL~15pF 

jj:l:LfllJH-
10 2 '" 61022 46 103 2 46 10",2 4 6 10, 

INPUT CLOCK FREQUENCY (tCLI-kHz 

Fig.7 - Typical input clock frequency vs. 
power dissipation. 



CD4054B. CD4055B, CD4056B Types 
MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) ......... _...................................... -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................... -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ., ................................................... ±to mA 
POWER DISSIPATION PER PACKAGE (PO): 

For T A = -40 to +60°C (PACKAGE TYPE E) ................................................. 500 mW 
ForTA = +60 to +85°C (PACKAGE TYPE E) ................... Derate Linearly at 12 mW/oC to 200 mW 
For T A = -55 to +100°C (PACKAGE TYPES 0, F, K) .......................................... 500 mW 
ForTA = +100 to +125°C (PACKAGE TYPES 0, F, K) ... , ...... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES 0, F, K, H ........................................................ -55 to +125°C 
PACKAGE TYPE E .................................................................. -40 to +85°C 

STORAGE TEMPERATURE RANGE (Tstg) ............................................. -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max .......................... +265°C 

STATIC ELECTRICAL CHARACTERISTICS 

Characteristic VEE 

(V) 

Quiescent Device -5 

Current, I DO 0 
MAX. 0 

a 
Output Voltage: 

0 
Low Level, VOL 0 

MAX. 0 
0 

High Level, VOH a 
MIN. a 

Input Low 
Voltage, a 

VIL MAX. a 
0 

Input High -5 
Voltage, a 

VIH IVIIN. 0 

Output Low 
(Sink) -5 

Current, IOL a 
a 

Output High 5 

(Source) a 
Current, IOH a 

I nput Current, 
0 liN 

INPUTS 

o 
Vss 

CONDITIONS 

VSS Vo VIN VDD 
(V) (V) (V) (V) 

a 5 
a 10 
a 15 
0 20 

a as 5 
0 010 10 
0 015 15 
0 05 5 
0 010 10 
0 0,15 15 

0.5, 
a 4.5 5 
a 1,9 10 
01.5,13.5 15 
0 0.5,4.5 5 

o I 1,9 10 

01.5,13.5 15 

0 -4.5 5 

a 0.5 10 
a 1.5 15 

a 4.5 5 
0 9.5 10 
a 13.5 15 

0 - 0,18 18 

Fig. 11 - Quiescent-device-current test circuit. 

LIMITS 
Values at -55, +25, +125 Apply to D, F, K, H, Packages 

Values at -4cP, +2SO.+8SoC Apply to £ Package Units 
+250 C 

-550 -400 +85° +125° Min. Typ. Max. 
5 150 150 - 0.04 5 )1A 

10 300 300 - 0.04 10 
20 600 600 - 0.04 20 
100 3000 3000 - 0.08 100 

0.05 _. 0 0.05 
0.05 -- 0 0.05 
0.05 -- 0 0.05 
4.95 4.95 5 

V 
-

0.95 9.95 10 
14.95 14.95 15 _.-

1.0 - - 1.5 
3 - 3 
4 - - 4 

3.5 3.5 
V - --

7 7 -
11 11 -

0.98 0.92 0.67 0.55 0,8 1.6 -

0.98 0.92 0.67 0.55 0.8 1.6 -

3.6 3.4 2.4 2 2.9 5.8 
-0.6 - 0.55 ·-0.35 0.3 

mA 
--0.45 -0.9 -

- 0.6 -0.55 -0.35 -0.3 ·-0.45 -0.9 -
-·1.9 1.8 1.2 -1.1 --1.5 --3 -

±0.1 ±0.1 ±1 ±1 - ±10-5 ±0.1 )1A 

Voo 

INPUTOOUTPUTS 
V,H 

'--- ~ 
VIOL r 

NOTE: 
vss TEST ANY COMBINATION 

OF INPUTS 

92CS-Z7441RI 

Fig. 12 - Input-voltage test circuit. 

'i 
~ 10 

a 5 

AM81ENT TEMPERATURE (TA )-ZS"C 

5 10 15 ZO 
ORA1N-TO-SOURCE VOLTAGE lVosl-V 

92.CS-35983 

Fig.8 - Typical n-channel output low (sink) 
current characteristics. 

~ 
E 
J 

~ 15 

tl 
~IZ.5 

B 10 

¥ 
iii 7.5 

~ 5 
~ 
~ 

I- 2.5 
il 

AM81ENT TEMPERATURE ITA) -Z5"C 

GATE-TO-SOURCE VOLTAGE {VGS'-15 V 

IOV 

5 ~ 15 W 
DRAIN-TO-SOUR E VOLTAGE {Vosl-V 

92.CS- S5982 

Fig.9 - Minimum n-channel output low (sink) 
current characteristics. 

ORAIN-TO"'SOURCE VOLTAGE (VDsl-V 
-15 -10 -5 

AM81ENT TEMPERATURE (TA)-2S·C 

GATE TO-SOURCE VOLTAGE (VGS)­

-IOV 

-15V 

92CS-33194RI 

Fig. 10 - Typical p-channel output high (source) 
current characteristics. 

DRAIN-TO-SOURCE VOLTAGE IVos)-V 

-15 -10 -5 
AMBIENT TEMPERATURE ITAj=25°C 

GATE-TO-SOURCE VOLTAGE (VGS)~ 
-IOV 

-15,~ 

Fig. 13 - Minimum p·channel output high 
(source) current characteristics. 
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CD4054B, CD4055B, CD4056B Types 

DYNAMIC ELECTRICAL CHARACTERISTICSatTA = 25°C, CL = 50 pF, Input t"tf = 20 ns, 
RL = 200 kU 

CONDITIONS 
LIMITS 

VEE VSS VDD 
ALL PACKAGE TYPES 

CHARACTERISTIC CD4054 CD4055,CD4056 UNITS 
(V) (V) (V) 

Typ. Max. Typ. Max. 

Propagation Delay Time, -5 0 5 400 800 650 1300 

tpHL,tPLH 0 0 10 340 680 575 1150 ns 

(Any I nput to Any Output) 0 0 15 250 500 375 750 

Transition Time, tTHL,tTLH -5 0 5 100 200 100 200 
0 0 10 100 200 100 200 ns 

(Any Output) 
0 0 15 75 150 75 150 

Minimum Data Setup 
-5 0 5 110 220 110 220 

0 0 10 50 100 50 100 ns 
Time, tS' 

15 35 70 35 70 

Minimum Strobe Pulse 
-5 0 5 110 220 110 220 

Width, tw . 0 0 10 50 100 50 100 ns 
0 0 15 35 70 35 70 

Input Capacitance, CIN - - - 5 7.5 5 7.5 pF 
(Any Input) 

* CD4054 and CD4056 only. 

RECOMMENDED OPERATING CONDITIONS at T A = 25°C (Unless otherwise specified) 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 

VEE 
CHARACTERISTIC 

(V) 

Supply Voltage Range: 
(At T A = Full Package 
Temperature Range) 

-5 

Setup Time (ts)- 0 
0 

-5 
Strobe Pulse Width (tW)- 0 

0 

• For CD4054 and CD4056 only. 

LlQUID- CRYSTAL 
COMMON ELECTRODE 

VSS 
(V) 

0 
0 
0 

0 
0 
0 

VDD LIMITS 
UNITS 

(V) Min. Max. 

3 18 V 

5 220 -
10 100 - ns 
15 70 -
5 220 -
10 100 - ns 

15 70 -

92CS-200'l5R~ 

Fig. 16 - Clock display: VOO ~ 0 V, VSS ~5 V, VEE ~ -15 V, OF/N = 30 Hz square wave. 
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VOD lNPu(Js VOO NOTE, 

~ ~i~~~N~'~~~~~S 
\Iss TO BOTH Voo ANO \Iss' 

CONNECT ALL UNUSED 
INPUTS TO EITHER 

"00 OR Vss' 

Vss 

Fig. 14 - Input-current test circuit. 

50%~ 
DATA:.:i1 , ~ 

STROBE I ~50% 50%~ 
Irl'f=20~_$~ 's ~ " '--

92CS-27053 

Fig. 15 - Data setup time and strobe 
pulse duration. 

SHIFTED 

OFOUT , DFOUT 
LEVEL'~ 

....... p DISPLAY 
DRIVER 

DISPLAY TT 't-t--r::>-o SEGMENT 

g~~1R,.T ! r;::r V" r~~~UQT) 
INPUT t--n 
(0 TOol 

(HIGH-SELECT) DFOUl 

1,1 
92CS- 20093RI 

OFOUl Voo n n n n n n n n n n n n 
vn...J U U U U U U U U U U U L 

__ Vo 

DFOUl 
VEE 

VOO r-----, 
SEGMENT IN yEEJ 

VOO 
SEGMENT OUT 

VEE 

OF'N -OISPLA V-FREQUENCY INPUT 92CS- 20094FII 

OFOUl_ LEVEL- SHIFTED DISPLAY- FREQUENCY OUTPUT 

'01 

Fig. 17 - Display-driver circuit for one segment /ine 

and waveforms. 



ANALOG INPUTS (!5V) 
I 

I 
ANALOG OUTPUTS (.is VI 

CD4054B, CD4055B, CD4056B Types 

No.4 
STROBE 

No· No. No· 
2 3 4 

O.R o.p C.P 

!J2CS-200!J6R2 

Fig. 18 - Digital (0 to +5 Vi to bidirectional analog 
control (+5 to -5 Vi lovel shifter. 

Voo 
OF OUT 

CQ4055 

OFIN·3gvH~~~~~~~C~AVEI 

Fig. 19 - TypicaI3Y2-digit liquid-crystal display.' 
VDD=+5 V. VSS=D V. VEE=-ID V. 
OF IN = 30 Hz square wave. 

92CS- 2008'3 R2 OFOUT • g~~~~~-:~~~~i~g~ 

Fig.20 - Singlo.tJigit Iiquid·crystal display. 

The photographs and dimensions of each CMOS chip 
represent a chip when it is pari of tha wafer. When the 
wafer Is separated into Individual chips, the angle of 
c/eavllge may v.ry with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils f1tr3 inch). 

)Jmension. and pad layout for CD4D54BH. 

92CS-27058 

Fig.21 - Conversion of "H" display to "F" display. 

In addition to the letters L, H, P, and 
A (See the truth table), five other letters 
can be displayed through the use of simple 
logiC circuits preceding and following the 
CD4055B or CD4056B devices. Fig.21 is an 
example of a circuit that converts an "H" 
display (code 1 011) to an "F" display. 
One condition that must be met is that 
VEE=VSS. If VEE#VSS, the CD4054B must 
be used to level shift in the appropriate places. 

Dimensions and pad layout for CD4055BH 

In a similar manner the letters C, E, J, and 
U can be displayed. These circuits can also 
be used to drive LED displays provided the 
exclusive-DR gates have sufficient output­
current drive. 
The letters B, 0, G, I, 0, and S may be rep­
resented by the codes for numbers 8, 0, 6, 
1. 0, and 5, respectively, when there is pre­
knowledge that only letters are to be dis­
played_ 

Dimensions and pad layout for CD40568H 
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CD4060B Types 

CMOS 14-Stage Ripple­
Carry Binary Counter/Divider 
and Oscillator 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4060B consists of an oscillator 
section and 14 ripple·carry binary counter 
stages. The oscillator configuration allows 
design of either RC or crystal oscillator 
circuits. A RESET input is provided which 
resets the counter to the all·O's state and 
disables the oscillator. A high level on the 
RESET line accomplishes the reset function. 
All counter ~tages are master·slave flip·flops. 
The state of the counter is advanced one 
step in binary order on the negative transi· 
tion of I/> I (and 1/>0). Ali inputs and outputs 
are fully buffered. Schmitt trigger action 
on the input·pulse line permits unlimited 
input-pulse rise and fall times. 

The CD40S0B-series types are supplied in 
l6-lead hermeticdual-in-line ceramic pack­
ages (D and Fsuffixes), 16-lead dual-in-line 
plastic pa'ckages (E suffix), IS-lead ceramic 
flat packages (K suffix). and in chip form (H 
suffix). 

* 

• R-HIGH DOMINATES I RESETS ALL STAGES) 

• COUNTER ADVANCES ONE BINARY COUNT 
ON EACH NEGATIVE - GOING TRANSITION 
OF +I lAND +0) 

Features: 
• 12 MHz clock rate at 15 V 
• Common reset 
• Fully static operation 
• Buffered inputs and outputs 
• Schmitt trigger input-pulse line 
• 100% tested for quiescent current at 20 V 
• Standardized, symmetrical output 

characteristics 
• 5-V, 10-V, and 15-V parametric ratings 
• Meets all r~quirements of JEDEC Tentative 

Standard No. 13B, "Standard Specifica· 
tions for description of "B" Series CMOS 
Devices" 

Oscillator Features: 
• All active components on chip 
• RC or crystal oscillator configuration 

• RC oscillator frequency of 690 kHz 
min. at 15 V 

+z 
L 

FF2-FFI3 I 

Q4!QIO 
QI2,QI3 

~14 QI4 

FFI4 

+14 Qi4 
R 

QI4 

* ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 

~VDD 

~vss 92CM-29074R2 

Fig. 1 - Logic diagram. 

MAXIMUM RATINGS, Absolute·Maximum Values: 
DC SUPPLY·VOLTAGE RANGE, IVODI 

lVoltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIP1'oTION PER PACKAGE !POl: 

For TA =-40 to +600 C IPACKAGE TYPE EI 
For TA = +60 to +8SoC !PACKAGE TYPE EI 
ForT A = -55 10 +100'C (PACKAGE TYPES 0, F, K). 

ForTA = +10010 +125'C (PACKAGE TYPES 0, F! ~).' 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

-0.5 to +20 V 
-0.5 to VDD +0.5 V 

±10mA 

. . . . . .. . 500mW 
Derate Linearly at 12 mW/oC to 200 mW 

. •••••... , •.... 500mW 
• • . Derate Linearly at 12 mW/oC to 200 mW 

FOR TA" FULL PACKAGE·TEMPERATURE RANGE IAII Package Type,1 
OPERATlNG·TEMPERATURE RANGE IT AI. 

100mW 

PACKAGE TYPES 0, F, K, H . . • . . . . . . . . . . . • . . • . . • . . . 

PACKAGE TYPE E. . . . . . . . . . . . • . • . . . . • . . • . . . . • • • . . . . 
STORAGE TEM'PERATURE RANGE ITstgl 
LEAD TEMPERATURE lOURING SOLDERINGI, 

At distance 1/16 ~ 1/32 Inch t 1.59 + 0.79 mm) from case for 10 s max. 
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. • -5510 +125'C 

.. -4010 +85'C 
-65 to + 150°C 

Q4 

Q5 

FUNCTIONAL DIAGRAM 

Applications 
• Control counters 
• Timers 
• Frequency dividers 
• Time.(\elay circuits 

92CS-29072 

Fig. 2 - Detail of typical flip·flop stage. 

9 
5 10 

~ 
5 , 

AMBIENT TEMPERATURE (TAI~2!5·C 

GATE-lO-SOURCE VOLTAGE {VGS)"'5 v 

,ov 

'v 
5 10 15 

DRAIN-lO-SOURCE VOLTAGE (Vosl-V 

Fig. 3 - Typical n-channel output low (sink) 
current'characteristics. 



STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED T.EMPERATURES (oCI u 
N 

CHARAC- CONDITIONS Values at -55, +25, +125 Apply to 0, F, K, H, Packages I 
TERISTIC Values at -40, +25, +85 Apply to E Package T 

Vo VIN VDD 
+25 S 

(VI (V) (V) -55 -40 +85 +125 Min. Typ. Mall. 

- 0,5 5 5 5 150 150 - 0.04 5 
Quiescent 

Device - 0,10 10 10 10 300 300 - 0.04 10 p.A 
Current, - 0,15 15 20 20 600 600 - 0.04 20 
100 Max. 

- 0,20 20 100 100 3000 3000 0.08 100 -

0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -
Output Low 

(Sink)OJrrent*, 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -
10L Min. 1.5 0,15 15 4.2 4 2.8 2.4 3.4 6.8 -

Output High 
4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 - mJ! 

(Source) 2.5 0,5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
Current* , 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -
10H Min. 

13.5 0,15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 -

Output Voltage: - 0,5 5 0.05 - 0 0.05 

Low·Level, - 0,10 10 0.05 - 0 0.05 
VOL Max. - 0,15 15 0.05 - 0 0.05 V 

Output - 0,5 5 4.95 4.95 5 -
Voltage: - 0,10 10 9.95 9.95 10 -
High·Level, 

14.95 VOH Min. - 0,15 15 14.95 15 -
0.5,4.5 - 5 1.5 - - 1.5 

Input Low 
1,9 10 3 3 Voltage - - -

VILMall. r·5,13.5 - 15 4 - - 4 V 
Input High 0.5,4.5 - 5 3.5 3.5 - -

Voltage, 1,9 - 10 7 7 - -
VIHMin. 1.5,13.5 - 15 11 11 - -

Input Current 
liN Max . - 0,18 18 ±0.1 ±O.l ±1 ±1 - ±10-5 ±0.1 .p.A 

• Oata not applicable to terminal 9 or 10. 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the fol/owing ranges 

CHARACTERISTIC VOl) 
LIMITS UNITS 

MIN. MAX. 

Supply·Voltage Range (For TA = Full Package 
Temperature Range) - 3 18 V 

5 100 -
Input·Pulse Width, tw (f = 100 kHz) 10 40 - ns 

15 30 -
5 

Input-Pulse Rise Time and Fall Time, trq,' tfq, 10 Unlimited 
15 

5 - 3.5 
Input·Pulse Frequency, frfJI (External pulse source) 10 - 8 MHz 

15 - 12 

5 120 -
Reset Pulse Width, tw 10 60 - ns 

15 40 -

CD4060B Types 

. 
E 
I :s 15 

~ 12.5 

il 10 

~ 
~ 7.5 10V 

• g 5 

~ § 25 .V 

~ 10 15 
DRAIN-lO-SOURCE VOLTAGE IV051-\I 

Fig. 4 - Minimum n-channel output low (sink) 
current characteristics. 

ORAIN-TO-SOURCE VOLTAGE Nasi-v 
I 

Fig. 5 - Typical p-channel output high (source) 
current characteristics. 

DRAIN-lO-SOURCE VOLTAGE IV051-V 

Fig. 6 - Minimum p-channel output high (source) 
current characteristics. 

LOAD CAPACITANCE LI-pF 92CS-31249 

Fig. 7 - Typical propagation delay time (On to On +1 J 
as a function of load capacitance. 
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CD4060B Types 
DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input tI , tf = 20 ns, 

CL = 50 pF, RL = 200 kn 
TEST 

CHARACTERISTIC CONDITIONS 
VDD 
(V) 

Input·Pulse Operation 

Propagation Delay 5 

Time,l/>I to 04 Out; 10 
tPHL, tPLH 15 

Propagation Delay 5 
Time. On to On+l; 10 

tpHL. tPLH 15 

Transition Time. 5 

tTHL. tTLH 10 

15 

Min. Input·Pulse 5 
Width, tw 

f= 100kHz 
10 

15 

Input-Pulse Rise & Fall 5 

Time, trl/>' tfl/> 10 

15 

Max. Input-Pulse 5 
Frequency, fl/>I 
(External pulse 10 

source) 15 

Input Capacitance, C, Any Input 

Reset Operation 

Propagation Delay 5 
Time, tPHL 10 

15 

Minimum Reset 5 

Pulse Width, tw 10 

15 

Voo 

500,.F 

92CS-312!!4 

Fig. 11 - Dynamic power dissipation test circuit. 
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MIN. 

-
-
-
-
-
-

-
-
-

-

-
-

3.5 

8 

12 

-

-
-
-
-
-
-

·s 

LIMITS 

TYP. MAX. 

370 740 

150 300 

100 200 

100 200 

50 100 

40 80 

100 200 

50 100 

40 80 

50 100 

20 40 

15 30 

Unlimited 

7 -
16 -
24 -

5 7.5 

180 360 

80 160 

50 100 

60 120 

30 60 

20 40 

·x 

NOTE! 
RSIS 2RX TO IORX 

T-2·2 .xCx 

92CS-31U2RI 

Fig. 12 - Typical RC circuit. 

UNITS 

ns 

MHz 

pF 

ns 

.. AMBIENT TEMPERATURE(TA)-2'·C 

1700 
.:1 ;~t~:l:iti~-

suPPLY vOLTAGE (VDDI~5V:~ 

20 40 60 80 100 
LOAD CAPACITANCE ICLI-pF 

92CS-312!!O 

Fig. 8 - Typical propagation delay time (,pI to 04 
Output) as a function of load capacitance. 

Fig. 9 - Typical transition time as a function 
of load capacitance. 

I ~ AMBIENT TEMPERATURE (TA )-Z5·C 

4,-- LOAD CAPACITANCE (CL~50pF 

~ IO! .. t 
! : 

I ~ , 
~ 

0.1 -;--468 1 i! 468102 2 468103 2 468104 

INPUT FREQUENCY (t+II-ItHz 92CS-31251 

Fig. 10 - Typical dynamic power dissipation as a 
function of input frequency. 

C XTAL-C I+C2+ CSTRAY 

RC - ~~~~gij~tREQUENCY 
RS -CURRENT LIMITING 

92'CS-31253 

Fig. 13 - Typical crystal circuit. 



CD4060B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 250 C, Input t r, tt = 20 ns, 
CL = 50 pF, RL = 200 kn [cont'd] 

VOO 

CHARACTERISTIC 
TEST 

VDD CONDITIONS (V) Min. 

RC Operation 

Cx = 200 pF. 5 18 
Variation of Fre-

RS = 560 kn, 10 20 
quency (Unit-to-Unit) 

RX=50kn 15 21.1 

Variation of Fre- Cx = 200 pF. 5Vto 10 V -
quency with voltage RS = 560 kn. 10Vto15V -
change (Same Unit) RX = 50 kn 

RX max. Cx = 10IlF 5 -
= 50 IlF 10 -
= 10 IlF 15 -

Cx max. RX = 500 kn 5 -

= 300 kn 10 -
= 300 kn 15 -

Maximum Oscillator RX = 5 kn 10 530 

Frequency' CX=15pF 15 690 

Drive Current at 
Pin 9 (For Oscillator 
Design) VO=0.4V 5 0.16 

IOL -0.5 V 10 0.42 
= 1.5 V 15 1 

Vo = 4.6 V 5 -0.16 

IOH =9.5 V 10 -0.42 
= 13.5V 15 -1 

LIMITS 

Typ. Max. 

21.5 25 

23 26 

24 27 

- 2 

- 1 

- 20 

- 20 

- 10 

- 1000 

- 50 

- 50 

650 810 
800 940 

0.35 -
0.8 -

2 -
-0.35 -
-0.8 -

-2 -

UNITS 

kHz 

Mn 

IlF 

kHz 

mA 

V,H 

o 
V5S 

INPUTS 

Vss 

Fig. 14 - Quiescent device current. 

INPUTQVIlO OUTPUTS 

0",..... ~ 
v~ ~ 

NOTE: 
vss TEST ANY COMBINATION 

OF INPUTS 

92CS-21441RI 

Fig. 15 - Input voltage. 

~ ~:~j~:i,~~~~~S 

'Re oscillator applications are not recommended at supply voltages below 7 V for RX < 50 kCl. 

Voo INPUOS VOO NOTE. 

Vss TO BOTH Voo ANO VSS' 
CONNECT ALL UNUSEO 
INPUTS TO EITHER 
Voo OR VSS' 

92CM-35106 

Dimensions and pad layout for CD4060B. 

V5S 

Fig. 16 - Input current. 

TERMINAL DIAGRAM 

012 I. IS VDO 
013 15 010 
01. I. OB 
OS " 00 
05 12 RESET 
07 " .I 
O. 10 .0 

VSS ·0 

(TOP VIEW) 

DimenSIons In parentheses are In millimeters and 
are derived from the basIc Inch dimensions as in· 
dlcated. Grid graduations are in mils (10-3 inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is s9parated into indiVidual chips. the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip. therefor9. may differ slightly from the nominal 
dimensions shown. The user should considera tolerance 
of -3 mils to + 16 mils applicable to the nominal 
dimensions shown. 

92CS-23161R2 
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CD4063B Types 

CMOS 4-Bit Magnitude 
Comparator 
High Voltage Types (20-Volt Rating) 

The RCA-CD4063B is a 4·bit magnitude com· 
parator designed for use in computer and 
logic applications that require the comparison 
of two 4·bit words. This logic circuit detet· 
mines whether one 4·bit word (Binary or 
BCD) is "less than", "equal to", or "greater 
than" a second 4·bit word. 

The CD4063B has eight comparing inputs 
(A3, B3, through AO, BO), three outputs (A 
< B, A = B, A > B) and three cascading inputs 
(A < B, A = B, A> B) that permit systems 
designers to expand the comparator function 
to B, 12, 16 ... 4N bits. When a single 
CD4063B is used, the cascading inputs are 
connected as follows: (A < B) = low, (A = B) 
=high, (A> B) = low. 

For words longer than 4 bits, CD4063B de· 
vices may be cascaded by connecting the 
outputs of the less·significant comparator to 
the corresponding cascading inputs of the 
more·significant comparator. Cascadir)g in· 
puts (A < B, A = B, and A > B) on the 
least significant comparator are connected to 
a low, a high, and a low level, respectively. 

The CD40638 types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), 16-lead dual-in-line plastic 
package (E suffix), 16-lead ceramic flat 
package' (K suffix), and in chip form (H 
suffix). This device is pin-compatible with 
the standard 7485 TTL type. 

Features: 

• Expansion to 8, 12, 16 .... 4N bits by cascading units 
• Medium·speed operation: 

compares two 4-bit words 
in 250 ns (typ.) at 10 V 

• 100% tested for quiescent current at 20 V 
• Standardized symmetrical output characteristics 
• 5-V, 10-V, and 15·V parametric ratings 

• Maximum input current of 1 p.A at 18 V 
over full package temperature rangej 
100 nA at 18 Vand 25°C 

• Noise margin (full package temperature range) 
range) = 1 V at VDD = 5 V 

2 V at VDD = 10 V 
2.5 V at VDD = 15 V 

• Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of '8' Series CMOS Devices" 

Applications: 
• Servo motor controls • Process controllers 

MAXIMUM RATINGS,Absolute-Maximum Values: 
DC SUPPLY·VOL TAGE RANGE, (V DD) 

(Voltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (PO); 

For T A = -40 to +600 C (PACKAGE TYPE E) 
For TA = +60 to +850 C (PACKAGE TYPE E) . 
For TA = -55 to +100'C (PACKAGE TYPES 0, F, K) 
For TA = +100 to +125'C (PACKAGE TYPES 0, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

o WORD A 
A>B A>B 

CASCADING rA_e A-a 
INPUTS lAce AC8 

WORDB 4 

92CS-:M't6 

FUNCTIONAL DIAGRAM 

B. I. I. VOO 
(A<B)'N 2 15 A. 
(A-SlIN • 14 B2 
CA>B)IN 4 

" 
02 

(A>B1OUT 5 12 AI 

'A'BlouT " BI 
,AcBIOUT 7 10 AD 

Vss 8 9 BO 

(TOP VIEW) 
92CS-24'2~, 

TERMINAL ASSIGNMENT 

-0.5 to +20 V 
-0.5 to VDO +0.5 V 

±10mA 

. • • • • • • .• 500mW 
Derate Linearly at 12 mWloC to 200 mW 
. . • • • • • •• 500mW 
Derate Linearly at 12 mWloC to 200 mW 

FOR TA = FULL PACKAGE·TEMPERATURE RANGE (All Package Types) 
OPERATlNG·TEMPERATURE RANGE (TA); 

PACKAGE TYPES 0, F, K. H 

100mW 

PACKAGE TYPE E • 
STORAGE TEMPERATURE RANGE (Tstg) 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for lOs max. 

-55 to +1250 C 
-40 to +850 C 

-65 to +1500 C 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 
CHARACTERISTIC Min. Max. UNITS 

Supply· Voltage Range 
(For T A=Full Package· 3 18 V 
Temperature Range) 
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IpTOTAl .. tp (f~P~T~RE) + 2M tp (f:p~':i'E).A' VDD ,"10V 
13STAGESI 

:250+12 x 200)"650 mITVP.1 

Fig. 1 - Typical speed characteristics of a 12·bit comparator. 



CD4063B Types 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OCI 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages 

CHARACTER· Values at -40, +25; +85 Apply to E Package 
ISTIC +25 

UNITS 
Vo VIN VDO 
(VI (VI (VI -55 -40 +85 +125 Min. Typ. Max. 

Quiescent Device - 0,5 5 5 5 150 150 - 0.04 5 
Current, - 0,10 10 10 10 300 300 - 0.04 10 

100 Max. 0,15 15 20 20 600 600 - 0.04 20 
JlA -

- 0,20 20 100 100 3000 3000 - O.OB 100 

Output Low 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -
(Sinkl Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -

IOL Min. 
1.5 0,15 15 4.2 4 2.B 2.4 3.4 6.B -

Output High 4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 - rnA 

(Sourcel 2.5 0,5 5 -2 -1.B -1.3 -1.15 -1.6 -3.2 -
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -

IOH Min. 
13.5 0,15 15 -4.2 -4 -2.B -2.4 -3.4 -6.B -

Output Voltage: - 0,5 5 0.05 - a 0.05 • Low·Level, - 0.10 10 0.05 - 0 0.05 
VOL Max. 

- 0,15 15 0.05 - 0 0.05 
V 

Output Voltage: - a,s 5 4.95 4.95 5 -
High·Level, - 0,10 10 9.95 9.95 10 -
VOH Min. - 0,15 15 14.95 14.95 15 -

Input Low 0.5,4.5 - 5 1.5 - - 1.5 
Voltage, 1,9 . - 10 3 - - 3 

VIL Max. 
1.5,13.5 - 15 4 - - 4 

3.5 
V 

Input High 0.5,4.5 - 5 3.5 - -
Voltage, 1,9 - 10 7 7 - -

VIH Min. 1.5,13.5 - IS 11 II - -
I nput Current - O,IB lB ±O.I ±0.1 ±I ±I - ±10-5 ±O.I JJ.A liN Max. 

TRUTH TABLE 

INPUTS 
OUTPUTS 

COMPARING CASCADING 

A3, B3 A2, B2 AI, Bl AO, BO A<B A=B A>B A<B A=B A>B 

A3>B3 X X X X X X 0 0 1 
A3 = B3 A2>B2 X X X X X 0 a 1 
A3= B3 A2 = B2 Al >Bl X X X X 0 0 1 

A3 = B3 A2 = B2 Al = Bl AO>BO X X X 0 0 1 

A3 = B3 A2 = B2 I Al = 81 AO = BO 0 0 1 0 a 1 

A3= B3 A2 = B2 Al = 81 AO = BO 0 1 0 0 1 0 

A3 = 83 A2 = B2 Al = 81 AO= BO 1 0 0 1 0 0 

A3 = 83 A2 = B2 Al = 81 AO<BO X X X 1 0 0 
A3= B3 A2 = B2 Al<Bl X X X X 1 0 0 

A3 = B3 A2< B2 X X X X X 1 0 0 

A3< 83 X X X X X X 1 0 0 

X = Don't Care Logic 1 ; HIgh Level LogIC 0 = Low Level 
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CD4063B Types 

COMPARING 
INPUTS 

* ALL INPUTS PROTECTED 
BY THE 
COS/MOS PROTECTION 
NETWORK 

.1;;------ - --------1 
·3 i 

I 
I 

i ., 
A, ' 

80 I 
AO ' 

I, ·0 I 
Ao ' 

'- I ~~~~ ______________ I 
92CL-3093~ 

Fig. 2 - Logic diagram for CD4063B. 

DYNAMIC ELECTRICAL CHARACTERISTICS 
At TA = 25'C; Input tr, tf= 20ns, CL = 50pF, RL = 200kn 

TEST CONDITIONS 
ALL TYPES 

CHARACTERISTIC 
LIMITS 

UNITS 
VDD 
Volts Typ. Max. 

Propagation Delay Time: 5 625 1250 
Comparing Inputs to 10 250 500 
Outputs, tpHL' tpLH 15 175 350 

ns ., 
5 500 1000 

Cascading Inputs to 10 200 400 
Outputs, tpHL. tpLH 15 140 280 

5 100 200 
Transition Time. 10 50 100 ns 

tTHL' tTLH 15 40 80 

Input Capacitance, CIN Any Input 5 7.5 pF 
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GATE-TO-SQURCE VOLTAGE (YoS)·I~ V 

,ov 

ov 

5 10 15 
DRAIN-tO-SOURCE VOLTAGE (Vosl-V 

Fig. 3 - Tvpical output low (sink) 
current characteristics. 

DRAIN-tO-SOURCE VOLTAGE 

Fig. 4 - Minimum output low-(sink) 
current characteristics. 

DRAIN-lO-SOURCE VOLTAGE !Vosl-V 
-15 -10 -5 

AMBIENT TEMPERATURE (TA)-2S-C 

GATE-YO-SOURCE VOLTAGE (Vosl-·5V 

-lOY 

-I!~V 

Fig. 5 - Tvpical output high (source) 
current characteristics. 

DRAIN-tO-SOURCE IiOLTAGE (VDSI-V 

-15 -10 -, 
AMBIENT TEIif>ERATURE ITAI' 25'C 

GATE-TO-SOURCE VOLTAGE (Vosl- -, v 

-IOV 

"-15V 

Fig. 6 - Minimum output high (source) 
current characteristics. 

-, 

-0 

-" 



o 
10 20 40 $0 60 70 

LOAD CAPACITANCE (CLI-pF 

Fig. 7 - Typical propagation delay time 
vs. load capacitance ("comparing 
inputs" to outputs). 

0.1 2 ""1 I! ."10 I 41'IOZ1 4"10'2 41'104 
INPUT fREQUENCY CfI- kHz 

Fig. 10 - Typical power dissipation vs. frequency 
(see Fig. 12 - dynamic power 

dissipation test circuit). 

V'H 

'NPUTOVOO OUTPUTS 

=--- ~ VIL :r 
NOTE: 

Vss TEST ANY COMBINATION 
OF INPUTS 

9ZCS-2744IRI 

Fig. 13 - Input·voltage test circuit. 

o 
Vss 

INPUTS 

Vss 
.ZCS-2'4CIRI 

Fig. 14 - Quiescent·device-current test circuit. 

'" AMBIENT TEMPERATURE (TA). 25"C 

:11 I 1500 
I . LOA D CA~17ANCE I~Ll ~ ~o pF 

\\1 Iii I!II!!! Ui ~ ' , ]1250 
ii' I; , I 'I, 1:1j II 

~ 1000 " 
~ ill 

, 
1 i I 

S 750 

!I' I ~ ! 
.00 I ;1 II 

~ 25°1 Ii-
0 2.' . 7.' '0 12.5 I. IT.5 20 

SUPPLY VOL.TAGE (Voo)-V 

Fig. 8 -. Typical propagation delay time vs. supply 
voltage ("comparing inputs U to outputs). 

Vco 1NPUO' '. :;:~ .. ~ 
~ SEQUENTIALLY, 

Vss TO BOTH Voo ANDVss' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR VSS' 

Vss 
'ttCS-U402 

Fig. 11 -Input current test circuit. 

CD4063B Types 

lOAD CAPACITANCE (Cll-pF 

Fig. 9 - Typical transition time vs. load capacitance. 

Fig. 12 - Dynamic power dissipation test circuit. 

Dimension, and pad layout for CD4063BH. 

DimBfJ,/on, in psrenths'tII.,. in millitrHlte" and.,. 
derivad from the belie inch dimen,ions .. indiesr.tl. 
Grid graduation. artl in mil, (t 0-3 inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wlfer. Whan the 
we fer ;s separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nom;nal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4066B Types 

CMOS Quad Bilateral 
Switch 
For Transmission or Multiplexing of Analog or 
Digital Signals Features: 

High-Voltage Types (20-Volt Rating) • 15-V digital or ±7.5-V peak-to-peak switching 

I~/OUT I 

SIG A 

CONT 
A 

The RCA·CD4066B is a quad bilateral switch 
intended for the transmission or multiplex· 
ing of analog or digital signals. I t is pin-for· 
pin compatible with RCA·CD4016B. but 
exhibits a much lower on-state resistance. In 
addition. the on·state resistance is relatively 
constant over the full input·signal range. 

• 125n typical on-state resistance for 15-V operation 
• Switch on·state resistance matched to within 5 n over 

15-V signal-input range 
• On-state resistance flat over full· peak-to-pea k signal 

range 

The CD4066B consists of four independent 
bilateral switches. A single control signal is 
required per switch. Both the p and the n 
device in a given switch are biased on or 
off simJltaneously by the control signa I. 
As shown in Fig.1. the well of the n·channel 
device on each switch is either tied to the 
input when the switch is on or to VSS when 
the switch is off. This configuration elimi· 
nates the variation of the switch·transistor 
threshold voltage with input signal. and thus 
keeps the on-state resistance low over the full 
operating-signal range. 

The advantages over single·channel switches 
include peak input-signal voltage swings equal 
to the full supply voltage. and more constant 
on-state impedance over the input-signal 
range. For sample·and-hold applications. 
however. the CD4016B is recommended. 

The CD40668 is available in 14-lead ceramic 
dual~in-line packages (0 and F suffixes). 
14-lead plastic dual-in-line packages (E suf­
fix). 14-lead ceramic flat packages (K suffix). 
and in chip form (H suffix). 

• High on/off output-voltage ratio: 80 dB typo @ 
fis = 10 kHz. RL = 1 kn 

• High degree of linearity: <0.5% distortion 
typo @ fis = 1 kHz. Vis = 5 VP-P. VDD -
VSS~10V.RL=10kn 

• Extremely lOw off-state s,.,,;tch leakage 
resulting in very low offset current and high 
effective off-state resistance: 10 pA typo @ 
VDD - VSS = 10 V. TA = 250 C 

• Extremely high control input impedan .. -e 
(control circuit isolated from signal cir­
cuit): 1012 n typo 

• Low crosstalk between switches: -50 dB 
typo @fis = 8 MHz. RL = 1 kn 

• Matched control-input to signal-output 
capacitance: Reduces output signal 
transients 

• Frequency response. switch on = 40 MHz 
(typ.) 

• 100% tested for quiescent current at 20 V 
• 5-V. 10-V. and 15-V parametric ratings 
• Meets all requirements of JEDEC Tentative 

Standard No.13A. "Standard Specifications 
for Description of "B" Series CMOS Devices" 

MAXIMUM RATINGS. Absolute-Maximum Values: 
DC SUPPLY·VOLTAGE RANGE. (VDD, 

(Vollage. refer&need 10 VSS Terminall -0.5 to +20 V 
INPUT VOLTAGE RANGE. ALL INPUTS -0.5 t.o V DD +0.5 V 
DC INPUT CURRENT: ANY ONE INPUT (except for TRANSMISSION GATE which is 25 rnA). ±10 mA 
POWER DISSIPATION PiR PACKAGE (POi: . 

For T A • -40 to +600 C (PACKAGE TYPE EI . . . .. 500 mW 
For TA = +~ to +85 c:; (PACKAGE TYPE EI. Derate Linearly at 17 mW/oC to 200 mW 
For T A = -55 to +l00°C (PACKAGE TYPES D. F. K) .. 500 mW 
For T A ~ +100 to +125°C (PACKAGE TYPES D. F. K) Derale L .nearly al 12 mW/ C 10 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA • FULL PACKAGE·TEMPERATURE RANGE (All Package Typesl 

9P_!;R.ATlillG-TE.M.PERATURE RANGE (TA': 
. PACKAGE TYPES D. F. K. H 

PACKAGE TYPE E 
STORAGE TEMPERATURE RANGE (TS! I . . 
LEAD TEMPERATURE (DURING SOLD~RINGI: 

AI distance 1/16 ± 1/32 inch (1.59 ± 0.79 mml from ea.e for 10. max. 

RECOMMENDED OPERATING CONDITIONS 

100n.W 

-55 to + 125°C 
-40 to +85°C 

-65 to +1500 C 

+265°C 

For maxim!lm reliability. nominal operating conditions should be selected so that oper­
ation is always within the following ranges: 

LIMITS 
CHARACTERISTIC UNITS 

Min. Max. 

Supply-Voltage Range (For TA = Full Package-
Temperature Range) 3 18 V 
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FUNCTIONAL DIAGRAM 

Applications: 
• Analog signal switching/multiplexing 

Signal gating Modulator 
Squelch control Demodulator 
Chopper Commutating switch 

• Digital signal switching/Multiplexing 
• Transmission-gate logic implementation 
• Analog-to-digital & digital-to-analog 

conversion 
• Digital control of frequency. impedance. 

phase. and analog-signal gain 

SWITCH 

CONTROL r-------~ 
~'N 

NORMAL OPERATION 
CONTROL-LINE BIASING: 
SWITCH ON,ytMt.Voo 
SWITCH OFF, Vc ·o"·Yss 

NOTE: 
ALL "P"SUBSTRATES 
CONNECTED TO Vao 

g OO 

*ALL CONTROL 'N~TS AR~ Vss 
PROTECTED BY COS/MOS 
PROTECTION NETWORK 

92CS-29113 

Fig. 1 - Schematic diagram of 1 of 4 identical 
switches and its associated co,ntrol 
circuitry. 



ELECTRICAL CHARACTERISTICS 

LIMITS AT. INDICATED TEM-
PERATURES (OCI 
Values at -55, +25, +125 Apply 

Characteristic Test Conditions o 0, F, K, H Packages 
Values at -40, +25, +85 Apply to 
E Package 

VIN VDD +25 

(VI (VI -55 -40 +85 125 Typ. Max. 

0,5 5 0.25 0.25 7.5 7.5 0.01 0.25 

Ouiescent Device 0,10 10 0.5 0.5 15 15 0.01 0.5 
Current. I DD 0.15 15 1 1 30 30 0.01 1 

0.20 20 5 5 150 150 0.02 5 

Signal Inputs (Visl and Output (Vosl 

Vc = VDD 
On-State R L = 10 kSl returned 

Resistance. ron to VDD -VSS [, 800 850 200 1300 470 1050 

Max. 2 10 310 330 500 550 180 400 

Vis = VSS to VDD 15 200 210 300 320 125 240 
!'.On·State 5 - - - - 15 -

Resistance 
RL=10kSl. VC=VDD Between Any 10 - _. - - 10 -

2 Switches.!'.r on 15 - - - - 5 -

Total Harmonic VC=VDD =5V. VSS=-5V. Vis(p·pl 
Distortion. = 5 V (Sine wave centered on 0 V) - - - - 0.4 -

THD RL =10 kn. fis=l kHz sine wave 

-3dB Cutoff VC=VDD=5V. VSS=-5V. Vis(p.pl 
Frequency =5 V (Sine wave centered on 0 V - - - - 40 -
(Switch onl RL =1 kH. 

-50dB Feed· 
through VC=VSS= -5V. Vis(p.p) = 5V 

Frequency Sine wave centerd on 0 V - - - - 1 -
(Switch off) RL = 1 kH 

Input/Output Vc = 0 \t 
Leakage Current Vis=18V;Vos= 18 ±0.1 ±0.1 ±1 ±1 ±to-5 ±0.1 
(Switch off) o V. Vis = OV; 
lis Max. Vos=18V 

VC(A)=VDD= 

-50dB +5 V. VC(B) = VSS 
- - - - 8 -

Crosstalk = -5V. Vis(A) = 

Frequency 5 V p-p.' 50 n source 
RL = 1 kn 

Propagation 
RL = 200 kH 

5 - - - - 20 40 
Vc = VDD. VS~= 

Delay (Signal GND.CL=50p 10 - - - - 10 20 
I nput to Signal Vis = 10 V (Square 

15 - - - - 7 15 Outpull tpd wave centered on 5 V 
t r• tf = 20 ns 

Capacitance: 
Input. Cis VDD = +5V - - - - 8 -

Output. Cos VC= VSS =-5V - - - - 8 -

Feedthrough. 
0.5 -Cios - - - -

U 
N 
I 
T 
S 

JlA 

H 

H 

% 

MHz 

MHz 

JlA 

MHz 

ns 

pF 
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d SUPPLY VOLTAGE CVDO-Yss)-DY 

~600 
~~ 

AMBIENT TEMPERATURE; 
(T A'- +12a-c • 

-4-3-2-101234 
INPUT SIGNAL VOLTAGE (VI,I - v 9ZCS-21326RI 

Fig. 2- Typical on-state resistance vs. input signal 
voltage (all types). 

q SUPPLY VOLTAGE (Voo-VSS'-IDY ::: :::: :::: 

~300 :::: :::: :::: ::::I::):::~:::: :::: :::: 
~ 250 :::: ;;;; ;;;; ::i~bl~kU~~~lL~:? 
4 .••• ::::!:;j!'~:lFrAI·+12~·C ;::: 
I-' ........ V.::I~ .... ~ .......... .. 

I~:: < !!~jI0~~~~~b~~ !~~~ :::: :::: :::: 
I-' .... ""k"':~"" .;~ ....... , 

~z' 100 :::: :::: ::::~:-r::: > .. , ~:i~~~~: ::: :::: :::: :::: I!:: :::: .... 

~ 5: ~iillHlhUHIiHjrmhiHllliHill:~lh 
-10 -7.5 -~ -2.15 0 2.5 5 7.5 10 

INPUT SIGNAL VOLTAGE IVisl- V 92CS·21327RI 

Fig. 3- Typicalon·state VI. input signal voltage 
(al/ types). 

... SUPPLY VOLTAGE (Voo - Vss I -15 V , "Hli:! I If illilill!;!;:: .t' ii'!' 
~3OC 

, .... 
!!S I! lliil ruli :lli lnl ill! i Ii 

I II 
1250 r 11. I! fn Jlli It! ! "'j '" 
:2CO 

I'" '!;I ::1 rt 
AMBIENT TEMPERATURE 

lillI ! II! (TAl- +125·C .. I!SO ill 

~ flHtc I , . ,. I 
~. ICO 

tJltli ... -55·C, t .. 
!SO i ttmlllli 15 - - - -to 7.5 5 2.5 0 2.5 7.5 10 

INPUT SIGNAL VOLTAGE (Vis) - V 
92CS·2i:S29RI 

Fig. 4- Tvpical on-state resistance vs. input signal 
voltage (all types). 

INPUT SIGNAL VOLTAGE (Visl- V 92CS-27330RI 

Fig. 5- on-state resistance vs. input signal 
voltage (all types). 
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ELECTRICAL CHARACTERISTICS (cont'd) 

Characteristic 

Control (VC) 

Control Input 
Low Voltage, 
VILC Max. 

Control Input 
High Voltage. 
VIHC 

I nput Current, 
liN Max. 

Crosstalk (Can, 
trol I nput to 
Signal Outp"t) 

Turn-On and 
Turn-Off 
Propagation 
Delay 

Maximum 
Control Input 
Repetition Rate 

Input 
Capacitance, 

CIN 

VDD Vis 
( V ) (VI 

5 0 
5 5 

10 0 
10 10 

15 0 
15 15 
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Test Conditions 

LIMITS AT INDICATED 
TEMPERATURES (OC) 
Valuesat-55,+25,+125 
Apply D, F, K, H, Packages 
Vaiu~s -40, +25, +85 Apply to 

~ E Package I +25 

I (vt -55 1-40 1+85 1 +125 Typ. Max. 

lIisl <101lA 
5 Vis=VSS·VOS= VDD 1 1 1 1 - 1 

and 10 2 2 2 2 2 
Vis = VDD' VOS = VSS 

2 2 2 2 - 2 

5 3.5 (Min.) 

See Fig. 6 10 7 (Min.) 

15 11 (Min.) 

Vis';; V~D 
VDD- SS=18V 
VCC';; VDD - VSS 

18 ~O. ±O. ± ±1 1±10-5 ±0.1 

Vc = 10 V (Sq. Wave) 
tr• tf = 20 ns 10 - - - - 50 -
RL = 10 kH 

VIN-VDD 5 35 70 
tr• tf = 20 ns 

10 20 40 CL = 50 pF 
RL = 1 kH 15 15 30 

~~ = VDD, VSS = GND. 
L = 1 kH to gnd, 

5 6 CL=50pF, - - - - -
Vc = 10 V(Square 10 - - - - 9 -
wave centered on 5 V) 

15 9.5 t r, tf = 20 ns, - - - - -
Vos = Y,Vos@ 1 kHz 

- - - - 5 7.5 

Switch Input Switch Output, 

lis (mA) 

-55°C -40°C +25oC +850 C +1250 C 

0.64 0.61 0.51 0.42 0.36 
-0.64 -0.61 -0.51 -0.42 -0.36 

1.6 1.5 1.3 1.1 0.9 
-1.6 -1.5 -1.3 -1.1 -0.9 

4.2 4 3.4 2.8 2.4 

-4.2 -4 -3.4 -2.8 -2.4 

-lis- CD4066B ~ 
Vii --'-'--1,-_' _OF_4_S_W_'_TC.,."_E_S--,I· VOl 

IVis-vo.1 
'on·~ 

92CS-30966 

Fig. 6- Determination of r qn as a test condition for control input 
high voltage (V/HC' specification. 

Vos (V) 

Min. Max. 

0.4 
4.6 

0.5 
9.5 

1.5 
13.5 

U 
N 
I 
T 
S 

V 

V 

JlA 

ImV 

ns 

MHz 

JlF 

KEITHLEY 

10 KO .~:. I len r--
RANGE Y 

H.P. 

•~VDD ISO DIGITAL • MULTIMETER 

~s x-v 
L..... __ ...... __ -<o----lPLOTTER 

MOSELEY 
7030A 

Fig. 7 - Channel on-state resistance measurement 
circuit. 

l ~::!E2~~ !~~E.R~~~:;(TA1. 25-C 

:2.i '''·''"''11 ~ 
"',­IOF4 

SWITCHES 

-3 -2 -I 

-

INPUT VOLTAGE (VI) -v 92CS' 30919 

Fig. 8-Typical ON characteristics for 1 of 
4 Channels. 

10 2 4.. 8 102: 2 4 .. I 10' 

SWITCHING FREQUENCY 1t1-kHr 
92CS-30!t20 

Fig. 9 - Power dissipation per package vs. switching 
frequency. 

C~os 

r----+-----, 
t Vc' -~v VOD '+5V : 

I I 
I I 

I 
I 

C~,=4= 
I 

~ 

MEASURED ON BOONTON 
CAPACITANCE BRIDGE 
MOOEL 7SA IIMHII 
TEST FIXTURE CAPACITANCE 
NULLED OUT 

Fig. 10 - Capacitance test circuit. 



ALL UNUSED TE~MINALS 
ARE CONNECTED TO VSS 

Fig. 11 - Off-switch input or output leakage. 

ALL UNUSED TERMINALS ARE CONNECTED TO VSS 

Fig. 14 - Propagation delay tpLH. tpHL control­
signa/ output. Delay is measured at 
Vas level of +10% from ground (turn-ani 

or on-state output level (turn-off). 

WJ~AL5 
I/-4PUTS 

CHANNEL I 

CHANNEL 2 

PACKAGE :OUNT 

2 - C040018 

1- C040498 

:3 - C04(668 
2 - (04018B 

CD4066B Types 

200 kJl 

ALL UNUSED INPUTS ARE CONNECTED TO VSS 

+10V~ 

I,"f 
-20n$ 

ALL UNUSED TERMINALS 
ARE CONNECTED TO VSS 

Fig. 12 - Propagation delay time signal input (Vi,! 
to signal output (Vas)' 

Fig. 13 - Crosstalk-control input to signal output. 

1CK" Vc [RATE 

',",'20n5 

+IO~ 

',"1,20n5 

... 
ALL UNUSED INPUTS ARE CONNECTED TO Vss 

Fig. 15 - Maximum allowable control input 
repetition rate. 

= \= 

Voo 1NPUOS "DO NOTE 

~ ~:~~NRil~~~~~S 
VSS TO BOTH VOO ANO VSS· 

CONNECT ALL UNUSED 
INPUTS TO EITHER 
VOO OR VSS· 

VSS MEASURE CONTROL 
INPUTS ONLY 

92CS-27'" 

Fig. 76 - Input leakage current test circuit. 

MAK ALLOWABLE 10 
CLOCK fUlJUl;VDD 

SIGNAL LEVEL ... -30"1.1\'00 -VsSl 

"ss ~IOK 
CHAN I CHAN 2 i CHAN31 CHAN 4 ~ 

92CM-30928 

Fig. 11- 4-channel PAM multiplex system diagram. 
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230 

rrv 
I~{ 
[, 

CONTROL 
INPUTS 

INPUTS (±5V) 
I 

I 
ANALOG OUTPUTS (i5 Vl 

92CS-30927 

Fig. 18 - 8idirectional signal transmission via digital control logic. 

92CS-35105 

CD4066BH 
CHIP PHOTOGRAPH 

Dimensions in parentheses are in millimeters and 
are derived 'rom the basic inch dimensions as in­
dicated. Grid graduations are in mils (10- 3 inch). 

SPECIAL CONSIDERATIONS - CD4066B 

1. In applic:ations that employ separate 
power sources to drive VOO and the 
signal inputs, the VOO current 
capability should exceed VOO/RL (RL 
= effective external load of the four 
C04066B bilateral switches). This 
provision avoids any permanent cur­
rent flow or clamp action on the VOO 
supply when power is applied or 
removed from the C04066B. 

The photographs and dimensions of each CMOS chip 
represent 8 chip when It Is part of the waf.r, When the 
wafar Is sspar.fed Into Individual chips. the angl. of 
c1.8v8ge may vary with respect to the chip 'Ice for 
different chips. The actual dimensions of the I,o/.t.d 
chip, therefore. may differ slightly trom the nomin.1 
dimensions shown. The user should consider 8 tol.rance 
of -3 mils to +16 mils applicable to the nom;n.' 
dimensions shown. 

2. In certain applications, the external 
load-resistor current may include 
both VOO and signal-line com­
ponents. To avoid drawing VOO cur­
rent when switch current flows into 
terminals 1,4,8, or 11, the voltage drop 
across the bidirectional switch must 
not exceed 0.8 volts (calculated from 
RON values shown). 
No VOO current will flow through RL 
if the switch current flows into ter­
minals 2,3,9, or 10. 



CD4067B, CD4097B Types 

CMOS Analog 
Multiplexers/Demultiplexers 
High-Voltage Types (20-Volt Rating) 

CD4067B - Single 16-Channel 
Multiplexer/Demultiplexer 

CD4097B - Differential 8-Channel 
Multiplexer/Demultiplexer 

The RCA-CD40678 and CD40978 CMOS 
analog multiplexers/demultiplexers' are digi­
tally controlled analog switches having low 
ON impedance, low OFF leakage current, and 
internal address decoding. In addition, the 
~N resistance is relatively constant over the 
full input-signal range. 
The CD4067B is a 16-channel multiplexer 
with four binary control inputs, A,B,C,D, and 
an inhibit input, arranged so that any com­
bination of the inputs selects one switch. 

The CD4097B is a differential B-channel multi­
plexer having three binary control inputs A, 
B, C, and an inhibit input. The inputs permit 
selection of one of eight pairs of switches. 

A logic "1" present at the inhibit input turns 
all channels off. 

The CD4067 and CD4097 are supplied in24-
lead dual-in-line welded-seal ceramic pack­
ages (D suffix), 24-lead dual-in-Iine frit-seal 
ceramic packages (F suffix), 24-lead dual­
in-line plastic packages (E suffix), 24-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 

*When these devices are used as demultiplexers, 
the channel in/out terminals are the outputs and 
the common Dutlin terminals are the inputs. 

Recommended Operating Conditions at 
TA = 250 C (Unless Otherwise Specified) 
For maximum reliability. nominal operating 
conditions should be selected so that opera· 
tion is always within the following ranges. 
Values shown apply to all types except as 
noted 

Characteristic Min. Max. Units 
Supply-Voltage Range 
(T A=Full Package· 
Temp. Range) 

3 lB V 

Multiplexer Switch Input - 25 mA 
Current Capability 

Output Load Resistance 100 - n 
NOTE: 
In certain applications, the external load·resistor 
current may include both VOO and signal-line 
components. To avoid drawing VOD current when 
switch current flows into the transmission gate 

. inputs, the voltage drop across the bidirectional 
switch rhust not exceed 0.8 volt (calculated from 
RON values shown in ELECTRICAL CHARAC­
TERISTICS CHART!. No Vee current will flow 
through AL if the switch current flows into 
terminal 1 on the CD4061; terminals 1 and 11 on 
the Ce4097. 

Features: 
• Low ON resistance: 125 n (typ.) over 15 

Vp_p signal-input range for VDO-VSS=15 V 

• High OFF resistance: channel leakage of 
±10 pA (typ.) @ VOD-VSS=10 V 

• Matched switch characteristics: RON=5 n (typ.) 
for VDO-VSS=15 V 

• Very low quiescent power dissipation under 
all digital-control input and supply conditions: 
0.2 J.lW (typ_) @ VDO-VSS=10 V 

• Binary address decoding on chip 
• 5-V, 10-V, and 15·V parametric ratings 
• 100% tested for quiescent current at 20 V 
• Standardized symmetrical output 

characteristics 
• Maximum input current of 1 J.lA at 18 V 

over full package temperature range; 
100 nA at 18 V and 250 C 

• Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

App/ications: 
• Analog and digital multiplexing and demultiplexing 
• A/O and 0/ A conversion 
• Signal gating 

o~ ~ ! 
I~'" i JOUTIIN 

, I Fa 
INIOUT I '>1 ~ ! 
.. O ........ I----o-?'o-

VOO-24 VSS.,2 92CS-24924~! 

Fig. 1 - CD4D67 functional diagram. 

CD4067 TRUTH TABLE 

Selected 
A .8 C D Inh Channel 

X X X X 1 None 
0 0 0 0 0 0 
1 0 0 0 0 1 
0 1 0 0 0 2 

1 1 0 0 0 3 
0 0 1 0 0 4 
1 0 1 0 0 5 
0 1 1 0 0 6 

1 1 I 0 0 7 
0 0 0 1 0 8 
1 0 0 1 0 9 
0 1 0 1 0 10 
1 1 0 1 0 11 

0 0 1 1 0 12 
1 0 1 1 0 13 
0 1 1 1 0 14 
1 1 1 1 0 15 

COMMON 1 • 24 Voo 

OUT[": 2 ~::J 
~ 21 10 

4 20 II 

• 3 19 12 * 
2 18 13 

I 17 14 

o 16 I~ 

10 I~ INHIBIT 

" 
Vss 12 13 

*CHANNEL TOP VIEW 
INIOUT CD4067B 

COMMON 
)( OUTIIN 

[ • 
• 

CHAN.)( 4 

INIDUT f 

Vss 

TERMINAL ASSIGNMENT 

~2CS-24~1a 

I. 2' VDD 

2' 

J 
22 I 

21 2 Y CHAN. 

20 : INIDUT 

" I. 

17 COMMON 
Y OUTIIN 

I. ~} Y CHAN. 
10 

" 
7 INIOUT 

I. 

12 13 INHIBIT 

TOP VIEW 
C04097B 

TERMINAL ASSIGNMENT 

92CS-.!4919 

Fig. 2-CD4097 functional diagram. 

CD4097 TRUTH TABLE 

Selected 
A B C Inh o. ... n.1 

X X X I None 

0 0 0 0 OX,OY 
I 0 0 0 IX,tv 
0 I 0 0 2X,2Y 

I 1 0 0 3X,3Y 
0 0 1 0 4X,4Y 
1 0 1 0 5X,5Y 
0 I I 0 6X,BY 
1 I 1 d lX,7Y 
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CD4067B, CD4097B Types 

ELECTRICAL CHARACTERISTICS 

LIMITS at Indicated Temperature (OC) 

CHARAC· CONDITIONS Values at -55, +25, +125 Apply to 0, F, K, H pkg 
TERISTIC Values at -40,+25, +85,apply to E pkg 

Vis VSS VDD -55 -40 +85 +125 +25 

(V) (V) (V) I Min.1 Typ. I Max. 
SIGNAL INPUTS (Vis) AND OUTPUTS (VOS) 

Quiescent 5 5 5 150 150 - 0.04 5 
Device Cur· 10 10 10 300 300 - 0.04 10 
rent,lDD 15 20 20 600 600 - 0.04 20 
Max. 

20 100 100 3000 3000 - 0.08 100 

. .9~:state He 
sistance 
VSS";; 0 5 800 850 1200 1300 - 470 1050 
Viso;;;VDD 0 10 310 330 520 550 - 180 400 
ron Max. 0 15 200 210 300 320 - 125 240 

Change in 
on·state 
Resistance 
(8etween 
Any Two 0 5 - - - - - 15 -
Channels) 0 10 - - - - - 10 -
6.ron 0 15 - - - - - 5 -

OFF Chan· 
nel Leak· 
age Cur· 
rent: Any 
Channel 
OFF Max. 
or 0 18 ±100' ±1000' - ±0.1 (±100' 

All Chan· 
nels OFF 
(Common 
OUT/IN) 
Max. 

Capacitance: 
Input, Cis - - - - - 5 -

Output, 
Cos 
CD4067 - - - - - 55 -
CD4097 

-5 5 
35 - - - - -

Feed· 
through, - - - - - 0.2 
Cios 

Propaga· RL = 200Kn 5 - - - - - 30 60 tion Delay VDD CL =50 pF 10 15 30 Time (Sig' - - _. - -

nal Input It. t"tj=20 ns 15 - - - - - 10 20 
to Output 

CONTROL (ADDRESS or INHIBIT) Vc 

Input Low RL=l Kll 5 1.5 - - 1.5 

Voltage, 
=VDD 

to VSS 10 3 - - 3 
VIL Max. 

thru 
IIS<2I1A 15 4 - - 4 
on all OFF 

Input High 1 K!1 Channels 5 3.5 3.5 - -
Voltage, 10 7 7 - -. 
VIH Min. 

15 11 11 - -

* Determined by minimum feasible leakage measurement for automatic testing. 
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Units 

I1A 

!! 

11 

nA 

pF 

ns 

V 

Fig. 3-Typical ON resistance vs. input signal 
voltage 18" types). 

-10 -7.5 -5 -2.5 0 25 7.5 '0 
I NPUT SIGNAL VOLTAGE I v IS I - V 

92C5-27127 

Fig. 4- Typical ON resistance vs. input signal 
voltage falf types). 

co 
\300 

SUPPLY VOLTAGE (VDD - Vss ) -15 V 

~ 200 i I 
:! : 
!! t t 
~ '00 H! 

AMBIENT TEMPERATURE 
(TA)·+12S-C. 

~ 100 :l!: . 
~ :::: :::': ::::- ... 1 

:i 50... I... ..~. 
x ",1 ... ':i! .1.1 lllHlllill1 " 0 :1: ill:- ':!.t Il~' , llIll t 

-10 -7.5 -5 -2.5 0 2.5 7.5 10 
INPUT SIGNAl. VOLTAGE (Vi') - V 

92.C5-21329 

Fig_ 5- Typical O~ resistance vs. input signal 
voltage la" types). 

INPUT SIGNAL VOLTAGE IVI,) - V 

92C5-27530 

Fig. 6- Typical ON resistance vs. input signal 
voltage (all types). 



CD4067B, CD4097B Types 

ELECTRICAL CHARACTERISTICS (Cont'd) 

CHARAC- CONDITIONS 
LIMITS at Indicated Temperature (OC) 

Values at -55, +25, +125 Apply to 0, F, K, H, pkg 
Units TERISTIC Values at -40,+25,+85,apply to E pkg 

Vis VSS VDD -55 -40 +85 +125 +25 
(V) (V) (V) Min_ Typ. Max. 

Input 
±10-5 Current, VIN=0,18V 18 ±0.1 ±0.1 ±1 ±1 - iO.l MA 

liN Max. 

I'ropagation RL "10 K£l,CL-
Delay Time: 

50 pF, tr,tf~20 ns Address Dr 
Inhibit-to- O 5 - ... - - - 325 650 
Signal OUT 

0 10 - - - - - 135 270 ns 
(Channel 
turning ON) 0 15 - - - - - 95 190 

Address or R L =300 S!,CL = 
Inhibit-to· 50 pF. t"tf~20 ns 
Signal OUT 0 5 - - - - _. 220 440 
(Channel 

0 10 - - - - - 90 180 ns 
turning 

0 15 65 130 OFF) 
- - - - -

Input 
Capaci- Any Address or - - - - - 5 7.5 pF 
tance, CIN Inhibit Input 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

-0.5 to +20 V 
-0.5 to VDD +0.5 V 

il0mA 

(Voltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (PO): 

For T A = -40 to +60oC (PACKAGE TYPE E) . . _ . . . . .. 500 mW 
For T A = +60 to +850C (PACKAGE TYPE E) Derate Linearly at 12 mW/oC to 200 mW 
For T A = -55 to +100'C (PACKAGE TYPES D, F, K) ... _ _.............. 500 mW 
For T A = +100 to +125'C (PACKAGE TYPES 0, F, K) . . . . . Derate Linearly at 12 mW;oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES 0, F, K, H . _ _ _ _ _ . . _ . . . . . . . . . . . . 
PACKAGE TYPE E _ . . . . . . . . . . . . . 

STORAGE TEMPERATURE RANGE ITstg) 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0_79 mm) from case for IDs max. 

I Kil 

12 

2. 
23 
22 
21 

20 

19 
II 

CD4097 

V,L 

Fig. 8-lnput voltage-measure <2 ~ on all OFF channels 
(e.g., channel 12J. 

100mW 

-55 to +125'C 
-4010 +85'C 

-65 to +1500 C 

+2650 C 

Voo 

I KIl 

Voo-YIH 

V,L 
92CS-27337R2 

TEST CIRCUITS 

Voo 

V~D 
2. 

Vss " 22 

21 

20 

" I. 
Voo 17 I. 

92CS-21311 

92CS-215l2 

Fig. 7-0FF chsnnelleakage current-any channel OFF. 

Voo 

Voo 

2' 
VSS " 22 

21 
20 

" ,. 
Voo 17 

V55 

Fig. 9- OFF channel leakage current-all channels OFF. 
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CD40678, CD40978 Types 

ELECTRICAL CHARACTERISTICS (Cont'd) 

TEST CONDITIONS 

CHARAC- Vis VDD RL 
TERISTIC (V) (V) (KnI 

Cutoff 5- 10 1 
(-3-dB) C04067 

Frequency Vos 
Vos at Common OUT/IN 

C04097 
Channel ON 20 log -=-3 dB 
(Sine Wave Vis Vos at Any Channel 
Input) 

Total 2- 5 
Harmonic 3- 10 10 
Distortion, 5- 15 THO 

fis = 1 kHz sine wave 

-40-dB 
5- 10 1 

Feedthrough 
Vos at Common O}JT/IN 

C04067 
Frequency Vos C04097 
(All Channels 20 log -=-40 dB 
OFF Vis Vos at Any Channel 

5- 10 1 

Signal Cross· Between Any 2 Channels· 
talk (Fre- Vos Between Measured on Common 
quencyat 20 log -=-40 dB Sections 
-40 dB) Vis C04097 

Only 

- 10 10' 

Address·or- VSS=O, t"tf=20 ns, 
Inhibit-to- VC=VOO-VSS 
Signal (Square Wave) 
Crosstalk 

- Voo-Vss 
Peak-to-peak voltage symmetrical about ----

2 

• Worst case. 
Both ends of channel. 

'00 
Q 

YgD I 2. 

Vss 23 

VDO 
22 

92CS-H)_ORI 

Measured on Any 
Channel 

Vg~ 

Vss 

VDO 

TYPICAL 
VALUES UNITS 

14 
20 

60 
MHz 

0.3 

0.2 

0.12 % 

20 
12 

MHz 
8 

1 

10 
MHz 

18 

75 mV 
(Peak) 

VDD 

2' 
23 
22 

• 21 

5 20 

19 

7 I. 
• 17 I. 

92CS-Zn4JR' 

Fig. 11- Turn-on and turn-off propagation delay-address select input to signal output 
(e.g. measured on channel 0). 
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VDO 

TEST CIRCUITS (Cont'd) 

2. 

23 
22 

21 

20 

" I. 
17 

VDD 

92:CS-21338 

Voo 

2. 
23 
22 

21 

20 

" I. 
17 

92C$-27339 

Fig. 10- Ouiescent deyice current. 

22 
4 21 

5 20 I. I. 
17 I. vDD 

10 ...rt...: vss 

C04067 
92C5-21342'1I 

VDD 

Ygo 
2. 

Vss 23 
22 

4 21 

5 20 I. I. 
17 I. 

92CS-Z7343RI 

Fig. 12- Turn-on and rum-off propagation delav­
inhibit input to signal output (e.g. measured 

on channel 1). 



CD4067B, CD4097B Types 

92CS-27042Rl 

Fig. 13- Channel ON resistance measurement circuit. Fig. 14- Propagation deiav waveform channel 
being' turned ON (RL = 10 K n. CL = 50 pF). 

Fig. 15- Propagation delay waveform, channel 

being turned OFF (R L = 300 n, 

~'O '9-
*11 

* I. 
9-
<?-
.9-
'~ *,. 

IN 

I CHANNEL IN/OUT -I 
Voo 15 14 13 12 II 10 9 a 7 6 5 4 3 2 I 0 
2 I ~@<W@) d{2t)(;2)(23~{2)(3)~( 

'~01Le-
Lf3-
~ 

B-
-G-

>- =s-
iD -a-~ 
% 

-G-t: 
~ 

&! 
l!I B-8 
l!I. 
!!! -B-l'i -
~ G-~ 
4 
Z 
iD 

-B-
-B-
-G-
-B-
B-

vDD '*ALL INPUTS PROTECTED BY 

" -- COS/MOS PROTECTION NETWORK 

Vss 

Vss 

Fig. 16- CD4061logic diagram. 

H5 
OUT. >IN 

DN 

CL =50pF). 

r;: CHANNEL a\_ CHANNEL ~ 
IN/OUT Y IN/OUT X 

'iOO 76!5432 10765432 10 

2 15)\1~~~ !OJ(zi)~ 2)(8 '2)(3)(4'~ 6 ..". CY>CP' 

I~ 

~----l-B- COMMDN 

L------B-~IIN 
L----B­

L-------------6-
~-------~~ 

L-________ ~~ 

L--.----~_B__ 

'-----------1-B-~ 
~ 
4 
Z 
iii 

~~+_+_+--------------~-B-=Tr-G ~~: 
'----------------6--1 TG YOUT/IN 

12 

Vss 

L----------------------------l-B-­
'------------j@-

L---------B-

i3f" '*ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION NETWORK 

VSS 92CM' 2733. 

Fig. 1l-CD40911ogic diagram. 
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CD4067B, CD4097B Types 
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SPECIAL CONSIOERATIONS 
In applications where separate power sources 
are used to drive VDD and the signal inputs, 
the VDD current capability should exceed 
VDD/RL (RL=effective external load I. This 
provision avoids permanent current flow or 
clamp action on the VDD supply when power 
is applied or removed from the CD4067B or 
CD4097B. 

When switching from one address to another, 
some of the ON periods of the channels of 
the multiplexers will overlap momentarily, 
which may be objectionable in certain appl i­
cations. Also when a channel is turned on or 
off by an address input, there is a momen· 
tary conductive path from the channel to 
VSS, which will dump some charge from any 
capacitor connected to the input or output 
of the channel. The inhibit input turning on 
a channel will similarly dump some charge to 
VSS· 

The amount of charge dumped is mostly a 
function of the signal level above VSS. 
Typically, at VDD-VSS=10 V, a 100-pF 

92CM-~104 

Dimensions and pad layout for CD4067BH. 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 

capacitor connected to the input or output 
of the channel will lose 3-4% of its voltage at 
the moment the channel turns on or off. 
This loss of voltage is essentially independent 
of the address or inhibit signal transition 
time, if the transition time is less than 1-2 /.IS. 
When the inhibit signal turns a channel off, 
there is no charge dumping to VSS. Rather, 
there is a slight rise in the channel voltage 
level (65 mV typ.1 due to capacitive coupling 
from inhibit input to channel input or output. 
Address inputs also couple some voltage 
steps onto the channel signal levels. 

In certain applications, the external "load­
resistor current may include both VDD and 
signal·line components. To avoid drawing 
VDD current when switch current flows into 
the transmission gate inputs, the voltage drop 
across the bidirectional switch must not ex· 
ceed 0.8 volt (calculated from RON values 
shown in ELECTRICAL CHARACTERIS­
TICS CHART). No VDD current will flow 
through R L if the switch current flows into 
terminal 1 on the CD4067B, terminals 1 and 
17 on the CD4097 B. 

Dimensions and pad layout for CD4097BH. 

The photographs and dimensions of each CMOS chip 
represent. chip when it is pan o( the wafer. When the 
waf., ;s separated into individual chips, the angle of 
cleavage may vary with respect to the chip lace for 
different chips. The actuel dimenSions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user shouldconsidera tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 



CMOS a-Input 
NAND/AND Gate 

High·Vo)tage Types (20·Volt Rating) 

The RCA·CD4068B NAND/AND gate pro· 
vides the system designer with direct imple· 
mentation of the positive·logic 8·input NAND 
and AN D functions and supplements the 
existing family of CMOS gates, 

The CD4068B types are supplied in 14-lead 
dual-in-line ceramic packages (0 and F suf­
fixes); 14-lead dual-in-line plastic packages 
(E suffix), 14-lead ceramic flat packages (K 
suffix), and in chip form (H suffix), 

K'A'B·C-Q·E·F-G-H I. 
A 2 

NC 

vss 

, 12 

" '0 

ITO~ VIEW) 

Nez,..O CONNECTION 

NC 

'l2CS'-24578k2 

TERMINAL ASSIGNMENT 

STATIC ELECTRICAL CHARACTERISTICS 

Features: 
• Medium·Speed Operation: 

tpHL, tpLH = 75 ns (typ.) at VDD = 10 V 
• Buffered inputs and outputs 
• 5·V, 10·V, and 15·V parametric ratings 
• Standardized symmetrical output characteristics 
• 100% tested for quiescent current at 20 V 
• Maximum input current of 1 IlA at 18 V 

over full package·temperature range; 
100 nA at 18 V and 250 C 

• Noise margin (over full package·temperature 
range): 1 Vat VDD = 5 V 
2VatVDD=10V 2.5VatVDD=15V 

• Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

RECOMMENDED 
OPERATING CONDITIONS 

For maximum reliability, nominal operating C 4 

conditions should be selected so that operation 
is always within the following ranges: 0 • 

CHARACTERISTIC 'Min. Max. Units 

Supply,Voltage Range 

(For T A = Full Package 
Temperature Range) 3 18 V 

LIMITS AT INDICATED TEMPERATURES 10C) 
CONDITIONS Values at -55, '25, '125 Apply to D, F, K, H Packages 

CHARACTER· Values at -40, +25, +85 Apply to E Package 
ISTIC +25 

UNITS 
Vo VIN VDD 
IV) IV) IV) -55 -40 +85 +125 Min. Typ, Max, 

Quiescent Device - a,s 5 0.25 0,25 7,5 7,5 - 0,01 0,25 
Current, - 0,10 10 0,5 D,S 15 15 - 0,01 D,S 

100 Max, - 0,15 15 1 1 30 30 - 0,01 
IJA 

J 

- 0,20 20 5 5 150 150 - 0,02 5 

Output low 0.4 0,5 5 0,64 0,61 0.42 0,36 0.51 1 -
ISink) Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -

IOl Min. 1.5 0,15 15 4.2 4 2.8 2.4 34 6.8 

Output High 4.6 0,5 5 -0,64 -0.61 -0.42 -0.36 -0.51 -1 - rnA 

(Source) 2.5 0,5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -

IOH Min. 
13.5 0,15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 -

Output Voltage: - 0,5 5 0.05 - a 0,05 
Low-Level, - 0,10 10 0.05 - 0 0.05 

VOL Max. 
- 0,15 15 0.05 - a 0.05 

V 
Output Voltage: - 0,5 5 4.95 4.95 5 -

High·level, - 0,10 10 9.95 9.95 10 -
VOH Min. - 0,15 15 14.95 14.95 15 -

Input low 0.5,4.5 - 5 1.5 - - 1.5 
Voltage, 1,9 - 10 3 - - 3 

Vll Max. 
1.5,13,5 15 4 4 - - -

Input High 0.5,4.5 5 3.5 3.5 
V - - -

Voltage, 1,9. - 10 7 7 - -
VIH Min. 1.5,13.5 - 15 11 11 - -

Input Current 
0,18 18 ::0.1 :0.1 ::1 :1 :10-5 :to. 1 IJA liN Max. -

CD4068B Types 

'0'00. 14 

"'55.7 6,a"NO CONNECTION 

92CS-2,S]4R3 

FUNCTIONAL DIAGRAM 

~2CS 29093 

Fig. 1 - Logic diagram. 

ORAIN-TO-SOURCE VOLTAGE IVosl-V 

Fig. 2 - Typical output low (sink) current 
characteristics. 

ORAIN-TO-SOURCE VOLTAGE (Vosl-V 

Fig. 3 - Minimum output low (~;~t;731'R' 
current characteristics. 
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CD4068B Types 

MAXIMUM RATINGS, Absolute-Maximum Valusa: 
bc SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) ...•••.•.••••.•.•.•.•••.......••..•.••.•.•.•.••. -O.S to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................... -o.S to VDD +O.S V 
DC INPUT CURRENT, ANY ONE INPUT ..................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (PD): 

For T A = -40 to +6OoC (PACKAGE TYPE E) ................................................. SOO mW 
For T A = +60 to +8SoC (PACKAGE TYPE E) ... ................ Derate Linearly at 12 mW/oC to 200 mW 
For T A = -55 to +IOO°C (PACKAGE TYPES D, F, K) .......................................... 500 mW 
For T A = +100 to +125°C (PACKAGE TYPES D, F, K) .......... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES D, F, K, H ........................................................ -55 to +12SoC 
PACKAGE TYPE E .................................................................. -40 to +8SoC 

STORAGE TEMPERATURE RANGE (T stg) ............................................. -65 to +IS0°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1I16± 1/32 inch (I.S9 ±0.79 mm) from case for 10 s max .......................... +265°C 

DYNAMIC ELECTRICAL CHARACTERISTICS 

At TA ~ 2!f'C; Input tr, tf~ 20ns, CL ~ 50pF, RL ~ 200kU 

CHARACTER ISTIC 

Propagation Delay Time, 

tpHL. tPLH 

Transition Time, 

ITHL, ITLH 

Input Capacitance, CI N 

" 
12 

* 10 

* • 

.. 
3 

* 

.. 
.. 
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TEST CONDITIONS 

V DD 

VOLTS 

5 
10 
15 
5 

10 
15 

Any Input 

VDO 

Fig. 7 - Schematic di8gram. 

ALL TYPES 

LIMITS 
UNITS 

TYP. MAX. 

150 300 
75 150 ns 

55 110 
100 200 
50 100 ns 

40 80 

5 7.5 pF 

Vss 
* ALL INPUTS PROTECTED BY 92eM-29094 

COSfMOS PROTECTION 
NETWORK 

DRAIN-TO-SOURCE VOLTAGE tVosl-V 
1 

92CS-24)20~) 

Fig. 4 - Typical output high (source) 
current characteristics. 

DRAIN-TO-SOURCE VOLTAGE {VOSI-V 

Fig. 5 - Minimum output high (;~~~~,;ri 
current characteristics. 

Fig. 6 - Typical transition time as a function 
of load capacitance . 

.2CS·1t0 .. 

Fig. 8 _ Typical propagation delay time 
as a function of load t;spac;tance. 



CD40688 Types 

AMCIENT TEMPERATVRE(TAI'2~'C: H~ HU Illl :~H 
> ~~~~~tn~~t:~;:JH~~ ~;~ :::: fiH i@ 
~":#F.lH :::: :::~ :::: :::: ::: :::: ::1 :g: 
: . ;~tt ~~~~ l~~~ :::: :::: ~~~~ ~~~~ I~~t ~~: 
~ 10 : :~g :fg :~~~ ~;~~ j~~~ ~~~~ ~~;~ :~g g 

j:t,:1:¢ ,'I ::: 

• j' 

:::'W':: t:;: ::::,,:;:' 
... '" •••• "dlttit • -..... -+_ ...... 

:H iliWiU :i!HliH 
10 15 20 

INPUT VOLTAGE lVII-V " 

"": , 
, 

~ 10"', 
18 6 

~~ 
, 
, 

~~I01, 
2:: ... (, 

138 " 
Q~ 

~~ 
, 

~ '" I , 
, 

10 

AMBIENT TEMPERATURE ITAI' 25-c 

II .IV " 
~l~~~ 

.f'~?-IL 
..Ii L" 

-t-
LIL" 
/" 

CL ,50 pF 

CL'I5 pF ---

, , .. , , .. , , .. 
10 102 101 

, , 
INPUT FREQUENCY (111- kHI 

. 
10' 

o 
Vss 

VOO 

INPUTS r-~--' 

Fig. 9 - Typical voltage transfer charac· 
teristics (NAND outputl, 

Fig. 10 - Typical dynamic power dissi· 
pation as a function of frequency. Fig. 11 - Quiescent·device·current test circuit. 

V~NPU(J' ... ::.;,.'"~ 
o ~ SEQUENTIALLY, 

Vss TO 80TH VDD AND 'iss' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

VOD OR VSS' 

VSS 

V," 
INPUTOVDO OUTPUTS 

'-- ~ 
V~L :t 

NOTE: 
Vss TEST ANY COMBINATION 

OF INPUTS 

92CS-27441RI 

CLOCK 

Vss = 
92cs-zt09' 

Fig. 12 - Input current test circuit. Fig. 13 - Input· voltage test circuit. 
Fig. 14 - Dynamic power dissipation 

test circuit. 

Dimensions and pad layout for CD40688H. 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 

The photographs and dimensions of each CMOS Chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips. the angle 01 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip. therefore. may differ slightly from the nominal 
dimensions shown. The usar should consider a tolerance 
01 -3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4069UB Types 

CMOS Hex Inverter 
High-Voltage Types (20-Volt Rating) 

Features: 

• Standardized symmetrical output 
characteristics 

The RCA-C04069UB types consist of six 
CMOS inverter circuits. These devices are 
intended for all general·purpose inverter 
applications where the medium-power TTL· 
drive and logic-level-conversion capabilities 
of circuits such as the C04009 and CD4049 
Hex Inverter/Buffers are not required. 

• Medium Speed Operation-tpHL,tpLH=30 ns (typ.1 
at 10 V 

A~G"A 
el{>o-i-H = B 

c--L{>o-!- I =E 

o..L.{>-!- J ~ 5 

E.!L.{)ol2-I< ,. E 

F~L:F 

The CD4069UB-Series types are supplied in 
14-lead hermetic dual-in-line ceramic pack­
ages (0 and F suffixes), 14-lead dual-in-line 
plastic package (E suffix), 14-lead ceramic 
flat package~ (K suffix). and in chip form (H 
suffix). 

RECOMMENDED OPERATING CONDITIONS 

• 100% tested for quiescent current at 20 V 
• Maximum input current of 1 J1A at 18 V 

over full package-temperature range; 
100 nA at 18 V and 250 C 

• Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series .CMOS Devices" 

Applications: 

• Logic inversion 

• Pulse shaping 

• Oscillators 
• High-input-impedance amplifiers 

For maximum reliability, nominal operating conditions should be selected so that 
operation is al .. ays within the following ranges: 

CHARACTERISTIC LIMITS UNITS 

Min. Max. 
Supply·Voltage Range (For T A = Full Package· 3 18 V 

Temperature Range) 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE. (Voo) 

-0.510+20 V (Voltages referenced 10 VSS Terminal I 
INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 

-0.510 VDo +0.5 V 
±10mA 

POWER DISSIPATION PER PACKAGE (PO): 
For T A = -40 10 +60oC (PACKAGE TYPE E) 
For T A = +60 10 +850C (PACKAGE TYPE EI 
For T A = -55 to +100·C (PACKAGE TYPES 0, F, K) 
For TA = +100 to +12S·C (PACKAGE TYPES 0, F, K) 

. . . . . . • .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 
. . . . . . . .. 500mW 
Derale Linearly al 12 mW/oC 10 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES 0, F, K. H 
PACKAGE TYPE E . 

STORAGE TEMPERATURE RANGE (Tslg) 
LEAD TEMPERATURE (DURING SOLDERING): 

AI distance 1116 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 250C; Input y, 't = 20 ns, 

CL a 50 pF, RL = 200 Kn 

CONDITIONS ALL TYPES 

CHARACTERISTIC VDD 
LIMITS 

V Typ. Max. 

5 55 110 

Propagation Delay Time, 
10 30 60 

tpLH' tpHL 
15 25 50 

5 100 200 

Transition Time; tTHL' tTLH 10 50 100 

15 40 80 

Input Capacitance; CIN Any Inpul 10 15 

240 

loomW 

-55 10 +1250C 
-4010 +850 C 

-65 10 +1500 C 

UNITS 

ns 

ns 

pF 

VOO=14 

YSS=7 92CS-23737R2 

CD4069UB 
FUNCTIONAL DIAGRAM 

I I 
INPUT VOLTAGE 1Y11-V 

Fig. 1 - Minimum and maximum voltage 
transfer characteristics. 

2.' 

7.5 10 12.5 15 
INPUT VOLTAGE 1VII-V 

Fig. 2 - Typical voltage transfer characteristics as a 
function of temperature. 

17.5 AMBIENT TEMPERATURE {TA'· 25" C =1+ 
TTTTlTTTlTTTTI rT r,r!~t 

15 SUPPlY VOlTAGE {VooI"15Y 

2.' + ... + , ••• 2.15 

5V .. : :::: 0 

2.5 5 7.5 10 12.5 15 
INPUT VOlTAGE '''IJ-V 

Fig. 3 - Typical current and voltage transfer 
characteristics. 



fATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (DC) 

CONDITIONS Values at -55, +25, +125 Apply to D,F,K,H Packages 
CHARACTER· Values at -40, +25, +85 Apply to E Package 

ISTIC 
Vo VIN VDD 
(V) (V) (V) -55 

uiescent Device - 0,5 5 0.25 
Current, - 0,10 10 0.5 

100 Max. - 0,15 15 1 
- 0,20 20 5 

utput Low 0.4 0,5 5 0.64 
(Sink) Current 0.5 0,10 10 1.6 

IOL Min. 1.5 0,15 15 4.2 

utput High 4.6 0,5 5 -0.64 
(Source) 2.5 0,5 5 -2 
Current, 9.5 0,10 10 -1.6 

IOH Min. 
13.5 0,15 15 -4.2 

utput Voltage: - 5 5 
Low·Level, - 10 10 

VOL Max. 
15 15 -

'utput Voltage: - 0 5 
High·Level, - 0 10 
VOH Min. - 0 15 

,put Low 4.5 - 5 
Voltage, 9 - 10 

VIL Max. 
13.5 15 -

,put High 0.5 - 5 
Voltage, 1 - 10 

VIH Min. 1.5 - 15 

,put Current 
0,18 18 ±0.1 

liN Max. 

Voo 
voo 

JL ~~---- -~~ nd G'A 
A~ 

LJ~'U'" 1<3,5,9,'11,131 

\Iss 92CS, 23736R2 

Fig. 6 - Schematic diagram of one of six identical 
inverters. 

DRAIN-TO-SOURCE VOLTAGE tvDsl-V 

. uCS·2·UIAl 

Fig. 9.- Minimum output high (source) 
current characteristics. 

+25 
-40 +85 +125 Min. Typ. Max. 

0.25 7:5 7.5 - 0.01 0.25 

0.5 15 15 - 0.01 0.5 

1 30 30 - 0.01 1 

5 150 150 - 0.02 5 

0.61 0.42 0.36 0.51 1 -
1.5 1.1 0.9 1.3 2.6 -

4 2.8 2.4 34 6.8 -

-0.61 -0.42 -0.36 -0.!>1 -1 -
-1.8 

-1.5 

-4 

±0.1 

-1.3 -1.15 -1.6 -3.2 -
-1.1 -0.9 -1.3 -2.6 -
-2.8 -2.4 -3.4 -6.8 -

0.05 - 0 0.05 

0.05 - 0 0.05 

0.05 - 0 0.05 

4.95 4.95 5 -
9.95 9.95 10 -
14.95 14.95 15 -

1 - - 1 

2 - - 2 

2.5 - - 2.5 

4 4 - -
8 8 - -

12.5 12.5 - -

±1 ±1 - ±10-5 ±0.1 

A-~-VDO 
G-i-2 13~F 

B- 3 12-L-'F 
H·jj- 4 " ,....., 
c- • IO-K-E' 

I'~- 6 9,-0 
Vss 7 • J -5 

(TOP VIEWI 

92C5-24444 

Fig. 7 - CD4069UB terminal assignment. 

Fig. 10 - Typical prppagation delay time vs. 
load capacitance. 

UNITS 

J-lA 

mA 

V 

V 

J-lA 

CD4069UB Types 

AMBIENT TEMPERATURE (TAI-25·C . 
E 
I 
-" 
,:!030 GATE-TO-SOURCE VOLTAGE (VGS,.15 V 
~ 
z 
~ 2~ 

3 
;:: 20 

§ 
" 

10V· 

~ 
~ 10 

§ , 'v 
0 , '0 " DRAIN-TO-SOURCE VOLtAGE (Vosl-V 

,),C' <4 ',e~' 

Fig. 4 - Typical output low (sink) 
current characteristics. 

A."'.' "."~iir' ~'.'.' $ 

I~' 
I 

~ VOLTA 

~. I 

~ 

i " 
DRAIN-TO-SOURCE VOLTAGE (Vasl-V 

nCS-2.31')~1 

Fig. 5 _ Minimum output low (sink) 
current characteristics. 

DRAIN-TO-SOURCE VOLTAGE IVosl-V 

." "0 ., 0 
AMBlE NT TEMPERATURE (TA,-25·C ruE 

~-5 f k~.,;U~~-J.."-'''' •• ~~-TO-SOURC£ VOLTAG~·t':G·s)~:~~ _+ 

w.r-

-' 
'" .!'-IZO 

~ 
:100 

'" 2 
~ BO 

E 

.. :::t11I1H: E: . t:l!::: .!.: 5 

!"! :l~m In!! HI : n :1:: -IO~ 
- • • ~ • t· ., t t . 

~~~~ -I~! +~ •••••• -i • .... .... .. .. :::!~: IJ.:.H ... 
~IOV ;::~ -20~ 

~ ... .... ... ~~:: . .... 't:' :::: t· .. 
.... •••• .. t : ~-25~ 

-!7: .... 
;-tj. •• .r!: .... ~ f~-: :. . 3 

-ISV 

," +: 
HI : , , ., 

~1' lH tHlf lili iii III 
Fig. 8 - Typical output high (source) 

current characteristics. 

.",< 

~ 
5 

AMBIENT TEMPERATURE (TAl- 25-C 

15pF 

10 15 20 
SUPPLY VOLTAGE (VCDI-V 92CS-24435RI 

Fig. 11 - Typical propagation delay time vs. 
supply voltage. 
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CD4069UB Types 

LOAO C"'''CITANCE ICI.,I-pF 

Fig. 12 - Typical transition time VB. load 
capacitance. 

VD~VDD INPUTS 

v:s 

Vss 

Fig. 15 - Ouiescen t device current test circuit. 

PULSE GEN. 
tr·tf·20ft~ 

IN 

" I> I. 
" 10 

• 

VDD 

~------~----~T 
200kO 

I~ AMBIENT TEMPERATURE (T A)- 2f-C 

':. . 
ffi 2 

.~ X 
I¥'''~V V 

~~ ,,'" ,0 
~ · ~'r~y 'o~ ! · ,~ .,-
ili ' --I- ~ ~ 

:~ 
== 

~,No 
o • 

'" i ~ ./. 

~ 
, 

V · LOAD CAPACITANCE le,,)- 50pf 

ili · C I r pF FIXTUREt '9pF EXT.) · ~ , -~-CL -u,pF(IIpF FIXTURE+ 4pFEXT.) 

° I IIII I IIII I III 
10 

, . . , ... 10' 
, .. . , .. 

INPUT FREQUENCY (f) kHz 
92C8-:5"12 

Fig. 13 - Typical dynamic power dissipation 
VI. frequency. 

VDD 

V,H . INPUQTSUTPUTS 

:--. ~ 
VIL 't" 

NOTE: VSS 

TEST ANY ONE INPUT, WITH OTHER 
INPUTS AT VOD OR Yss 

Fig. 16 - Noise immunity test circuit. 

92CM-2444!'Utl 

Fig. 18 - Dynamic electrical characteristics test circuit and waveforms. 

113 CD4069 
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1/6 CD4069 

INn OUT 

92CS-24459Rl 

Fig. 20 - High4nput impedance amplifier. 

113 C04069 

IN~M 
., 

UPPER SWITCHING POINT: 

Vp. RS;'Rt . V~o 

LOWER SWITCHING POINT: 

Rt - As Voo 
YN" -.-,-',-

Rt )0 RS 

92CS-24440RI 

Fig. 22 - Input pulse shaping cirCuit 
(Schmitt trigger). 

ffi~ 
FOR TYPICAL COMPONENT 
VALUES ANO CIRCUIT PERFORMANCE, 
SEE APPLICATION NOTE :ICAN-1466 

92(:5-24438112 

Fig. 21 - Typical RC oscillator circuit. 

101tHI, 
100 KH1, I MHI 

I. 
" , " 4CD4069UBII 

• .0 

CL INCLUOES 

Voo 

FIXTURE CAPACITANCE. 

SOD,' 

FIg. 23 - DynamIc powe, dissipation test cIrcuit. 

6810121416 
SUPPLY VOLTAGE 1VOO)-VOLTS 

9ZCS-211114RI 

Fig. 14 - Variation of normalized propagation 
delay time (tpHL and tpLH) with 
supply voltage. 

V'-<!>-DD MEASURE INPUTS SEQUENTIALLV, 
TO BOTH Voo ANO vss. 

INPUTOVDD NOTE. 

I CONNECT ALL UNUSED INPUTS 
o TO EITHER Yoo OR Vss. 

V •• 

v •• 

Fig. 17 - Input leakage current test circuit. 

APPLICATIONS 
1/6 C04069 

FOR TYPICAL COMPONENT 
VALUES AND CIRCUIT 
PERFORMANCE, SEE 
APPLICATION NOTES 
ItAN 6086 AND 
ICAN 6539 

92CS-24437RI 

Fig. 19 - Typical crystal oscillator circuit. 

Dimensions and pad layout for CD4069UBH. 

Dim.n$ions in parentheses are in millimeters and are 
derived from the basic inch dimensions a$ indicated. 
Grid graduations arB in mils "0-3 inch). 

Th. photographs and dimensions of each CMOS chip 
represent a chip when it Is part of the wafer. When the 
wafer ;s separated into Individual chips, the angle of 
cleavage may vary with respect to the chip face lor 
dilierent Chips. The actual dimensions of the isolated 
chip. therefor., may differ slightly trom the nominal 
dimensions shown. The user should consider a tolerance 
01 -3 mils to +16 mils applicable to the nominal 
dimensions shown. 



CD4070B, CD4077B Types 

Features: 

• Medium-speed operation-tpHL, tpLH = 
CMOS 

65 ns (typ_) at VDD = 10 V, CL = 50 pF 
• 100% tested for quiescent current at 20 V .' Quad Exclusive-OR and 

Exclusive-NOR Gates 
High-Voltage Types (20-Volt Rating) 

• Standardized symmetrical output characteristics 

.5-V, 10-V, and 15-V parametric ratings 

.2 'J 

c' • K 
0' 

E' 
CD4070B - Quad Exclusive-OR Gate 
CD4077B - Quad Exclusive-NOR Gate 

The RCA-CD4070B contains four independ­
ent Exclusive-OR gates. The RCA·CD4077B 
contains four independent Exclusive-NOR 
gates. 

The CD4070B and CD4077B provide the 
system designer with a means for direct 
implementation of the Exciusive·OR and 
Exclusive-NO R functions, respectively. 

The CD4070S and CD4077S types are sup­
plied in 14-lead hermetic dual-in-line ceramic 
packages (0 and F suffixes), 14-lead dual­
in-line plastic packages (E suffix), 14-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY·VOL TAGE RANGE. (V Dol 

(Voltages referenced to VSS Terminall 
INPUT VOLTAGE RANGE. ALL INPUTS 
DC INPUT CURRENT. ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (PO): 

For T A = -40 to +600 C (PACKAGE TYPE E) 
For T A = +60 to +850 C (PACKAGE TYPE E) . 
For TA = -5510 +100'C (PACKAGE TYPES D. F. K) 
For T A = +100 to +125'C (PACKAGE TYPES D. F. K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

• Maximum input current of 1 J.lA at 18 V 
over full package-temperature range; 

100 nA at 18 V and 25°C 
• Noise margin (overfull package-temperature 

range): 
1 V at VDD = 5 V 
2 Vat VDD = 10 V 

2.5 V at VDO = 15 V 
• Meets all requirements of JEDEC Tentative 

Standard No. 13A, "Standard Specifications 
for Description of'S' Series CMOS Devices" 

App/ications: 

• Logical comparators • Adders/subtractors 
• Parity generators and checkers 

-0.5 to +20 V 
-0.5 to VDD +0.5 V 

±10mA 

. . . . . . . .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 
. . • . . . . .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 

FOR TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE ITA): 

PACKAGE TYPES 0, F, K, H ' 
PACKAGE TYPE E . 

100mW 

-55 to +1250 C 

STORAGE TEMPERATURE RANGE (Tstg) 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for lOs max. 

Vss eoo 
Vss 

* INPUTS PROTECTED - --
BY COS/Mas 
PROTECTION NETWORK 

Vss 

Fig. 1 - Schematic diagram for CD4010B 
(1 of 4 identical gates) .• " 

-40 to +850 C 
-65 to +1500 C 

TRUTH TABLE C04070B 
1 of 4 Gates 

A B 

0 0 

1 0 

0 1 

1 1 

1 = HIGH LEVEL 
0= LOW LEVEL 
J=A0B 

J 

0 

1 

1 

0 

F' ." "M H" 

J.A0B M'G(!)H 
KICeD L'E0F 

"'55" 
VOO'I4 'nCS'24~b&"2 

CD4070B 
FUNCTIONAL DIAGRAM 

A I .' c' 
o· 

E • F 9 ." H " 

92CS-2449111'3 

C04077B 
Functional Diagram 

RECOMMENDED 
OPERATING CONDITIONS 

For maximum reliability, nominal operating 
conditions should be selected so that opera­
tion is always within the following ranges: 

Characteristic Min. Max. 
Supply-Voltage Range 

(For T A = Full Package- 3 18 
Temperature Range) 

. I. 14 VOo 
S 2 

" H J4A@B 3 12 G 

K·C$D II M-GG)H 
C 10 L4E$F 

• F 
Vss • E 

ITOP VIEW} 
92r.5-24498 

TERMINAL ASSIGNM~NT 
C04070B 

I. 
" 

Voo 
• " H 

J-A$B I. G 
KaC$D " M.GijjH 

C 10 L'~ 
F. 

Vss E 

(TOP VIEW I 

92CS-24499R2 

TERMINAL ASSIGNMENT 
CD4077B 

Units 

V 
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CD4070B, CD4077B Types 

'''~ .. p----.-t----H 

9:55 : 

~
oo vss 

Vss 

*rNPUTS PROTECTED ---
BY COS/MOS 
PROTECT ION NETWORK 

vss 92CS-30093RI 

Fig. 2 - Schematic diagram for CD40778 
(1 of 4 identical gates). 

STATIC ELECTRICAL CHARACTERISTICS 

TRUTH l'ABLE CD4077B 
1 of 4 Gates 

A B 

0 0 

1 0 

0 1 

1 1 

1 ~ HIGH LEVEL 
o ~ LOW LEVEL 
J ~ A <Zl B 

J 

1 

0 

0 

1 

LIMITS AT INDICATED TEMPERATURES (OCI 

CHARAC-
Values at -55, +25, +125 Apply to D, F, K, H Pkgs. 

TERISTIC 
CONDITIONS Values at -40,+25,+85 Apply to E Pkgs. 

Vo VIN VDD +25 

(VI (VI (VI -55 -40 +85 +125 Min. Typ. Max. 

Quiescent - 0,5 5 1 1 30 30 - 0.02 1 
Device - 0,10 10 2 2 60 60 - 0.02 2 
Current - 0,15 15 4 4 120 120 - 0.02 4 
IDD Max. - 0,20 20 20 20 600 600 - 0.04 20 

Output Low 
(Sink) 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -
Current, 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -
10L Min. 1.5 0,15 15 4.2 4 2.8 2.4 3.4 6.8 -

Output High 4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 r---=-
(Source) 2.5 0,5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -
IOH Min. 13.5 0,15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 -

Output Volt-
age: - 0,5 5 0.05 - 0 0.05 

Low·Level, - 0,10 10 0.05 - 0 0.05 

VOL Max. - 0,15 15 0.05 - 0 0.05 

Output Volt-
age: - 0,5 5 4.95 4.95 5 -

High· Level, - 0,10 10 9.95 9.95 10 -
VOH Min. - 0,15 15 14.95 14.95 15 -

Input Low 0.5,4.5 - 5 1.5 - - 1.5 
Voltage, 1,9 - 10 3 - - 3 
VIL Max. 1.5,13.5 - 15 4 - - 4 

Input High 0.5,4.5 - 5 3.5 3.5 - -
Voltage, 1,9 10 7 7 - - -
VIH Min. 1.5,13.5 - 15 11 11 - -

Input 
Current, - 0,18 18 ±0.1 ±0.1 ±1 ±1 - ±10-5 ±0.1 

liN Max. 

244 

UNITS 

p.A 

rnA 

V 

V 

p.A 

II .. 

, 
DRAIN-lO-SOURCE VOLTAGE (VDSI-~ 

Fig. 3 - Typical output low (sink) 
current characteristics. 

DRAIN-TO-SOURCE VOLTAGE lVosl-V 
'2tS·2.~lt'" 

Fig. 4 - Minimum output low (sink) 
current characteristics. 

DRAIN-lO-SOURCE VOLTAGE (VoSI-V 

-I' -10 -. 0 
AMBlE NT TEMPERATURE (TA'-2S-C 

" c 
GATE-lO-SOURCE v OLTAGE {VGSI--5V 

-5 f 
~ 

-IOE! 
is 

-15 ~ 

-IOV -20~ 

-25~ 
-15V -301 

~ 
5 

<JltS-Z.3Z0R3 

Fig. 5 - Typical output high (source) 
current characteristics. 

oRAIN-TO-SOURCE VOL.TAGE (VosJ-V 

-!> -10 -. 0 
AMBlE NT TEMPERATURE ITA)" ZS"C 

GATE·TO·SOURCE VOLTAGE IVGsJ"·5 v 

III 
tm tlq -, 

!! .. .. f' ~ •• , I . . .. ~ :-lH -IOV 
.. , 

-K) : HL ···t . rr: ·1:; . . ~ ... . ... .. .. iili n! ..... . . ., t:-15\; •• 

: ttl m II 
, -I> 

. . : 1 

~H rmill dl! tI 
9lC5-Hlll~l 

Fig. 6 - Minimum output high (source) 
current characteristics. 



CD4070B, CD4077B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 250 C; Input 1,. tt = 20 ns. 

CL = 50 pF. RL = 200 Kfl 

CHARACTERISTIC 

Propagation Delay Time; tpHL' tpLH 

Transition Time; 
tTHL' tTLH 

Input Capacitance; CIN 

ZO <0 
LOAO CAPACITANCE (eLI-pIC 

Fig. 8 - Typical propagation delav time 
as a function of load capacitance. 

92C5-35101 

Dimensions and pad layout for CD4077BH. 
Dimensions and pad layout for 
CD4070BH are identical. 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions 83 indicated. 
Grid graduations are in mils (10-3 inchl. 

The photographS and dimensions of Bach CMOS chip 
represent a chip when it ;s part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip faca lor 
different chips. The actual dimensions of the isolated 
chip. therefore, may differ slightly Irom the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

CONDITIONS ALL TYPES 

VDD 
LIMITS UNITS 

V Typ. Max. 

5 140 280 
10 65 130 ns 

15 50 100 

5 100 200 

10 50 100 ns 

15 40 80 
Any Input 5 7.5 pF 

I 
SUPPLY VOL.TAGE {Vool-V 

Fig. 9 - Typical propagation delay time 
as a function of supply voltage. 

Voo 1NPUOS Veo NOTE 

~ MEASURE INPUTS 
III ~ SEQUENTIAL.LV. 

Vss TO BOTH Voo AND VSS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

Voo OR VSS· 

Vss 

Fig. 11 -Input current test circuit. 

o 
Vss 

INPUTS 

Vss 

Fig. 13 - Quiescent-devlce-current 
test circuit. 

LOAD CAPaCITANCE IC L I-pf 
,zn·,nn 

Fig. 7 - Typical transition time as a 
function of load capacitance. 

INPUT FREQUENCY (111- kHz 

Fig. 10 - Typical dynamiC power dissipation 
as a function of input frequency. 

92CS-21""'IRI 

Fig. 12 - Input-voltage test circuit. 

Fig. 14 - Dynamic power dissipation 
test circuit. 
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CD4071B, CD4072B, CD4075B Types 

CMOS OR Gates 
High-Voltage Types (20-Volt Rating) 

CD4071 B Quad 2-lnput OR Gate 
CD4072B Dual 4-lnput OR Gate 
CD4075B Triple 3-lnput OR Gate 

The RCA-CD4071 B, CD4072B, and 
CD40758 OR gates provide the system 
designer with direct implementation of the 
positive-logic OR function and supplement 
the existing family of CMOS gates. The 
CD4071, CD4072, and CD4075 types are 
supplied in 14-lead dual-in-line ceramic 
packages (D and F suffixes), 14-lead dual­
In-line plastic packages (E suffix), 14-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 

Features: 
• Medium-Speed Operation-tpLH, 

tpHL = 60 ns (typ.) at VDD = 10 V 

• 100% tested for quiescent current at 20 V 
• Maximum input current of 1 IJ,A at 18 V 

over full package-temperature range; 100 nA at 
18 V and 250 C 

• Standardized, symmetrical output characteristics 

• Noise margin (over full package tamperature 
ranga) 

1 VatVDD= 5 V 
2 V at VDD = 10 V 

2.5 Vat VDD = 15 V 
• 5-V, 10-V, alld 15-V parametric ratings 

• Meets all requirements of JEDEC Tenta· 
tive Standard No. 13 A, "Standard 
Specifications for Description of '8' Series 
CMOS Devices" 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges: 

CHARACTERISTIC LIMITS UNITS 
MIN. I MAX. 

Supply-Voltage Range (For TA = Full Package·Temperature 
Range) 3 I 18 V 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (DC) 
CONDITIONS Values ai-55, +25, +125 Apply 10 D; F, K, H Packages 

CHARACTER· Values at -40, +25, +85 Apply to E Package 
UNITS ISTIC 

Vo VIN VDD +25 

(V) (V) (V) -55 -40 +85 +125 Min. Typ. Max. 

Quiescent Device - 0,5 5 0.25 0.25 7.5 7.5 - 0.01 0.25 
Current, - 0,10 10 0.5 0.5 15 15 - 0.01 0.5 

100 Max. 0,15 15 1 30 0.01 1 
p.A 

- 1 30 
- 0,20 20 5 5 150 ISO - 0.02 5 

Output low 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -
(Sink) Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -

IOlMin. 1.5 0,15 15 4.2 4 2.B 2.4 3.4 6.B -
Output High 4.6 0.5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 - rnA 

(Source) 2.5 0.5 5 -2 -1.B -1.3 -1.15 -1.6 -3.2, -
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -

IOH Min. 
13.5 0,15 15 -4.2 -4 -2.B -2.4 -3.4 -6.B -

Output Voltage: - 0,5 5 0.05 - 0 0.05 
low·level, - 0.10 10 0.05 - 0 0.05 

VOL Max. 
0,15 15 0.05 - 0 0.05 - V 

Output Voltage: - 0.5 5 4.95 4.95 5 -
H igh·level. - 0,10 10 9.95 9.95 10 -
VOH Min. - 0.15 15 14.95 14.95 15 -

Input low 0.5,4.5 - 5 1.5 - - 1.5 
Voltage, 1,9 - 10 3 - - 3 

Vil Max. 
1.5,13.5 - 15 4 - - 4 

3.5 
V 

Input High 4.5 - 5 3.5 - -
Voltage, 9 - 10 7 7 - -

VIH Min. 13.5 - 15 11 11 - -
Input Current 

O,IB lB to. 1 to.l tl tl - tl0-5 to. I p.A 
liN Max. 
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CD4071B, CD4072B, CD4075B Types 
MAXIMUM RATINGS, Absolute~Maximum Values: 
DC SUPPLY·VOLTAGE RANGE, (VDD) 

(VoHagesre-rerenced to VSS Terminan ................................................ -0.5 to +20 v 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................... -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ..................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (Po): 

For T A = -40 to +60'C (PACKAGE TYPE E) ................................................. 500 mW 
For T A = +60 to +8S'C (PACKAGE TYPE E) ................... Derate Linearly at 12 mW/'C to 200 mW 
For T A = -55 to +IOO'C (PACKAGE TYPES 0, F, K) .......................................... 500 mW 
For T A = +100 to +12S'C (PACKAGE TYPES 0, F, K) .......•.. Derate Linearly at 12 mW/'C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For T A = FULL PACKAGE· TEMPERATURE RANGE (All Package Types) ...................... 100 mW 

OPERATING· TEMPERATURE RANGE (T A): 
PACKAGE TYPES 0, F, K, H ........................................................ -55 to +12S'C 
PACKAGE TYPE E .................................................................. -40 to +8S'C 

STORAGE TEMPERATURE RANGE (T stg) ............................................. -65 to +IS0'C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116 ± 1132 Inch (1.59 ± 0.79.mm) from case for 10 s max. ••....•..•••.•••.••.....• +26S'C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r, tf = 20 ns, 
and CL = 50 pF, RL = 200 kn 

TEST CONDITIONS 
ALL TYPES 

CHARACTER ISTIC 
LIMITS 

VOO 
TYP. 

VOLTS 

Propagation Delay Time, 5 125 

tpHL. tpLH 10 60 

15 45 

Transition Time. 5 100 

tTHL. tTLH 
10 50 
15 40 

Input Capacitance, CI N Any Input - 5 

-DO 

Vss 

* ALL INPUTS ARE PROTECTED 
BY COSI MOS PROTECTION - - -
NETWORK :aDD 

vss 92CS-29114 

Fig. 3 - Schematic diagram for CD40778 (1 of 4 identical gata.l. 

1(6'8"3)~J 
3(4,10,11) 

• 
2 (5,9,121 

92C,-29139 

Fig. 5 - Logic diagram for CD40778 (1 of 4 identical gata.). 

MAX. 

250 

120 

90 

200 

100 

80 

7.5 

UNITS 

ns 

ns 

pF 

2°1 A"~ENT TEMPERATURE.' T~;;;~;~l"!ttljj t 

It 
1 supp, . ~O.L TAGE." . '" 

, , 
INPUT ~)L.TAG£ (VIN)-V 

Fig. 1 - Typical voltage transfer 
characteristics. 

L.OAD CAPACITANCE {CL1-pF 92CS·2,1I1 

Fig. 2 - Tvpical propagation delay time 
as a function of load capacitance. 

ORAIN-TD-SOURCE VOLTAGE (Vosl-V 

Fig. 4 - Typical output low (sink) current 
characteristics. 

, 
DRAIN-TO-SDURCE VOlTAGE (Vosl-V 

Fig. 6 - Minimum output low (sink) current 
characteristics. 
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CD4071B, CD4072B, CD4075B Types 
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Voo 

Vss 

A DD 

- - - - '* ALL INPUTS ARE PROTECTED 
BY COS/Mas PROTECTION 
NETWORK 

Vss 

Fig. 7 - Schematic diagram for CD40728 (1 of 2 identical gates). 

2 (12) 

3 (11) 

5(9)~ 

4 (10) 6-----{>---~ 

1(13} 

Fig. 9 - Logic diagram for CD40728 II of 2 identical gates). 

8(5"3)~ 
2 (4,12) *0------1--; 

1 (3,11) C*>----+---t-t 

Vs: fi--voo 

* ALL INPUTS ARE PROTECTED 
BY COS/MOS PROTECTION 
NETWORK "ss 

~ZCM'2911'5 

Fig. II - Schematic diagram for CD40758 II of 3 identical gates). 

Fig. 13 - Logic diagram for CD40758 II of 3 identical gates). 

DRAIN-lO-SOURCE VOLTAGE ('0'05)-'0' 

1 1 

Fig. 8 - Typical output high (source) current 
characteristics. 

DRAIN-lO-SOURCE VOLTAGE {Vosl-V 

Fig. 10 - Minimum output high (source) current 
characteristics. 

LOAD CAPACITANCE ICL)-pF 

Fig. 12 - Typical transition time as a function 
of load capacitance. 

~" , AMBIENT TEftFERATURE (1,,)-25·C . · II J .. v / .. , 
I ~.'~ K " ;eIO"a &'fl "r:- -;C. - , 
~ · .. &:YV o , 

~ 10' .j'..j /' 
z I 
5 • ,/ /" ~ 2 

V" S 102 

i ! 
CL·~ pF · , CL-15 pF ---

10 , . " , , .. , ... , ... 
10 102 103 

INPUT FREQUENCY (f1)- kHz 

Fig. 14 - Typical dyanamic power dissipation 
as a function of frequency. 
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CD4071B, CD4072B, CD4075B Types 

TERMINAL ASSIGNMENTS (TOP VIEW) 

" " 
Voo J"A+B+C+O I. 

" 
VOO 

2 13 H 2 13 K~E+F+G+H 

J-A+B 12 G 12 
K-C+O M-G+H 

10 L-E+F 10 
9 F NC 

VSS Vss NC 

CD4071B C040729 

92CS-244'34 Ne· NO CONNECTION 

"00 1NPUOS VOO NOTE' 

~ ~:~~~::I~~~~~S 
IISS TO BOTH liDO ANO Vss 

CONNECT ALL UNUSED 
INPUTS TO EITHER 

Voo OR "ss, 
vss 

Fig. 16 - Input current test circuit. 

Fig. 17 - Input-voltage test circuit. 

DimensIOns in parentheses are in millimeters and 
are derived from the basic inch dimensions as in­
dicated. Grid graduatIons are in mils (10- 3 inch). 

The photographs and dimensions of 8ach CMOS chip 
reprosent a chip when it is part of the waler, When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions 01 the isolated 
chip. therefore, may differ slightly from the nominal 
dimensions shown. The user should considers tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

Dimensions and pad layout for CD4072B. 

A I. 
" • 2 13 
12 

F 10 
K-O+E+F 

V.S 
C040~ 

Voo 
G 

L-Q+Ht-I 
J -A+B+C 
c 

92CS-2 .... 9~ 

o 
Vss 

INPUTS 

Fig. 15 - Quiescent device current test circuit. 

62-70 
(1.575-)·778) 

92CS-35102 

Dimensions and pad layout for CD4071B. 

Dimensions and p.ad layout for CD4075B. 
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CD4073B, CD4081 B, CD4082B Types 

CMOS AND Gates 
High-Voltage Types (20-Volt Rating) 

CD4073B Triple 3-lnput AND ~ate 
CD4081B Quad 2-lnputAND Gate 
CD4082B Dual4-lnput AND Gate 

The R::A-CD4073B, CD4081B and CD-
4082B AND gates,provide the system de­
signer with direct implementation of the 
AND function and supplement the existing 
family of CMOS gates. 

The CD40738, CD40818 and CD40828 
types are supplied in 14-lead dual-in­
line ceramic packages (D and F suffixes), 
14-lead dual-in-line plastic packages (E 
suffix), 14-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 

Features: 
• Medium-Speed Operation - tpLH' 

tpHL = 60 ns !typ.) at VDD = 10 V 
• 100% tested for quiescent current at 20 V 
• Maximum input current of lilA at 18 V over 

full package-temperature range; 100 nA at 
18 V and 250 C 

• Noise margin (full package-temperature 
range) = 

1 VatVDD=5 V 
2 VatVDD= 10 V 

2.5 V at VDD = 15 V 
• Standardized, symmetrical output 

characteristics 
• 5·V.l0·V, and 15·V parametric ratings 

• Meets all requirements of JEDEC Tentetive 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

MAXIMUM RATINGS. Absolute·Maximum Values: 
DC SUPPLY.VOLTAGE,RANGE, IVDD) 

(Voltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS. • 
DC INPUT CURRENT, ANY ONE INPUT • . 
POWER DISSIPATION PER PACKAGE (PDI: 

~.5to +20 V 
~.5 to VDD +0.5 V 

±10mA 

For T A = -40 to +60oC (PACKAGE TYPE E) 
For TA = +6() t9 ,+8SoGJPACKAGE TYPE Ii) " 
For TA = -5510 +loo°C (PACKAGE TYPES D, F, K) 
For TA = +100 10 +125°C (PACKAGE TYPES D, F, K) 

•.••• , • .. 500mW 
Derate Linearly at 12 mW{'C to 200 mW 
. . • . • . . •• 500mW 
Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE·TEMPERATURE RANGE (All Package Types) 

"OPERATlNG·TEMPE_RATURE RANGE (TA): 
PACKAGE TYPES D, F, K, H . • • • • • 
PACKAGE TYPE E • . . . . . • . . • • • • . . 

STORAGE'TEMPERATURE RANGE (Tstg) . . . . . , . . 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 105 ma •. 

RECOMMENDED OPERATING CONDITIONS 

100mW 

-55 to +1250 C 
--40 to +850 C 

-65 to +1500 C 

For maximum reliability, nominal operating conditions should be selacted so that 
operation is always within the fol/owing ranges: 

LIMITS 
CHARACTERISTIC 

MIN. MAX. 

Supply.Voltage Range (For T A = Full Package 
3 18 

Temperature Range) 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A=250 C. Input t r.It=20 ns. 
and CL =50 pF. RL =200 kQ 

ALL TYPES 

CHARACTERISTIC 
TEST CONDITIONS LIMITS 

VDD 
Volts TYP. MAX. 

Propagation Delay Time. 5 125 250 

tpHL, tpLH 
10 60 120 
15 45 90 

Transition Time, 5 100 200 
10 50 100 

tTHL' tTLH 15 40 80 

Input Capacitance, CI N Any Input - 5 7.5 

250 

UNITS 

V 

UNITS 

ns 

ns 

pF 

B 
A 

Vss 

CD40818 
FUNCTIONAL DIAGRAM 

1 J 

13 K 

92C5-Z7570 

CD40828 
FUNCTIONAL DIAGRAM 

.2 

C • 

o ' 
E 4 

F • 

Voo 

10 

V5S 

CD4073B 
FUNCTIONAL DIAGRAM 



CD4073B, CD4081 B, CD4082B Types 

STATIC ELECTRICAL CHARACTERISTICS 

CHARACTER· 
ISTIC 

Quiescent Device 
Current. 

100 Max. 

Output Low 
(Sink) Current 

IOL Min. 

Output High 
(Source) 
Current, 

IOH Min. 

Output Voltage: 
Lew·Level, 

VOL Max. 

Output Voltage: 
High·Level, 
VOH Min. 

Input Low 
Voltage, 

VIL Max. 

Input High 
Voltage, 

VIH Min. 

I nput Current 
liN Max. 

LIMITS AT INDICATED TEMPERATURES (OC) 

CONDITIONS Values at -55, +25, +125 Apply 10 D, F, K, H Packagel 
Values at -40, +25, +85 Apply to E Package 

Vo VIN VDD 
+25 

(V) (V) (V) -55 -40 +85 +125 Min. Typ. Max. 

- 0,5 5 0.25 0.25 7.5 7.5 - 0.01 0.25 

- 0,10 10 0.5 0.5 15 15 - 0.01 0.5 

- 0,15 15 1 1 30 30 0.01 1 

- 0,20 20 5 5 150 150 - 0.02 5 

0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -
0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -
1.5 0,15 15 4.2 4 2.B 2.4 34 6.8 -

4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 -
2.5 0,5 5 -2 -1.B -1.3 -1.15 -1.6 -3.2 -
9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -
13.5 0.15 15 -4.2 -4 -2.B -2.4 -3.4 -6.B -
- 0,5 5 0.05 - a 0.05 

- 0,10 10 0.05 - a 0.05 

- 0.15 15 0.05 - a 0.05 

- 0,5 5 4.95 4.95 5 -
- 0.10 10 9.95 9.95 10 

- 0.15 15 14.95 14.95 15 -

0.5 - 5 1.5 - - 1.5 

1 - 10 3 - - 3 

1.5 - 15 4 - - 4 

0.5,4.5 - 5 3.5 3.5 - -
1,9 - 10 7 7 - -

1.5,13.5 - 15 11 11 - -
O,lB lB ±0.1 ±0.1 ±1 ±1 - ±10-5 ±0.1 

Fig. 7 - Schematic diagram for CD40878 f7 of 4 identical gatos). 

Fig. 2 - Logic diagram for CD40878 (7 of 4 identical gates). 

UNITS 

IJA 

rnA 

V 

V 

JJ.A 

INPUT VOLTAGE (VINI-V 

Fig. 3 - Typical voltage transfer characteristics. 

LOAD CAPACITANCE (eLI - pF 

Fig. 4 - Typical propagation delay time 
as a function of load capacitance. 

DRAIN-TO-SOURCE VOLTAGE (VosJ-Y 

Fig. 5 - Typical output low (sink) 
current characteristics. 

I 
DRAIN-lO-SOURCE VOLTAGE (V051-V 

Fig. 6 - Minimum output low (sink) 
current characteristics. 

251 

• 



CD4073B,CD4081B, CD4082BTypes 

252 

.,,~ 
2UZlo---H 

VDD 

Vss 
* ALL INPUTS ARE PROTECTED BY 

COS/MOS PROTECTION NETWORK riD 
qvss 

Fig. 7 - Schematic diagram for CD40828 (1 of 2 identical gates). 

* 
B(S,m 

* 
1(4~.'21 

2(3,13) 

Fig. 9 - Logic diagram for CD40828 (1 of 2 identical gates). 

~~~~ 

*ALL INPUTS ARE PROTECTED BY 
COS/MOS PROTECTION NETWORK 

VDD 

Vss 

Fig. 11 - Schematic diagram for CD40738 (1 of 3 identical gates). 

Fig. 13 - Logic diagram for CD40738 (1 of 3 identical gates). 

,. 

DRAIN-lO-SOURCE IJOLTAGE 1Vosl-V 
I 

Fig. 8 - Typical output high (source) 
current characteristics. 

ORAIN-TO-SOURCE VOLTAGl (Vaal-V 

Fig. 10 - Minimum output high (source) 
current characteristics. 

Fig. 12 - Typical transition time as a 
function of load capacitance. 

.... · AMBIENT TEr.FERATURE (TA'- e-c 
4 

-~ " i . 
~ • .t,J~ ;e 10", 

1;7- "Yo_ ~ -w 

5 
r 

I 
" i 

· 4 

· :P-L'IL 

103: A iL" 
4 

· VV" 
lL:" ""'I 

cL-eo pF 

10 

4 
CL-I!5 pF ---· . 4 •• , 4 •• , . .. . 

4 " 10 102 10' 104 
INPUT FREQUENCY "'11- kHz 

Fig. 14 - Typical dynamic power dissi­
pation per gate as a function 
of frequency. 



o 
Vss 

INPUTS 

Fig. 15 - Quiescent device current test circuit. 

Voe INPUOS V

DD 

NOTE 

~ MEASURE IN~UTS 
o ~ SEOUENTIALLY, 

VSS TO BOTH Voe AND VSS' 
CONNECT ALL UNUSEO 
INPLIrS TO EITHER 

VOO OR VSS' 

V5S 

Fig. 16 - Input current test circuit. 

Fig. 17 - Input-voltage test circuit. 

TERMINAL ASSIGNMENTS 

J:A-B 

K:C'O 

0 

Vss 

J=A'B'C'O 

NC 
Vss 

K=O' E F 

Vss 

" " 
VDD 

2 13 

3 12 

" M:G-H 

10 L= E F 

TOP VIEW 

CD4081B 

I. I. VDD 
2 13 K=E·F·G·H 

12 H 

" 10 

9 

• NC 
TOP VIEW 

NC=NO CONNECTION 

92:CS-241137R2: 

CD4082B 

I. 
" 

VDO 
13 G 

12 

10 loG· H·I 

9 J=A· B-G 

C 
TOP VIEW 

ncs 

CD4073B 

CD4073B CD4081B, CD4082B Types , 

Dimensions and pad layout 
for CD40818. 

Dimensions and pad layout 
for CD40828. 

Dimensions in parentheses are in 
millimeters and are derived from 
the basic inch dimensions as in' 
dicated. Grid graduations are in 
mils (10-3 inch). 

Dimensions and pad layout 
for CD40738. 

o 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 

10 

92CS-35100 

20 30 40 50 60 
I 

56- 64 
11.422-1.6261 

1 

chip, thorefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4076B Types 

CMOS 4-Bit 
D-Type Registers 
High-Voltage Types (20-Volt Rating) 

The CD40768 types are four-bit registers 
consisting of D·type flip-flops that feature 
three-state outputs. Data Disable inputs are 
provided to control the entry of data into 
the flip-flops. When both Data Disable in­
puts are low, data at the 0 inputs are loaded 
into their respective flip·flops on the next 
positive transition of the clock input. Out­
put Disable inputs are also provided. When 
the Output Disable inputs are both low, the 
normal logic states of the four outputs are 
available to the load. The outputs are disa­
bled independently of the clock by a high 
logic level at either Output Disable input, 
and present a high impedance. 

The CD4076B types are supplied in 16-lead 
ceramic dual-in-line packages (0 and F 
suffixes), 16-lead dual-in-line plastic pack­
ages (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

Features: 
• Th ree-state outputs 
• Input disabled without gating the clock 
• Gated output control lines for 

enabling or disabling the outputs 
• Standardized, symmetrical output 

characteristics 
• 100% tested for quiescent current at 20 V 
• Maximum input current of 1 J1A at 18 V over 

full package temperature range; 100 nA at 
18 V and 250 C 

• Noise margin over full package temperature 
range: 

1 VatVDD=5V 
2 V at VDD = 10 V 

2.5 Vat VDD = 15 V 
• 5-V, 10-V, and 15-V parametric ratings 

• Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of '8' Series CMOS Devices" 

OUTPUT ~M I. IS VDD 
DISABLE ~ N 2 15 RESET 

01 I. DATA I 

02 " DATA 2 

03 12 DATA 3 

O' " DATA 4 

CLOCK 10 G2(?~~~T 
Vss G I DISABLE 

TOP VIEW q,'CS 

TERMINAL ASSIGNMENT 

RECOMMENDED OPERATING CONDITIONS at T A = 250 C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTIC VDD LIMITS UNITS 

(VI Min. Max. 

Supply·Voltage Range (For T A=FuJl Package· 
3 18 V Temperature Rangel 

5 200 -

Data Setup Time, ts 10 80 - ns 

15 60 .-

5 200 -

Clock Pulse Width, tw 10 100 .- ns 

15 80 -

5 3 

Clock Input Frequency, fCL 10 dc 6 MHz 

15 8 

5 - 15 
Clock I nput Rise or Fall Time, trCL,tfCl 10 - 5 J1S 

15 - 5 

5 120 -

Reset Pulse Width, tw 10 50 ns 

15 40 -

5 180 -

Data Input Disable Setup Time, ts 10 100 - ns 

15 70 -

254 
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FUNCTIONAL DIAGRAM 

DRAIN-lO-SOURCE VOLTAGE (Vosl-V 

Fig. 1 - Typical output low (sink) 
current characteristics. 

DRAIN-lO-SOURCE VOL.TAGE 

Fig.2 - Minimum output low (sink) 
current characteristics. 

DRAIN-lO-SOURCE VOLTAGE 1V051-V 
-IS -10 -5 

AMBIENT TEMPE~ATURE (TA1'25-C 

GATE-TO-SOURC£ VOLTAGE {VGSJo-5V 

-IOV 

-15V 

Fig.3 - Typical output high (source) 
current characteristics. 



MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (V DO) 

(lJOlfages referenced 10 VSS-iermimil) "",........................................... -0.510 +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................... -0.510 VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ..................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (PO): 

For T A = -40 10 +60·C (PACKAGE TYPE E) ................................................. 500 mW 
For T A = +60 10 +8S·C (PACKAGE TYPE E) ••••.••..•....•..•• Derale Linearly al12 mW/·C to 200 mW 
For T A = -SSlo +l00·C (PACKAGE TYPES 0, F, K) .......................................... SOO mW 
For T A = +100 to +12S·C (PACKAGE TYPES 0, F, K) .••.•••••• Derate Linearly at 12 mW/·C 10 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
ForTA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...................... 100 mW 

OPERATING-TEMPERATURE RANGE (T A): 
PACKAGE TYPES 0, F, K, H ........................................................ -5510 +12S·C 
PACKAGE TYPE E .................................................................. -4010 +8S·C 

STORAGE TEMPERATURE RANGE (T 51g) ............................................. -6510 +lS0·C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.S9 ± 0.79 mm) from case for 10 s max. • •••••••••••••.....•..••• +26S·C 

IS 

INPUT 
DISABLE __ -1 ____ i-__ .IJ 

RESET 

Q 
OUTPUT 

9<C ... ·HBBBRl 

(a) 

OUTPUT DISABLE 

Q OUTPUT 

Q OUTPUT 

CHAR. 

'PHZ 
t PLZ 

t pza, 

• PZH 

TEST. 
AT 0 

VDD 

Vss 

Vss 

VDD 

VOLT. 
AT Q 

·Vss 
VDD 

VDD 

Vss 

VDD 

VOL 

VOH 

12CS-2I2" 

(b) 

Fig.5 - Functional waveforms for CD4076B. 

Truth Table 
NI.I 

Ollollnput ..... 
Oilable Dill Output 

Reset tJ",k Gl G2 0 a 
1 x X x x 0 
0 0 x x x a 
0 ....r- 1 x X 0 

0 ....r x 1 X 0 

NC 

NC 

NC 

OUTPUT 
DISABLE 

CD4076B Types 
DRAIN-lO-SOURCE VOLTAGE IVOSI-V 

." 
lAM."."'. '.'.~'.H.~'U.H.'. ... .•.•. -

Fig.4 - Minimum output high (source) 
current characteri'tic,. 

.! 

1~1Il1!!1~'JI!l11 
t= :1': iiii" :.' ; =l[l!! v'::l 

t~ldjltj:; :::: i" :~: 'j:; :i11:i:i ;;;: i;:! ::wm:::::: 
o 20 40 60 80 100 120 140 

LOAD CAPACITANCE (Cll- pF 

92C5-27115 

Fig.6 -' Typic.1 propagation delay tim. 
vs. load capacitance (clock to 0). 

{
M I 

N 2 

* 0 ....r- 0 0 1 1 

....r- RESET I'rl>------.l~-....:r 

LOAD CAPACITANCE (CLI-pF 

Fig.7 - Typical transition time VI. 

load capacitance. 

0 0 0 0 0 

0 1 X X X a NC 

0 '- x x x a NC 

When lithe, Oulpul Dluble M or N IS high, the outpuU Ife 
dlsa~red (high Impedance stalel. however leQuenllill operation 
of the fllp·flops IS nol affected. 

1;;; High level 
0= Low Level 

x • Don', ea.,. 
Ne· No Change 

*ALL INPUTS PROTECTED BY 
COSINOS PROTECTION NETWORK 

~VDO 

~VSS 
'2e5-241'111:2 

Fig.S - CD40768 logic diagram. 
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CD4076B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input tr,tf = 20 ns, 
Cl = 50 pF, Rl = 200 kSl (Unless otherwise noted) 

o 
Vss 

CHARACTERISTIC TEST CONDITIONS 

VOO 
V 

Propagation Delay Til11e: 5 
Clock to 0 Output. tpHl. tplH 10 

15 

5 
Reset, tpHl 10 

15 

3·State Output 1 or 0 to High 
5 

Impedance, tpHZ, tplZ Rl =1 Hl 10 
15 

5 
3·State High Impedance to 1 Rl=lkSl 10 
or 0 Output, tpZH' tPZl 15 

5 
Transition Time, tTHl· tTlH 10 

15 

5 
Maximum Clock Inllut F,equency. fCl 10 

15 .. 
5 

Minimum Clock Pulse Width, tw 10 
15 

Maximum Clock Input Rise 5 
or Fall Time, 10 

trel, tiel 15 

5 
Minimum Reset Pulse With, tw 10 

15 

5 
Minimum Data Setup Time, ts 10 

15 

Minimum Data Input Disable 5 

Setup Time, ts 10 
15 

Input Capacitance, CIN AllY Input -

INPUTS .----'--, 

V'H 

'- ~ 
V~L 1 

NOTE: 

Min. 

3 
6 
8 

15 
5 
5 

.. 

--

-

-

-

-

-

'NPUTOVCO OUTPUTS 

vss ~srN",,~~~OM'INATICIN 
Vss 

9lCS-27441RI 

Fig. 1 1 - Quiescent device current test circuit. Fig. 12 - Input voltage test circuit. 
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LIMITS UNITS 

Typ. 

300 
125 
90 

230 

100 
75 

150 
75 
60 

150 
75 
60 

100 
50 
40 

6 
12 
16 

100 
50 
40 

-
-
-

60 
25 
20 

100 
40 
30 

90 
50 
35 

5 

Max. 

600 
250 
180 

460 

200 
150 

300 
ns 

150 
120 

300 
150 
120 

200 
100 ns 
80 

.. MHz 

200 
100 ns 
80 

-
- IJs 
-

120 
50 ns 
40 

200 
80 ns 
60 

180 
100 ns 
70 

7.5 pF 

V~NPU(JS Voo :~:~URE 'NPUTS 
o ~ SEQUENTIALLY, 

Vss TO BOTH Voo AND IIss' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Yoo CIt vss' VSS 

Fig. 13 - Input current test circuit. 



STATIC ELECTRICAL CHARACTERISTICS. 

LIMITS AT INDICATED TEMPERATURES (OC) 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages 

CHARACTER· Values at -40, +25, +85 Apply to E Package 
ISTtC 

Vo VIN VOO +25 

(V) (V) (V) -55 -40 +85 +125 Min. Typ. Max. 

Quiescent Device - D,S 5 5 5 150 150 - 0.04 5 
Current, - 0,10 10 10 10 300 300 - 0.04 10 

100 Max. - 0,15 15 20 20 600 600 - 0.04 20 

- 0,20 20 100 100 3000 3000 - 0.08 100 

Output low 0.4 0,5 5 0.64 0.61 0.42 .0.36 0.51 1 -
(Sink) Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -

IOlMin. 
1.5 0,15 15 4.2 4 2.8 2.4 34 6.8 -

Output High 4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 -

(Source) 2.5 0,5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -

IOH Min. 
13.5 0,15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 -

Output Voltage: - 0,5 5 0.05 - 0 0.05 
Low·level, - 0,10 10 0.05 - a 0.05 

VOL Max. 
- 0,15 15 0.05 - a 0.05 

Output Voltage: - 0,5 5 4.95 4.95 5 -
High·level. - 0,10 10 9.95 9.95 10 -
VOH Min. - 0,15 15 14.95 14.95 15 -

Input low 0.5,4.5 - 5 1.5 - - 1.5 
Voltage, 1,9 - 10 3 - - 3 

Vil Max. 
1.5,13.5 - 15 4 - - 4 

Input High 0.5,4.5 - 5 3.5 3.5 - -
Voltage, 1,9 - 10 7 7 - -

VIH Min. 1.5,13.5 - 15 11 11 - -
Input Current .. 0,18 18 iO.l ±0.1 ±1 ±1 - ±10-5 iO.l 

liN Max. 

3·State Output 
Leakage Current 0,18 0,18 18 ±0.4 ±0.4 ±12 ±12 - il0-4 ±0.4 
lOUT Max. 

CD40768 Types 

UNITS 

I1A 

~~I 
u~: 

2-' :>1 • 
2' 

~i 

AMBIENT TEMPERATURE TA )-25-C 
LOAD CAPACITANCE CCLI-50pF 

5 10 I' 20 
SUPPLY VOLTAGE IVOO)-V 

9lCS-Z71IJRI 

rnA 
Fig.9 - Typical maximum clock input' 

frequency VS. supply voltage. 

V 

V 

92C5·27114 

I1A Fig. 10 - Typical dynamic power dissipation 
VI, frequency. 

I1A 

Dimensions and pad layout for CD4076BH 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils /10-3 inch}. 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
waler is separated into individual chips. the angle of 
cleavage may vary with respect to the chip face for 
dilferent chips. The actual dimenSIons 01 the isolated 
chip. therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD40788 Types 

CMOS a-Input 
NOR/OR Gate 
High-Voltage Types (20-Volt Rating) 

The RCA-CD4078B NOR/OR Gate provides 
the system designer with direct implementa­
tion of the positive·logic 8-input NOR and 
OR functions and supplements the existing 
family of CMOS gates. 

The CD407BB types are supplied in 14-lead 
dual-in-line ceramic packages (D and F suf­
fixes). 14-lead dual-in-line plastic packages 
(E suffix). 14-lead ceramic flat packages (K 
suffix). and in chip form (H suffix). 

Features: 
• Medium-Speed Operation: 

tpHL. tpLH = 75 ns (typ.) at VDD = 10 V 
• Buffered inputs and output 
• 5-V. 10-V. and 15-V parametric ratings 
• Standardized symmetrical output characteristics 
• 100% tested for quiescent current at 20 V 
• Maximum input current of 1 p.A at 18 V 

over full package-temperature range: 
100 nA at 18 V and 250 C 

• Noise margin (over full package-temperature 
range): 1 Vat VDD = 5 V 
2 V at VDD = 10 V 2.5 V at VDD = 15 V 

• Meets all requirements of JEOEC Tentative 
Standard No. 13A. "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE. (V DD) 

(Voltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE. ALL INPUTS 
DC INPUT CURRENT. ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (PO): 

For T A = -40 to +60oC (PACKAGE TYPE E) 
For T A = +60 to +850C (P""CKAGE TYPE E) 
For TA = -55 to +loo°C (PACKAGE TYPES D. F. K) 
For T A = +100 10 +125°C (PACKAGE TYPES D. F. K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

-0_5 to +20 V 
-0.5 to VDD +0.5 V 

±10mA 

. . . . . . . .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 
. . . . . . . .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 

FOR TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 
OPERATING-TEMPERATURE RANGE (TA): 

l00mW 

PACKAGE TYPES D. F. K. H 
PACKAGE TYPE E . 

STORAGE TEMPERATURE RANGE (Tstg) 
LEAD TEMPERATURE (DURING SOLDERING): 

-55 to +1250C 
-40 to+850C 

-65 to +1500C 

At distance 1/16 ± 1/32 inch 11.59 ± 0.79 mm) from case for lOs max. 

RECOMMENDED 
OPERATING CONDITIONS •• 
For maximum reliability, nominal operating 
conditions should be selected so that operation C 4 

is always within the following ranges: 

CHARACTERISTIC Min. Max_ Units 

Supply· Voltage Range 

(For TA Full Package 
Temperature Range) 3 18 V 

DYNAMIC ELECTRICAL CHARACTERISTICS 

At TA = 2fJC; Input t,. tf= 20ns. CL = 50pF. R L = 200kl2 

TEST CONDITIONS 
CHARACTERISTIC 

VOD 

VOLTS 

Propagation Delay Ti me. 5 

tpHL, tPLH 10 
15 

5 
Transition Time, 10 

tTHL.ITLH 15 

Input Capacitance. CI N Any Input 

258 

Fig. 1 - Logic diagram. 

ALL TYPES 
LIMITS 

UNITS 

TYP. MAX. 

--
150 300 

75 150 ns 

55 110 

100 200 

50 100 ns 
40 80 

5 7.5 pF 

VOO;14 

Vss; 7 

'l2'CS-23S71R4 

FUNCTIONAL DIAGRAM 

DRAIN-TO-SDURCE VOLTAGE (Vos)-I/ 

Fig. 2 - Typical output low (sink) current 
characteristics. 

CRAIN-TO-SOURCE VOLTAGE (VDsl-V 

Fig. 3 - Minimum output low (sink) 
current characteristics. 

DRAIN-TO-SOURCE VOLTAGE IVDS)-V 

Fig. 4 _ Typical output high (source) current 
characteristics. 



STATIC ELECTRICAL CHARACTERISTICS 

CHARACTER· 
ISTIC 

Quiescent Device 
Current, 

IDO Max. 

Output Low 
ISink) Current 

IOL Min. 

Output High 
ISource) 
Current, 

IOH Min. 

Output Voltage: 
Lew-Level, 

VOL Max. 

Output Voltage: 
High·Level. 
VOH Min. 

Input Low 
Voltage, 

VIL Max. 

Input High 
Voltage, 

VIH Min. 

I nput Current 
liN Max. 

CONDITIONS 

Vo VIN VDD 
IV) IV) IV) 

- 0,5 5 

- 0,10 10 

- 0,15 15 

- 0,20 20 

0.4 0,5 5 

0.5 0,10 10 

1.5 0,15 15 

4.6 0,5 5 

2.5 0,5 5 

9.5 0,10 10 

13.5 0,15 15 

- 0,5 5 

- 0,10 10 

- 0,15 15 

- 0,5 5 

- 0,10 10 

- 0,15 15 

0.5.4.5 - 5 

1,9 - 10 

1.5,13.5 - 15 

0.5.4.5 - 5 

1,9 - 10 

1.5,13.5 - 15 

0,18 18 

VDO 

LIMITS AT INDICATED TEMPERATURES 10C) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Value. at -40, +25, +85 ApplV to E Package 

UNITS 

-55 

0.25 

0.5 

1 

5 

0.64 

1.6 

4.2 

-0.64 

-2 

-1.6 

-4.2 

±0.1 

-40 +85 +125 Min, 

0.25 7.5 7.5 -
0.5 15 15 -
1 30 30 -
5 150 150 -

0.61 0.42 0.36 0.51 

1.5 1.1 0.9 1.3 

4 2.8 2.4 34 

-0.61 -0.42 -0.36 -0.51 

-1.8 -1.3 -1.15 -1.6 

-1.5 -1.1 -0.9 -1.3 

-4 -2.8 -2.4 -3.4 

0.05 

0.05 

0.05 

4.95 4.95 

9.95 9.95 

14.95 14.95 

1.5 -
3 -
4 -

3.5 3.5 

7 7 

11 11 

:to. 1 ±1 .:!:1 -

Vss 

RVOO 

qvss 

+25 

TVp. Max. 

0.01 0.25 

0.01 0.5 
J1A 

0.01 1 

0.02 5 

1 

2.6 

6.8 

-I rnA 

-3.2 

-2.ti 

-6.8 

0 0.05 

0 0.05 

0 0.05 
V 

5 

10 

15 

- 1.5 

- 3 

- 4 
V - -

- -
- -

:10-5 ::D.l J1A 

DETAIL OF INVERTERS 

VDO 

Vss 
* ALL INPUTS PROTECTED BY 

COSIMOS PROTECTION 
NETWOft\( 

92CL-29098 
Fig. 8 - Schematic diagram. 

CD4078B Types 

DRAIN-TO-SOURCE VOLTAGE 1\105)-\1 

Fig. 5 - Minimum output high (source) 
current characteristics. 

ncs .... 'n 
Fig. 6 - Typical transition time as a 

function of load capacitance. 

Fig. 7 - Typical propagation delay time 
as a function of load capacitance. 

'0 .. 20 
INPUT VOL.TAGE (VI) - V 

Fig. 9 - Typical voltage transfer charac­
teristics (NOR output). 

,. 

259 

• 



CD4078B Types 

IO~: 

~."NT TE"PE."U~ 'llfl t~~ / . , 
~ ,04 11 " ~p 10 6 . m~~ '?,-
?~ " .. PV V' ~9 <1 .6 ]L/ t;i~IOS8 
90... 6 ~ /v ~5 " v./ V Ow 
:58 <1 // 
~ 102 

1=--: "V • I 
Cl "5QpF-. V i , i 6~'~F~~i8 '0 , ... , ... , 

10 J02 10' 
INPUT FRECUENC,," "11- kHt 

Fig. 10 - Typical dynamic power dissipation 
as a function of frequency. 

'NPUTOVOO OUTPUTS 
V'H 

'-- ~ 
Y~L :::t 

NOTE:: 

IISS ~N~~~~OMBINATiON 

92CS-0!1441AI 

Fig. 13 -Input-voltage test circuit. 

o 
Vss 

INPUTS ,--'--

Fig. 11 - Ouiescent·device-current test circuit. 

Voo 

CLOCK 

Fig. 14 - Dynamic power dissipation test circuit. 

Dimensions and pad layout for CD4078BH. 

Veo 1NPUOS Voo NOTE 

~ ~:::~:i,~~~~S 
Vss TO BOTH IIDD AND IISS' 

CONNECT ALL UNUSED 
INPl/TS TO EITHER 

IIDD OR Vss' 
vSS 

Fig. 12 - Input current test circuit. 

AK ,. ,. 
• 2 13 

'2 
t " D '0 

Nt 9 

Vss 

TOP VIEW 

• J-A+B+C+DtEtFiOtH 
.. K-A+B+C+D+E+F+G+H 
NC- NO CONNECTION 

VDO 
J. 
H 

• 
Nt 

92CS-24!>93RZ 

TERMINAL ASSIGNMENT 

The photographs and dimensions of each eMuS chip 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 

represent a chip when it Is part of the wafer. When the 
wafer ;s separated into individual chips, the angle of 
cleavage may vary with respect to the chip 'ace for 
different chips. The actual dimensions of the isolated 
chip, therefor., may differ slightly from the nominal 
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dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 



CMOS Dual 2-Wide 
2-lnput ANO-OR-INVERT Gate 

High-Voltage Types (20-Volt Rating) 

The RCA-CD4085 contains a pair of AND­
OR-INVERT gates, each consisting of two 
2-input AND gates driving a 3-input NOR 
gate. Individual inhibit controls are provided 
for both A-O-I gates. 

Features: 
• Medium-speed operation - tpH L = 90 ns; 

tpLH = 125 ns (typ.) at 10 V 
• Individual inhibit controls 
• Standardized symmetrical output characteristics 
• 100% tested for quiescent current at 20 V 

CD4085B Types 

'NH'B':',~,O 
HI 2 3 EI 
CI 12 
01 13 

INHIBI:~~~ 
82 6 4 E2 

C2 • 
02 • 

E·INHIHIT+AB+CD 
LOGIC I'HIGH 
LOGIC 0 1 LOW 

92GS-231190R2 

The CD4085B types are supplied in 14-lead 
dual-in-line ceramic packages (D and F 
suffixes), 14-lead dual-in-line plastic pack­
ages (E suffix), 14-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

• Maximum input current of 1 p.A at 18 V over full package­
temperature range; 100 nA at 18 V and 25°C 

FUNCTIONAL DIAGRAM 

• Noise margin (over full package­
temperature range): 

1 Vat VDO= 5 V 
2 V at VOO = 10 V 

2.5 Vat VOD = 15 V 
.5-V, 10-V, and 15-V parametric ratings 
• Meets all requirements of JEOEC Tentative 

Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (V DD) 

(Voltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (PD): 

For TA = -40 to +600 C (PACKAGE TYPE E) 
For TA = +60 to +850 C (PACKAGE TYPE E) 

. For T A = -55 to +100'C (PACKAGE TYPES D, F, K) 
For T A = +100 to +125'C (PACKAGE TYPES 0, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

-0.5 to +20 V 
-0.5 to VDD +0.5 V 

±10mA 

. . . . . . • .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 
. . . . . . . .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 

FOR TA = FULL PACKAGE· TEMPERATURE RANGE (All Package Types) 
OPERATING·TEMPERATURE RANGE (T A): 

100mW 

-55 to +1250 C PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E . 

STORAGE TEMPERATURE RANGE (Tstg) 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 5 max. 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operatIon is always within the following ranges: 

-40 to +85"oC 
-65 to +1500 C 

CHARACTERISTIC LIMITS UNITS 

Min. Max. 

Supply·Voltage Range (For TA=Full Package· 
V 

Temperature Range) 3 18 

AI I. I. YoD 
BI • 13 DI 

EI-~NHI+AIBI+CIDI I. CI 
E2-INH2+A282+C2D2 • " INHIBIT 2 

A' S 10 INHIBIT I 
B. • D. 

V5S C2 
TOPYI W 

92CS-Z38".' 

Terminal Assignment 

" 
I 
! 
~ 
g 

I 

10 

> 

.. " 
INPUT VOLTAGEtV:II-V 

Fig. 1 - Typical voltage and current 
transfer characteristics. 

-- .AX 
112.!1 

- __ MIN 

~ 

:>~ IOI+rnt:mmml-1 
7.'I+I-I+FHfmtHHfHfl-l-lfl 

,·'mtttlftffitJijffijillitfurfffmTmTrrnm 

Fig. 2 - Min. and max. voltage transfer 
characteristics. 

10 AMBIENT TEMPERATURE ITA ,. Z!I·C F 

10' 

C el!lpF_ 

10 

10° 101 101 10' 
FREQUENCY It 1- IIH. 

10' 

Fig. 3 - Typical power dissipation vs. frequency. 
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CD4085B Types 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 
Values al-55, +25, +125 Apply 10 D, F, K, H Pkgs. 

CHARAC· 
TERISTIC 

CONDITIONS Values at -40,+25,+85 Apply to E Pkgs. UNITS 
Vo 
(V) 

Quiescent -
Device -
Current -
100 Max. -

Output Low 
(Sink) 0.4 
Current, 0.5 
1m Min. 1.5 

Output High 4.6 
(Source) 2.5 
Current, 9.5 
IOH Min. 13.5 

Output Volt· 
age: -
Low·Level, -
VOL Max. -

Output Volt· 
age: -
High·Level, -
VOH Min. -

Input Low 0.5,4.5 
Voltage, 1,9 
VIL Max. 1.5,13.5 

Input High 0.5,4.5 
Voltage, 1,9 

VIH Min. 1.5,13.5 

Input 
Current, -
liN Max. 

LOAD CAPACITANCE. 'ct.1-pF 

Fig. 4 - Typical data high·to·low level propagation 
delay time vs. load capacitance. 
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VIN VDD 
(V) (V) -55 -40 +85 +125 Min. 

0,5 5 1 1 30 30 -
0,10 10 2 2 60 60 -
0,15 15 4 4 120 120 -
0,20 20 20 20 600 600 -

0,5 5 0.64 0.61 0.42 0.36 0.51 
0,10 11) 1.6 1.5 1.1 0.9 1.3 
0,15 15 4.2 4 2.8 2.4 3.4 
0,5 5 -0.64 -0.61 -0.42 0.36 -0.51 
0,5 5 -2 -1.8 -1.3 -1.15 -1.6 

0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 
0,15 15 -4.2 -4 -2.8 -2.4 -3.4 

0,5 5 0.05 -
0,10 10 0.05 -
0,15 15 0.05 -

0,5 5 4.95 4.95 
0,10 10 9.95 9.95 
0,15 15 14.95 14.95 

- 5 1.5 -
- 10 3 -
- 15 4 -

- 5 3.5 3.5 
- 10 7 7 
- 15 11 11 

0,18 18 ±0.1 ±0.1 ±1 I ±1 -

LOAD CAPACITANCE 1C1,.1-,F 

Fig. 5 - Typical data low-to·high level propagation 
delay time vs. load capacitance. 

+25 

Typ. Max. 

0.02 1 
0.02 2 

jlA 
0.02 4 
0.04 20 

1 -
2.6 -
6.8 -

mA 
-1 
~ 

-3.2 
-2.6 -
-6.8 -

0 0.05 
0 0.05 
0 0.05 

V 

5 -
10 -
15 -

- 1.5 
- 3 
- 4 

V 
- -
-
- -

±10-5 ±0.1 IJA 

t.!! 7.e 10 12.15 15 11.5 20 

SUPPLY VOLTAGE tVOOI-V 

Fig. 6 - Typical data propagation delay time vs. 
supply voltage. 



DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 250 C; Input t r• it = 20 ns. 

CL =·50 pF. RL = 200 Kr! 

CHARACTERISTIC 

Propagation Delay Time (Data): 
High·to·Low Level, tpHL 

Low·to·High Level, tpLH 

Propagation Delay Time (Inhibit): 
High·to·Low Level, tpHL 

Low·to·High Level, tpLH 

Transition Time, 
tTHL' tTLH 

Input Capacitance, CIN 

Fig.9 - Typical transition time vs. load 
capacitance. 

o 
vss 

INPUTS 

Fig. 12 - Quiescent device current test circuit. 

CONDITIONS LIMITS 

VDD UNITS 
V Typ. Max. 

5 225 450 

10 90 180 ns 

15 65 130 

5 310 620 

10 125 250 ns 

15 90 180 

5 150 300 

10 60 120 ns 

15 40 80 

5 250 500 

10 100 200 ns 

15 70 140 

5 100 200 

10 50 100 ns 

15 40 80 

Any Input 5 7.5 pF 

DRAIN-lO-SOURCE VOLTAGE (Vos)-V 

-15 -10 -5 
AMBIENT TEMPERATURE (TA)-Z5°C 

H+H+H+""!",= 
GATE-la-SOURCE VOLTAGE {VGS)'-5V 

-15V 

Fig. 10 - Typical output high (source) 
current characteristics. 

92CS-21441RI 

Fig. 13 - Input voltage test circuit. 
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~ 
z 
~ 25 

~ 20 

~ 15 

GATE-lO-SOURCE VOLTAGE (VG5,-15 V 

10V 

10 15 
DRAIN-lO-SOURCE VOLTAGE {Vos)-V 

Fig. 7 - Typical output low (sink) 
current characteristics. 

AMBIENT TEMPERATURE (TA)oZS"C 

~ 

~ 12.5 
GATE TO-SOURCE VOLTAGE (V65'-15V 

a 10 

10V 

5 10 15 
DRAIN-lO-SOURCE VOLTAGE ('105)-'1 

Fig. 8 - Minimum output low (sink) 
current characteristics. 

ORAIN-TO-SOURCE VOLTAGE (Vosl-V 

-15 -10 
AMBIENT TEMPERATURE (TA)·25·C 

ttttHtttHttttttH ',H, 
GATE-TO-SOURCE VOLTtiE (V.GSI' -5 V 

, fljl ±! . t 
~ , " i 

.. . -
~ .. -IOV 

, 
,.++. t! , 
't" .. ;: ~ 

, 
; 

+~. ~ ... , r.-·-· I .,+ 
: t"'-15 V .. 
:-r n;[fff d 

HHH! jj' Ill, 

7 

Fig. 11 - Minimum output high (source) 
current characteristics. 

Fig. 14 - Input current test circuit. 
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INHIBIT I 

~~--------------------, 

Voo 

AI Qlr---------i-

81 2 ... 

CI Q'!I--..... ---j!""' 

oIQI~-------''''''' 

TERM 14· Voo "'DO 

",,-,,--------,TER. "Vss ~ 
&.­

INHIBIT 2 
* ALL INPUTS PROTECTED 8'1' 

STANDARD COS/MOS PROTECTION 
NETW(lFItI: 55 

Fig. 15 - CD4085 schematic diagram. 

92CS-32204 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 

The photographs and dimensions of each CMOS chip 
represent B chip when it is part of the wafer. When the 
wafer is sepsrated into individual chips, the angle of 
cleavage may v8ry with respect to lI"Ie Chip face for 
different chips. The Bcrual dimensions of the isolated 
chip, therefore, may differ slightly 'rom the nominal 
dimensions shown. The user should considers tolsrance 
of -3 mils to +16 mils applicable to the nom;naf 
d;mensions shown. 

Dimensions and Pad LByout for CD4085BH. 



CMOS Expandable 4-Wide 
2-lnput ANO-OR-INVERT Gate 
High-Voltage Types (20-Volt Rating) 

The RCA·CD4086B contains one 4·wide 
2-input AND.QR·INVERT gate with an 
INHIBIT/EXP input and an ENABLEI 
EXP input. For a 4-wide A.Q-I function 
INHIBIT/EXP is tied to VSS and ENABLE/ 
EXP to VDD' See Fig.l0 and its associated 
ellplanation for applications where a cap· 
ability greater than 4-wide is required. 

The CD4086B is supplied in 14-lead dual-in­
line ceramic packages (0 and F suffixes). 
14-lead dual-in-line plastic packages (E suf­
fix). 14-lead ceramic flat packages (K suffix). 
and in chip form (H suffix), 

Features: 
• Medium-speed operation - tpHL = 90 ns; 

tPLH = 140 ns (typ.) at 10 V 
• INHIBIT and ENABLE inputs 
• Buffered outputs 
• 100% tested for quiescent current at 20 V 
• Maximum input leakage current of 18 V 

over full package-temperature range; 
100 nA at 18 V and 250 C 

• Noise margin (over full package 
termperature range I: 

1 VatVDD=5 V 
2 V at VDD = 10 V 

2.5 VatVDD= 15V 
• Standardized, symmetrical output 

characteristics 
• 5-V, 10-V, and 15-V parametric ratings 

• Meets all requirements of JEOEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of'S' Series CMOS Devices" 

MAXIMU,M RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (PD): 

, -41.5 to +20 V 
-41.5 to VDD +0.5 V 

±lOmA 

For TA • -40 to +60oC (PACKAGE TYPE E) 
For T A -+60 to +850C (PACKAGE TYPE E) • 

.••.•••• , 500mW 
Derate Linearly at 12 mW,aC to 200 mW 

ForTA =-5510 +1OO·C (PACKAGE TYPES D. F. K) 
For TA = +100 to +125·C (PACKAGE TYPES D. F. K) 

•••••••• , 500mW 
Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUtpUT TRANSISTOR 
FOR TA = FULL PACKAGE-TEMPER<!\TURE RANGE (All Package Types) 

OPERATING-TEMPERATURE RANGE (TA): 
PA9KAGfO TIPES 1;l •• F •• K. H '. • •• •• 
PACKAGE TYPE E • • • • • • • • • • . • • • • 

STORAGE TEMPERATURE RANGE (Tstg) • • • • • 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10. max. 

RECOMMENDED OPERATING CONDITIONS 

l00mW 

-55 to +1250C 
-40 to +850 C 

-65 to +1 saoc 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

CHARACTERISTIC UNITS 
MIN. MAX. 

Supply-Voltage Range (ForT A = Full Package-
3 18 V 

Temperature Range) 

I 
~ 
~ 
~ 

~ 

CD4086B Types 

LOG.C IS HIGH 
LOGLC 0_ LOW 

VOO',4 

VSS·7 
NC·4 

J -'NH + ENABLE + A8+CDt EF" GH 

FUNCTIONAL DIAGRAM 

A I· I. VDD 

B 13 D 
JaINH+ENABLE+ 12 

AB+CD+EF+GH 
ENABLE/EXP NC • " E 5 10 INHIBIT/EXP 

6 9 H 

VSS G 

'!J2CS-2:1B6'9AI 

Top View 

TERMINAL ASSIGNMENT 

AMBIENT TEMPERATURE ITAI*ZS-C 

" • SUPPLY VOLTAGE 
1VOOI*IS v 

'm' m:t CIfa'l'l\HT . 
IO~.tJ:i 

o • 

"'=' 1 '1 ~D Z 0 ov - VDO 
I 

0 • "' " INPUT VOLTAGE 1VXI-V 

Fig. 1 - Typical voltage and current transfer 
characteristlCl. 

AMBIENT TEMPERATURE ITAI*ZS-C 

" 

10 IS 
INPUT VOLTAGE 1V:rI-V ........... 

1 
~ 
!:! 

I . 
! 

Fig. 2 - Minimum and maximum voltage tran,fer 
characteri,tICl. 
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CD4086B Types 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 

CHAAAC· 
Values at -55, +25, +125 Apply 10 D, F, K, H Pkgs. 

TERISTIC 
CONDITIONS Values at -40,+25,+85 Apply to E Plcgs. UNITS 

Vo VIN VDD +25 
(V) (V) (V) -55 -40 +85 +125 Min. Typ. Max. 

Quiescent - 0,5 5 1 1 30 30 - 0.02 1 
Device - 0,10 10 2 2 60 60 - 0.02 2 

p.A 
Current - 0,15 15 4 4 120 120 - 0.02 4 
100 Max. - 0,20 20 20 20 600 600 - 0.04 20 

Output Low 
(Sink) 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -
Current, 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -
IOl Min. 1.5 0,15 15 4.2 4 2.8 2.4 3.4 6.B -

mA 
Output High 4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 .. --=-... 

(Source) 2.5 0,5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -
IOH Min. 13.5 0,15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 -

Output Volt· 
age: - 0,5 5 0.05 - 0 0.05 
Low-Level, - 0,10 10 0.05 - 0 0.05 

VOL Max. - 0,15 15 0.05 - 0 0.05 
V 

Output Volt-
age: - 0,5 5 4.95 4.95 5 -
High- Level, - 0,10 10 9.95 9.95 10 -
VOH Min. - 0,15 15 14.95 14.95 15 -

Input Low 0.5,4.5 - 5 1.5 - - 1.5 
Voltage, 1,9 - 10 3 - - 3 
VIL Max. 1.5,13.5 - 15 4 - - 4 

V 
Input High 0.5,4.5 - 5 3.5 3.5 - -

Voltage, 1,9 - 10 7 7 

VIH Min. 1.5,13.5 - 15 11 11 - -
Input 

Current, - 0,18 18 ±0.1 ±0.1 ±1 ±1 - ±10-5 ±0.1 p.A 

liN Max. 

10 AMBIENT TEMPERATURE tTA I. 25"( ~ 

10 

100 10' 10 2 10' 10' 

LOAD CAPACITANCE ICL.I-pF FREQUENCV If 1- kHr 

Fig.6 - C Typical transition time vs:'oad capacitance. F;g.7 -' Typical power dissipation VI. frequency. 
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1 1 
DRAIN-lO-SOURCE VOLTAGE tVosl-V 

7:1g. 3 - Typical output low 'sink! 
curren t characteristics. 

DRAIN-TO-SOURCE VOLTAGE 

Fig. 4 - Minimum output low (sink! 
current characteristics. 

DRAIN-lO-SOURCE VOL.TAGE (\Iosl-V 
1 

92CS-Z4520R5 

Fig_5 - Typicaloutputhigh (sourcei 
current characteristics. 

DRAIN-lO-SOURCE VOL.TAGE tVosl-V 
-15 -10 -, 

AMBIENT TEMPERATURE {TAJ.25·C 

GATE-TO-SOURCE VOLTAGE IVGS'- -, V 

-IOV 

'1::. ," 
:-15V 

m 
imf! Ill! 

.r 

m 
nC5· ~411'Al 

Flg.8 - Minimum output-high (source)' 
current characteristics. 
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Voo 

COl: !}"+f4-----1i-' 

013 * 

Vss 

ENABLE/EXPQ.i)1 .:.*-'V,,"'-_______ ---' 

INHIBIT/EXP(!Ig}*"'-----------_____ --' Vss 

~2CM-23812RI 

Fig. 9 - CD40868 schematic diagram. 

INHIBIT/EXP2 ,----------, . , ., 
01 

01 

J 2 

" F/ 

GI G2 

HI HZ 
Vo 

ENAI:5LE/EXP, 

J2~AIBltCI DHEI FltGI HltA2 82+C2D2+-E2 F2+G2 H2 

92cs-nS11 

Fig. 10 - Two CD4086B's connected a. an B·wide 2-input A-a-I gate. 

Fig. 10 above shows two CD4086's utilized 
to obtain an 8-wide 2-input A-O-I function. 
The output (J1) of one CD4086 is fed di­
rectly to the ENABLE/EXP2 line of the 
second CD4086. In a similar fashion, any 

NAND gate output can be fed directly into 
the ENABLE/EXP input to obtain a 5-wide 
A-O-I function. In addition, any AND gate 
output can be fed directly into the IN­
HI BIT /EXP input with the same result. 

CD4086B Types 

, 
LOAD CAPACITANCE tell-pF 

Fig. 11- Typical DATA or ENABLE high-to-low 
level propagation delay time VI. load 

capacitance. 

, 
LOAD CAPACITANCE ICLi-pF 

Fig. 12 - Typical DATA or ENABLE low-to-high 
level propagation delay time VI. load 
capacitance. 

r 
~ . _ 12!10 

! 
'000 

700 

~ '00 
~ 

I "0 

ANalENT TEMPERATURE ITAI-Z5·C 
L.OAD CAPACITANCE tCLl " !lO pF 

IPlH 

tPHl 

2.' 7.' 10 '" " SUPPLY VOLTAGE 1'0'001-'0' 

Fig. 13- Typical DATA or ENABLE propagation 
delay time VI. supply voltage. 
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CD4086B Types 
DYNAMIC ELECTRICAL CHARACTERISTICS 
At TA = 25'C; Input tr, tf= 20ns, CL = 50pF, RL = 200 kO 

CONDITIONS 
CHARACTERISTIC 

VDD 
(V) 

Propagation Delay Time 5 
(Data): 10 
High·to·Low Level, tpHL 15 

5 

Low·to·High Level, tpLH 10 

15 

Propagation Delay Time 5 
(Inhibit): High·to·Low 10 
Level, tpHL(lNH) 15 

5 
Low·to·High Level, 

10 
tpLH(lNH) 15 

5 
Transition Time, 

10 
tTHL' tTLH 15 

Input Capacitance CIN Any Input 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduBtions are in mils (10-3 inch). 

TYP. 

225 

90 

60 

310 

125 

90 

150 

60 

40 

250 

100 

70 

100 

50 

40 

5 

92.CS-322.1l 

LIMITS 

MAX. 

56 
1.422) 

450 

180 

120 

620 

250 

180 

300 

120 

80 

500 

200 

140 

200 

100 

80 

7.5 

UNITS 

ns 

ns 

ns 

ns 

ns 

pF 

The photographs and dimensions of each CMOS chip 
represent 8 chip when it is par, of the wafer. When the 
wafer is separated into individual chips, the angle 01 
clsavage may vary with ,espect to the chip face for 
different chips. The actual dimensions o( the isolated 
chip, therefore. may differ sf{ghf/y from the nomina' 
dimensions shown, The user should consider 8 tolerance 
of -3 mils to +16 mils applicable to thfl nominal 
dimensions shown. 

Dimensions and Pad Layout for the CD4086BH 
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V," 

TEST CI RCUITS 

o 
Vss 

INPUTS r--L--, 

Fig. 14 - Quiescent device current. 

INPUTOVDO OUTPUTS 
"'"..... ~ 

V~l :r 
NOTE: 

TEST ANY ONE INPUT, 
'YSS WITH OTHER INPUTS AT 

Voo DR YSS' 

Fig. 15 - Input voltage. 

V~NPU(J' '. :::~ .. ~ 
o ~ SEQUENTIALLY, 

Vss TO BOTH Voo AND YSS' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

Yoo OR VSS' 

Vss 

Fig. 16 - Input leakage current. 



CMOS 
Binary Rate Multiplier 
High-Voltage Types (20-Volt Rating) 

The RCA-CD4089B is a low-power 4-bit digital 
rate multiplier that provides an output pulse 
rate that is the clock-input-pulse rate multi­
plied by 1/16 times the binary input. For 
example, when the binary input number is 
13, there will be 13 output pulses for every 
16 input pulses. This device may be used in 
conjunction wilh an upl down counter and 
control logic used 10 perform arithmelic 
operations (adds, subtract, divide, raise to a 

power), solve algebraic and differential equa­
tions, generate natural logarithms and trigo­
metric functions, AID and DI A conversions, 
and frequency division. 
For words of more than 4 bits, CD4089B 
devices may be cascaded in two different 
modes: an Add mode and a Multiply mode 

(see Figs.14 and 151. In the Add mode some of 
the gaps lett by the more significant unit at 
the count of 15 are filled in by the less 
significant units. For example, when two 
units are cascaded in the Add mode and 
programmed to 11 and 13, respectively, the 
more significant unit will have 11 output 
pulses for every 16 input pulses and the 
other unit will have 13 output pulses for every' 
256 input pulses for a total of 

11 13 189 
-+- =--

16 256 256 
In the Multiply mode the fraction pro­
grammed into the first rate multiplier is 
multiplied by the fraction programmed into 
the second multiplier. Thus the output rate 
will be 11 13 143 

x 
16 16 256 

Features: 

• Cascadable in multiples of 4-bits 
• Set to "15" input and "15" detect output 
.100% tested for quiescent current at 20 V 
• 5-V, 10-V, and 15-V parametric ratings 
• Standardized, symmetrical output characteristics 
• Maximum input current of 1 p.A at 18 V over 

full package-temperature range; 100 nA at 
18 V and 25°C 

". Noise margin (fui'l package-temperature 
range) = 

1 Vat VOD = 5 V 
2 V at VOD = 10 V 

2.5 Vat VOO = 15 V 

• Meets all requirements of JEOEC 
Tentative Standard No. 13A, "Standard 
Specifications for Description of 'B' 
Series CMOS Oevices" 

Applications: 

• Numerical control 

• Instrumentation 

• Oigital filtering 

• Frequency synthesis 

The CD4089B has an internal synchronous 
4-bit counter which, together with one of the 
four binary input bits, produces pulse trains 
as shown in Fig. 2. 

If more than one binary input bit is high, the 
resulting pulse train is a combination of the 
separate pulse trains as shown in Fig. 2. 

The CD4089B types are supplied in IS-lead 
ceramic dual-in-line packages (D and F suf­
fixes), IS-lead dual-in-line plastic packages 
(E suffix), 16-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (VDDI 
(Voltages refer~need to VSS Terminal) 

INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION P.ER PACKAGE (POl: 

For T A = -40 to +60. C (PACKAGE TYPE EI 
For:r A = +60 to +85 C (PACKAGE TYPE EI 
ForTA = -55 to +100'C (PACKAGE TYPES 0, F, K) 
ForT A = +100 to +125'C (PACKAGE TYPES 0, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

. -0.5 to +20 V 
-0.5 to V DO +0.5 V 

±10mA 

. . . . . . . .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 
. . . . . . . .. 500mW 
Derate Linearly at 12 mWi"C to 200 mW 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Type,l 
OPERATING-TEMPERATURE RANGE (TAl: 

100mW 

-55 to +1250 C PACKAGE TYPES 0, F, K, H . 
PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE (TSI I . . 
LEAD TEMPERATURE (DURING SOLD~RINGI: 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mml from case for 10, max. 

-40 to +85°C 
-65 to +150oC 

. +2650 C 

CD4089B Types 

liDO" 16 

vss·a 

BINARY RATE 

92CS-25004RI 

FUNCTIONAL DIAGRAM 

AMBIENT TEMPERATURE ITAI'25·~rtHn:Hr 

GATE-TO-SOURCE VOLTAGE (VGS,"15 V 

,ov 

10 15 
OR.6,IN-TO-SQURCE VOLTAGE IVpSI-V 

Fig_ 1 - Typical output low (sink) current 
characteristics. 

AMBIE.T TEM",RATURE, )-25"C 

;,-111111 r:,o:m~ffuifli-f.~IT ~i:i-l:!f.tttl-ttmtm 
~" 
~ 

, 
DRAIN-TO-SOURCE VOL.TAGE lVOsl-V 

Fig. 2 - Minimum output low (sink) currenr 
characteristics. 

DRAIN-TO-SOURCE: VOL.TAGE (Vosl-V 

-15 -10 -5 
AMBIENT TEMPERATURE (TAI-2S·C 

GATE-TO-SOURCE VOL.TAGE IVGSI--SV 

-'0 

-" 
-IOV -20 

-25 

-15V -'" 

Fig. 3 - Typical output high (source) current 
characteristics. 
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CD4089B Types 

RECOMMENDED OPERATING CONDITIONS at TA = 25°C, Except as Noted. For maximum 
reliability, nominal operating conditions should be selected so that operation is always within 
the following ranges: 

CHARACTERISTIC 

Supply·Voltage Range (For T A = Full Package· 
Temperature Rangel 

Set or Clear Pulse Width, 

Clock Pulse Width, 

Clock Frequency, 

Clock Rise or Fall Time, 

Inhibit I n Setup Time, 

fnhibit In Removal Time, 

Set Removal Time, 

Clear Removal Time, 

·AL.l INPUTS ARE PROTECTED 
BY COS/Mas PROTECTION 
NETWORK 

4 
Vss 

270 

tw 

tw 

tCl 

trCl or tfCl 

tsu 

tREM 

tREM 

tREM 

Fig. 4 - Logic diagram. 

VDD 
(VI 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5, 
10,15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

LIMITS UNITS 
Min. Max. 

3 18 V 

160 -
90 - ns 
60 -

330 -
170 - ns 
100 -

1.2 
de 2.5 MHz 

3.5 

- 15 ps 

100 -
40 - ns 
20 -

240 -
130 - ns 
110 

150 -
80 - ns 
50 -
60 -
40 - ns 
30 -

STROBE CASCADE 

92CS-2:5007R3 

DRAIN-lO-SOURCE VOLTAGE IVosl-V 

Fig. 5 - Minimum output high (source) current 
characteristics, 

LOAD CAPACITANCE rCa)-pf' 

Fig. 6 - Typical propagation de/ay time as a 
function of load capacitance (Clock 

or Strobe to Out). 

LOAD CAPACITANCE CCL)- pF 

Fig. 7 - Typical transition time as a function 
of load capacitance. 

'0: A 

-'"'-'~~r~ , 
~ 104 

! I ::: 
~ . 
~ 2 

~ ~~ •• / /' I • .j. ~11 .. 

!!l • 
E , 

~ 00' i V C .... SOpF 

Cl·"pF ---
~ . 

'::1 . . 
llll , 

00 I 1 llill ... 2 4., 24.' , ... , ... 
10 102 10 3 104 Io!! 

INPUT FREQUENCY It'N)-~HI t2CS-291S5 

Fig. 8 - Typical dynamic power dissipation as a 
function of input frequency. 



DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; 

Input t r• tf = 20 ns. Cl = 50 pF. Rl = 200 kH 

TEST 
CHARACTERISTIC CONDITIONS 

r-
VDD 

V Min. 

Propagation Delay Time. 5 -

Clock to Out 
tpHl' tplH 10 -

15 -
5 -

Clock or Strobe to Out 10 -
15 -

Clock to Inhibit Out 5 -

High level to low level 
10 -
15 -
5 -

low level to High level 10 -
15 -

5 -
Clear to Out 10 -

15 -
5 -

C~ock to "9" or "15" Out 10 -
15 -

5 -

Cascade to Out 10 -

15 -
5 -

Inhibit In to Inhibit Out 10 -
15 -

5 -

Set to Out 10 -
15 -

5 -
Transition Time. tTHl' tTlH 10 -

15 -
5 1.2 

Maximum Clock Frequency. fCl 10 2.5 
15 3.5 

5 -
Minimum Clock Pulse Width. tw 10 -

15 -
5 -

Clock Rise or Fall Time. trCl. tlCl 10 -
15 -
5 -

Minimum Set or Clear Pulse Width. tw 10 -
15 -
5 -

,Minimum Inhibit-In Setup Time. tsu 10 -
15 -

Minimum Inhibit In 5 -
Removal Time. tREM 

10 -
15 -

LIMITS 

Typ. 

110 
55 
45 

150 
75 
60 

360 
160 
110 

250 
100 

75 

380 
175 
130 

300 
125 
90 

90 
45 
35 

160 

75 
55 

330 
150 
110 

100 
50 
40 

2.4 
5 
7 

165 
85 
50 

-
-
-
80 
45 
30 

50 
20 
10 

120 
65 
55 

UNITS 

Max. 

220 
110 
90 ns 

300 
150 
120 

720 
320 ns 
220 

500 
200 ns 

150 

760 
350 ns 
260 

600 
250 ns 
180 

180 
90 ns 
70 

320 
150 
110 ns 
660 
300 
220 

200 
100 ns 
80 

-

- MHz 
--

330 
170 ns 
100 

15 
15 fJS 
15 

160 
90 ns 
60 

100 
40 ns 
20 

240 
130 ns 
110 

CD4089B Types 

Voo 

92CS-29157 

Fig. 9 - Dynamic power dissipation test circuit. 

Voo 

o 
Vss 

INPUTS ,-"----, 

Vss 

Fig. 10 - Quiescent device current rest circuit. 

V~NPU(J' '. ;;:::c:::::' 
Vss TO 80TH Voo ANO \Iss' 

CONNECT ALL UNUSED 
INPUTS TO EITHER 

VOD OR Vss' 

Vss 

Fig. 11 - Input-current test circuit. 

V,H 

'- ~ 
V~L 1 

NOTE: 

INPUTOVOO OUTPUTS 

Vss TEST ANY COMBINATION 
OF INPUTS 

92CS-21441RI 

Fig. 12 - Input-voltage test circuit. 

"IS"OUT I. 16 voo 
c 15 B 
0 14 

SETTO"15" 4 13 CLEAR 

OUT 5 12 CASCADE 

OUT " 
INHIBIT IN 
(CARRY) 

INHIBIT OUT 10 STROBE (CARRY) 
VS9 9 CLOCK 

92CS-2~OO!5RI 

TOP VIEW 

TERMINAL ASSIGNMENT 
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CD4089B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C (cont'd) 
Input t r, tt = 20 ns, CL = 50 pF, RL = 200 kU 

TEST 
CHARACTERISTIC ... OND\TIO~ UNITS 

VDD 
LIMITS 

V Min. Typ. Max. 

5 - 75 150 
Minimum Set Removal Time, tREM 10 - 40 80 ns 

15 - 25 50 

5 - 30 60 
Minimum Clear Removal Time, tREM 10 - 20 40 ns 

15 - 15 30 

Input Capacitance, CIN Any Input - - 5 7.5 pF 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (oC) U 

CHARAC· CONDITIONS 
N 

Values at -55, +25, +125 Apply to 0, F, K, H Packages I 
TERISTIC Values at -40, +25, +85 Apply to E Package T 

Vo VIN VOD 
+25 S 

(V) (V) (V) -55 -40 +85 +125 Min. Typ. Max. 

- 0,5 
Quiescent 

5 5 5 150 150 - 0.04 5 

Device - 0,10 10 10 10 300 300 - 0.04 10 IJA 
Current, - 0,15 15 20 20 600 600 - 0.04 20 
100 Max. 

0,20 20 100 100 3000 3000 0.08 100 - -

Output Low 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -
(Sink) Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -
IOL Min. 1.5 0,15 15 4.2 4 2.8 2.4 3.4 6.8 -

Output High 
4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 - mA 

(Source) 2.5 0,5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -
IQH Min. 

13.5 0,15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 -

Output Voltage: 
- 0,5 5 0.05 - 0 0.05 

Low·Level, 0,10 10 0.05 - 0 0.05 
VOL Max. _. 0,15 15 0.05 - 0 0.05 V 

Output - 0,5 5 4.95 4.95 5 -
Voltage: - 0,10 10 9.95 9.95 10 -
High·Level, 

14.95 15 VOH Min. - 0,15 15 14.95 -

0.5,4.5 - 5 1.5 - - 1.5 
Input Low 

1,9 10 3 3 Voltage - - -
VIL Max. 1.5,13.5 - 15 4 - - 4 V 

Input High 0.5,4.5 .- 5 3.5 3.5 - -

Voltage, 1,9 - 10 7 7 - -
VIHMin. 1.5,13.5 - 15 11 11 - -

Input Current - 0,18 18 ±0.1 ±0.1 ±1 ±1 - ±10-5 ±0.1 IJA 
liN Max. 

272 



TRUTH TABLE 

INPUTS 

Number of Pulses or 
Input Logic Level 
(0 = Low; 1 = High; X = Don't Care) 

D C B A CLK INH STR CAS CLR SET 
IN 

000 0 16 0 0 0 0 0 
o 0 0 1 16 0 0 0 0 0 
0 0 1 0 16 0 0 0 0 0 
0 0 1 1 16 0 0 0 0 0 

0 1 0 0 16 0 0 0 0 0 
0 1 0 1 16 0 0 0 0 0 
0 1 1 0 16 0 0 0 0 0 
0 1 1 1 16 0 0 0 0 0 

1 0 0 0 16 0 0 0 0 0 
1 0 0 1 16 0 0 0 0 0 
1 0 1 0 16 0 0 0 0 0 
1 0 1 1 16 0 0 0 0 0 

1 1 0 0 16 0 0 0 0 0 
1 1 0 1 16 0 0 0 0 0 
1 1 1 0 16 0 0 0 0 0 
1 1 1 1 16 0 0 0 0 0 

X X X X 16 1 0 0 0 0 
X X X X 16 0 1 0 0 0 
X X X X 16 0 0 1 0 0 

1 X X X 16 0 0 0 1 0 
0 X X X 16 0 0 0 1 0 
X X X X 16 0 0 0 X 1 

OUTPUTS 

Number of Pulses or 
Output Logic Level 
(L = Low; H = High) 

OUT OUT INH "15" 
OUT OUT 

L H 1 1 
1 1 1 1 
2 2 1 1 
3 3 1 1 

4 4 1 1 
5 5 1 1 
6 6 1 1 
7 7 1 1 

8 8 1 1 
9 9 1 1 

10 10 1 1 
11 11 1 1 

12 12 1 1 
13 13 1 1 
14 14 1 1 
15 15 1 1 

t t H t 
L H 1 1 
H * 1 1 

16 16 H L 
L H H L 
L H L H 

CLOCK 

CD4089B Types 

MOST SIGNIFICANT 
DIGIT 

LEAST SIGNIFICANT 
DIGIT 

8 DRM®~ 
INHour 

Fig. 13 - Two CD4089B's cascaded in the "Add' 
mode with a preset number 

CLOCK 

( 11 13 189) of189 --+-=-
16 256 256 . 

OUT 

c ORM(i) OUT 
c 

92CS·25009 

Fig. 14 - Two CD4089B's cascaded in the "Multiply" 
mode with a preset number 

( 11 13 143) 
of143 -x-=--- • 

16 16 256 

* Output same as the first 16 lines of this truth table (depending on values of A, B, C, DJ. 
t Depends on internal state of counter. 

Dimensions and Pad Layout for CD4089BH 

CLOCK 

caUNTER STATE a I 2 3 4 5 6 7 8 9 10 II 12 13 14 15 0 I 

n 1*1 _____ ~L _______ ~I~I _ 
(LSB) IN PUT A- H 

I I 

INPUT 8"H 
______ ~n~ ______________ ~nL_ ____ +:~:-

INPUTC-H 
L--_--I L_~nL_----JnL....-i_ 

(MSBIINPUT D"H 

*AN OUTPUT 81T MAY BE FILLED IN THIS COUNTER STATE 
BY A LESS SIGNIFICANT C04089 CASCADED IN THE ADD MODE. 

Fig. 15 - Timing diagram. 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in· 
dicared. Grid graduations are in mils "0-3 inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it Is part of the wafer. When the 
wafer is separated into individual chips, th. angle of 
cleavage may vary with respect to the chip face lor 
different chips. The actua' dimensions 01 the isolated 
chip, therefore, may differ slJghtly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

I I 

OUTPUT 
WAVE 
TRAINS 

ITERM.G) 
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CD4093B Types 

CMOS 
Quad 2-lnput NAND 
Schmitt Triggers 
High-Voltage Types (20 Volt Rating) 

Features: 

• Schmitt-trigger action on each input with no 
external components 

• Hysteresis voltage typically 0.9 V at 
V DD = 5 V and 2.3 V at VDD = 10 V 

• Noise immunity greater than 50% 
• No limit on input rise and fall times 
• Standardized, symmetrical output characteristics 

The RCA-CD4093B consists of four Schmitt­
trigger circuits. Each circuit functions as a 
two·input NAND gate with Schmitt·trigger 
action on both inputs. The gate switches at 
different points for positive- and negative­
going signals. The difference between the 
positive voltage (Vp) and the negative volt· 
age (VN) is defined as hysteresis voltage (VH) 
(see Fig. 2). 

The CD4093B types are supplied in 14-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes). 14-lead dual-in-line plastic 

package (E suffix), 14-lead ceramic flat 
package (K suffix), and in chip form (H 
suffix). 

• 100% tested for quiescent current at 20 V 
• Maxi mum input current of 1 /lA at 18 V 

over full package-temperature range, 
100 nA at 18 V and 25°C 

• 5-V, 10-V. and 15·V parametric ratings 

• Meets all requirements of JEDEC Tentative 
Standard No. 13A. "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

• Wave and pulse shapers 
• High-noise-environment systems 
• Monostable multivibrators 
• Astable multivibrators 

• NAND logic 

MAXIMUM RATiNGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Vollages referenced 10 VSS Terminal) 
INPUT VOLTAGE RANGE. ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (PD): 

-0.510 +20 V 
-0.510 VDD +0.5 V 

±10mA 

For T A = -40 10 +60oC (PACKAGE TYPE E) 
For TA = +60 10 +850C (PACKAGE TYPE E) , 
For T A = -55 to +100·C (PACKAGE TYPES D, F. K) 
For T A = +100 to +125·C (PACKAGE TYPES D, F, K) 

. . . . . . . .. 500mW 
Derale linearly al12 mW/oC to 200 mW 
. . . . . . . .. 500mW 
Derale linearly at 12 mW/oC 10200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE· TEMPERATURE RANGE (All Package Types) 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAG'E TYPES 0, F, K, H . . . . . . . . . . . . . . . . . . . . . . . 
PACKAGE TYPE E. . . . . . . . . . . . . . . 

STORAGE TEMPERATURE RANGE ITstgl 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. 

': Z_n---$J-
:=1 ~ 

a) Definition of V p. V N' V H 

L---~---t----~ 

bJ Transfer characteristic 
of 1 of 4 gates. 

Fig. 2 - Hvsteresis definition, characteristic, and test setup. 
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l00mW 

-55 to +1250C 
• -40 10 +850C 
-65 10 + 150°C 

YD~ Yo 

Yl~ 

cJ Test setup 

.,lCM-Zl8Ufill 

FUNCTIONAL DIAGRAM 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating 
conditions should be selected so that operation 
is always within the following ranges. 

CHARACTERISTIC MIN. MAX. UNITS 

Supply· Voltage Range 
(T A = Full Package· 

Temp. Range) 3 18 V 

115,e.121~ * n 3(4,10,11} 
2(6,9,13) 

* AL.L. INPUTS PROTECTED BY cosmos 
PROTECTION NETWORK 

a 
92CS'238SIRI Vss 

Fig. 1 - Logic diagram-1 of 4 Schmitt triggers. 

JlVOH vr_ 
=iY-,::o.:-- ------'jJ0>-

ORIVER 

OUTPUT 
CHARACTERISTIC 

L.OAD 

INPUT 
CHARACTERISTIC 

~zu~~~~----VOO---------

T LOOUG~;~';:/ 
REG ION ------- _vp ____ _ 

- VN ----...r;«-:~~~21 YOH 

92CS-Z3883R3 

Fig. 3 - Input and output characteristics. 



STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OCI 
CHARACTER- CONDITIONS Values al-55, +25, +125 Apply 10 D, F, K, H Packages 

ISTIC Values at -40, +25, +85 Apply to E Packages 

Vo VIN VDD +25 

(VI (VI (VI -55 -40 +85 +125 MIN. TVP. MAX. 

Quiescent Device - 0.5 5 I 1 30 30 - 0.02 1 

Current, I DD - 0,10 10 2 2 60 60 - 0.02 2 
Max. - 0,15 15 4 4 120 120 - 0.02 4 

- 0,20 20 20 20 600 600 - 0.04 20 

Positive Trigger - a 5 2.2 2.2 2.2 2.2 2.2 2.9 -

Threshold Voltage - a 10 4.6 4.6 4.6 4.6 4.6 5.9 -

Vp Min. - a 15 6.8 6.8 6.8 6.8 6.8 .8.8 -

- b 5 2.6 2.6 2.6 2.6 2.6 3.3 -

- b 10 5.6 5.6 5.6 5.6 5.6 7 -

- b 15 6.3 6.3 6.3 6.3 6.3 9.4 -

Vp Max. - a 5 3.6 3.6 3.6 3.6 - 2.9 3.6 

- a 10 7.1 7.1 7.1 7.1 - 5.9 7.1 

- a 15 10.8 10.8 10.8 10.8 - B.B 1O.B 

- b 5 4 4 4 4 - 3.3 4 

- b 10 B.2 B.2 B.2 B.2 - 7 B.2 

- b 15 12.7 12.7 12.7 12.7 - 9.4 12 .. 7 

Negative Trigger - a 5 0.9 0.9 0.9 0.9 0.9 1.9 -

Threshold Voltage - a 10 2.5 2.5 2.5 2.5 2.5 3.9 -
VN Min. - a 15 4 4 4 4 4 5.B -

- b 5 1.4 1.4 1.4 1.4 1.4 2.3 -

- b 10 3.4 3.4 3.4 3.4 3.4 5.1 -

- b 15 4.B 4.B 4.8 4.8 4.8 7.3 -

VN Max. - a 5 2.8 2.8 2.8 2.8 - 1.9 2.8 

- a 10 5.2 5.2 5.2 5.2 -- 3.9 5.2 

- a 15 7.4 7.4 7.4 7.4 - 5.8 7.4 

- b 5 3.2 3.2 3.2 3.2 - 2.3 3.2 

- b 10 6.6 6.6 6.6 6.6 - 5.1 6.6 

- b 15 9.6 9.6 9.6 9.6 - 7.3 9.6 

Hysteresis Voltage - a 5 0.3 0.3 0.3 0.3 0.3 0.9 -

VH Min. - a 10 1.2 1.2 1.2 1.2 1.2 2.3 -

- a 15 1.6 1.6 1.6 1.6 1.6 3.5 -

- b 5 0.3 0.3 0.3 0.3 0.3 0.9 -

- b 10 1.2 1.2 1.2 1.2 1.2 2.3 -
- b 15 1.6 1.6 1.6 1.6 1.6 3.5 -

VH Max. - a 5 1.6 1.6 1.6 1.6 - 0.9 1.6 

- a 10 3.4 3.4 3.4 3.4 - 2.3 3.4 

- a 15 5 5 5 5 - 3.5 5 

- b 5 1.6 1.6 1.6 1.6 - 0.9 1.6 

- b 10 3.4 3.4 3.4 3.4 - 2.3 3.4 

- b 15 5 5 5 5 - 3.5 5 

illnput on terminals 1,5,8,12 or 2.6.9,13; other inputs to V OD' 

b, nput on terminals 1 and 2, 5 and 6,8 and 9, or 12 and 13; other inputs to Voo ' 

UNITS 

Jl.A 

V 

V 

V 

V 

V 

V 

II 
II 

CD4093B Types 

Fig. 4 - Typical current and voltage 
transfer characteristics, 

INPUT VOLTAGE !VI I-v 

Fig. 5 - Typical voltage transfer characteristics 

as a function of temperature. 

, 
DRAIN-Te-SOURCE VOLTAGE (vOSJ-V 

Fig. 6 - Typical output low (sink) current characteristics. 

i'i 
I~, 

i' 

, 
OR.,"-·rO-,,,'UfICE VOLTAGE (VDSI-V 

Fig. 7 - Minimum output low (s;nk) current 

characteristics. 
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CD4093B Types 
STATIC ELECTRICAL CHARACTERISTICS (CONT'DI 

LIMITS AT INDICATED TEMPERATURE (oCI 

CHARACTER· CONDITIONS Values at-55, +25, +125 Apply to D, F, K, H Packages 
ISTIC Values at -40, +25, +85 Apply to E Packages UNITS 

Vo VIN VDD +25 

(VI (VI (VI -55 -40 +85 +125 MIN. TYP. MAX. 

Output Low (Sink) 0.4 D,S 5 0.64 0.61 0.42 0.36 0.51 1 -

Current, 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -

IOL Min. 1.5 0,15 15 4.2 4 2.8 2.4 3.4 6.8 -
mA 

Output High 4.6 D,S 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 -
(Source) 2.5 D,S 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -

Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -
IOH Min. 

13.5 0,15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 -

Output Voltage 
- D,S 5 0.05 - 0 0.05 

Low-Level, - 0,10 10 0.05 - 0 0.05 
VOL Max. - 0,15 15 0.05 - 0 0.05 V 

Output Voltage 
- 0,5 5 4.95 4.95 5 -

High·Level, - 0,10 10 9.95 9.95 10 -

VOH Min. - 0,15 15 14.95 14.95 -

Input Current, 

liN Max. - 0,18 18 ±0.1 ±0.1 ±1 ±, _. ±10-5 ±0.1 fJ.A 

DYNAMIC ELECTRiCAL CHARACTERISTICS 
At TA = 25'C; Inputt" rf= 20ns, CL = 50pF, R L = 200kD. 

TEST CONDITIONS LIMITS 
CHARACTERISTIC UNITS 

Propagation Delay Time: 
tpHL, 
tpLH 

Transition Time, tTHL, 

tTLH 

Input Capac'tance, CIN Any Input 

Fig. 11 - Typical transition time vs. load 
capacitance. 
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VDO 
TYP. MAX. 

VOLTS 

" 

'0 

5 190 380 
10 90 180 
15 65 130 
5 100 200 

10 50 100 
15 40 80 

5 7.5 

AMBIENT TEMPERATURE (TA"25·C 
INPUT ON TERMINALS I, ~,8. 12 OR Z. 6,9, 13; 
OTHER INPUTS TIED TO "DO 

'" 

'" " SUPPLY VOLTAGE IVOOI-V 

ns 

ns 

pF 

Fig. 12 - Typical trigger threshold voltage vs. V DO' 

DRAIN- TO-SOURCE VOLTAGE ('o'05)-V 

~ ...:!Q. 

Fig. 8 - Typical output high (source) current 
characteristics. 

ORAIN-lO-SOURCE VOLTAGE (Vos)-V 

-15 -10 -~ 

AMBIENT TEMPERATURE (TAI·25·C 

GATE -TO-SOURCE VOLTAGE ('iGS'· -~ 'i 

Fig. 9 - Minimum output high (source) current 
characteristics. 

Fig. 10 - Typical propagation delay time 
vs. supply voltage. 

-AMBIENT TEMPERATURE (TA1.25"C 
I 

10 15 
SUPPLY .... OLTAGE 1'I001-V 

Fig. 13 - Typical percent hysteresis vs. 
supply voltage. 



2461 2461 2468 2 ""II 2 "'68 
10- 1 100 101 102 IOl 10'" 

FREQUENCY III-kHz 

Fig. 14 - Typical power dissipation vs. 
frequency characteristics. 

I 
113CD4oo7A Z U 3 :oon J~ 114C0409'. 

SS VSS 

FOR THE RANGE OF R AND C 
GIVEN 5~, < 1M < Is 

92CS-23886RI 

Fig. 17 - Monostable multivibrator. 

Veo IhlPUOS Voo NOTE 

?@- ~::~~:il~~~~~S 
Vss TO BOTH VOO ANDVSS· 

CONNECT ALL UNUSED 
INPUT"S 10 EITHER 

Voo OR VSS· 
VSS 

Fig. 20 - Input current test circuit. 

CD40938 Types 

APPLICATIONS 

TO CONTROL 
SIGNAL 
OR VOO 

VOO-T\--,­

vss.L-~ __ ~ 
114 C04093B 

n n-VOD 

..J U Lvss 

l '" 5110,2 '" .'IOlZ '" 1810 ",2 '" 6810~2 46'101 

RISE AND FALL TlhtE Ilr.ltl-n. 

Fig. 15 - Typical power dissipation vs. rise and 
fall times. 

TO CONTROL SIGNAL 
OR VOO 1-" ...., 

voo n r 
vs.-J L-I 

IA'Rct.[~)(~)l 
50kQ:!;R:!;IMn 
100 pF:!; C:!; I~F 

FOR THE RANGE OF RAND C GIVEN 
2~s < IA <0.41 

Fig_ 18 - Astable multivibrator. 

FREQUENCY RANGE OF WAVE SHAPE 
IS FROM DC TO I MHz 

o 
Vss 

Fig. 16 - Wave shapero 

VOO 

INPUTS 

92CS·23885 

Fig. 19 - Quiescent device current test 
circuit. 

92CS-35099 

I. 14 voo 
13 
12 

10 L~""["7"F 

• 
Vss 

(TOP VIEW) 

9ZCS-24835 

TERMINAL ASSIGNMENT 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual Chip$, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions 01 the isolated 
chip. therefore, may differ slightly from the nominal 
dimenSions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

Dimensions and Pad Layout for CD4093BH 
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CD4094B Types 

CMOS 
a-Stage Shift-and-Store 
Bus Register 
High-Voltage Types (20-Volt Rating) 

The RCA-CD4094B is an 8-stage serial shift 
register having a storage latch associated 
with each stage for strobing data from the 
serial input to parallel buffered 3-state out­
puts. The parallel outputs may be connected 
directly to common bus lines. Data is shifted 
on positive clock transitions. The data in 
each shift register stage is transferred to the 

storage register when the STROBE input is 
high. Data in the storage register appears at 
the outputs whenever the OUTPUT -ENABLE 
signal is high. 

Two serial outputs are available for cascad­
ing a number of CD4094B devices. Data is 
available at the Os serial output terminal on 
positive clock edges to allow for high-speed 
operation in cascaded systems in which the 
clock rise time is fast. The same serial infor­
mation, available at the Q'S terminal on the 
next negative clock edge, provides a means 
for cascading C04094B devices when the 
clock rise time is slow. 

The CD4094B types are supplied in l6-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), l6-lead dual-in-line plastiC 
package (E suffix), l6-lead ceramic flat 
package (K suffix), and in chip form (H 
suffix). 

Features: 
• 3-state parallel outputs for connection to common bus 
• Separate serial outputs synchronous to both positive 

and negative clock edges for cascading 
• Medium speed operation - 5 MHz at 10 V (typ.) 
• Standardized, symmetrical output characteristics 
.100% tested for quiescent current at 20 V 
• Maximum input current of 1p.A at 18 V over full package­

temperature range; 100 nA at 18 V and 25°C PARALLEL OUTPUTS al-C8 

• Noise margin (full package temperature range): 
1VatVOD=5V 2VatVOO=10V 

2.5 Vat VOO = 15 V 
• 5-V, 10-V, and 15-V parametric ratings 

• Meets all requirements of JEOEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of'S' Series CMOS Devices" 

Applications: 
• Serial-to-parallel data conversion 
• Remote control holding register 
• Dual-rank shift, hold, and bus applications 

MAXIMUM RATINGS, AbSOlute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

ITERMINAl.S 4,'.6,7,14,13.12,11. 
RESPECTIVELY) 

FUNCTIONAL DIAGRAM 

STROBE I. I. VOD 
DATA 2 15 OUTPUT ENABLE 

CLOCK I. O' 
01 13 O. 
02 12 07 
0' " 08 

10 O's 
Vss Os 

TOP VIEW 

Fig. 1 - Terminal assignment. 

(Voltages referenced to VSS Terminal) ..•...•......••................................... -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ..•.•........•.....•.•.•.•................•.• -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT •.....•...............................•...•••.•..•...•• ±10 mA 
POWER DISSIPATION PER PACKAGE (PD): 

For T A ~ -40 to +60·C (PACKAGE TYPE E) ....•...•.............•.•................•........ 500 mW 
For T A ~ +60 to +85·C (PACKAGE TYPE E) ..........•...•.•... Derate Linearly at 12 mW/·C to 200 mW 
ForTA ~-55 to +l00·C (PACKAGE TYPES D, F, K) ...•......•..............•.......•........•. 500 mW 
For T A ~ +100 to +125·C (PACKAGE TYPES D, F, K) ..•.•.....•. Derate Linearly at 12 mW/·C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: . 
ForTA ~ FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ....•.........•.....••. 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES D, F, K, H .......................................................... -55 to +125·C 
PACKAGE TYPE E .................................................................... -40 to +85·C 

STORAGE TEMPERATURE RANGE (T stg) ............................................... -65 to +150·C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for lOs max ............................ +265·C 

STAGES 
'-7 

TR 

3-
STATE 

SERIAL 
OUT 9 

Os 

£tVDD 

8 * 

08 

ALL INPUTS PROTECTED 
BY COS/MOS 
PROTECTION NETWORK 

CLOCK 

DATA IN 

OUTPUT ,\I.,!.' --~-++-r"---' 
SERIAL.:Q~ ___ t+T1_-"""~ 

~~:~~~ OS OUTPUT..:li.-----t+-l+-++-T-I-' 

Fif/- 3 - Timing diagram. 

Fig. 2 - C040948 Logic diagram. 
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RECOMMENDED OPERATING CONDITIONS at TA = 25"C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 
VDD 

CHARACTERISTIC 
(V) 

UNITS 
MIN. MAX. 

Supply·Voltage Range (For T A=Full 
3 18 V 

Package·Temperature Range) 

5 125 -
Data Setup Time, ts 10 55 - ns 

15 35 -

5 200 -
Clock Pulse Width, tw 10 100 - ns 

15 83 -
5 1.25 

Clock Input Frequency, tCl 10 dc 2.5 MHz 
15 3 

Clock Input Rise or Fall time, 5 15 
trCl, ttCl:* 

10 - 5 Ils 
15 5 

5 200 -
Strobe Pulse Width, tw 10 80 - ns 

15 70 -
·U more than one unit is cascaded tfel (for as only) should be made less than or equal 

to the sum of the fixed propagation delay at 50 pF and the transition time of the output 
driving stage for the estimated capacitive load. 

., 
• , 
~15 

ffi12.5 

~ a 10 

AMBIENT TEMPERATURE ITA,-2!!i·C 

GATE-lO-SOURCE VOLTAGE (VGS'-I!5V 

'OV 

5V 

,. 
92CS-24319R1 

Fig. 5 - Minimum output low (sink) current 
characteristics. 

LOAD CAPACITANCE IC .. I- (IF 
'2CS-2"" 

Fig. 8 - Clock-ta-serial output aS propagation 
delay vs CL. 

DRAIN- TO- SOURCE VOLTAGE lVosl-V 
I I 

Fig. 6 - Typical output high (source) ·current 
characteristics. 

I 

LOAO CAPACITANCE IC .. I- " 
.2C,-Z'5n4 

Fig. 9 - Clock-to-serial output D'S propagation 
delay vs CL. 

CD4094B Types 

CL' 
Output 
Enable 

.r 0 

\... 0 

J 1 

J 1 

J 1 

'- 1 

• :; Level Change 
X '" Don'1 Care 
NC '" No Change 
ac " Open Circuil, 

TRUTH TABLE 

Strobe D,,, 
X X 

X X 

0 X 

1 0 

1 r 
1 1 

Par.llel Serial 
Outputs Outputs 

01 ON OS· O·S 

OC OC 07 NC 

OC OC NC 07 

NC NC 07 NC 

0 °N·1 Q7 NC 

1 ON·' Q7 NC 

NC NC NC Q7 

Logic' == Hign 
Logie a == Low 

• At the positive clock edge information in the 7tn snift register, 
stage 1$ transferred to tne Btn register stage and tne aS output. 

I 
ORAIN-TO-SOURCE VOLTAGE lVosl-V 

Fig. 4 - Typical output low (sink) current 
characteristics. 

DRAIN-TO-SOURCE: VOI..TAGf.: IVesl-V 

Fig. 1 - Minimum output high (source) current 
characteristics. 

LOAD CAPACITANCE ICLI-" 92CI-25e" 

Fig. 10 - Clock-to-Parallel output propagation 
delay vs CL. 
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CD4094B Types 
STATIC ELECTRICAL CHARACTERISTICS 

CONDITIONS 
CHARACTER· 

ISTIC 
Vo 
(V) 

Quiescent Device -

Current, -
100 Max. -

-
Output Low 0.4 

(Sink) Current 0.5 
IOL Min. 1.5 

Output High 4.6 
(Source) 2.5 
Current, 9.5 

IOH Min. 
13.5 

Output Voltage: -
Low·Level, -

VOL Max. 
-

Output Voltage: -
High·Level, -
VOH Min. -

Input Low 0.5,4.5 
Voltage, 1,9 

VIL Max. 
1.5,13.5 

Input High 0.5,4.5 

Voltage, 1,9 
VIH Min. 1,5,13,5 

Input Current -
liN Max. 

3·State Output 
Leakage Current 0,18 
lOUT Max. 

CONTROL 
a 

SYNC 
CIRCUITRY 

I 
~ 
FROM REMOTE 
CONTROL PANEL 

VIN VDD 
(V) (V) 

0,5 5 

0,10 10 

0,15 15 

0,20 20 

0,5 5 

0,10 10 

0,15 15 

0,5 5 

D,S 5 

0,10 10 

0,15 15 

D,S 5 

0,10 10 

0,15 15 

0.5 5 

0,10 10 

0,15 15 

- 5 

- 10 

- 15 

- 5 

- 10 

- 15 

O,lB 18 

0,18 18 

LIMITS AT INDICATED TEMPERATURES (DC) 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at -40, +25, +85 Apply to E Package 

+25 

-55 -40 +85 +125 Min. Typ. Max. 

5 5 150 150 - 0.04 5 

10 10 300 300 - 0.04 10 

20 20 600 600 - 0.04 20 

100 100 3000 3000 - 0.08 100 

0.64 0.61 0.42 0.36 0.51 1 -

1.6 1.5 1.1 0.9 1.3 2.6 -
4.2 4 2.8 2.4 34 6.8 -

-0.64 -0.61 -0.42 -0.36 -0.51 -1 -
-2 -1.8 -1.3 -1.15 -1.6 -3.2 -

-1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -
-4.2 -4 -2.B -2.4 -3.4 -6.B -

0.05 - 0 0.05 

0.05 - 0 0.05 

0.05 - 0 0.05 

4.95 4.95 5 -

9.95 9.95 10 -

14.95 14.95 15 -
1.5 - - 1.5 

3 - - 3 

4 - - 4 

3.5 3.5 - -
7 7 - -

11 11 - -

±D. 1 ±0.1 ±1 ±1 - ±lQ-5 ±0.1 

±0.4 ±0.4 ±12 ±12 t10-4 ±0.4 

92C5 <'!>643 

Fig. 14 - Remote control holding register. 
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UNITS 

/lA 

rnA 

V 

V 

/lA 

/lA 

LOAD CAPACITANCE ICLI- pF ucs-nne 

Fig. 11 - Strobe-fa-parallel output propagation 
delay vs CL-

LOAD CAPACITANCE ICI.I- pf SZCS-2,e17 

Fig. 12 - Output enable·to·parallel output propa· 
gation delay vs CL-

Fig. 13 - Typical transition time vs./oadcapacitance. 

AMBIENT TEMPERATURE (fA )-25-C 

i 15 LOAD CAPACITANCE (ell a 5011f' 

t 
> r 

10 15 
SUPPLY YOLTAGE (Yoal-V 

20 

Fig. 15 - Typical maximum-clock-frequency liS. 

supply voltage. 



DYNAMIC ELECTRICAL CHARACTERISTICS 

At TA;25°C; Input tr, tf; 20 ns, CL ; 50pF, RL ; 200 krl 

CHARACTERISTIC VDD 
(VI 

Propagation Delay Time, 

tpH l. tPlH 5 
Clock to Serial Output Os 10 

15 

5 
Clock to Serial Output Os 10 

15 

5 
Clock to Parallel Output 10 

15 

5 
Strobe to Parallel Output 10 

15 

Output Enable to Parallel 5 
Output: 10 

tpHZ' tpZH 15 

5 
tpLZ. tpZL 10 

15 

Minimum Strobe Pulse 
5 

10 
Width. tw 15 

Minimum Clock Pulse 
5 

Width. tw 
10 
15 

Minimum Data Setup 
5 

10 
Time. ts 15 

Transition Time; 
5 

10 
tTHL. tTlH 15 

Maximum Clock Input Rise 5 
or Fall Time. trCl, tfCl 

10 
15 

Maximum Clock Input 
5 

10 
Frequency. fCl 

15 

Input Capacitance CI N 
-

(Any Input) 

LIMITS 

UNITS 

MIN. TYP. MAX.' 

- 300 600 
- 125 250 ns 

- 95 190 

- 230 460 
- 110 220 ns 
- 75 150 

- 420 840 
- 195 390 ns 
- 135 270 

- 290 580 
- 145 290 ns 
- 100 200 

- 140 280 
- 60 120 ns 

- 45 90 

- 100 200 
- 50 100 ns 

- 40 80 

- 100 200 
- 40 80 ns 

- 35 70 

- 100 200 
- 50 100 ns 

- 40 83 

- 60 125 
- 30 55 ns 
- 20 35 

- 100 200 
- 50 100 ns 
- 40 80 

15 - -
5 - - I1s 
5 - -

1.25 2.5 -
2.5 5 - MHz 

3 6 -

- 5 7.5 pF 

The photographs and dimensions of each CMOS· chip 
represent a chip when it is part of the wafer. When the 
wafer is saparatud into individual chips, the angle of 
cleavage may vary with respect to the chip facB for 
different chips. The actual dimensions of the isolated 
chip. therefore, may differ slightly from the nominal 
dimensions shown. The USBr should considar 8 tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

Dimensions in parenrheses are in millimeters and arel 

derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 

CD4094B Types 

AMBIENT TEMPERATURE (TA )02'5'C 
ALTERNATING 0 AND I PATTERN 

~~:g~l HfGNHA~~fR~I~HCLOCK PULSES ----jf-----j 

g IO~ 
~ 
~ 1041::----t-­
;: 

~ 10 3 

" . 
~102~~~f---+---~---r--~ 

INPUT CLOCK FREQUENCY "CL)-kH: 

Fig. 16 - Dynamic power dissipation vs 
input clock frequency. 

° Vss 

INPUTS 

Fig. 17 - Quiescent device current 
test circuit. 

Fig. 18 - Input voltage test circuit. 

Fig. 19 - Input current test circuit. 

Dimensions and Pad Layout for CD40948 Chip. 
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CD4095B, CD4096B Types 

CMOS Gated J-K 
Master-Slave Flip-Flops 
With Set-Reset Capability 
High-Voltage Types (20-Volt Rating) 

CD4095B Non-Inverting J and K Inputs 
CD4096B Inverting and Non-Inverting J and K Inputs 

Features: 
• 16 MHz toggle rate (typ.) at VOD - VSS = 10 V 
• Gated inputs 
• 100% tested for quiescent current at 20 V 

SET----_ 

RESET----.....J 

92CS-2'1427RI 

The RCA·CD4095B and CD4096B are J·K 
Master·Slave Flip·Flops featuring separate 
AND gating of multiple J and K inputs. The 

g&ted J·K inputs control transfer of informa· 
tion into the master section during clocked 

operation. Information on the J·K inputs is 
transferred to the a and a outputs on the 
positive edge of the clock pulse. SET and 
RESET inputs (active high) are provided for 
asynchronous operation. 

• Maximum input current of 1 I1A at 18 V over full package· 
temperature range; 100 nA at 18 V and 25°C 

CD4095B 
Functional Diagram 

The CD4095B and CD4096B types are sup­

plied in 14-lead hermetic dual-in-line cer­

amic packages (D and F suffixes). 14-lead 

dual-in-line plastic package (E suffix). 14-

lead ceramic flat package (K suffix). and in 

chip form (H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE. (VDD) 

• Noise margin over full package-temperature 
range: 1 Vat VDD = 5 V, 2 V at VOO = 
10 V, 2.5 Vat VOD = 15 V 

• 5·V, 10·V, and 15·V parametric ratings 
• Standardized, symmetrical output 

characteristics 

• Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 
• Registers • Counters - Control circuits 

(Voltages referenced to VSS Terminal) ................................................ -0.5 to +20 V 
INPUT VOLTAGE RANGE. ALL INPUTS ........................................... -0.5 to VDD +0.5 V 
DC INPUT CURRENT. ANY ONE INPUT ..................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (PD): 

For T A = -40 to +60"C (PACKAGE TYPE E) ................................................. 500 mW 
For T A = +60 to +85"C (PACKAGE TYPE E) ................... Derate Linearly at 12 mW;oC to 200 mW 
For T A = -55 to +100" C (PACKAGE TYPES D, F. K) .......................................... 500 mW 
For T A = +100 to +125"C (PACKAGE TYPES D. F. K) .......... Derate Linearly at 12 mW;oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES D. F. K. H ........................................................ -55 to +125"C 
PACKAGE TYPE E .................................................................. -40 to +85"C 

STORAGE TEMPERATURE RANGE (Tstg) ............................................. -65 to +150"C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max .......................... +265"C 

SET-------, 

RESET----.....J 

92CS - 24430AI 

Fig. 1 - CD40968 Functional Diagram. 
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AMBIENT TEMPERATUR( CTAI.~·C 

GATE-lO-SOURCE VOLTAGE lVGs).I~ \I 

10V 

5 10 15 
DRAIN-lO-SOURCE VOLtAGE (V051-V 

Fig.2 - Typical output low (sink) 
current characteristics. 

TRUTH TABLES 
SYNCHRONOUS OPERATION (S=O R=O) 

Inputs Before 

Positive Clock 
Transition 

J* K* 

0 0 

0 1 

1 0 

1 1 

* For CD4095B 
J = J1 . J2' J3 

K = K1 . K2' K3 

Outputs After 
Positive Clock 

Transition 

ala 
No Change 

0 

I 
1 

1 0 

Toggles 

For CD4096B 
J = J1 . J2' J3 
K= K1' K2' K3 

ASYNCHRONOUS OPERATION 
(J and K· DON'T CARE) 

S R a a 
0 0 No Change 

0 1 0 1 

1 0 1 0 

1 1 0 0 

0= VSS, 1 = VDO 

DRAIN-TO-SOURCE VOLTAGE (VoSl-V 

Fig.3 - Minimum output low (sink) 
current characteristics. 



RECOMMENDED OPERATING CONDITIONS at TA = 25' C. Except as Noted, 
For maximum reliability. nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CD4095B, CD4096B Types 
DRAIN-lO-SOURCE VOLTAGE IV05)-1/ 

CHARACTERISTIC VDD liMITS UNITS 

(VI MIN, MAX, 

Supply-Voltage Range (For TA = Full 3 18 V 
Package-Temperature Rangel 

5 400 -
Data Setup Time, ts 10 160 - ns 

15 100 -
5 140 -

Clock Pulse Width, tw 10 60 - ns 
15 40 -
5 3,5 

Clock Input Frequency, fCl 10 dc 8 MHz 
15 12 

5 15 
Clock Rise and Fall Time, trCl, tfCl: 10 - 5 f.1S 

15 - 5 
5 200 -

Set or Reset Pulse Width, tw 10 100 - ns 
15 50 -

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (DC) 
CONDITIONS Value. at -55, +25, +125 App!y: Ie? D, F, K, H Packages 

CHARACTER· Values at -40, +25, +85 Apply to E Package 
ISTIC 

Vo VIN VDD +25 

(VI (V) (V) -55 -40 +85 +125 Min, Typ, Max, 

Quiescent Device - 0,5 5 1 1 30 30 - 0.02 1 
Current, - 0,10 10 2 2 60 60 - 0.02 2 

100 Max. 0,15 15 4 4 120 - 0.02 4 - 120 
- 0,20 20 20 20 600 600 - 0.04 20 

Output Low 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -
(Sink) Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -

IOlMin. 1.5 0,15 15 4.2 4 2.8 2.4 34 6,8 -
Output High 4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 -

(Source) 2.5 0,5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -

IOH Min. 
13.5 0,15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 -

Output Voltage: - 0,5 5 0.05 - 0 0.05 
Low·Level, - 0,10 10 0.05 - 0 0.05 

VOL Max. 
- 0,15 15 0.05 - 0 0.05 

Output Voltage: - 0,5 5 4.95 4.95 5 -
High·Level, - 0,10 10 9.95 9.95 10 -
VOH Min. - 0,15 15 14.95 14.95 15 -

Input low 0.5,4.5 - 5 1.5 - - 1.5 
Voltage, 1,9 - 10 3 - - 3 

Vil Max. 1.5.13.5 - 15 4 - - 4 

Input High 0.5,4.5 - 5 3.5 3.5 - -
Voltage, 1,9 - 10 7 7 - -

VIH Min. 1.5,13.5 - 15 11 11 - -
I nput Current 

0,18 18 ±0.1 ±0.1 ±1 ±1 - ±10-5 ±0.1 
liN Max. 

UNITS 

pA 

rnA 

V 

V 

pA 

Fig.4 - Typical output high (source) 
current characteristics. 

CRAIN-lO-SOURCE VOlTAGE IV051-v 

Fig.5 - Minimum output high (source) 
current characteristics. 

LOAD CAPACITANCE (CLI-pf 

Fig.6 - Typical propagation delay time VI. 

load capacitance. 

Fig.7 - Typical transition time vs. 
load c;apacitance. 
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CD4095B, CD4096B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25' C; Input t r• tf = 20 ns, 
CL = 50pF, RL = 200 KQ ' 

CHARACTERISTIC 

Propagation Delay Time: tpHL, tpLH 
Clock 

Set or Reset 

Transition Time, tTHL, tTLH 

Maximum Clock Input Frequency, (fCLI * 

Minimum Clock Pulse Width, tw 

Clock Input Rise or Fall Time. 

trcl' tref 

Minimum Set or Reset Pulse Width, tw 

Minimum Data Setup Time, ts 

Input Capacitance, CIN 

FOR CD409~B J3@!-----. ... 

fORCD"I096BJ3~'" 

fORCD4095B K3(!)!-------. ... 

rORCD4096BK1~'" 

RESET. 

~" CLOCIC 
I· Ei. 

TESTCONDI~ 

VDD 
(VI 

5 
10 
15 

5 
Hi 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

Any Input -

INPUT TO OUTPUT IS· 
0\" BIDIRECTIONAL LOW .MPEDANCE 
WHEN C~TROL INPUT I IS "LOW· 
AND CONTROL INPUT 2 IS "HIGH" 

DIAN OPEN CIRCUIT WHEN CONTAOL 
INPUT I IS "HIGH"ANO CONTROL INPUT 
:2 IS "LOW· 

LIMITS 

MIN. TYP. MAX. 

- 250 500 
- 100 200 
- 75 150 

- 150 300 
- 75 150 
- 50 100 

- 100 200 
- 50 100 
- 40 80 

3.5 7 -
8 16 -

12 24 -

- 70 140 
- 30 60 
- 20 40 

- - 15 
- - 5 
- - 5 

- 100 200 
- 50 100 
- 25 ' 50 

- 200 400 
- 80 160 
- 50 100 

- 5 7.5 

-All INPUTS PROTECTED 8Y 
STANDARD COS/MOS 
PflOT[CTION NETWORI! 

Fig.ll - CD40958 and CD40968 logic diagram. 
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i 
UNITS I 

~ 
~ 
2 
~ 
~ 

~ 
ns 

ns 

MHz 

ns 

I1S 

ns 

ns 

pF 

'00 

"_lENT TEMPERATURE (TA 1-2S·C 

t'l ',.'n. 
3C CL -&OpF 

2. 

15 
j . 

10 ,:n ·1' 1 
• i III I 

! I ~:i! ill il Ii . 
5 10 15 20 
SUPPLY VOLTAGE [VoOI-V 

Fig.8 - Typical clock frequency lIS. supply 
voltage (toggle mode-see Fig. 16). 

2 4 6 10 2 46 102 2 4 6'0' 2 46 104 2 

INPUT CLOCK FREQUENCY (fCL)-kHZ 

Fig. 9 - Typical power dissipation vs. 
input clock frequency. 

Fig. to - Propagation delay, transition, and 
setup' time waveforms. 

Fig. 12 - Clock pulse rise and fall time 
waveforms. 

o 
V55 

INPUTS r--~--' 

Fig. 13 - Quiescent device current test 
circuit. 



V,H 

INPUTOVOO OUTPUTS 

'-- ~ 
V~L :t 

NOTE: 

VSS ~~srN-'p~~~ONBINATION 

Fig. 14 - Input voltage test circuit. 

CLOCK 

" 5 

C0409&6 

Vss 

Fig. 17 - CD40968 connected as a "D" 
type flip-flop_ 

CD4095B, CD4096B Typ~s 

~ MUSURE INPUTS 

'100 1NPUOS Voo NOT[ 

o ~ SEQUENTIALLoY, 
'Iss TO BOTH 'IDe AHD VS5 

CONN[CT ALL UNUSED 
INPUTS TO [ITNEA 

'loa OR 'Iss 
Vss 

Fig. 15 - Input leakage current test 
circuit. 

'. 

CLOCIC0--t----''-j 

" 5 

R 

• 
Vss 

Vss 

Fig. 16 - CD40958 connected in toggle 
mode. 

't 

~~g~~ - ..... -------n-------I~------h 
v" 

c. 

's 
't 
'0 

o I I I ' I ' I • I • I , I ' I , I ' I 0 I I 

~ 

~ 

~ 

-------------~ 

STATE QA Os OC DO 
o 0 0 0 0 , , , , 

Fig. 18 - Synchronous binary divide·by·ten counter. 

NOTE PIN$:r.'lAESE'. 
sn.GOTOVssON 
ALL-UNITS 

DIMENSIONS AND PAD LAYOUT FOR CD4095B AND CD4096B 
TERMINAL ASSIGNMENTS 

CD4095BH 
The photographs and dimensions 01 each CMOS chip 
represent a chip when it is par' of the wafer, When the 
wafer is separated into individual chIps. the angle of 
clsavage may vary with respect to the chip face for 
different chips. The actual dimensions of the iso/a red 
chip, therefore. may differ slightly from the nominal 
dimensions shown. Ths ussr should consider a to/srance 
of -3 mils to + 16 mils applicable to the nominal 
dimensions shown. 

1.7781 

92CS-32213 

CD4096BH 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 

NO I. 
" 

voo 
RESET 2 " SET 

JI 
" 

CLOCI( 

J' ., 
J' 10 •• 
il 9 ., 

Vss 0 

TOP \lIEW 

NC'NOCONNECTION 92C~ il4'UIJ 

CD4095B 

NO I. I. 1IQ0 
RESET • " SET 

JI 12 Cl.OCK 
J> " ., 
J! 10 " 9 i1J 

Vss 
lOP \l1E¥" 

NC"NQCONNECTION 9'r.~ l!44"'., 

CD4096B 
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CD4098B Types 

CMOS Dual Monostable .-I1_..J>v'V'v-VDD 

Multivibrator Features: 
High·Voltage Types (20·Volt Rating) 

The RCA·CD409BB dual monostable multi­
vibrator provides stable retriggerable/reset­
table one-shot operation for any fixed-volt­
age timing application. 

An external resistor (RX) and an external 
capacitor (CX) control the timing for the 
circuit. Adjustment of RX and Cx provides 
a wide ra.Dge of output pulse widths from the 
o and 0 terminals. The time delay from 
trigger input to output transition (trigger 
propagation delay) and the time delay from 
reset input to output transition (reset pro­
pagation delay) are independent of RX and 
CX· 
Leading-edge-triggering (+ TR) and trailing­
edge-triggering (-TR) inputs are provided 
for triggering from either edge of an input 
pulse. An unused +TR input should be tied 
to VSS. An unused - TR input should be tied 
to VDD. A RESET (on low level) is provided 
for immediate termination of the output 
pulse or to prevent output pulses when power 
is turned on. An unused RESET input should 
be tied to VDD- However, if an entire section 
of the CD409BB is not used, its RESET 
should be tied to VSS. See Table I. 

In normal operation the circuit triggers (ex­
tends the output pulse one period) on the 
application of each new trigger pulse. For 
operation in the non-retriggerable mode, Q is 
connected to - TR when leading-edge trig­
gering (+TR) is used or 0 is connected to +TR 
when trailing-edge triggering (-TR) is used_ 

The time period (T) for this multivibrator can 
be approximated by: TX=%RXCX for Cx ;;. 
0.01 J.lF. Time periods as a function of RX 
for values of Cx and VDD are given in Fig_ 8. 
Values of T vary from unit to unit and as a 
function of voltage, temperature, and RXCX. 

The minimum value of external resistance, 
RX, is 5 kn. The maximum value of external 
capacitance, CX, is 100 J.lF- Fig. 9 shows time 
periods as a function of Cx for values of RX 
and VDD. 

The 'output pulse width has variations of 
±2.5% typically, over the temperature range 
of _55°C to 125°C for CX=1000 pF and 
RX=100 kn. 

For power supply variations of ±5%, the out­
put pulse width has variations of ±0.5% 
typically, for VDD=10 V and 15 V and ±1% 
typically, for VDD=5 Vat CX=1000 pF and 
RX=5 kn. 
These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes). 16-lead dual-in-line plastic pack­
age (E suffix). 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 
The CD4098B is similar to type MC1452B_ 
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• Retriggerablefresettable capability 
• Trigger and reset propagation delays 

independent of RX, Cx 
• Triggering from leading or trailing edge 
• Q and Q buffered outputs available 
• Separate resets 
• Wide range of output· pulse widths 
• 100% tested for maximum quiescent 

current at 20 V 
• Maximum input current of 1 J.lA at 

18 V over full package·temperature 
range; 100 nA at 18 V and 25°C 

• Noise margin (full package·temperature 
range): 1 Vat VOO= 5 V 

2 V at VOO=10 V 
2.5 V at VOO=15 V 

• 5·V, 10·V, and 15·V parametric ratings 
• Standardized, symmetrical output 

characteristics 
• Meets all requirements of JEOEC 

Tentative Standard No. 13A, "Stand· 
ard Specifications for Oescription of '8' 
Series CMOS Oevices." 

Applications: 
• Pulse delay and timing 
• Pulse shaping 
• Astable multivibrator 

MAXIMUM RATINGS, Absolute-Maximum Values; 
DC SUPPLY·VOLTAGE RANGE.IVOO' 

(Voltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE. ALL INPUTS 
DC INPUT CURRENT. ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE IPD): 

For TA ~ -40 to +600C IPACKAGE TYPE E) 
For T A ~ +6010 +850C IPACKAGE TYPE EI 
For T A = -55 to +100'C (PACKAGE TYPES D, F, K) 
For T A = +100 to +125'C (PACKAGE TYPES 0, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

ex. RX' 

CD4098B 
92CS-24253 

Functional Diagram 

CXI I. I. VDD 
RXC)(1I1 ,. 

CX' 
RESET (I) 

" 
R)(C)(12) 

+TR (II 13 RESET (2) 
-TR (I) I. +TR (2) 

01 " -TR 121 
OT I. O. 

vss ii2 

TOP VIEW 

TERMINALS 1,8,15 ARE 
ELECTRICALLY CONNECTED 
INTERNALLY 

92CS-24848AI 

TERMINAL ASSIGNMENT 

0.5 to +20 V 
·0.5 to VDD +0.5 V 

±10mA 

. . . . . . . .. 500mW 
Derate Lmearly at 12 mW/oC to 200 mW 
. . . . . . . .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 

FOR TA ~ FULL PACKAGE·TEMPERATURE RANGE IAII Package TV~"'s) 
OPERATING·TEMPERATURE RANGE IT A): 

100 rnW 

PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE ITstgl 
LEAD TEMPERATURE lOURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for lOs max. 

RECOMMENDED OPERATING CONDITIONS 

55 to .,250C 
40 to +85DC 

65 to +150oC 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 

VDO LIMITS 
UNITS CHARACTERISTIC 

V MIN. MAX. 

Supply·Voltage Range (For TA = 
Full Package-Temperature - 3 lB V 
Range) 

5 140 
Trigger Pulse Width tW(TR) 10 60 - ns 

15 40 -

See 
Reset Pulse Width tW(R) Dynamic Char. - -

(This is a function of CX) Chart and 
Fig. 10 

Trigger Rise or Fall Time 
5·15 - 100 J.ls tr(TR), tf(TR) 



TABLE I 

CD4098B FUNCTIONAL TEFIMINAL CONNECTIONS 

V DD TO VSS TO INPUT PULSE OTHER 

FUNCTION TERM. NO. TERM. NO. TO TERM. NO. CONNECTIONS 

MONO, MON02 MONO, MON02 MONO, MON02 MONO, MON02 

Leading·Edge 
Trigger/ 3,5 11,13 4 12 
Retriggerable 

Leading·Edge 
Trigger/ 3 13 4 12 5·7 11·9 

Non·retriggerable 

Trailing·Edge 
Trigger/ 3 13 4 12 5 11 
Retriggerable 

Trailing·Edge 
Trigger/ 3 13 5 11 4·6 12·10 

Non·retriggerable 

Unused Section 5 11 3,4 12,13 

NOTES: 

1. A RETRIGGERABLE ONE-SHOT MUL TI- 2. A NON-RETRIGGERABLE ONE.SHOT 
VIBRATOR HAS AN OUTPUT PULSE 

WIDTH WHICH IS EXTENDED ONE FULL 
TIME PERIOD (T xl AFTER APPLICATION 
OF THE LAST TRIGGER PULSE. 

The minimum time between 
retriggering edges (or trigger 
and ret rigger edges) is 40 
per cent of (T x). 

'(1 

* 3( 13) 
RESET 

'''5'~ 

so---l-vss 

MUL TIVIBRATOR HAS A TIME PERIOD 
TX REFERENCED FROM THE APPLI· 
CATION OF THE FIRST TRIGGER PULSE. 

INPUT PULSE TRAIN 

AETRIGGERABLE MODE PULSE WIDTH --'r---FI-:--....,T,..x-~..., 
(+TR MODE) 

NDN·RETAIGGERABLE MODE PULSE ~ 
WIDTH i--Tx--.j 
(+TR MODE) 

L-______________ -o::'~~)eV:D-
NOTE: SCHEMATIC SHOWN IS 1/2 OF TOTAL 

~~~~~GREs' TA~ ~~~~~~ ;::::~:~s *:~TI~~~g A:; 

1,6,15 ARE ELECTRICALLY CONNECTED COS/MOS PROTECTION 
INTERNALLY. NETWORK 

9ZCM-27628RI Vss 

ISO---VOO 

Fig. 4 - CD40988 logic diagram. 

CD4098B Types 

7it 'I 
IDV---It 

10 t t 
, r :r; 1 
f 

, 
I 

~15 

~12.5 

3 10 

III 7.5 

g 5 

" 
~ 2.5 

, til 
rm U 

, '0 

DRAIN-TO-SOURCE VOLTAGE (VDS)-V 

Fig. 1 - Typical output low (sink) 
current characteristics. 

If 
1. 

GATE-TO-SOURCE VOLTAGE (VGS)'15 V 

S 10 IS 
DRAIN-TO-SOURCE VOLTAGE (VDS)-V 

Fig. 2 - Minimum output low (sink) 
curren t characteristics. 

DRAIN-TD-SOURCE VOLTAGE (VDS)-V 

-IS -10 
AMBIENT TEMPERATURE (TA)-2S"C 

-ISV 

Fig. 3 - Typical output high (source) 
current characteristics. 

DRAIN-TO-SOURCE VOLTAGE (VOs)-V 

Fig. 5 - Minimum output high (source) 
current characteristics. 

·10 

·20 

.", 
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CD40988 Types 
STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OCI 

CHARAC· 
Values at -55, +25, +125 Apply to D, F, K, H, pkgs. 

TERISTIC 
CONDITIONS Values at -40,+25,+85 Apply to E Pkgs. UNITS 
Vo VIN VDD +25 
(VI (VI (VI -55 -40 +85 +125 Min. Typ. Max. 

Quiescellt - 0,5 5 1 1 30 30 - 0.02 1 
Device - 0,10 10 2 2 60 60 - 0.02 2 
Current - 0,15 15 4 4 120 120 - 0.02 4 IlA 

IDD Max. 0,20 20 20 20 600 600 - 0.04 20 
Output L.ow 

(Sink) 0.4 0.5 5 0.64 0.61 0.42 0.36 0.51 1 -
Current. 0.5 0.10 10 1.6 1.5 1.1 0.9 1.3 2.6 -
IOL Min. 1.5 0.15 15 4.2 4 2.8 2.4 3.4 6.8 -

Output High 4.6 0.5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 
mA 

-.-
(Source I 2.5 0.5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -

Current. 9.5 0.10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -
IOH Min. 13.5 0.15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 -

Output Volt· 
age: - 0.5 5 0.05 - 0 0.05 
Low·Level. - 0.10 10 0.05 - 0 0.05 

VOL Max. 0.15 15 0.05 - 0 0.05 
V 

Output Volt· 
age: - 0.5 5 4.95 4.95 5 -
High·Level. - 0.10 10 9.95 9.95 10 -
VOH Min. - 0.15 15 14.95 14.95 15 -

Input Low 0.5.4.5 - 5 1.5 1.5 
Voltage. 1.9 - 10 3 - - 3 
VIL Max. 1.5.13.5 15 4 - - 4 

V 
Input High 0.5,4.5 - 5 3.5 3.5 - -
Voltage. 1.9 10 7 7 

VIH Min. 1.5.13.5 - 15 11 11 - -
Input 
Current. - 0.18 18 ±0.1 ±0.1 ±1 ±1 .- ±10-5 ±0.1 IlA 

liN Max. 

Output 
±10-4 Leakage 0.18 0.18 18 ±0.4 ±0.4 ±12 ±12 - ±0.4 IlA 

lOUT Max. 

! lorl:--+---+-+'DT~--:...--l--,.;~h..­
: . 
;;; 2 

~'~2·t--+--~~6¥~~.6~~~~-­
in • 
~ 2 

;1~!.t--+-~~-'~~~~~--~--1 

e I04
2'----.M'i---cA---J4-H'--: !C 

10 103 I. 
PULSE WIDTH IPWI-,... 

PUL.SE WIDTH I PW) -,., 

,2e$-28nS 

Fig. 8 - Tvpical external resistance vs. 
pulse width. 

Fig. 9 - Tvpical external capacitance vs. 
pulse width. 
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LOAD CAPACITANCE (CLI-pF 
92C5-28735 

Fig. 6 - Typical propagation delay time vs. 
load capacitance, trigger into Q 

out. (All values of CXand RX') 

Fig. 7 - Transition time vs. load capacitance 
for RX = 5 kll·10000 knand 
CX = 15pF·10000pF. 

10 2: .. 68102 2: 4 r. '10' 2 .. 68 104 2: .. 6 BId' 

EXTERNAL. CAPACITANCE (Cxl- pF 

Fig. 10 - Tvpical minimum reset pulse width 
vs. external capacitance. 



CD40988 Types 

DYNAMIC ELECTRICAL CHARACTERISTICS TEST CIRCUITS 
At TA ; 25°C; InputtrJf;20ns, CL;50pF, RL;200kQ 

CHARACTER ISTIC 

Trigger Propagation Delay Time 
+TR, -TR to 0, 0: 
tpHL' tpLH 

Minimum Trigger Pulse Width, 

tWH,tWL 

Transition Time, 

tTLH 

tTHL 

Reset Propagation Delay Time, 

TpHL, TpLH 

Minimum Reset Pulse Width, 

twR 

Trigger Rise or Fall Time 
tr(TR)' tf(TR) 

Pulse Width Match 
Between Circuits in 
Same Package 

Input Capacitance, elN 

TEST CONDITIONS 

RX (km 

5 to 
10,000 

5 to 
10,000 

5 to 
10,000 

5 to 
10,000 

5 to 
10,000 

5 to 
10,000 

5 to 
10,000 

100 

-

10 

Cx (pFI 

>15 

>15 

>15 

15 to 
10,000 

O.Ol/lF 
to 

O.l/lF 

O.l/lF 
to 
l/lF 

>15 

15 

1000 

O.l/lF 

-

10,000 

Any Input 

VDD(V) 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 
5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 to 
15 

5 
10 
15 

---
Yoo ·SV---­

-IOV----,!Sv--

LIMITS 
UNITS 

Typ. Max. 

250 500 
125 250 ns 
100 200 

70 140 
30 60 ns 
20 40 

100 200 
50 100 
40 80 

100 200 
50 100 
40 80 

150 300 ns 

75 150 
65 130 

250 500 
150 300 
80 160 

225 450 
125 250 ns 
75 150 

100 200 
40 80 
30 60 

ns 
600 1200 
300 600 
250 500 

25 50 
15 30 /lS 
10 20 

- 100 /lS 

5 10 
7.5 15 % 
7.5 15 

5 7.5 pF 

° V55 

INPUTS 

'00 

Fig. 12 - Quiescent·device·current 
test circuits. 

INPUTQV/lO OUTPUTS 
V,H 

'-- ~ 
V~L ~ 

NOTE: V's 
TEST ANY COMBINATION 
OF INPUTS 

92CS-27441Al 

Fig. 13 - Input·voltage test circuit. 

Yeo 1NPUO' Voo NOTE 
~ MEASURE INPUTS 
o ~-- SEQUENTIALLY, 

Vss TO 80TH Yoo ANO Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

Yoo OR VSS' 

~U':i 21402 Vss 

Fig. 14 - Input leakage current test circuit. 

TOQICU .... I_ ... po_dl~tton IP, r---j 
lor ... tlMn 10CJ'11, duty cydl; TT 

',OO"' ....... pa_for l~dl,ltrcyde; 

P"(~)Pl00Wher' 'm'"oM·.t.Itpul •• idth rr 1'1 
'T'"t"'I111"""'J*iOd -.J L--..J L 

'.,. FOf 'I'll .. eoo $II, 'T" 1000 ,.. •. ex .. 0.01 pF. 
VOo'"SV 

p' .. (,:),03 /lW .. 600 IlW 1_ clonIC! 

lin.on •• phl 

24'-.024611022 4'\p' .... to,,2 "68~ 

ONE-SHOT PULSE WIDTH 1,..,-__ , 
Fig. 11 - Average power dissipation vs. one·shot pulse width. 
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CD4098B Types 

290 

APPLICATIONS 

Voo 

.J"""\.. +TR 

Voo 

INPUT PULSE ~ TI~RXI eX! 

OUTPUT PULSE ~TI~T2~ T2~RX~CX2 -.­
ex!. 0.01 ~F 

92CS-24256R2 

Fig. 15 - Pulse delav. 

'DO. TX Y1. RX 

VDD~ 

~~~'to.....J 
RESET RESET* ~ 

*10 ENSURE RESTART,APPL.'t RESET ~ 
(NEGATIVE PUL$E) AFTER Vao Q2 ~ ------l --

RX '00 (Avg.l 

10kn 1mA 

I 
+ 0.05 rnA 

2.SmA 

+ O.SmA 

5mA 
1QMO + 1mA 

NOli. 
All yaluesar.typieal. 

TX 
IT1 +T21 

3.8j.1l 

+ 
O.Ss 

3.2~ 

+ 0.5. 
3., 
ot 

Voo 

5V 

10V 

15V 

SUPPLY VOLTAGE HAS REACHED ~ LTX L l 
ITS VOOLEVEL. I DO _ -- eXr.n,.: O.OO()1. ",F to 0.1 j.lF. 92C"-28140 

Fig. 16 - Astable multivibrator with restart after reset capabilitv. 

1 
(1.905-2·108) 

Dimensions and Pad Layout for CD4098BH 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as 
indicated. Grid graduations are in mils (10-3 inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When th9 
wafer ill separated into individual chips. the angle of 
cleavage may vary with fflspect to the chip face for 
diffe/enr chlp:l. The actual dimensions at the isolated 
chip. theretols, may differ slightly from the nominal 
dimensions shown. The user should consider B tolerance 
of -3 mils to +16 mils applicable to the nomina' 
dimensions :lhown. 



CD4099B Types 

CMOS 
a-Bit Addressable Latch 
High-Voltage Types (20-Volt Ratin~) 

The RCA-CD4099B B-bit addressable latch 
is a serial-input, parallel-output storage regis· 
ter that can perform a variety of functions. 

Data are inputted to a particular bit in the 
latch when that bit is addressed (by means 
of inputs AO, Al, A2) and when WRITE 
DISABLE is at a low level. When WRITE 
DISABLE is high, data entry is inhibited; 
however, all B outputs can be continuously 
read independent of WRITE DISABLE and 
address inputs. 

A master RESET input is available, which 
resets all bits to a logic "0" level when RESET 
and WRITE DISABLE are at a high level. 
When RESET is at a high level, and WRITE 
DISABLE is at a low level, the latch acts as 
a 1·of-8 demultiplexer; the bit that is ad­
dressed has an active output which follows 
the data input, while all unaddressed bits 
are held to a logic "0" level. 
The CD4099B types are supplied in l6-lead 
hermetic ceramic dual-in-line packages (D 
and F suffixes), 16-lead plastic dual-in-line 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

.* WRrTE A_ "'-_ _ ~ 
DISABLf~WD 

2* 

RESET~R 

AI 

..... 
"00'" 

ADDftESS 

WD 

Features: 
- Serial data input - Active parallel output 
- Storage register capability - Master clear 
- Can function as demultiplexer 
_ Standardized, symmetrical output characteristics 
_ 100% tested for quiescent current at 20 V 
_ Maximum input current of 1 pA at 18 V 

(full package-temperature range), 100 nA 
at 18 V and 25°C 

- Noise margin (full package-temperature 
range) = 1 Vat VDD = 5 V,2 V at VDD 
= 10 V, 2.5 V at VDD = 15 V 

- 5-V, lON, and 15-V parametric ratings 
- Meets all requirements of JEDEC Tentative 

Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

WRITE DISABLE 

DATA-----'-j 

RESET 
voo'I6 
vss'8 

Functional Diagram 

Applications: 
- Multi-line decoders 

- AID converters 

• 00 
10 QI 
II 02 

12 0:5 
13 04 
14 05 
I~ 06 
, 07 

MAXIMUM RATI NGS, Absolute·Maximum Values: 
DCSUPPLY·VOLTAGE RANGE,IV DD) 

(Voltages referenced to VSS TerminaH 
INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (PO): 

For TA = -40 to +600 C (PACKAGE TYPE E) 
For T A = +60 to +BSoC (PACKAGE TYPE E) . . 
ForTA = -55 to +100°C (PACKAGE TYPES 0, F, K) . 

-0.5 to +20 V 
-0.5 to VDD +0.5 V 

±lOmA 

. . . . . . . .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 
. ..•..•••... , .. 500mW 

For T A = +100 to +125°C (PACKAGE TYPES 0, F, K) , . , " Derate linearly at 12 mW/oC to 200 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR TA = FULL PACKAGE· TEMPERATURE RANGE (All Package Types) 
OPERATING·TEMPERATURE RANGE (TAl: 

PACKAGE TYPES 0, F, K, H . • • . . , • . . • . , . • . . , • . . • • 
PACKAGE TYPE E . . . . , . • • • • . • , . 

STORAGE TEMPERATURE RANGE (Tstg) 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. 

QO 
Q7 

RESET 
DATA 

WRITE 
DISABLE 

AD 
Q. AI 

A2 

IISS 

100mW 

-55 to +125°C 
-40 to +85°C 

-65 to +lS00C 

I. 16 Yeo 
• " Q& 
3 

" 
Q5 

4 .. 04 
I. QS 
II QZ 

7 10 QI 

• 9 QO 

TCP VIEW wacs-24428 

TERMINAL ASSIGNMENT 

AMBIENT TEMPERATURE CTA1-U-C 

Q7 GATE-lO-SOURCE VOLTAGE 'VQS).I!5 v 

10V 

8-".COy" 

DATA---++I 
Q 

* AU. INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 

Fig. 1 - Logic diagram of CD40998 and detail of 1 of B/atches. 

5 10 15 
DRArN-TO-SOURCE VOLtAGE (Vosl-V 

Fig. 2 - Tvpical output low (sink) 
current characteristics. 
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CD40998 Types 

RECOMMENDED OPERATING CONDITIONS at TA = 2ft' C (Unless otherwise specified) 
For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 

CHARACTERISTIC 
SEE VDD LIMITS 

UNITS 
FIG. 15- (V) MIN. MAX. 

Supply Voltage Range: 
(At T A = Full Package 3 18 V 

Temperature Range) 

Minimum Pulse Width, tw 5 200 -
Data 0 10 100 -

15 80 

5 400 -
CD 

ns 
Address 10 200 -

15 125 -
5 150 -

Reset 0 10 75 -
15 50 -

Setup Time, ts 5 100 -
Data to WRITE DISA8LE 0 10 50 -

15 35 - ns 

Hoid Time, tH 5 150 -
Data to WRITE DISA8LE (2) 10 75 - ns 

15 50 -
III Circled numbers refer to times indicated on master timing diagram. 

Note: In addition to the above characteristics, a WRITE DISABLE ON time !the time that WRITE 
DISABLE is at a high level) must be observed during an address change for the total time that the 
external address lines AO, At. and A2 are settling to a stable level. to prevent a wrong cell from 
being addressed (see Fig. 3). 

Itlct2' 

" 
~ 

START 
CONVERSION 

* CD4001 

t ~~Cf:&I:f~~~~LD~2R 

.N1~~r---------------________________ J 

Fig. 5 -. AID converter 
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LS. 

t-t-t-t--+-+CD40" 

+-+-+-+-+--+ .... OUTPUTS 

+--+-+-+-+-+--+ .... TD DISPLAY 

+--+-+-+-+-+-+-+--+ ......... 

MODE SELECTION 

WD R 
ADDRESSED UNADDRESSED 

LATCH LATCH 

0 0 Follows Data Holds Previous 
State 

0 1 Follows Data Reset to "0" 
(Active High 8·Channel Demulti· 

1 0 
I plexer) 

Holds Previous State 
1 1 Reset to "0" 1 Reset to "0" 

WD = WRITE DISABLE R=RESET: 

AD 

A' 

A2· __ +--J 

WD 

Fig. 3 - Definition of WRITE DISABLE ON timtl. 

~ 
e 
I 
~ 15 

~ 
ffi12.5 

~ 
B 10 

GATE-TO-SOURCE VOLTAGE (Vc;SI-15V 

,ov 

• 10 to 
DRAIN-TO-SOURCE VOLTAGE (Vos)-V 

Fig. 4 - Minimum output low (sink) 
current characteristics. 

ORAIN-TO- SOURCE VOLTAGE IVosI-V 

Fig. 6- - Typical output high (source) 
current characteristics. 



STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 
CONDITIONS Valuelst -55, +25, +125 Apply 10 D,F,K,H Package. 

CHARACTER- Values at -40, +25, +85 Apply to E Package 
UNITS ISTIC 

Vo VIN VDD +25 

(V) (V) (V) -55 -40 +85 +125 Min. Typ. Max. 

Quiescent Device - 0,5 5 5 5 150 150 - 0.04 5 
Current, - 0,10 10 10 10 300 300 - 0.04 10 

100 Max. 0,15 15 20 20 600 600 - 0.04 20 IlA -
- 0,20 20 100 100 3000 3000 - 0.08 100 

Output Low 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -
(Sink) Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -

IOLMin. 1.5 0,15 15 4.2 4 2.8 2.4 34 6.8 -
Output High 4.6 D,S 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 - rnA 

(Source) 2.5 D,S 5 -2 
Current, 9.5 0,10 10 -1.6 

IOHMin. 
13.5 0.15 15 -4.2 

Output Voltage: - D,S 5 
Low-Level, - 0,10 10 

VOL Max. 
0,15 15 -

Output Voltage: - D,S 5 
High-Level, - 0,10 10 
VOH Min. - 0,15 15 

Input Low 0.5,4.5 - 5 
Voltage, 1,9' - 10 

VIL Max. 1.5,13.5 - 15 

Input High 0.5,4.5 - 5 
Voltage, 1,9 - 10 

VIH Min. 1.5,13.5 - 15 

I nput Current - 0,18 18 ±0.1 
liN Max. 

CD4099SI:1 
DIMENSIONS AND PAD LAYOUT 

-1.8 

-1.5 

-4 

±0.1 

Dimemions in parentheses are in millimeters and 
are derived from the basic inch dimensions as 
indicatBd. Gridgraduationsarein mils (70-3 inch!. 

-1.3 -1.15 -1.6 -3.2 -
-1.1 -0.9 -1.3 -2.6 -
-2.8 -2.4 -3.4 -6.B -

0.05 - 0 0.05 

0.05 - 0 0.05 

0.05 - 0 0.05 
V 

4.95 4.95 5 -
9.95 9.95 10 -
14.95 14.95 15 -

1.5 - - 1.5 

3 - - 3 

4 - - 4 

3.5 
V 

3.5 - -
7 7 - -

11 11 - -

±1 ±1 - ±10-5 ±0.1 IlA 

The photographs and dimensions of each CMOS chip 
represent Ii chip when it ;s part of the waler. When the 
wafer ;s separated into individual cMps. the angle of 
Cleavage may vary with respect to the chip lace for 
different chips. The actusl dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider 8 tolerance 
of -3 mils 10 +16 mils applicable to the nominal 
dimensions shown. 

CD40998 Types 
DRAIN-TO-SOURCE VOLTAGE IVDSi-V 

Fig. 7 - Minimum output high (source) 
current characteristics. 

Fig. 8 - Typical propagation delay time 
(data to On! lIS. load capacitance. 

Fig. 9 - Typical transition time lIS. I~d 
capacitance. 

'0' io---t---t-' 
~~ 

la} L 

2469 469 2468 2 "69 ",. 
100 101 102 I 1 10" 10' 

ADDRESS CYCLE TIM[-,.. 
92CS-27610 

Fig. to - Typical dynamic power dissipation vs. 
address cycle time. 
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CD4099B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25" C, CL = 50pF, 
Input tT, tf= 20ns, RL = 200 KG 

CONDITIONS 
LIMITS 

CHARACTERISTIC SEE VDD 
ALL PACKAGE TYPES 

FIG.1S" (VI TYP. MAX. 

Propagation Delay: tpLH· 5 200 400 

tpHL CD 10 75 150 

Data to Output. 15 50 100 

WRITE DISABLE 5 200 400 
to Output, tpLH· 0 lO 80 160 

tpHL 15 60 120 

5 175 350 
Reset to Output, @) 10 80 160 

tPHL 15 65 130 

Address to Output. 5 225 450 

tpLH· @ 10 100 200 

tpHL 15 75 150 

Transition Time, tTHL' 5 100 200 

(Any Outputl tTLH 10 50 100 

15 40 80 

Minimum Pulse 5 100 200 

Width,tw 0 10 50 100 

Data 15 40 80 

5 200 400 

Address ® 10 100 200 

15 65 125 

5 75 150 

Reset @ 10 40 75 

15 25 50 

Minimum Setup 5 50 100 

Time,ts @ 10 25 50 

Data to WRITE DISABLE 15 20 35 

Minimum Hold 5 75 150 

Time,tH G) 10 40 75 

Data to WRITE DISABLE 15 25 50 

Input Capacitance, CIN Any Input 5 7.5 .. Circled numbers refer to times indicated on master timing diagram. 

AO.At,A2 'w' 
® 

4'-___ _ 

WRITE DISABLE 

RESET '-_____ --'F2L 
G> 

00 

O, _____ ..J 

Fig. 15 - Mast1Jr timing diagram. 
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UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

DATA 

o 
Yss 

INPUTS ,--'----, 

"so 
Fig. 11 - Ou/elCllnt device current 

ttlStcircuit. 

92CS-2744UU 

Fig. 12 - Input YOltagS t1Jst cirCuit; 

"'----1':\.__ MEASURE INPUTS 

Veo 1NPUOS Yeo NOT£, 

o ~ . SEQUENTIALLY, 
Vss TO BOTH Voo AND Vss' 

CONNECT ALL UNUSED 
INPUTS 10 EITHER 
Voo OR Yss' 

VSS .zt:5-27.02 

Fig. 13 -Input current t1Jstcircuir. 

AD AO DO 9 DO I 

AI AI 01 10 002 

A. A. 02 II DO. 

A> IrD QS 12 00. 
OATA IN DATA 04 13 00. 

CD4099 Q' 14 000 
Q6 ., 007 

07 
I 008 

R 

• 
"00 

AD 00 00' 
AI 01 

10 0010 

A' O. II DOli 
IrD O. I. 0012 

DATA DO 13 DO 13 
I. * 116 e04069 C04099 DO DOl. 

" Q6 0015 

R 
DT 0016 

92C5-27675 
2 

VDD 

Fig. 14 - 1 of 16 decoder/demultiplexer. 

114 CD4016 trubuT 
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Fig. 16 - Multiple selection decoding - 4 x 4 
crosspoint switch. 
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CMOS Strobed Hex 
Inverter IBuffer 
High-Voltage Types (20-Volt Rating) 

The RCA-CD4502B consists of six inverter/ 
buffers with 3-state outputs. A logic "'" on 
the OUTPUT DISABLE input produces a 
high-impedance state in all six outputs. This 
feature permits common busing of the out­
puts, thus simplifying system design. A 
Logic "'" on the I NHIBIT input switches 
all six outputs to logic "0" if the OUTPUT 
DISABLE input is a logic "0". This device 
is capable of driving two standard TTL loads, 
which is equivalent to six times the JEDEC 
"B"-series IOL standard. 

The CD4502B types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (0 
and F suffixes), 16-lead dual-in-line plastic 
package (E suffix), 16-lead ceramic flat 
package (K suffix), and in chip form (H 
suffix). Thisdevice is similar to the MC14502. 

Features: 

• 2 TTL-load output drive capability 

• 3-state outputs 

• Common output-disable control 

• Inhibit control 

• '00% tested for quiescent current at 20 V 

• 5-V, 10-V, and 15-V parametric ratings 

• Maximum input current of 1 /lA at 18 V over 
full package-temperature range; 100 nA at 
18 V and 25°,,-

• Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Oescription of'S' Series CMOS Devices" 

• Noise margin (full package-temperature 
rangel = 

1 VatVOO=5 V 
2 V at VOO = 10 V 

2.5 Vat VOO = 15 V 

Applications: 
• 30state hex inverter for interfacing IC's 

with data buses 

• COS/MaS to TTL hex buffer 

MAXIMUM RATINGS,Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VOO) 

,Voltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE_ ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE ,PO): 

-0.5 to +20 V 
-0.5 to VDD +0.5 V 

±IOmA 

For T A = -40 to +60oC (PACKAGE TYPE E) _ 
For TA = +60 to +850 C ,PACKAGE TYPE E) _ 
For TA = -55 to +100'C (PACKAGE TYPES 0, F, K) 
For T A = +100.10 +125'C (PACKAGE TYPES 0, F, K) 

. . . . . . . .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 
. . . . . . . .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE-TEMPERATURE RANGE 'All Package Types) 

OPERATING-TEMPERATURE RANGE 'TA): 
PACKAGE TYPES 0, F, K, H 
P-ACKA-GE TYPE E_ . 

STORAGE TEMPERATURE RANGE 'Tstg) 
LEAD TEMPERATURE 'DURING SOLDERING): 

At distance 1/16 ± 1/32 inch 11.59 ± 0.79 mm) from case for 10 s max. 

r.N~RTE~!WF;ER N;I- - - - - -I 

~:::;'5± I t~H" 
rt~TVDD ~,-l : ___________ ~~J 

,. TO 50THI;.R 
INHRlER/BUFFERS 

* ALL I"<PUTS A~E PROTECT~O 
. Vss ~~TC~~~~OS PAOTtCTION 92CM-?9145 

100mW 

-55 to +1 25°C 
-40 to +850 C 

-65 to +1 50°C 

TRUTH TABLE 

DISABLE INHIBIT On an 
0 
0 
0 
1 

0 0 

0 1 
1 X 

X X 

Logic 0 = Low 

Z = High Impedance 

X = Don't Care 

Logic 1 = High 

1 
0 

0 
Z 

Fig. 1 - Logic diagram of 1 of 6 identical inverterlbuffers. 

0' I. 10 vDO 

0' • to DO 
01 , I. 00 

3-STATE 

" O. OUTPUT DISABLE 
01 

" 
INHIBIT 

D. " O. 
02 10 D' 

Vss • O. 

TOP VIEW 

92C5-25128 

TERMINAL ASSIGNMENT 

CD4502B Types 

THREE-STATE 
OUTPUT • 
DISABLE 

INHIBIT " 
01 

, 01 

02 0 02 

0' 
I 0' 

04 10 04 

05 13 O. 

D6 15 
14 06 

VOO'16 
vss'S 

92C5 ~2921AI 

FUNCTIONAL DIAGRAM 

DRAIN-TO-SOURCE VOLTAGE IVosl-V 
9aCS-291" 

Fig.2 - Typical output low (sink) 
current characteristics_ 

I 
DRAIN-TO-SOURCE YOlTAGE ' 

Fig.3 - Minimum output low (sink) 
current characteristics. 

DRAIN-TO-SOURCE VOLTAGE lVos}-V 
I 

Fig.4 - Typical output high (source) 
current characteristics. 
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CD4502B Types 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that oper· 
ation is always within the following ranges: 

CHARACTERISTIC 
LIMITS 

UNITS 
Min. Max. 

Supply·Voltage Range (For T A = Full Package-
Temperature Range) 3 18 V 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT'INDICATED TEMPERATURES (OC) 
CONDITIONS Values al-55, +25, +125 Apply 10 D, F, K, H Package. 

CHARACTER- Values at -40, +25, +85 Apply to E Package 
ISTIC UNITS 

Vo VIN VOO 
(V) (V) (VI -55 

Quiescent Device - 0,5 5 1 
Current, - 0,10 10 2 

100 Max, - 0,15 15 4 

- 0,20 20 20 

Output Low 0,4 0,5 5 3,84 
(Sink) Current 0.5 0,10 10 9,6 

IOL Min, 
1.5 0,15 15 25,2 

Output High 4.6 0.5 5 -0.64 
(Source) 2,5 0.5 5 -2 
Current, 9.5 0,10 10 -1.6 

IOH Min. 
13.5 0.15 15 -4,2 

Output Voltage: - 0,5 5 
Low-Level. - 0.10 10 

VOL Max. 
0.15 15 -

Output Voltage: - 0,5 5 
High-Level. - 0.10 10 
VOH Min. - 0,15 15 

Input Low 0,5.4,5 - 5 
Voltage. 1.9 - 10 

VIL Max. 1.5.13,5 - 15 

Input High 4,5 - 5 
Voltage. 9 - 10 

VIH Min. 13.5 - 15 

I nput Current 
0.18 18 ±0.1 

liN Max. 

3-State Output 
Leakage Current 0.18 0.18 18 ±0.4 
lOUT Max, 

LOAD CAPACITANCE (CL,-,F 

Fig.8 - Typical transition time as a function 
of load capacitance. 
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+25 

-40 +85 +125 Min. TVp. Max. 

1 30 30 - 0.02 1 

2 60 60 - 0,02 2 

4 120 120 - 0.02 4 

20 600 600 - 0.04 20 

3,66 2,52 2,16 3,06 6 -

9 6,6 5,4 7,8 15.6 -
24 16,8 14.4 20.4 40,8 -

-0.61 -0.42 -0.36 -0.51 -1 -

-1.8 -1.3 -",5 -1.6 -3.2 -
-1.5 -u -0.9 _1.3 -2.6 -

-4 -2.8 -2.4 -3.4 -6.8 -
0,05 - 0 0.05 

0.05 - 0 0.05 

0,05 - 0 0,05 

4,95 4,95 5 -
9.95 9,95 10 -
14.95 14.95 15 -

1.5 - - 1.5 

3 - - 3 

4 - - 4 

3,5 3.5 - -
7 7 - -

11 11 - -

±0.1 ±1 ±1 - ±10-5 ±0.1 

±0.4 ±12 ±12 - ±10-4 ±0.4 

Fig.9 - Typical propagation-delay time as a 
function of load capacitance. 

IlA 

rnA 

V 

V 

IlA 

J1.A 

DRAIN-TO-SOURCE VOLTAGE (VosJ-V 

Fig.5 - Minimum output high (source) 
current characteristics. 

, 
INPUT YOLTAGE (Vtl-V 

Fig_6 - Typical voltage transfer 
characteristics. 

... wi AMalENT TEMPERATURE CTA I- Z"C 

2 .... Z .... Z .... , .... 14 •• 
100 10' 102 10" lei 10' 

INPUT FREQUENCYCfZI-utl _eel-Z_I •• 

Fig.7 - Typical power dilSipstion as a 
function of input frequency. 

92C$-29141 

Fig_ 10 - Power-dissipation test circuit. 



DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C; Input t r, tf = 20 ns, 
CL = 50 pF, RL = 200 KU Unless otherwise specified. 

CHARACTERISTIC 
TEST CONDITIONS LIMITS 

VDD 
(VI TYP MAX 

5 135 270 
Data or Inhibit Delay Times: 

10 60 120 
High to Low. tpHL 15 40 80 

5 190 380 
Low to High, tpLH 10 90 180 

15 65 130 

Disable Delay Times: RL=1 Kn 5 60 120 
Output High to High 10 40 80 
Impedance, tPHZ 15 30 60 

5 110 220 
H igh·1 mpedance to Output 10 50 100 
High, tPZH 15 40 80 

See Fig.14 
Output Low to High 5 125 250 

Impedance, tPLZ 
10 65 130 
15 55 110 

5 125 250 
High Impedance to Output 

10 55 110 
Low, tPZL 

15 40 80 

Transition Times: 5 100 200 

Low to High, tTLH 10 50 100 

15 40 80 

5 60 120 

High to Low, tTHL 10 30 60 
15 20 40 

Input Capacitance, GIN Any Input 5 7.5 

D' 

Q' 

01 
PULSE DISABLE 
GENERATOR 

QI INHIBIT 

02 

02 

Vss 

TEST CONDITIONS 
TEST PIN 15 POINT A 

'PHZ V55 V55 

IPLl VOD VDO 

IPZl VOD VDD 
IPZH V55 Vss 

Fig. 14 - Oisable delay times test circuit and waveforms. 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as 
indicated. Grid graduations are in mils (10-3 inch.) 

The photographs and dimensions of each CMOS chip 
represent I chip when it is part of the wl'er. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip faca for 
different chip,. The actua' dimensions of the isolated 
chip, ther.fore. may dlffe, slightly from the nominal 
dimensions shown. The user should consld., a tolerance 
of -3 mila to +16 mil. applicable to the nom;nal 
dimension, shown. 

UNITS 

ns 

ns 

ns 

pF 

o 
V55 

CD45028 Types 

INPUTS 

Fig. 11 - Quiescent-dev;ce-current 
test circuit. 

9ZCS-Z7441Rl 

Fig. 12 - Inpur-voltage test circuit. 

Voo INP(JUS V

DD 

NOTE' 

~ ~i~j~:;I~~~~~S 
Vss TO BOTH Voo ANO VSS' 

CONNECT All UNUSED 
INPUTS TO EITHER 
Voo OR VSS' 

Vss 

Fig. 13 -Input leakage current test circuit. 

Dimensions and Pad Layout for CD4502BH 
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CD4503B Types 

CMOS Hex Buffer 
High·Voltage Types (20-Volt Rating) 

3·State Non·lnverting Type 

Features: 

• 1 TTL-Ioad output drive capability 
• 2 output·dlsable controls 
• 3-state outputs 
• Pin compatible with industry types MM80C97, 

MC14S03, and 340097 
• S·Y, 10·Y, and 15·Y parametric ratings 

DISAILE I 

01 '01 

02 S 02 

O. 7", 

The RCA-C04503B is a hex noninverting 
buffer with 3-state outputs having high sink­
and source-current capability. Two disable 
controls are provided, one of which controls 
four buffers and the other controls the 
remaining two buffers. The C04503B types 
are supplied in 16-lead hermetic dual-in­
line ceramic packages (0 and F suffixes), 
16-lead dual-in-Ilne plastic packages (E suf­
fix), ~6-lead ceramic flat packages (K suffix). 
and 10, chip form (H suffix). 

• Maximum input current of 1 fLA at 18 Y over full 
package-temperature range; 100 nA at 18 Y and 2S·C 

04 '0 '0' 

os 12 

214,8,10,12,14) ..-"---l-l 

I I 
DIsABLE TO OTHER 

BUFFERS vDD 

a 
vss 

VDD 

J 

• Meets all requirements of JEDEC 
Tentative Standard No. 13A, "Standard 
Specifications for Description of 'B' 
Series CMOS Devices." 

Applications: 
• 3-state hex buffer for Interfacing IC's 

with data buses 
• CMOS to TTL hex buffer 

TRUTH TABLE 

... QN 

~7'9'1I'13) 
DN DISAIB) QN 

i 
Vss 

* ALL INPUTS PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 

0 0 0 
I 0 I 
X I HIGH Z 

X. DONIT CARE 

Fig. 1-Logic diagram of 1 to 6 identical buffers. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY·VOLTAGE RANGE, (VDD) 
(Voltages referenced to VSS Terminal) ....... , , ........... ' , .. , ... , . ' ... , ...... -0.5 to + 20 V _ 

INPUT VOLTAGE RANGE, ALLIN PUTS ................. , , . , , ... , ......... -0.5 to VDD + 0.5 V 
DC INPUT C.uRRENT, ANY ONE INPUT ................ , ..... , . , , ....... , .... , ...... ± 10 mA 
POWER DISSIPATION PER PACKAGE (PO): 

ForTA = -40to +60'C(PACKAGETYPEE) ....... " ............................... 500mW 
ForTA = +6010 + 85'C (PACKAGE TYPE E) ............. Derate Linearly al12 mW/'Clo 200mW 
For T A = -5510 +100' C (PACKAGE TYPES D, F, K) ......................................... SOD mW 
ForTA = +100 to +125'C (PACKAGE TYPES 0, F, K) .......... Derate Linearly at 12 mwrc 10 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE·TERMPERATURE RANGE (All Package Types) ...... , , .. , .... 100 mW 

OPERATING·TEMPERATURE RANGE (T A): 
PACKAGETYPESD.F,K,H ........................................................ -55to+125'C 
PACKAGE TYPE E .................................................................. -40 to +85' C 

STORAGE TEMPERATURE RANGE (TSlg)' ........ '. , ........ , , ... , .. , ... , ' , . , , , -6510 + 150'C 
LEAD TEMPERATURE (DURING SOLDERING): 
At dislance 1116 ± 1132 inch (1.59 ± 0.79mm) from case for 10 s max, .. , .. ',' , .... , ...... + 265'C 

298 

06 '4 " .. 
DIS\8LE '5 

IEi-Voo a-vss 

FUNCTIONAL DIAGRAM 

Fig. 2-Typlcal n-channal output low (sink) 
current characteristics. 

OR"N-T(~SO'"RC' VOLTAGE (Vos)-V 
92CS-321:S~ 

-FIg. 3-Minimum n·channel output low (sink) 
current characteristics. 

DIS A 1& Voo 
01 IS DIS B 

01 I. D& 

O' 13 Q& 

Q2 
" 

OS 

DS QS 

QO 10 O. 

Vss • Q • 

TOP VI W 

'2el-SlItI 

TERMINAL ASSIGNMENT 



STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES ('C) U 
CHARAC· CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages N 
TERISTIC Values at -40, + 25, + 85 Apply to E Package I 

Vo VIN VDD +25 
T 
S 

(V) (V) (V) -55 -40 +85 + 125 Min. Typ. Max. 

Quiescent - 0,5 5 1 1 30 30 - 0.02 1 
Device - 0,10 10 2 2 60 60 - 0.02 2 

flA 
Current, - 0,15 15 4 4 120 120 - 0.02 4 
IDD Max. - 0,20 20 20 20 600 600 - 0.04 20 

Output 
low 0.4 0 5 2.6 2.5 1.4 1.3 2.1 2.3 -
(Sink) 0.5 0 10 6.5 6.4 3.9 3.8 5.5 6.2 -
Current 1.5 0 15 19.2 18.9 11.4 11.2 16.1 23 -
IOl Min. 

Output 
4.6 5 5 -1.2 -1.16 -0.7 -0.7 H.02 -1.9 - mA 

High 
2.5 5 5 -5.8 -5.7 -3.4 -3 -4.8 -6.1 -(Source) 
9.5 10 10 -3.1 3 -1.9 -1.8 -2.6 -3.7 -Current, 
13.5 15 15 -8.2 -8 -4.9 -4.8 -6.8 -14.1 

IOH Min. -
Output 

Voltage: - 0,5 5 0.05 - 0 0.05 
low· 
level, - 0,10 10 0.05 - 0 0.05 
VOL Max. - 0,15 15 0.05 - 0 0.05 

V Output 
Voltage: - 0,5 5 4.95 4.95 5 -
High· 
level, - 0,10 10 9.95 9.95 10 -
VOH Min. - 0,15 15 14.95 14.95 15 -

Input low 0.5,4.5 5 1.5 - - 1.5 
Voltage, 1,9 - 10 3 - - 3 
Vil Max. 1.5,13.5 - 15 4 - - 4 

Input 
V High 0.5,4.5 - 5 3.5 3.5 - -

Voltage, 1,9 - 10 7 7 - -
VIH Min. 1.5,13.5 - 15 11 11 - -

Input 
Current - 0,18 18 ±O.1 ±0.1 ±1 ±1 - ± 10-5 ±0.1 
liN Max. 

3-State flA 
Output 
leakage 0,18 0,18 18 ±0.4 ±0.4 ±12 ±12 - ± 10.4 ±0.4 
Current, 

lOUT 
Max. 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so 
that operation is always within the following ranges: 

CHARACTERISTIC LIMITS 
UNITS Min. Max. 

Supply-Voltage Range (For 
T A = Full Package· 

3 18 V Temperature Range) 

CD4503B Types 

DRAIN-TO - SOURCE VOLTAGE (Vos)-" 

-9 -8 -7 -6 -5 -4 -3 -2 

AMBIENT TEMPERATURE (T,,'-25-C 

Fig. 4-Typical p-channel output high (source) 
current characteristics. 

DRAIN - TO- SOURCE VOL. TAGE {Vos 1- II 
_ • 4 4 4 4 ~ 4 1 

_\0'1 

AMBIENT TEMPERATURE (T A )- 25-C 

92C$- ~2737 

Fig. 5-Minimum p·channel output high (source) 
current characteristics. 

AMBIENT TEMPERATURE (TAl- 2~·C 

r 175 _ tt:~: 
-::. 
~150 

!"125 

w 
~ 10 

~ 75 

z 

~ 50 

~ l5 

VOO"15\1 

10 20 30 40 50 60 70 eo 90 100 
LOAD CAPACITANCE (el)- pF 

Fig. 6-Typical propagation delay time as a 
lunction 01 load capacitance. 

eo AMBIENT TEMPERATURE IT AI-25*C 

70 

f 60 

~ 
~ 50 

-= 40 

~ 
Ow 
z 
o 

~20 
:= 10 

10 20 30 40 50 60 70 50 90 100 
LOAD CAPACITANCE (CL1-pF 

Fig. 7-Typical transition time as a function 
01 load capacitance. 
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CD45038 Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 2SDC; Input 'r, 'I 
CL = 50 pF, RL = 200 kQ unless otherwise specified. 

2Ons, 

CHARACTERISTIC 

Propagation Delay Time: 
Low-to-High, tpLH 

Hlgh-to-Low, tpHL 

Transition Time: 
Low-to-High, tTLH 

High-to-Low, tTHL 

3-State Propagation Delay Time: RL = 1 kO 
tpHZ, tpZH 

tpZL' tpLZ 

· :~B!~NT TEMPERATURE ITA)·2~·C 

, _ -- I- V 

~IOK8 I,,~·V 
.'. · ·11 ~. .p · ~.,o. .!i/ - , 
z V· V 
~ ." : . 
~ . 

V V CL-15pF----
~ 2 

1(/ V CUSOpF--

:51008 
~ . 

i'I'I"'jO''!t ~ · V IOi!V r- ----
II I I_I , •• 0 , .oo , . 10 102 6 8103 2 • 6 810• 

FREQUENCY (f I-KHz W2CS.3!740 

Fig. 8-Typical power dissipation as a function 
of frequency. 
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VDD 
(V) 

5 
10 
15 
5 

10 
15 
5 

10 
15 
5 

10 
15 
5 

10 
15 
5 

10 
15 

500l&F 

I 

15 

~4-"""-I 4 

6 
10 

12 

14 

8 

LIMITS 
UNITS Typ. Max. 

75 150 
35 70 ns 
25 50 

55 110 
25 50 ns 
17 35 
50 90 
30 45 ns 
25 35 
35 70 
20 40 ns 
13 25 
70 140 
30 60 ns 
25 50 
90 180 
40 80 ns 
35 70 

Voo 

16 • 

92CS-:S2741 

o 
Vss 

INPUTS 

Vss 
92CS~!740IAI 

Fig. 10-Qulescent-devlce-current test circuit. 

V,H 

INPUTQVDO OUTPUTS 

'-- ~ 
v~ ~ 

NOTE: 
VSS TESTIllfYC_'NATlCIII 

OF INPUTS 

9ZCS-2744IRI 

Fig. 11-lnput-voltage test circuit. 

NO~E' 
MEASURE INPUTS 
SEQUENTIALLY, 
TO 80TH Voo AND IIss' 
CONNECT ALL UNUSED 

Fig. 9-Dynamic power dissipation test circuit. 
L_,-_....l INPUTS TO EITHER 

Voo DRVss' 

81 

V55 

92C5-2741)2 

Fig. 12-lnput current test circuit. 

Dimensions and pad layout for CD4503BH 

D,mensIons In pdrentheses are In millimeters and 
are dertved from the basIc Inch dimenSIons as in­
dIcated. Grid 9rddudrlons .Ire In mils (10-- 3 mch}: 

The photographs and dimensions of .ach CMOS chip 
represent a chip when it is part of the waf.r. When the 
wafar is separated Into Individual chips. the 8ng/e of 
e/ea'lage may vary with respect to the chip f.ee for 
different chips. The actual dimensions of the isolated 
chip. therefore. may differ slightly from the nomln.' 
dimensions shown. The user should consider 8 tolerance 
of -3 mils to +16 mils applicable to the nomln.' 
dimensions shown. 



CMOS Dual 4-Bit 
Latch 

High·Voltage Types (20·Volt Rating) 

The RCA·CD4508B dual 4·bit latch contains 
two identical 4·bit latches with separate 
STROBE. RESET. and OUTPUT DISABLE 
controls: With the STROBE line in the high 
state. the data on the "D" inputs appear at 
the corresponding "0" outputs provided the 
DISABLE line is in the low state. Changing 
tile STROBE line to the low state locks the 
data into the latch. A high on the reset line 
forces the outputs to a low level regardless of 
the state of the STROBE input. The outputs 
are forced to the high·impedance state for 
bus line applications by a high level on the 
DISABLE input. 

The CD4508B types are supplied in the 24-
lead dual-in-line ceramic packages (D and F 
suffixes). 24-lead dual-in-line plastic pack­
ages (E suffix). 24-lead ceramic flat pack­
ages (K suffix). and in chip form (H suffix). 

The CD4508S is similar to industry type 
MC14508. 

Features: 
• Two independent 4·bit latches 
• Individual master reset for each 4-bit latch 
• 3'state outputs with high·impedance state for bus 

line applications 
• Medium·speed operation: tpHL = tpLH = 70 ns 

(typ.) at VDD = 10 V and CL = 50 pF 

• 100% tested for quiescent current at 20 V 
• 5·V, 1a-V, and 15·V parametric ratings 
• Standardized, symmetrical output characteristics 
• Maximum input current of 1 /lA at 18 V 

over full package·temperature range; 
100 nA at 18 V and 250 C 

• Noise margin (full package· temperature 
range) = 

1 VatVDD = 5 V 
2VatVDD=10V 

2.5 V at VDD = 15 V 
• Meets all requirements of JEDEC Tenta· 

tive Standard No.13A, "Standard Speci· 
fications for Description of'S' Series 
CMOS Devices" 

Applications: 

• Buffer storage 
• Holding registers 
• Data storage and multiplexing 

MAXIMUM RATINGS, Absolute·Maximum Values: 
DC SUPPLY·VOLTAGE RANGE. (V DO) 

(Voltages referenced to VSS Terminal! 
INPUT VOLTAGE RANGE. ALL INPUTS 
DC INPUT CURRENT. ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (PO): 

For T A = -40 to +60oC (PACKAGE TYPE E) 
For T A = +60 to +850 C (PACKAGE TYPE E) 
For T A = -55 to +100·C (PACKAGE TYPES D. F. K) 
For T A = +100 to +125·C (PACKAGE TYPES D. F. K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

-0.5 to +20 V 
-0.5 to VDD +0.5 V 

±10mA 

. . . . • . • .. 500mW 
Derate Linearlv at 12 mW/oC to 200 mW 
. . . . • . . .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 

FOR TA = FULL PACKAGE·TEMPERATURE RANGE IAII Package Types) 
OPERATlNG·TEMPERATURE RANGE ITA): 

100mW 

PACKAGE TYPES D. F. K. H 
PACKAGE TYPE E . 

STORAGE TEMPERATURE RANGE (T"g) 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case. for 105 max. 

-55 to +1250 C 
-40 to +850 C 

-65 to +1500 C 

RECOMMENDED OPERATING CONDITIONS at TA = 250 C, Except as Noted. For maximum 
reliability, nominal operating' conditions should be selected so that operation is always within the 
following ranges: 

VDD LIMITS 
CHARACTERISTIC 

(V) Min. Max. 
UNITS 

Supply· Voltage Range (For T A = Full Package· 
3 18 V 

TelTlperature Range) 

5 200 -

Reset Pulse Width, tWIRl 10 140 -
15 100 -

5 140 -
Strobe Pulse Width. tWIst) 10 80 -

15 70 -
ns 

5 50 -
Setup Time, tsu 10 30 -

15 20 -

5 0 -

Hold Time, tH 10 0 -

15 0 -

CD4508B Types 

OUWUT 
DISABLE 

DO. OOA 

DIA OIA 
D.A 4- BIT 3-STATE 

O'A LATCH OUTPUTS 
D'A O'A 

STROBE 

RESET 
OUTPUT 
DlSAIll. 

00. OD. 
DI. 01. 
D •• 0'. 
D •• 0 •• 

STROBE 

RESET 

FUNCTIONAL DIAGRAM 

DRAIN-lO-SOURCE VOLTAGE (Vosl-V 

Fig.2 - Typical output low (sink) current 
characteristics. 

I I 
ORAIN-TO-SOURCE VOLTAGE !VDS)-V 

Fig.3 - Minimum output low (sink) current 
characteristics. 

ORAIN-TO-SOURCE VOLTAGE !VoSI-V 

Fig.4 - Typical output high (source) current 
characteristics. 
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CD4508B Types 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 

CONDITIONS Values ai-55, +25, +125 Apply to D, F, K, H Packages 
CHARACTER· Value. at -40, +25, +85 Apply to E Package 

ISTIC 
Vo VIN VDD +25 

(V) (V) (V) -55 -40 +85 +125 Min. Typ. Max. 

Quiescent Device - 0,5 5 5 5 150 150 - 0.04 5 
Current, - 0,10 10 10 10 300 300 - 0.04 10 

IDD Max. - 0,15 15 20 20 600 600 - 0.04 20 

- 0,20 20 100 100 3000 3000 - 0.08 100 

Output Low 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -

(Sink) Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -
IOLMin. 1.5 0,15 15 4.2 4 2.8 2.4 34 6.8 -

Output High 4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 -

(Source) 2.5 0,5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -

IOH Min. 
13.5 0,15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 -

Output Voltage: - 0,5 5 0.05 - 0 0.05 
Low·Level. - 0,10 10 0.05 - 0 0.05 

VOL Max. 
- 0,15 15 0.05 - 0 0.05 

Output Voltage: - 0,5 5 4.95 4.95 5 -
High·Level, - 0,10 10 9.95 9.95 10 -
VOH Min. - 0,15 15 14.95 14.95 15 -

Input Low 0.5,4.5 - 5 1.5 - - 1.5 
Voltage, 1,9 - 10 3 - - 3 

VIL Max. 
1.5,13.5 - 15 4 - - 4 

Input High 0.5,4.5 - 5 3.5 3.5 - -

Voltage, 1,9 - 10 7 7 - -
VIH Min. 1.5,13.5 - 15 11 11 - -

Input Current - 0,18 18 ±0.1 ±0.1 ±1 ±1 - ±10-5 ±0.1 
liN Max. 

3·State Output 
Leakage Current 0,18 0,18 18 ±0.4 ±0.4 ±12 ±12 - ±10-4 ±O.4 
lOUT Max. 

j..:::.:c...:.:==+-_-__ -__ -_-___ -__ -,TVPICAL LArcH - ""1 
Yoo I 

d l 

* 'b~I7,9,'" 
RESET·A J ~ OUTPUT 

4{6,e,IO} * 9 : 
Dn-A 

¥_ risr YSS: 

,,:~~'~;A;'~-~-------J dO 
RESET DISABLE STROBE 

0 0 1 

0 0 1 

DINPUT 

1 

0 

QOUTPUT 

1 

0 

'ALL'N~SS 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 

UNITS 

IlA 

mA 

V 

V 

IlA 

IlA 

92CM-2929~ 

0 

1 

X 
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0 0 

0 X 

1 X 

1 = HIGH LEVEL 

0= LOW LEVEL 

X LATCHED 

X 0 

X Z 

X = DON'T CARE 

Z = HIGH IMPEDANCE 

Fig. 7 - Logic diagram (A-Section), 1 of 4 identical/atches with 
common output disable, reset and strobe. 

DRAIN-lO-SOURCE VOLTAGE (Vosl-v 

-15 -10 -5 
AMBIENT TEMPERATURE (TA)'25°C 

ftt1H-tt+ttGttATtlE-H_TtfWuJtitjot~tltt!1r_ 5 v 

, 'i iN W 
: Hi! J ,J; 

ti ~~ ~ r 

•• 4, :~ :ei 
:: ~l/\,:i:~f: 

-!i llilllJ Ji 11. 

,. _ -+--15 

II f::~ 

Fig. 4 - Minimum output high (source) current 
characteristics. 

, 
LOAD CAPACITANCE (CL)-pF 

Fig. 5 - Typical transition time as a function of 
load capacitance. 

~175f'.:';;"+=J..;.:.~=.j..:.:.'-+=-l-'· c:.j..:..:.:-'-l~~=-'-l , 
~150f'.:';;"+=J..;.:.~=.j..:.:.,-+c:.c:.i 

iI2S"'.':':: :c:.: f-'-'-+=+'cc~'"" 
~ 100"':':':' +~=+-"-+ 
§ ... 
~ 75r·~~~.c:t-=~~~~~~~~ 

Fig. 6 - Typical propagation delay time as a func­
tion of load capacitance (strobe to data out). 

~'AMBiEN-T TEMPERATU"RE 
1/ , ! 'r .\~A:2~2n~OC 1/ " , RL 'fo,o,~n 1 1 .'1 2 10: . , a~'''~~~ jL- -

~ . ~';L ,0. , 0" 7~ 
z 10: f-Jo-:->/ 

1-... "' ~,!6 ,v 
~.!. 4 ~~/ V ~~2 1/ CL ~50 pF __ 0- , 

ffi IOe CL' 15 pF . ' 
~ '/ +t , 1m '0 , 

10 2. S8101 2 4 6Bl(f 2. 4 6610~ 2. 4661042. 4 6e10~ 

INPUT FREQUENCY (fINJ- kHz 
92CS- 29295 

I Fig. 8 - Typical power dissipation \9$ a function 
of frequency. 



DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 250 C; Input t r, tf = 20 ns, CL = 50 pF, 
RL = 200 kn, unless otherwise specified. 

CHARACTERISTIC 

Transition Time, tTHL, tTLH 

Minimum Reset Pulse Width, tWIRl 

Minimum Strobe Pulse Width, tWIst) 

Minimum Setup Time, tsu 

Minimum Hold Time, tH 

Propagation Delay Times: tpH L, tPLH 
Strobe to Data Out 

Data I n to Data Out 

Reset to Data Out 

3·State Propagation Delay Times: 
Output High to High Impedance,tpHZ 

High Impedance to Output High, tpZH 

Output Low to High Impedance, tpLZ 

High Impedance to Output Low, tpZL 

Input Capacitance, 

STROBE 
INPUT 

·SU --j 

I 

CIN 

tWist) f..--

'H--1 f--

TEST 
CONDITIONS 

Any Input 

~~PUT ---{ r-----+--_...J/ 

LIMITS 
UNITS 

VDD Typ. Max. 

5 100 200 
10 50 100 
15 40 80 

5 100 200 
10 70 140 
15 50 100 

5 70 140 
10 40 80 
15 35 70 

5 25 50 
10 15 30 
15 10 20 

5 0 0 
10 0 0 
15 0 0 

5 130 260 
10 70 140 
15 50 100 ns 
5 105 210 
10 60 120 
15 45 90 

5 90 180 
10 50 100 
15 40 80 

5 90 180 
10 50 100 
15 35 70 
5 90 180 
10 50 100 
15 35 70 

5 90 180 
10 50 100 
15 35 70 
5 90 180 

10 50 100 
15 35 70 

- 5 7.5 pF 

---i t W(R I L.-

~ RESET ----+---------ir------------- 1 I ~. ----

OUTPUT I I 

D'SABLE ~'----i-------_:_---------I:--...Jlf__----
• PLH ---+i '-- 'PHL ---+I l+-

1'1)--------1..1 
• PHL --: L.- I 

I--J 
I 

Do OUTPUT ____ -11 I I ), ______ ../ 

tTLHI f.- tTHL~ 1-

Fig. 12 - Test waveforms. 
92.CM-Z9297 

CD4508B Types 
Voo 

9ZCS-292:96 

Fig.9 - Power dissipation test circuit. 

V'H 

VDO . 
Vss 

VDO 

INPUTS 

Fig. to - Quiescent device 
current test circuit. 

'NPUTOVDO OUTPUTS 

""'-- ~ 
V~L J 

NOTE: 

Vss ~srN~r:,~~OMBINATION 

~2.CS-Z7"'4IRI 

Fig. 11 - Input voltage test circuit. 

V~NPU(J' '. ::;::.::~ 
Vss TO BOTH Voo AND Vss· 

CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR VSS· 

Vss 

Fig. 73 -Input current tesrcircuit. 
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CD4508B Types 

TEST ANY 
OUTPUT I Ul 

~o 
leaPF 

OUTPUT DISABLE 

Q OUTPUT 

Q OUTPUT 

CHAR. tiW~ 
tpHZ VIJo V.S 

tpLZ Vss VDD 

t PZL Vss VDD 

f PZH VDD Vss 

Fig. 14 - Output disable test circuit and waveforms. 

RESET »====;::::==+===::;:===+==:::: CLOCK> 

S ERIAL OAT A >--I ..... L,.~~~~ 
VCD4015B 

I 
-.J 

STROBE >--~--+-+--j--jl-~-+-+-++ __ -+ 

DISABLE >----t~L,..--,---.__._ 

Fig. 15 - Bus register. 

93-101 
2.362-2.565 

91-99 
(2.311-2.515) 

92CM-29302 

c-'-----'_~L~CD4S0BB 

FUNC.TION 
SELECT 

92CM-29301 

Fig. 16 - Dual multiplexed bus register with 
function select. 

RESET A I· 2. 

STROBE A 2 23 
OUTPUT 
DISABLE A 22 

DOA 21 
ODA 20 

DI A I. 

OIA 18 

D2A 17 
020 IS 

D3A 10 15 

0" I' 

Vss 12 I> 

TOP VIEW 

Voo 
038 

D38 

028 

D28 

018 
018 

008 

DOB 
OUTPUT 
ISABLES 

STROBE 8 

[SETB 

The photographs and dimensions of each CMOS Chip 
represent a chip when It is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may v..ary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. Ths ussr should considers tolerance 

TERMINAL ASSIGNMENT 
DmJef1S/ons in parentheses are in millimeters and 
are derived from the baSIC inch dimensions as in­
dicated. Grid graduations are in mils (1(J3 inch). 

of -3 mils to +16 mils applicable to ths nominal 
dimensions shown. 

Dimensions and pad layout for CD450BB. 
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CMOS Presettable 
Up/Down Counters 
High-Voltage Types (20-Volt Rating) 

CD451 OB - - - BCD Type 

CD4516B - - - Binary Type 

The RCA-CD4510B Presettable BCD Up!Down 
Counter and the CD4516 Presettable Binary 
Up/Down Counter consist of four synchron­
ously clocked D-type flip-flops (with a gating 
structure to provide T-type flip-flop capa­
bility) connected as counters. These counters 
can be cleared by a high level on the RESET 
line, and can be preset to any binary number 
present on the jam inputs by a high level on 
the PRESET ENABLE line. The CD4510B 
will count out of non-BCD counter states in a 
maximum of two clock pulses in the up 
mode, and a maximum of four clock pulses 
in the down mode. 

If the CARRY-IN input is held low, the 
counter advances up or down on each 
positive-going clock transition. Synchronous 
cascading is accomplished by connecting all 
clock inputs in parallel and connecting the 
CARRY-OUT of a less significant stage to 
the CARRY-IN of a more significant stage. 

The CD451 OB and CD4516B can be cascaded 
in the ripple mode by connecting the CAR RY­
OUT to the clock of the next stage .. 11 the 
UP/DOWN input changes during a terminal 
count, the CARRY-OUT must be gated with 
the clock, and the UP/DOWN inpu~ must 
change while the clock is high. This method 
provides a clean clock signal to the subse­
quent counting stage. (See Fig. 15). 

These devices are similar to types MC14510 
and MC14516. 
The CD4510B and CD4516B Series types 
are supplied in 16-lead hermetic dual-in­
line ceramic packages (D and F suffixes), 
16-lead dual-in-line plastic packages (E suf­

fix), 16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 

PRESET 
I. I. Voo ENABLE 

O. 2 I. CLOCK 
P' 3 

" 
03 

PI 13 P3 
CARRY IN 12 P2 

01 02 
CARRY OUT 10 UP/DOWN 

Vss 9 RESET 

(TOP VIEW) 

CD4510B, CD4516B 

TERMINAL ASSIGNMENT 

CD4510B, CD4516B Types 

• Features: 
• Medium-speed operation --

fCl = 8 MHz typo at 10 V 

• Synchronous internal carry propagation 

• Reset and Preset capability 

.100% tested for quiescent current at 20 V 

• 5-V, 10-V, and 15-V parametric ratings 
• Standardized symmetrical output characteristics 

• Maximum input current of 1 /J.A at 111 V 
over full package temperature range; 
100 nA at 18 V and 25°C 

• Noise margin (full package-temperature 
range): 1 Vat VDD = 5 V 

2 V at VDD = 10 V 
2.5 Vat VDD = 15 V 

• Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

PRESET 
ENABLE 

0' 

.2 0' 
P3 

I. 
0' 

0' 

" 
VOO'IS 

CLOCK Vss·a 
UP/DOWN 

CARRY IN ~ 

RESET 

CD4510B, CD4516B 
FUNCTIONAL DIAGRAM 

92CS-24824 

Applications: 

• Up/Down difference counting 

• Multistage synchronous counting 

• Multistage ripple counting 

• Synchronous frequency dividers 

OPERATING CONDITIONS AT TA = 25°C, Unless Otherwise Specified 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the following ranges. 

Characteristic VDD Min. Max. Units 

Supply Voltage Range (At T A = Full Package-Temperature Range) 3 18 V 

5 150 -

Clock Pulse Width, tw 10 75 - ns 
15 60 -
5 - 2 

Clock Input Frequency, fCl 10 - 4 MHz 
15 - 5.5 

5 150 -
Preset Enable or Reset Removal Time- 10 80 - ns 

15 60 -
5 - 15 

Clock Rise and Fall Time, trCl, tfCl • 10 - 5 f,Ls 
15 - 5 

5 130 -
Carry-In Setup Time, ts 10 60 - ns 

15 45- -
5 360 -

Up-Down Setup Time, ts 10 160 - ns 
15 110 -
5 220 -

Preset Enable or Reset Pulse Width, tw . 10 100 - ns 
15 75 -

-Time required after the falling edge of the reset or preset enable inputs before the rising edge 
of the clock will trigger the counter (similar to setup time). 

"'If more than one unit is cascaded in the parallel clocked application, trCl should be made less 
than or equal to the sum of the fixed propagation delay at 15 pF and the transition time ofthe 
carry output driving stage for the estimated capacitive load. 
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CD4510B, CD4516B Types 

MAXIMUM RATINGS, Absolute-Maximum Values; 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) ................................................ -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................... -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ..................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (PD): 

For T A = -40 to +SO°C (PACKAGE TYPE E) ................................................. 500 mW 
For T A = +60 to +85°C (PACKAGE TYPE E) ••• ••••• ••• ••••• ••• Derate Linearly at 12 mW/oC to 200 mW 
ForTA = -55 to +100°C (PACKAGE TYPES D, F, K) .......................................... 500 mW 
For T A = +100 to +125°C (PACKAGE TYPES D, F, K) .•••.•..•• Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
ForTA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES D, F. K, H ............ , ........................................... -55 to +125°C 
PACKAGE TYPE E .................................................................. -40 to +85°C 

STORAGE TEMPERATURE RANGE (Tstg) ••• ! ......................................... -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING)l. 

At distance 1116 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max .••..•.••.•••••.....•.•... +265°C 

PRESET-I 
ENABLEv-crr,-~ 

~g7~----------' 

VDD 

."'-.~ PROTECTED BY ""'s 
COSIMOS .;) 
PROTECTION NETWORK. 

CARRY IN" 5 

PI* QI 
• 6 

P2* 02 
12 II 

P'5* Q3 
13 14 

P4* Q.4 
3 2 

Q4 Q4 

Fig.3 - Logic Diagram for CD4510B. 

DRAIN-lO-SOURCE VOLTAGE (VOSI-V 

-l~ -10 -5 
AMBIENT TEMPERATURE ITAlo2S"C 

GATE -TO-SOURCE VOL.TAGE lvt;sJo -5 v 

-10'.1 

-:: ~ :F.~ 
'1::, , .• 

"'-·15 V 

1111111 
: I 

Fig.5 - Minimum output high (source) current 
characteristics. 
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AM"'NT TEMPERATURE {T 

.:.,: 
::iO~. i: iii .,:: 

"P'~ iii:.' .'.: 
,I,,:iiiiiliiii iH ',., 

LOAD CAPACITANCE (ell-pF 

Fig.6 - Typical transition time vs. load 
capacitance. 

~ 10 

il , 

AMBIENT TEMPERATURE (T41.25"C 

GATE-TO-SOURCE VOLTAGE (VG5'015 V 

10V 

5 10 15 
DRAIN-TO-SOURCE VOLtAGE (IIOS)-II 

Fig.l - Typical output low (sin/<) current 
characteristics. 

I 
OOAIIN-'·O·"OO'''' VOLTAGE (Vos)-V 

Fig.2 - Minimum output low (sink) current 
characteristics. 

DRAIN-TO-SOURCE VOLTAGE (IIOS)-V 
-15 -10 -5 

AMBIENT TEMPERATURE CTA).25·C 

GATE-TO-SOURCE VOLTAGE (IIGSJ~-5V 

-IOV 

-15V 

Fig.4 - Typical output high (source) current 
characteristics. 



STATIC ELECTRICAL CHARACTERISTICS 

CONDITIONS 
CHARACTER· 

ISTIC 
Vo VIN VDD 
IV} IV} IV} 

Quiescen t Device - 0,5 5 
Current, - 0,10 10 

100 Max. - 0,15 15 

- 0,20 20 

Output low 0.4 D,S 5 
ISink} Current 0.5 0,10 10 

IOlMin. 1.5 0,15 15 

Output High 4.6 D,S 5 
ISource} 2.5 D,S 5 
Current, 9.5 0,10 10 

IOH Min. 
13.5 0,15 15 

Output Voltage: - D,S 5 
low·level, - 0,10 10 

VOL Max. 
- 0,15 15 

Output Voltage: - D,S 5 
High·Level, - 0,10 10 
VOH Min. - 0,15 15 

Input Low 0.5,4.5 - 5 
Voltage, 1,9 - 10 

Vil Max. 
1.5,13.5 - 15 

Input High 0.5,4.5 - 5 
Voltage, 1,9 - 10 

VIH Min. 1.5,13.5 - 15 

I nput Current - 0,18 18 liN Max. 

PRESET* I 
ENABLE v--1r?"""L.-/ 

'Ci'RiW"OuT 0---------, 
7 

.,,~~ 
~~g;~g~ED BY Vss 
PROTECTION NETWORK. 

CARRY IN- 5 

liMITS AT INDICATED TEMPERATURES laC} 
Values at -55, +25, +125 Apply to D, F, K, H Packages 
Value. at -40, +25, +85 Apply to E Package 

-55 

5 

10 

20 

100 

0.64 

1.6 

4.2 

-0.64 

-2 

-1.6 

-4.2 

±0.1 

PI* QI 
• 6 

-40 +85 

5 150 

10 300 

20 600 

100 3000 

0.61 0.42 

1.5 1.1 

4 2.8 

-0.61 -0.42 

-1.8 

-1.5 

-4 

±O.'j 

-1.3 

-1.1 

-2.8 

0.05 

0.05 

0.05 

4.95 

9.95 

14.95 

1.5 

3 

4 

3.5 

7 

11 

±1 

pz+ Q2 
12 II 

+125 

150 

300 

600 

3000 

0.36 

0.9 

2.4 

-0.36 

-1.15 

-0.9 

-2.4 

±1 

Min. 

-

-
-
-

0.51 

1.3 

3.4 

-0.51 

-1.6 

-1.3 

-3.4 

-

-
-

4.95 

9.95 

14.95 

-
-
-

3.5 

7 

11 

-

P3* 03 
13 14 

+25 

Typ. 

0.04 

0.04 

0.04 

0.08 

1 

2.6 

6.8 

-1 

-3.2 

-2.6 

-6.8 

0 

0 

0 

5 

10 

15 

-
-
-

-
-
-

±10-5 

Max. 

5 

10 

20 

100 

-

-
-

-

-
-
-

0.05 

0.05 

0.05 

-

-
-

1.5 

3 

4 

-
-
-

±0.1 

P4* 04 
, 2 

Fig. to - Logic Diagram for CD45t6B. 

UNITS 

J1.A 

rnA 

V 

V 

J1.A 

CD4510B, CD4516B Types 

~ 

i 
g 
w 
'I 

~ 
Q 

~ 
2i 
" '" 

: : : : : : 

: 
: : : : : : 

: : : : : : : : : : 

10 15 20 

SUPPLY VOLTS-VOO 
Fig.8 - Typical maximum clock input frequency 

vs. supply voltage. 

10, AMBIENT TEMPERATURE (TAl- 2S"C 
6 'r,tt· 2On5 
4 -CL;50pF 

II I ---CL"15pF ,I 
2 .. I II J 1/ 

10' 
I' =~~.~r. 6 ,. - ~.p 

4 'rl-- ~~ .p 
'--~ ~ 

2 .P: 
10' 

~ 

, 
== tt,;; 

6 
4 • 

~. 2 
r1X 
J.rX 10 

0,1 
I 2 46810 2 46~cf-2 468 103 2 46~04 

CLOCK INPUT FREQUENCY ifCLi- kHz 92CS-21001 

Fig.9 - Typical dynamic power dissipation 
vs. frequency. 

VDD 

o 
vss 

INPUTS 

Vss 

Fig. 11 - Quiescent-device-cur­
rent test circuit. 

Voo NOTE: 

INPUOS Von 

~ ~:~~~:;I!~~~~S 
Vss TO BOTH Voo ANO VSS' 

CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR VSS' 

vss 

Fig. 12 - Input-current 
test circuit. 
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CD4510B, CD4516B Types 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C, CL = 50 pF; 

Input t r, tf = 20 ns, RL = 200 kQ 

Condit- Limits 
ions 

Characteristic VDD 
All Packages 

(VI Min_ Typ_ 

Propagation Delay Time (tPH L, tPLHI: 
5 - 200 

Clock-to-Q Output (See Fig. 101 10 - 100 
15 - 75 

5 - 210 
Preset or Reset·to-O Output 10 - 105 

15 - 80 

'5 - 240 
Clock-to-Carry Out 10 - 120 

15 - 90 

5 - 125 
Carry·ln-to·Carry Out 10 - 60 

15 - 50 

5 - 320 
Preset or Reset-to-Carry Out 10 - 160 

15 - 125 

5 - 100 
Transition Time (tTHL. tTLHI (See Fig. 91 10 - 50 

15 - 40 

5 2 4 
Max. Clock I nput Frequency (fcLl 10 4 8 

150 5.5 11 

Input Capacitance (CIN) - 5 

Set-up Time. ts 5 25 12 
Preset Enable to J n 10 10 6 

15 10 5 

Hold times. tH 5 60 30 
Clock to Carry-In 10 30 4 

15 30 1 

5 30 10 
Clock to Up/Down 10 30 4 

15 30 5 

5 70 35 
Preset Enable to J n 10 40 20 

15 40 20 

308 

., Units 

Max_ 

400 
200 ns 
150 

420 
210 ns 
160 

480 
240 ns 
180 

250 
120 ns 
100 

640 
320 ns 
250 

200 
100 ns 
80 

-
- MHz 
-

7.5 pF 

-
-
-
-
-
- ns 

-
-
-
-
-
-

V,H 

INOPUTQVDO OUTPUTS 

'-- ~ o _ 
VIL _ 

NOTE: 
TEST ANY ONE INPUT. 

VSS WITH OTHER INPUTS AT 
Yoo ORYss' 

tzCI-ZUOOIU 

Fig. 13 - Input-vo/rage 
telt circuit 

l i20", 1cF20Ol 

~ ... voo 
.0 ... 

~ ~ 'O ... V 
VARIABLE ss 

WIDTH 

Fig .. '4 - Power-dissipation telt circuit and 
input walleform. 
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Fig. 16 - Timing diagram for CD4516B. 

CLOCK PRESET 
ENABLE 

This acquisition system can be operated in 
the random access mode by jamming in 
the channel number at the present inputs, or 
in the sequential mode by clocking the 
CD4516B. 

Fig. 17 - Typical16-channel, IO-bitdataacquisition system. 

PARALLEL 
DATA 
OUTPUTS 

Voo 

Vss 

CD451 DB, CD4516B Types 

CL CJ 
'X 1 
.I 0 
.r 0 
X X 
X X 

UfO PE R ACTION 
X 0 0 NO COUNT 
1 0 0 COUNT UP 

0 0 0 COUNT DOWN 

X 1 0 PRESET 
X X 1 RESET 

-x - DONTCARE 

TRUTH TABLE 

10 2:0 30 40 60 70 80 90 

92 100 
(,.,,7-'.540J II 

J 
92CS-21037RI 

Dimensions and Pad Layout for CD4510BH . 

gO 
2.489) 

~"4J I 
I-----;;;o~~=r'~ 

92CS-27036RI 

Dimensions and Pad Layout for CD4516BH. 
The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer IS separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different Chips. The actual dimensions of the isolsled 
chip, therefore, may differ slighrly tram the nominal 
dimensions shown. The user should consider a lolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 

309 



310 

CD4510B, CD4516B Types 

"PARALLEL CLOCKING" 

UWDOWN >--------.--------------------------~------------------------~._------------------_. 

~~~~t~ >--------+--~----------------------~--~----------------------~~~---------------. 

UWD 

*" C.l. CD4510/16 C.O. o----{]C. I. CD4510/16 C.O. [)------(JI c. I . CD4510/16 C.O. 

R R R 

CLOCK >--------t--~----------------------_r--~------~--------------t_~~---------------. 

RESET 

UP/DOWN 

PRESET 
ENABLE 

CLOCK 

• CARRY OUT line. at the 2nd, 3rd, etc., stages may have a negative-going glitch 
pulse resulting from dillerential delays 01 dillerent CD4510/16 IC',. These negative­
~0ln1l!Vlltche, do not allect proper CD4510/16 operation. However, II the 

AR OOT signals are used to tr~ger other edge-sensitive logic devices, such 
as FF'. or counters, tl\e CARRY 00 signal. should be gated with the clock signal 
u.lng a 2-lnput OR gate such as CD4071 B • 

• RIPPLE CLOCKING". 

C I. 

R 

RESET>-----J~~================::::====:t==================~---~L_----------. 
RIPPLE CLOCKING MODE' 
THE UP/DOWN CONTROL CAN BE CHANGED AT ANY COUNT. THE ONLY RESTRICTION ON CHANGING 
THE UP/DOWN CONTROL IS THAT THE CLOCK INPUT TO THE FIRST COUNTING STAGE MUST BE 'HIGH". 

For cascading counters operating in a IIxed.!!l1.-count or down-count mode,the OR 
gates are not required between stages, and CO Is connected dlreclly to the CL Input 
01 the next stage with lrr grounded. 

Fig. 1 B - Cascading counter packages. 

92CL-17194R5 



CD4511B Types 

CMOS B.CD-to-7-Segment 
Latch Decoder Drivers 

BCD 

High-Voltage Types (20-Volt Rating) 'T" 
DISPLAY 

S:· . , IDI/liJI311.flSlbll1Sfli l: : 4 5 1 8 . 
The CD4511 B types are BCD-to-7-segment 
latch decoder drivers constructed with 
CMOS logic and n-p-n bipolar transistor out­
put devices on a single monolithic structure. 
These devices combine the low quiescent 
power dissipation and high noise Immunity 
features of RCA CMOS with n-p-n bipolar 
output transistors capable of sourcing up to 
25 rnA. This capability allows the CD4511 B 
types to drive LED's and other displays 
directly. 

Lamp Test (IT), Blanking (Eit), and Latch 
Enable or Strobe inputs are provided to test 
the display, shut off or intensity-modulate it, 
and store or strobe a BCD code, respectively. 
Several different signals may be multiplexed 
and displayed when external multiplexing 
circuitry is used. The CD4511 B is supplied 
in 16-lead hermetic dual-in-line ceramic 
packages (D and F suffixes), 16-lead dual­
in-line plastic packages (E Suffix), 16-lead 
ceramic flat packages (K suffix), and in chip 
form (H suffix). 
These devices are similar to the type 
MC14511. 

C 
LT 
iil 

LE/STROiiE 
0 
A 

Vss 

I. I. Voo 
2 

• 
5 

I~ 

I. 
13 
12 

" 10 
9 

TOP VIEW 

92CS-2,084RI 

CD4511B 
TERMINAL ASSIGNMENT 

Features: 

• High-output-sourcing capability •••••••• up to 25 rnA 
• Input latches for BCD Code storage 

0' 

LE/S'i'iiOe'£ 5 

ifL 

• Lamp Test and Blanking capability FUNCTIONAL DIAGRAM 

• 7-segment outputs blanked for BCD input codes> 1001 

.100% tested for quiescent current at 20 V 
Applications: 

• Max. input current of 1 p.A at 18 V, over 
full package-temperature range, 100 nA 
at 18 V and 25·C . 

• Driving common-cathode LED displays 

.5-V, 10N, and 15-V parametric ratings 
• Multiplexing with common·cathode LED 

displays 

• Driving incandescent displays 
• Driving low-voltage fluorescent displays 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS. • 
DC INPUT CURRENT, ANY ONE INPUT • • 
POWER DISSIPATION PER PACKAGE (PDI: 

~.6to+20V 

~.5 to VDD +0.6 V 
±IOmA 

For TA - -40 to +60oC (PACKAGE TYPE El . . • . • • • •. 500mW 
For TA - +60 to +8SoC (PACKAGE TYPE E) . Derate Linearly at 12 mWfJC to 200 mW 
For TA = -55 to +100·C (PACKAGE TYPES D, F, Kl 
ForTA = +100 to +12S·C (PACKAGE TYPES D, F, K) 

• • • • • • • •. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA ~ FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 

. OPERATING-TEMPERATURE RANGE (TAl: 
PACKAGE TYPES 0, F, K, H • • • • • • • •• • 
PACKAGE TYPE E • • • • • • • • • . • • • • • 

STORAGE TEMPERATURE RANGE ITstgl • • • • • • • . 
LEAD TEMPERATURE lOURING SOLDERINGI: 

At distanca 1/16 ± 1/32 inch 11.59 ±0.79 mml from case for 105 max. 

OPERATING CONDITIONS AT TA = 25·C Unless Otherwise Specified 

For maximum reliability, nominal operating conditions should be selected 
so that operation is a/ways within the following ranges 

Characteristic VDD Min. 

Supply·Voltage Range (T A): - 3 
(Full Package-Temperature Rangel 

5 150 
Set-Up Time ItS) 10 70 

15 40 

5 0 
Hold Time (tHI 10 0 

15 0 

5 400 
Strobe Pulse Width (twl 10 160 

15 100 

l00mW 

-55 to +1250 C 
-40 to +860 C 

-65 to +1500C 

Max. Units 

18 V 

- ns 
- ns 
- ns 

- ns 
- ns 
- ns 

- ns 

- ns 
- ns 

311 



CD4511B Types 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions Limit. at Indicated Temperature. (OC) 

Values at -55, +25, +125 for D, F, K, H, Packages 
Values at -40, +25, +85 for E Packages 

Characteristic IOH Va VIN VDO +25 
(rnA) (V) (V) (V) -55 -40 +85 +125 Min. Typ. 

Quiescent Device - - - 5 5 5 150 150 - 0.04 
Current: IDD - - - 10 10 10 300 300 - 0.04 

Max. - - - 15 20 20 600 600 - 0.04 
- - 20 100 100 3000 3000 - 0.08 

Output Voltage: 

- - 0,5 5 0.05 - 0 
Low· Level VOL - 0,10 10 0.05 - 0 

Max. - .. 0,15 15 0.05 - 0 

.. - 0,5 5 4 4 4.2 4.2 4.1 4.55 
High·level VOH 0,10 10 9 I 9 9.2 9.2 9.1 9.55 

Min. - - 0.15 15 14 14 14.2 14.2 14.1 14.55 

Input Low - 0.5,3.8 5 1.5 - -Voltage, V IL 1,8.8 - . 10 3 - -
Max. .. 1.5,13.8 15 4 - -

Input High 0.5,3.8 5 3.5 3.5 -
Voltage, V IH - 1,8.8 10 7 7 -

Min. - 1.5,13.8 15 11 11 -
0 .. i 4.0 4.0 4.20 4.20 4.10 4.55 
5 · - - - 4.25 
10 5 3.80 3.80 3.90 3.90 3.90 4.10 
15 3.50 3.50 - 3.95 
20 3.55 3.55 3.39. - 3.40 3.75 
25 3.40 3.40 - - 3.10 3.55 

0 9.0 9.0 9.20 9.20 9.10 9.55 
Output Drive 5 .. . . - - 9.25 

Voltage: 10 · .. 8.85 8.85 9.00 9.00 9.00 9.15 
High Level VOH 15 · 10 - - - - - 9.05 

Min. 20 - - 8.70 8.70 8.40 8.40 8.60 8.90 
25 - 8.60 8.60 - - 8.30 8.75 

0 - - 14.0 14.0 14.20 14.20 14.10 14.55 
5 - - - 14.30 
10 - - 15 13.90 13.90 14.0 14.0 14.0 14.20 
15 .. _. 

1 
- - - - - 14.10 

20 - - 13.75 13.75 13.50 13.50 13.70 13.95 
25 - - 13.65 13.65 - - 13.50 13.80 

Output Low 
(Sink) Current, - 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 

IOL - 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 
Min. - 1.5 0,15 15 4.2 4 2.8 2.4 3.4 6.8 

Input - 0,18 0,18 18 ±o.l ±o.l ±1 ±1 - ±10-5 
Current, lIN 

Max. 
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Units 

Max. 

5 
10 

IlA 
20 

100 

0.05 
0.05 V 
0.05 

-
- V 
-

1.5 
3 V 

4 

-
- V 
-

-
-
- V 
-
-
-

-
-
- V 
-
-
-

-
-
- V 
-

-

- rnA 
-
-

±o.l IlA 

.. 

, ... 

I: 
I~ 

'lCS·Z.,II'" DRAIN-TO-SOURCE VOLTAGE (Vosl-Y -
Fig. 7 - Typical output low (.ink) current 

characteristics. 

7<X :q! . 
.. -oj t 
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:: ... :::su~y VOLTAG~p~OD)·5~3: 
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!r . +!1 dli T' Pi UH~r 
t-

~ 
'., • _4 

+ 10V 
i'5 ;-

~ 
,. 

,"V 

flCx) 
AMBIENT T£MPERATURE (T A ) -25·C 

0 2. 00 '" 100 
LOAD CAPACI!ANCE(CL)-pF UCS-27077 

Fig, 2 - Typical data·tooQutput, low-to-high-level 
propagation delay time a. a function of 
load capaCitance. 

f 
~MBIENT TEMPERA~~TA~.~~i'" I 

SUPPL'" VOl-TAGE t VOD)- 5 "I ! , 
~ 
;: 

; + 

is io'¥ 
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0 

f 

0 .. 00 .. 75 100 
LOAD CAPACITANCE eeL )-pF UCS-270711 

Fig. 3 - Typical data'!QoQutput, high-to-low-Ievel 
propagation delay time a. a function of 
load capacitance, 

AMBIENT TEMPERATURE (TA )"2S·C 
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.~'~~THTH-H~~MTMT~~~Tn~Tnu 

13~1 
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~ 
ii30 
5 

10 

25 50 75 100 
LO~!» CAPACITANCECCL.t-pF 92CS-27019 

Fig. 4 - Typicallow-to-high-levBl tran.ition time a. 
B function of load capacitance. 



DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r, t f = 20 ns, 

CL = 50 pF, RL = 200 kn 

Test LIMITS 

CHARACTERISTIC Conditions All Packages 

VDD 
Volts Min. Typ. Max. 

Propagation Delay Time: 5 - 520 1040 
(Data) 10 - 210 420 
High·to·Low Level, tpHL 15 - 150 300 

5 - 660 1320 
Low·to·High Level, tpLH 10 - 260 520 

15 - 180 360 

Propagation Delay Time: 5 - 350 700 
(BL) 10 - 175 350 
High·to·Low Level, tpHL 15 - 125 250 

5 - 400 800 
Low-to-High Level, tpLH 10 - 175 350 

15 - 150 300 

Propagation Delay Time: 5 - 250 500 
-

(L T) 10 - 125 250 
High-to-Low Level, tpHL 15 - 85 170 

5 - 150 300 
Low-to-High Level, tpLH 10 - 75 150 

15 - 50 100 

Transition Time: 5 - 40 80 
10 - 30 60 

Law-to-High Level, tTLH 15 - 25 50 

5 - 125 310 
10 - 75 185 

High-to-Low Level, tTHL 15 - 65 160 

5 150 75 -
Minimum Set-Up Time, ts 10 70 35 -

15 40 20 -
5 0 -75 -

Minimum Hold Time, tH 10 0 -35 -
15 0 -20 -
5 400 200 -

Strobe Pulse Width, tw 10 160 80 -
15 100 50 

Input Capacitance, CI N • - 5 7_5 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

CD4511B Types 

LOAD CAPACITANCEICL1-pF 92.CS-2TOao 

Fig_ 5 - Typical high·to-low transition time as a 
function of load capacitance. 

~ 1:5 

!!i 
Ii! 10 .. 
" "-5 5 
o 

AMBIENT lEMPERATURE (T A )a25-C 

t 

o 0.5 1.5 

SUPPLY VOLTAGE -OUTPUT DRIVE VOLTAGE (VOO-YOH)-V 
92CS-210&1 

Fig_ 6 - Typical voltage drop IV DO to output) ... 
output soutee current BS 8 function of 
supply. 

'" ~O'I FREQUaoC: If41~:lg~ '" 8'02 2. '" 101 

92CS-2.7082 

II 

Fig. 7 - Typical dynamic power dissipation characteristics. 
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CD4511B Types 

o 
Vss 

INPUTS 

92(;L-2707~RI 
Vss 

Fig. 8 - Logic diagram. 

TEST CIRCUITS QVCO 
INPUTS OUTPUTS 

V,H 

~ ~ 
VIL 1 

NOTE: 
Vss TEST ANY COMBINATION 

OF INPUTS 

92CS-27404IRI 

Vss Fig. 10 - Input voltage. 

Fig. 9 - Quiescent device current. (JVCO 
Voo INPUTS NOTE: 

~ ~:~~~~I~~~~~S 
Vss TO 80TH Voo ANO Vss 

CONNECT ALL UNUSED 
INPUTS TO EITHER 

. Voo OR VSS' 

Vss 

Fig. I I - Input current. 
,------, Voo 

Vss 
MEASURE OUTPUT d FOR t PLH 
MEASU~E OUTPUT g FOR tpHL 

T50PF 

Vss 

Vss 

9ZCS-27088RI Vss 

Voo 

92CS-27086RI 

Fig. 12 - Data propagation delay. Fig. 13 - Dynamic power dissipation. 
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LE 81 LT D 

X X 0 X 

X 0 1 X 

0 1 1 0 

0 1 1 0 

0 1 1 0 

0 1 1 0 

0 I 1 0 

0 I 1 0 

0 I 1 0 

0 I 1 0 

0 I 1 I 

0 I 1 I 

0 I 1 I 

0 I 1 I 

0 I 1 I 

0 I 1 I 

0 I I 1 

0 I I I 

1 I 1 X 

X;::; Don't Care 

TRUTH TABLE 

C 8 A . b c d . f 9 Display 

X X X 1 1 1 1 1 1 1 B 
X X X o 0 o 0 0 0 0 Blank 

0 0 0 11 1 1 1 1 0 a 
0 0 1 o 1 1 o 0 0 0 I 
0 1 0 11 0 1 1 0 1 r 
0 1 1 11 1 1 0 0 1 3 
1 0 0 o 1 1 o 0 1 1 "I 
I 0 1 I 0 I I 0 I I 5 
I I 0 o 0 I I I 1 1 b 
I I 1 1 I I o 0 o 0 7 
0 0 0 I I I I I 1 1 B 
0 0 I 1 I I 0 0 1 I II 
0 I 0 o 0 o 0 0 0 0 Blank 

0 I I o 0 o 0 o 0 0 Blank 

I 0 0 o 0 o 0 0 0 0 Blank 

1 0 I o 0 o 0 o 0 0 Blank 

1 I 0 o 0 o 0 0 0 0 Blank 

1 I I o 0 o 0 0 0 0 Blan~ 

X X X * * 
* Depends on BCD code previously 

·applied when LE = 0 

Note: Display is blank for all illegal input codes (BCD> 1001). 

92C5-25085 

I, ,If ~ 20"1 

20" nir:;,:;-;;------VOO 

LE 10%W~% 
----"'t-'""","'su""---t- t HOLD 

o 

DATA 
INPUTS 

VOO 

10% _____ -" ____ _ ,oal/. 90% r 50% 

20 ns FOR SETUP 
VOO---,-­,,-

L~O!!..H~l~_, 
:~:::: ---2:-~-~-~"7"""7C---1-:Jf:-:-j--2-0-"-' 

50,..1 
10%~,W~ 

Ir ,tf -20 n1 
92CS- 25086RI 

Fig. 14 - Dynamic waveforms. 



APPLICATIONS 

I nterfacing with Various Displays 

iitl 
TO DO I 

I 
I 
I 
I 
I 
I 
I CD4511 

I 
I 
I 

VOO 

L ______ _ 

Duty Cycle = 100% 

·-------l 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

__ J 
LED 7-SEGMENT 

DISPLAY 

92CS-27089RI 

ISEG = IDIODEAVG. = 20 rnA at Luminous Intensity/Segment = 250 microcandles 

R=VOH-VDF 

'SEG 

Fig. 15 - Driving cammon-cathade 7-segment LED displays (example Hewlet-Packard 5082·7740). 

,--- ---, 
LL I I I 

I SEG I Ie 
+ 

II I r;- II I 

Ie II I 

I I I 
I I 

I 
I 

Vss 

Multiplexing Scheme Showing 2 of 7 Segments Connected 92ChI-Z7087RI 

CD4511 B Types 

LrIlVOO 

A -:- - -l:-,.,-_~ _____ ---, 
~ I~b __________ ---, 
c.J 
0-1 

I 
I 

':"E -, I'"'.-----J aLn I 
VD~~IIJ 

iss 
92CS-27091RI -=-
A medium-brightness intensity display can be 
obtainad with 10w-volt8ge fluorescent displays 
such as the Tung-5ol Digivac S/G-- SerieS. 
··Trademark Tung-Sol Division Wagner Electric Co. 

Fig. 16 - Driving low-voltage fluorescent displays. 

R.4QDA 

92CS-27090RI 

2 of 7 Segments Shown Connected 

Resistors R from VOO to each 7-5egment driver 
output are chosen to keep all Numitron segments 
slightly on and warm. 
-Fig. fi - Driving incandescent displays (RCA 

Numitran DR2000 series display.). 

92CM- 32873 

Transistors T1- T 4 (RCA·2N3053 or 2N2102) have IC Max.rating >7xISEG Dimensions and pad layout for CD4511 8 chip. 

Duty Cycle = 25% 

ISEG = (lDIODEAVGJ x 4 

R = (VOH - VDF - VCE) 

ISEG 
All unused inputs on C04555 
are connected to VOO or VSS' 

Fig. 7B - Multiplexing with common·cathode 7·segment LED displays (example Hewlet·Packard 5082·7404 
. 4 character display or 4 discrete Monosanto Man 3 displays). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer, When the 
waf.r is separated inlo individual chips. the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown, The user should consider a tolerance 
of -3 mils to + 16 mils applicable 10 Ihe nominal 
dimensions shown. 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (70-3 inch). 
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CD4512B Types 

CMOS 8-Channel 
Data Selector 
High-Voltage Types (20-Volt Rating) 

Features: 
• 3-state output 
• Standardized, symmetrical output characteristics 
• 100% tested for quiescent current et 20 V 
• S-V, 10-V, and lS-V parametric ratings 

'·STATE DII'ILIE 
I ..... IT---~ ,. 

The RCA-C04512B is an B-channel data 
selector featuring a three-state output that. 
can interface directly with, and drive, data 
lines of bus-oriented systems. 

• Maximum input current of 1 jlA at 18 V over full package­
temperature range; 100 nA at 18 Vand25"C 

'

DD_' 
01'" 
01-1 

CNANNEL 01-4 
INItUTI 04 ... 

01-. 
00-7 
07-. 

• Noise margin lover full package·temperatura range): 1 •• LECr ..,..,7 

The C04Sl2B-series types are supplied in 
lS-lead hermetic dual-in-line ceramic pack­
ages (0 and F suffixes). lS-lead dual-in-line 
plastic packages (E suffix), lS-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 

RECOMMENDED OP~RATING CONDITIONS 

. 1 VatVDD= 5V 
2 Vat VDD = 10 V 

2.5 V at VDD= 15 V 

• Meets all requirements of JEDEC Tentative 
StBndard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

• Digital multiplexing 
• Number-sequence generation 
• Signal gating 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the fol/owing ranges' 

LlIIo'ITS 
CHARACTERISTIC 

MIN. 

Supply-Voltage Range (For T A = Full Package 3 
Temperature Rangel 

c .. ~.~----------~----------__ ~ 

. gWDD 
* ALL INPUTS ARE PROTECTED 

BY COS/MOS PROTECTION 
NETWORK Vss 

Fig. 1 - LogiC diagram. 
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UNITS 
MAX. 

18 V 

Vao 

d 

r 
1 
VIS 

....... {,-n 
_. TIIDL ... 11 

e-' 

00 ,. 
01 2 
01 a 
DI 4 
D4 • 
DI • 
01 7 V.. • 

C04111. 

FUNCTIONAL DIAGRAM 

:: ;!lTATE _. 
14 ..... OUTPUT 
II C 
12 • 
II A 
10 ,.H,.,T 
•. D7 

TOP VIEW 
.2-.:. ..... 17 

TERMINAL ASSIGNMENT 

TRUTH TABLE 

SEL.CONT. 
INH 

3-STATE SEL 
A B C 

0 0 0 
1 0 0 
0 1 0 
1 1 0 
0 0 1 
1 0 1 
0 1 1 
1 1 1 
X X X 
X X X 

1 - High LIV8I 
X-Don'tea .. 

DISABLE OUTPUT 

0 0 DO 
0 0 01 
0 0 D~ 
0 0 D3 
0 0 04 
0 0 OS 
0 0 DB 
0 0 07 
1 0 0 
X 1 HlghZ 

0- Low LIV8I 

LOAD 

Fig. 2 - Tllpical t",,,.itio,, ti"", ... function 
of load "aplJt:ltlllIC/I. 
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MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE. (VDD) 

(Voltages referenced to VSS Terminal) ................................................ -0.5 to +20 V 
INPUT VOLTAGE RANGE. ALL INPUTS ........................................... -0.5 to VDD +0.5 V 
DC INPUT CURRENT. ANY ONE INPUT ..................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (PO): 

For T A = -40 to +60'C (PACKAGE TYPE E) ................................................. 500 mW 
For TA = +60 to +85'C (PACKAGE TYPE E) ......•............ Derate Linearly at 12 mW/'C to 200 mW 
For T A = -55 to +100'C (PACKAGE TYPES D. F. K) .......................................... 500 mW 
For T A = +100 to +125'C (PACKAGE TYPES O. F. K) ....•.•... Derate Linearly at 12 mW/'C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .........•............ 100 mW 

OPERATING-TEMPERATURE RANGE (T A): 
PACKAGE TYPES D. F. K. H ........................................................ -55 to +125'C 
PACKAGE TYPE E .................................................................. -40 to +85'C 

STORAGE TEMPERATURE RANGE (Tstg) ............................................. -65 to +150'C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1132 inch (1.59 ± 0.79 mm) from case for 10 s max. .. ....................... +265'C 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (DC) U 

CHARAC· CONDITIONS 
N 

Values at -55, +25, +125Applyto 0, F, K, H, Packages I 
TERISTIC Values at -40, +25, +85 Apply to E Package T 

Vo VIN VOO 
+25 S 

(V) (V) (VI -55 -40 +85 +125 Min. Typ. Max. 

- 0.5 5 5 5 150 150 - 0.04 5 
Quiescent 

Device - 0,10 10 10 10 300 300 - 0.04 10 IJ.A 
Current, - 0,15 15 20 20 600 600 - 0.04 20 
100 Max. 

0,20 20 100 100 3000 3000 0.08 100 - -

0.4 0,5 5 0.64 0.61 
Output Low 

0.42 0.36 0.51 1 -
(Sink) Current 0.5 0.10 10 1.6 1.5 1.1 0.9 1.3 2.6 -
IOL Min. 1.5 0,15 15 4.2 4 2.8 2.4 3.4 6.8 -

4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 - m,o 
Output High 

(Source) 2.5 0,5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
Current. 9.5 0,10 10 . -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -
IOH Min. 

13.5 0,15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 -

Output Voltage: - 0,5 5 0.05 - 0 0.05 

Low·Level, - 0,10 10 0.05 - 0 0.05 
VOL Max. - 0,15 15 0.05 - 0 0.05 V 

Output - 0,5 5 4.95 4.95 5 -
Voltage: - 0,10 10 9.95 9.95 10 -
High·Level, 

14.95 VOH Min. - 0,15 15 14.95 15 -

0.5,4.5 - 5 1.5 - - 1.5 
Input Low 

1,9 10 3 3 Voltage - - -
VIL Max. .5,13.5 - 15 4 - - 4 V 

Input High 0.5,4.5 - 5 3.5 3.5 - -
Voltage; 1,9 - 10 7 7 - -
VIHMin. 1.5,13.5 - 15 11 11 - -

Input Current 
liN Max. - 0,18 18 ±0.1 ±0.1 ±1 ±1 - ±10-5 ±0.1 IJ.A 

3·State 
Output 
Leakage 0,18 0,18 18 ±0.4 ±0.4 ±12 ±12 - ±10-4 ±0.4 IJ.A 
Current 
IOUTMax. 

CD4512B Types 

· 

DRAIN-lO-SOURCE VOLTAGE (Vosl-V 

Fig. 3 - Typical output low (sinkl 
current characteristics. 

AMBIENT TEMPERATURE IT.o,'.Z5·C 

GATE-lO-SOURCE VOlTAGE p'GS'".!!Y 

~ 7.5 

• 3 , 
, · ~ 25 ,V 

5 10 '5 
DRAIN-lO-SOURCE VOlTAG~ IVD~I:-V 

Fig. 4 - Minimum ou.tput low (sink) 
current characteristics. 

DRAIN-lO-SOURCE VOLTAGE IVoSJ-V 

Fig. 5 - Typical output high (sourcel 
~u"ent characteristicS. 

DRAIN-lO-SOURCE VOLTAGE (11051-11 

-" -10 -5 
AMBIENT TEIrllPERATURE .(TAJ" 25"C 

GAT(~TO-SOURCE VOLTAGE (VGsJ" -5 v 

-IOV 

Fig. 6 - Minimum .output high (source) 
current characteri$tic$~ 

., 

.K) 
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CD4512B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r,t1 = 20 ns, 
Cl = 50 pF, Rl = 200 kQ 

CHARACTERISTIC 

Propagation Delay Time, tpHl, tpLH 
I nhibit to Output 

"A" Select to Output 

Data to Output 

3·State Disable Delay Time: 

tpZL' tpLZ' tpHZ' tpZH 

Transition Time, tTH L, tTLH 

Input Capacitance, CIN 

(Any Input) 

I. 
15 
14 
13 CL 
12 

" 10 
9 

500 pF Voo 

Fig. 9 - Dynamic power dissipation test circuit. 

Voo INPu(Js "00 NOTE. 
~ MEASURE INPUTS 
o ~ SEOOENTIALLY, 

Vss TO 80TH Voo AND Vss' 
CONNECT ALL UNUSED 
INPUTS 10 EITHER 

Voo OR VSS' 

"$5 

Fig. 11 - Input current test circuit. 

92CS-2744IRI 

Fig. 12 - Input voltage test circuit. 
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TEST CONDITIONS 

VDD 
(V) 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

o 
V55 

INPUTS 

LIMITS UNITS 

Typ. Max. 

140 280 
70 140 
50 100 

200 400 
85 170 ns 
60 120 

180 360 
75 150 
55 110 

60 120 
30 60 ns 
20 40 

100 200 
50 100 ns 
40 80 

5 7.5 pF 

Vss 
Fig. 10 - Quiescent device current test circuit. 

75-83 
(1.905-2.108) 

Dimensions and pad layout for CD4512BH 

I 

IO"~ AMBIENT TEMPERATURE {TA)o25 ec ::::t::t:t t= · , IlL 1.,1)1 
JJI /' .,:L: ~ 104 8 'fl- '~~ I , 

~ · "'"" 7.: ,0 ~r:Y ':14 -
C--

is 
, 

0Jl'~ IL 
~ 103 ~ 

~ · - ,,-
" ~ , 

IL IL W 

I02~ ~ ==~~:~::: ~ · , II 
10 / J lJ , . " , . " , ... , . " 10 

INPUT fREQUENCY UINl-kHz 

Fig. 7 - Typical dyanamic power dissipation 
as a function of frequency. 

AMBIENT TEMPERATURE (TA)_25 8 C 

20 40 GO 
LOAD CAPACITANCE (CL}-pF 

100 

Fig. 8 - Typical propagation delay time as a function 
of load capacitance rUA" select to output). 

T.imenSions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in· 
dlcated. Grid graduations are in mils (10-3 inch). 

72-80 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the ang18 of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
Chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considera tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 



CMOS 4-Bit Latch/4-to-16 
Line Decoders 
High-Voltage Types (20-Volt Rating) 
CD4514B Output "High" on Select 
CD4515B Output "Low" on Select 

The RCA-CD4514B and -CD4515B consist 
of a 4-bit strobed latch and a 4-to-16-line 
decoder. The latches hold the last input data 
presented prior to the strobe transition from 
1 to O. Inhibit control allows all outputs to 
be placed at O(CD4514B) or 1(CD4515B) 
regardless of the state of the data or strobe 
inputs_ 
The decode truth table indicates all combi­
nations of data inputs and appropriate se­
lected outputs. 
These devices are similar to industry types 
MC14514 and MC14515_ 

The CD45148 and CD45158 types are 
supplied in 24-lead hermetic dual-in-line 
ceramic packages (0 and F suffixes). 24-
lead dual-in-line plastic packages (E suffix). 
24-lead ceramic flat packages (K suffix). 
and in chip form (H suffix). 

Features: 
• Strobed input latch 
• Inhibit control 
• 100% tested for quiescent current at 20 V 
• Maximum input current of 1 IlA at 18 V 

over full package-temperature range; 
100 nA at 11.1 V and 250 C 

• Noise margin (over full package temper­
ature range): 

1 Vat VDD = 5 V 
2VatVDD=10V 

2_5VatVDD=15V 
• 5-V, 10-V, and 15-V parametric ratings 
• Standardized, symmetrical output 

characteristics_ 
• Meets all requirements of JEDEC Tentative 

Standard No_ 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 
• Digital multiplexing 
II Address decoding 
• HexadecimallBCD decoding 
• Program-counter decoding 
II Control decoder 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE. (V DO) 

(Voltages referenced to VSS'Terminall 
INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT. ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (PO); 

For TA = -40 to +600 C (PACKAGE TYPE EI 
For TA = +60 to +850 C (PACKAGE TYPE EI 
For T A = -55 to +tOO'C (PACKAGE TYPES D. F. K) 
For TA = +100 to +125'C (PACKAGE TYPES D. F. K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

-0.5 to +20 V 
-0.5 to VDD +0.5 V 

±lOmA 

. . . . . . . .. 500mW 
Derate linearly at 12mW/oC to 200 mW 
. . . . . . . .. 500 mW 
Derate Linearly at 12 mW/oC to 200 mW 

FOR TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Typesl 
OPERATING-TEMPERATURE RANGE (TAl; 

100mW 

-55 to +1250 C PACKAGE TYPES D. F. K. H 
PACKAGE TYPE E . . -40 to +850 C 

STORAGE TEMPERATURE RANGE (Tstgl -65 to +1500 C 
LEAD TEMPERATURE (DURING SOLDERINGI; 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for lOs max. 

RECOMMENDED OPERATING CONDITIONS at TA = 25°C, Except as Noted. 
For maximu~ reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTIC VDO LIMITS 
(V) Min_ Max. 

Supply-Voltage Range (For T A = Full Package-
3 18 

Temperature Range) 

5 150 -
Data Setup Time, ts 10 70 -

15 40 -
5 250 -

Strobe Pulse Width, tw 10 100 -
15 75 -

UNITS 

V 

ns 

!,!S 

CD4514B, CD4515B Types 

VOO·24 

VSS·12 

OATA I 2 

OATA 2 3 

OATA 3 21 

DATA'" 22 

STROBE I 

INHIBIT -'.''''-'t====_.J 
CD4514B, CD4515B 

FUNCTIONAL DIAGRAM 

II so 
9 51 

10 52 

• 53 7 54 
6 5' 

: S6 
18 57 

17 ~: 
20 SID 
19 SIl 
14 SI2 
13 513 
16 514 
15 515 

DRAIN-lO-SOURCE VOLTAGE (VOSI-V 

Fig_ 1 - Typical output low (sink) 
current characteristics. 

AM'"'' "."H.,UH •.. 1'''-' 

1;I>fH:ltltH-lttftHtttH-l-tfH-!ttftHtttItHtlmHHE 

",lo!!illllllllmtl!mUllllllllll!Wlllllllll!W 
I~ I 

II" 
DRAIN-lO-SOORCE VOLTAGE (Vosl-V 

Fig. 2 - Minimum output/ow (sink) 
current characteristics. 

CRAIN-lO-SOURCE VOLTAGE (Vosl-V 

Fig_ 3 - Typical output high (source) 
. current characteristics. 
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CD45148, CD45158 Types 

STATIC ELECTRICAL CHARACTERISTICS 

CONDITIONS 
CHARACTER· 

ISTIC 
Vo VIN VDD 
(V) (V) (V) 

Quiescent Device - 0,5 5 
Current, - 0,10 10 

IDD Max, - 0,15 15 

- 0,20 20 

Output low 0.4 0,5 5 
(Sink) Current 0.5 0,10 10 

IOl Min. 
1.5 0,15 15 

Output High 4.6 0.5 5 
(Source) 2.5 0.5 5 
Current, 9.5 0.10 10 

IOH Min, 
13.5 0.15 15 

Output Voltage: - 0,5 5 
low-Level, - 0.10 10 

VOL Max. 
0,15 15 -

Output Voltage: - 0.5 5 
High·level, - 0,10 10 
VOH Min. - 0.15 15 

Input low 0.5,4.5 - 5 
Voltage, 1,9 - 10 

Vil Max. 
1.5,13.5 - 15 

Input High 0.5,4.5 - 5 
Voltage, 1,9 - 10 

VIH Min. 1.5,13.5 - 15 

Input Current - 0,18 18 
liN Max. 

LOAD CAPACITANCE ICLI-pF 

Fig. 7 - Typicallow-to-high transition time vs. 
load capacitance. 

320 

LIMITS AT INDICATED TEMPERATURES (OC) 
Values at -55, +25, +125 Apply to D, F, K, H Packages , 
Vllues It -40, +25, +85 Apply to E Pocklge 

UNITS 
+25 

-55 -40 +85 +125 Min. Typ. Mox. 

5 5 150 150 - 0,04 5 

10 10 300 300 - 0,04 10 

20 20 600 600 0,04 20 
IJA 

-

100 100 3000 3000 - 0,08 100 

0,64 0,61 0.42 0.36 0,51 1 -

1.6 1.5 1.1 0.9 1.3 2,6 -

4.2 4 2,8 2.4 34 6,8 -

-0.64 -0.61 -0.42 -0.36 -0,51 -1 - mA 

-2 -1.8 -1.3 -115 -1.6 -3,2 -

-1,6 -1.5 -1.1 -0.9 -1.3 -2,6 -

-4,2 -4 -2,8 -2.4 -3.4 -6,8 -

0.05 - 0 0.05 

0.05 - 0 0,05 

0.05 0 0.05 -
V 

4.95 4.95 5 -

9.95 9.95 10 -

14,95 14.95 15 -

1,5 - - 1.5 

3 - - 3 

4 - - 4 

3.5 
V 

3.5 - -
7 7 - -

11 11 - -

iO.l iO.l il il - il0-5 iO.l IJA 

Fig. 8 -, Typical strobe Of data propagation delay 
time vs. supply voltage. 

.. 

CRAIN-TQ-SOURCE VOLTAGE IVOS)-V 

-j~ -10 .~ 

tt:- ~!d .. .. I 
11 , .. , :d 

"I :i: I:i P 
t!; !'" 

eUi '-I~'';' • .. 
m: J : i 

JIm 'il 
Fig. 4 - Minimum output high (source) 

current characteristics. 

Fig. 5 - Typical strobe or data propagation delay 
time vs. load capacitance. 

LOAD CAPACITANCE {CL.I-pF 

Fig. 6 - Typical inhibit propagation delay time 
vs. load capacitance. 

2 468 
'0 

CL'50 pf 

--Cv 15 pf f--

102 2 4 68103 2 

fREQUENCY (f)-kHz 

4 6 ~04 

Fig. 9 - Typ;cal power dissipation vs. frequency. 



DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C; Input tr,lt = 20 ns, 
CL=50pF,RL = 200 Kil 

CHARACTERISTIC 

Propagation Delay Time: tpH L, tpLH 

Strobe or Data 

Inhibit 

Transition Time, tTLH. tTH L 

Minimum Strobe Pulse Width, tw 

Minimum Data Setup Time, ts 

Input Capacitance. CIN 

Yoo 1NPUOS VDO NOTE' 

~ ~::~~:;I~~~~~S 
\Iss TO BOTH "00 ANO \Iss' 

CONNECT ALL UNUSED 
INPUTS TO EITHER 

"DO OR "ss' 
Vss 

Fig. 12 - Input current test circuit. 

TEST CONDITIONS LIMITS 

VDD 
V Typ. Max. 

5 485 970 
10 185 370 
15 135 270 

5 250 500 
10 110 220 
15 85 170 

5 100 200 
10 50 100 
15 40 80 

5 125 250 
10 50 100 
15 40 75 

5 75 150 
10 35 70 
15 20 40 

Any Input - 5 7.5 

DATA i? ]o-i/~tr--:H---f 

DATA] 2Io-i/~tr~H __ -f 

STROBE Io-~")~~---<LJ 

UNITS 

ns 

ns 

ns 

pF 

CD4514B, CD4515B Types 

o 
Vss 

INPUTS 

Fig. 10 - Quiescent device current test circuit. 

9<:CS-2144IRI 

Fig. 11 - Input voltage test circuit. 

THESE INVERTERS 
USED OHLYON 
CD4~'~1I 

lin 

... Iff! 

i ICD 

A BCD 

llell 

... ieD • " 
I Bel! 

A II cD 

i ico 

AicD 

i BCD 

A B ~o 

i ie 0 

ABC['\ 

i B CD 

g 
'55 

* ALL INPuTS PROTECTED B'I' 
COSIMOS 
PROTECTION NETWORK 

Fig. 13 - Logic diagram for CD45148 and CD45158. 
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CD4514B, CD4515B Types 

DECODE TRUTH TABLE (Strobe = 1) 

DECODER SELECTED OUTPUT INPUTS 
INHIBIT CD4514B a Logic 1 (Hight 

D C B A CD4515B = Logic 0 (Low) 

0 0 0 0 0 SO 
0 0 0 0 1 51 
0 0 0 1 0 S2 
0 0 0 1 1 53 

0 0 1 0 0 54 
0 0 1 0 1 55 
0 0 1 1 0 56 
0 0 1 1 1 57 

0 1 0 0 0 58 
0 1 0 0 1 59 
0 1 0 1 0 S10 
0 1 0 1 1 Sll 

~
----

DATA ,~ 50% 1,,1, ·20M 

____ .oJ ~'5 1 

~ROBE 50% 

'W 
92CS-2t!l91"2 

STROBE 
DATA I 

OATA 2 

57 
5. 
55 
54 
53 
51 

52 
SO 

V55 

I. 2. VDD 
2 23 INHIBIT 

3 22 DATA 4 
21 DATA 3 

20 SID I. 511 I. s. 
17 5. I. Sl4 

10 15 515 
14 Sl2 

12 13 Sl3 
TOPYIEW 

92C$-245!14 

CD4514B 
CD4515B 

0 1 1 0 
0 1 1 0 

0 512 
1 S13 

Fig. 14 - Waveforms for setup time and 
strobe pulse width. TERMINAL ASSIGNMENT 

0 1 1 1 0 514 
0 1 1 1 1 515 

1 X X X X 
All Outputs = 0, CD4514B 
All Outputs = 1, CD4515B 

X = Don't Care Logic 1 = high Logic 0 = low 
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71-79 .... ]-
92CS-29457 

Dimensions and Pad Layout for CD45158 Chip 

(Dimensions and pad layout for the CD45148 are identical) 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (to-3 inch). 

The photographs and dimensions of sBch CMOS chip 
represent 8 chip when It ;s part of the wafer. When the 
wafer Is separated Into individual chips, the angle of 
cleavage may vsry with respect to the chip 'ace for 
diflerent chips. The actual dimensions of the isolated 
chip, therefore. may dif/er sUghtly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 



CMOS DuafS4-Stage 
Static Shift Register 

High-Voltage Types (20-Volt Rating) 

The RCA-CD45178 dual 64-stage static shift 
register consists of two independent registers 
each having a clock, data, and write enable 
input and outputs accessible at taps following 
the 16th, 32nd, 48th, and 64th stages. These 
taps also serve as input points allowing data 
to be inputted at the 17th, 33rd, and 49th 
stages when the write enable input is a logic 
1 and the clock goes through a low-to-high 
transition. The truth table indicates how the 
clock and write enable inputs control the 
operation of the CD45178. Inputs at the 
intermediate taps allow entry of 64 bits into 
the register with 16 clock pulses. The 3-state 
outputs permit connection of this device to 
an external bus. 

The CD45178 is supplied in 16-lead hermetic 
dual-in-line ceramic packages (0 and F 
suffixes). 16-lead dual-in-line plastic pack­
ages (E suffix), 16-lead ceramic flat pack­
ages (K suffix). and in chip form (H suffix). 

Features: 
• low quiescent current - 10 nA/pkg (typ.) 

atVOO=5V 
• Clock frequency 12'MHz (typ.) at 

VOO= 10 V 
• Schmitt trigger clock inputs allow operation 

with very slow clock rise and fall times 
• Capable of driving two low-power TTL loads, 

one low- power Schottky TTL load, or two 
HTL loads 

• Three·state outputs 
• 100% tested for quiescent current at 20 V 
• Standardized, symmetrical output 

characteristics 
• 5·V, 10-V and 15-V parametric ratings 
• Meets all requirements of JEOEC Tentative 

Standard No.13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

• Time-delay circuits 

• Scratch·pad memories 

• General-purpose serial shift-register 

applications 

TERMINAL ASSIGNMENT 

alsA 16 VOD 
Q48 A 15 016a 

WE A 14 0488 

CL A 4 13 WEB 

Q64 A 5 12 CLB 

Q32 A - 0648 

°A 10 032B 

Vss 9 DB 

TOP VIEW 92C$- 31097 

MAXIMUM RATINGS, Absolute·Maximum Values: 
DC SUPpLY-VOLTAGE RANGE, IVDDI 

(Voltages referenced to V SS Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT. ANY ONE INPUT 
POWER DISSIPATION PoER PACKAGE IPDI: 

For T A = -40 to +60 C IPACKAGE TYPE EI 
For T A = +60 to +85°C IPACKAGE TYPE EI 
For T A = -55 to +100'C (PACKAGE TYPES D, F, K) 
For T A = +100 to +125'C (PACKAGE TYPES D, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

CD4517B Types 

ClDCK~~r----------' 

DAT4(01) 
WRITE 

ENABLEU"'--'-,-__ ,-__ --,--.J 

WE· 0-- QI6---032- --o48---Q64 
WE- t~-··DI7---D33---D49-·-HiZ 

r OF 2 SHIFT REGISTERS- TERM. Nos 
IN PARENTHESES ARE FOR 2ND HALF. 

VOO -16 VSS· 8 

TERMINAL ASSIGNMENT 

-0.5 to +20 V 

-0.5 to V DD +0.5 V 
±lOmA 

. . . . . . . .. 500mW 
Derate Linearly at 12 mwtC to 200 mW 
. . . . . . . . 0 500 mW 
Derate Linearly at 12 mW/ C to 200 mW 

FOR T A = FULL PACKAGE·TEMPERATURE RANGE IAII Package Typesl 
OPERATING·TEMPERATURE RANGE IT AI' 

100mW 

° -55to+125 C PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE ITstgl 
LEAD TEMPERATURE IDURING SOLDERINGI: 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mmJ from case for 10 s max. 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the fol/owing ranges: 

LIMITS 
CHARACTERISTIC 

MIN. MAX. 

Supply-Voltage Range (For T A = Full Package 
3 18 

Temperature Range) 

TRUTH TABLE 

Clock Write Data Stage 16 Stage 32 Stage 48 
Enable Tap Tap Tap 

0 0 X 016 032 048 
0 1 X Z Z Z 
1 0 X 016 032 048 
1 1 X Z Z Z 

~ 0 Olin 016 032 048 

---- 1 Olin D171n 033 In 049 In -- 0 X 016 032 048 -- 1 X Z Z Z 

X = Don't Care Z = High Impedance 

~40 to t85:C 
-65 to +t50 C 

+265°C 

UNITS 

V 

Stage 64 
Tap 

064 
Z 

064 
Z 

064 

Z 
064 

Z 
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CD4517B Types 

CL--~------'---~------~~--~------~----'------, 

CL 
QI6 Q~2 Q48 

01 
049 

16 STAGES 16 STAGES 

324 

CLK 

WE 

D 

STAGE 16 
OUTIIN TAP 

STAGE 32 
OUTIIN TAP 

STAGE 48 
OUllIN TAP 

Fig. 1-CD45178 functfonal block diagram (one half). 

Fig. 2-CD45178 logic block diagram (one half). 

\\...-_-.J( 

------------------
Q64 HIGH Z 

Fig. 3-Dynamic test waveforms. 

• 
STAGE 64 
ourllN TAP 

92CM-31098RI 

SAME AS 
STAGES 

16,32,48 
EXCEPT 
~O~ Q. 

92CL-3274i5 

92CM-32763 

Vss 
A. PROTECTED BY COS/MOS 

PROTECTION NETWORK 

8 
Vss 

"* PROTEe]ED 9'1' COSIMOS 
PROTECTION NETWORK 



STATIC ELECTRICAL CHARACTERISTICS 

CHARAC· CONDITIONS 
TERISTIC 

Vo VIN VDD 
(V) (V) (V) 

- 0,5 5 
Quiescent 

Device - 0,10 10 
Current, - 0,15 15 
100 Max. 

- 0,20 20 

0.4 0,5 5 
Output Low 

(Sink) Current 0.5 0,10 10 
IOL Min. 1.5 0,15 15 

Output High 
4.6 0,5 5 

(Source) 2.5 0,5 5 
Current, 9.5 0,10 10 
IOH Min. 

13.5 0,15 15 

Output Voltage: 
- 0,5 5 

Low·Level, - 0,10 10 
VOL Max. - 0,15 15 

Output - 0,5 5 
Voltage: - 0,10 10 
High·Level, 
VOH Min. - 0,15 15 

0.5,4.5 - 5 
Input Low 

1,9 Voltage - 10 
VIL Max. 1.5,13.5 .- 15 

Input High 0.5,4.5 - 5 

Voltage, 1,9 - 10 
VIH Min. 1.5,13.5 - 15 

Input Current - 0,18 18 
liN Max. 

3·State 
Output 
Leakage 0,18 0,18 18 
Current 
lOUT Max. 

DRAIN-lO-SOURCE VOLTAGE (Vosl-V 
-15 -10 -5 

AMBIENT TEMPERATURE (TA,·2S·C 

-iov 

LIMITS AT INDICATED TEMPERATURES (oC) 

Values at -55, +25, +125 Apply to D, F, K, H Packages 
Values at -40, +25, +85 Apply to E Package 

-55 

5 

10 

20 

100 

0,64 

1.6 

4.2 

-0.64 

-2 

-1.6 

-4.2 

±0.1 

±O.4 

1 
I 

-5~ 

; 
-IO~ 

+25 

-40 +85 +125 Min. Typ. 

5 150 150 - 0.04 

10 300 300 - 0.04 

20 600 600 - 0.04 

100 3000 3000 - 0.08 

0.61 0.42 0.36 0.51 1 

1.5 1.1 0.9 1.3 2.6 

4 2.8 2.4 3.4 6.8 

-0.61 -0.42 -0.36 -0.51 -1 

-1.8 -1.3 -1.15 -1.6 -3.2 

-1.5 -1.1 -0.9 -1.3 -2.6 

-4 -2.8 -2.4 -3.4 -6.8 

0.05 - 0 

0.05 - 0 

0.05 - 0 

4.95 4.95 5 

9.95 9.95 10 

14.95 14.95 15 

1.5 - -
3 - -
4 - -

3.5 3.5 -
7 7 -

11 11 -

±0.1 ±1 ±1 - ±10-5 

±0.4 ±12 ±12 - ±10-4 

f AMBIENT TEMPERATURE n~ 1.25·~ 

~ 
j~ £ 
~ 200 SUPPL't VOLljlt,GE t\lDO)~ 5 ·t·~ 
S 

20 40 60 

\OV .. 

LOAD CAPACITANCE (Cll-pF 

Max. 

5 

10 

20 

100 

-

-
-
-
-

-
-

0.05 

0.05 

0.05 

-
-

-

1.5 

3 

4 

-
-
-

±0.1 

±0.4 

.0 

U 
N 
I 
T 
S 

p.A 

mJl 

V 

V 

p.A 

p.A 

Fig: 7-Minimum p·channel output high 
(source) current characteristics. 

Fig. 8-Typical propagation delay time as a 
function of load capacitance. 

CD4517B Types 

DRAIN-lO-SOURCE VOLTAGE {VOSI-V 

Fig. 4-Typical n·channel output low (sink) 
current characteristics. 

· E 
\ 

~15 

~12.5 

a 10 

~ t 

iii 7.5 

~ 

g 5 

, · § 2.5 

jll 

5 10 15 
DRAIN-lO-SOURCE VOLTAGE (Vosl-V 

Fig. 5-Minimum n·channel output low (Sink) 
current characteristics. 

DRAIN-lO-SOURCE VOLTAGE (Vosl-V 
-15 -10 -5 

AMBIENT TEMPERATURE (TA1=2S-C 
-!-+· ....... U-!IWltUllli-! 

GATE-TO-SO~1rnmrE "'GSI=-5V 

HjlWI 

-, t.!:I :.p m: . 
-IOV 

.\ -,~ ;±( t::: II ~ .. 

-15V 

t· 

Fig. 6-Typical p-channel output high (source) 
current characteristics. 

· Fig. 9-Typical transition time a a function 
of load capacitance. 
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CD4517B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C; Input tr, t,=20ns, 
CL = 50pF, RL = 200kQ 

CHARACTERISTIC TEST 
VDD (V) 

-IMITI 
UNITS CONDITIONS Min. Typ. Max. 

Propagation Delay Time: 5 - 200 400 
CLto Bit 16 Tap 10 - 110 220 ns 

tpHL, tpLH 15 - 90 180 
3·State. Output, WE to Bit 5 - 75 150 

16 Tap tpHZ, tpLZ; tpZH' 10 - 40 80 ns 
tpZL (See Note) 15 - 30 60 

Output Transition Time 5 - 100 200 

tTHL, tTLH 
10 - 50 100 ns 
15 - 40 80 

Write Enable·to·Clock 5 0 -SO -
Setup Time 10 0 -25 - ns 

15 0 -15 -
Data·to-Clock 5 20 0 -
Setup Time, ts 10 10 0 - ns 

15 10 0 -
Minimum Write 5 - 50 100 
Enable-to-Clock 10 - 25 SO ns 
Release Time 15 - 20 40 

Minimum 5 - 100 200 
Data-to-Clock 10 - 50 100 ns 
Hold Time. tH 15 - 25 SO 

Minimum Clock Pulse 5 - 90 180 

Width, tw 10 - 40 80 ns 
15 - 25 SO 

Maximum Clock Input 5 3 6 -
Frequency, tCL 10 6 12 - MHz 

15 8 15 -
Maximum Clock Input Rise 5 

or Fall Time, ttCL trCL 
10 UNLIMITED I'S 
15 

Input Capacitance CIN Any Input - 5 7.5 pF 

NOTE: Measured at the point of 10% change in output with an output load of 50 pF. RL = 1 kQ to 
VOO for tpZL. tpLZ and RL = 1 kQ to VSS for tpZH. tpHZ' 

o 
V55 

INPUTS 

Vss 
92CS-2740IRI 

Fig. t2-Qulescent-device-current test circuit. 

326 

}~.Q'.'~~ 
NOTE' 

V55 ~srNApNu~~OMaINATION 

92CS-2744IRI 

Fig. t3-lnput-voltage test circuit. 
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A 

It. & 8'0 2 4 e ',02 2 4 6 8,01 2 4. "04 

FREQUENCY If) KHz 

Fig. to-Typical power dlss;pation as a 
function of frequency. 

D 
C 

REPETITIVE WAVEFORM 

fa r-\. r-\. r--\,- VOO 
C-J \.......I \.......I '-- VSS 

~VDD 
D --VSS 

(1-112 '01 
92CS-32766 

Fig. tt-Dynamic power dissipation test 
circuit and waveforms. 

VDO 

~ 
vss 

NOTE' 

MEASURE INPUTS 
SEQUENTIALLY. 

TO BOTH VDO AND VSS' 
CONNECT ALL UNUSED 

'--_,.----' INPUTS TO EITHER 
Voo ORVSS• 

VSS 

92CS-27402 

Fig. 14-lnput current test circuit. 
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CD4517B Types 

1----------1'"',-154°56 :134~5·~971--------------I 92CM-3276Z 

Dimensions and pad layout for CD4517B. 

Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimen­
sions as indicated. Grid graduations are in 
mils (I (J3 inch). 

The photographs and dimensions of each CMOS chip 
represent 8 chip when it is part of the wefer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to tho chip fecB for 
different chips. The actual dimensions of the isolated 
chip, therefors. may differ slightly from the nominal 
dimensions shown. The user should consider 8 tolerance 
of -3 mils to +16 mils applicable to the nominaf 
dimensions shown. 
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CD4518B, CD4520B Types 

CMOS Dual Up-Counters 

High-Voltage Types (20-Volt Rating) 

CD4518B Dual BCD Up-Counter 
CD4520B Dual Binary Up-Counter 

The RCA·CD4518 Dual BCD Up-Counter 
and CD4520 Dual Binary Up·Counter each 
consist of two identical, internally synchro· 
nous 4·stage counters. The counter stages are 
D·type flip·flops having interchangeable 
CLOCK and ENABLE lines for incrementing 
on either the positive-going or negative·going 
transition. For single·unit operation the 
ENABLE input is maintained high and the 
counter advances on each positive-going 
transition of the CLOCK. The counters are 
cleared by high levels on their RESET lines. 

The counter can be cascaded in the ripple 
mode by connecting Q4 to the enable input 
of the subsequent counter while the CLOCK 
input of the latter is held low. 

The CD4518B and CD4520B types are sup­
plied in 16-lead hermetic dual-in-line cer­
amic packages (D and F suffixes), 16-lead 
dual-in-line plastic packages (E suffix), 16-
lead ceramic flat packages (K suffix), and in 
chip form (H suffix). 

Features: 

• Medium-speed operatiCln -
6-MHz typical clock frequency at 10 V 

• Positive- or negative-edge triggering 
• Synchronous internal carry propagation 

• 100% tested for quiescent current at 20 V 

• Maximum input current of 1 /lA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 25°C 

• Noise margin(over full package-temperature 
range): 1 Vat VDC = 5 V 

2 V at VCC = 10 V 

2.5VatVCC=15V 

• 5-V, 10-V, and 15-V parametric ratings 

• Standardized, symmetrical output 
characteristics 

• Meets all requirements of JECEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

CLOCK 

.r 
0 

'-
X 

..r 
1 

MAXIMUM RATINGS, Absolute-Maximum Values: X 
DC SUPPLY·VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminan 
INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (PO): 

For T A = -40 to +6OoC (PACKAGE TYPE E) 
For T A = +60 to +850 C (PACKAGE TYPE E) 
For TA = -55 to +100'C (PACKAGE TYPES 0, F, K) 
For TA = +100 to +125'C (PACKAGE TYPES D, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

-0.5 to +20 V 
-0.5 to VDO +0.5 V 

±10mA 

. . . • . . • .• 500mW 
Derate Linearlv at 12 mW/oC to 200 mW 
• • • . • . . .. 500mW 
Derate Lin.arlv et 12 mW/oC to 200 mW 

FOR TA = FULL PACKAGE·TEMPERATURE RANGE (All Package TVpe,) 
OPERATlNG·TEMPERATURE RANGE (TA): 

loomW 

-55 to + 1250 C PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E . . . • • . 

STORAGE TEMPERATURE RANGE (Tstg) 
LEAD TEMPERATURE (DURING SOLDERING): 

-40 to +850 C 
-65 to + 1500 C 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from ca,e for 10, max. 
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DRAIN~TO-SOURCE VOLTAGE (VDS)-V 

Fig. 1 - Typical output low (sink) current 
characteristics. 

DRAIN-YO-SOURCE VOLTAGE CVoIJ-V 

Fig. 2 - Minimum output low (sinkJ current 
characteristics. 

CD4518B, CD4520B 
FUNCTIONAL CIAGRAM 

Applications: 
• Multistage synchronous counting 

• Multistage ripple counting 

• Frequency dividers 

TRUTH TABLE 

ENABLE RESET ACTION 

1 0 I ncrement Counter 

'- 0 Increment Counter 

X 0 No Change 

.r 0 No Change 

0 0 No Change 

""'\... 0 No Change 

X 1 01 thr" 04= 0 

x - Don't Car. 1 '" High S .... 0= Low State 

CLOCK A I. 16 VDO 
ENABLE A 2 15 RESET B 

QIA 3 14 Q4B 
Q2A 4 13 Q3B 
Q3A 5 12 Q2B 
Q4A 6 " QIB 

RESET A 10 ENABLE B 

VSS 9 CLOCK B 
ITOP VIEW) 

92C5-24515 

CD4518B, CD4520B 
TERMINAL ASSIGNMENT 

DRAIN-YO-SOURCE VOLTAGE (Vosl-V 
I 

Fig. 3 - Typical output high (source) current 
characteristics. 



STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 

CONDITIONS Value. ai-55, +25, +125 Apply 10 0, F, K, H Packages 
CHARACTER- V.lul. It -40, +25, +85 Apply to E Pockoge 

UNITS ISTIC 
Vo VIN VDO 
(VI (VI (V) -55 

Quieseent Deviee - 0,5 5 5 
Current. - 0,10 10 10 

100 Max. 0,15 15 20 -
- 0,20 20 100 

Output Low 0.4 D,S 5 0.64 
(Sink) Current 0.5 0,10 10 1.6 

IOlMin. 1.5 0,15 15 4.2 

Output High 4.6 D,S 5 -0.64 
(Source) 2.5 D,S 5 -2 
Current, 9.5 0,10 10 -1.6 

IOHMin, 
13.5 0,15 15 -4.2 

Output Voltage: - 0,5 5 
low·level, - 0,10 10 

VOL Max. 
- 0,15 15 

Output Voltage: - 0,5 5 
High·level, - 0,10 10 
VOH Min. - 0,15 15 

Input low 0,5,4.5 - 5 
Voltage, 1,9 - 10 

Vil Max. 
1.5,13.5 - 15 

Input High 0,5,4.5 - 5 
Voltage, 1,9 - 10 

VIH Min. 1.5,13.5 - 15 

Input Current - 0,18 18 ±0.1 
lIN Max. 

Fig. 7 - Typical transition time vs. load 
capacitance. 

+25 

-40 +85 +125 Min. Typ. Mox. 

5 150 150 - 0.04 5 

10 300 300 - 0.04 10 

20 500 600 0.04 20 "A -
100 3000 3000 - 0.08 100 

0.61 0.42 0.36 0.51 1 -
1.5 1.1 ,0.9 1.3 2.6 

4 2,8 2.4 34 6.8 

-0.61 -0.42 -0,36 -0.51 -1 - rnA 

-1.8 

-1.5 
-4 

±0.1 

-1.3 -1.15 -1.6 -3.2 

-1.1 -0.9 -1.3 -2.6 

-2.8 2.4 -3.4 6.8 

0.05 - 0 0.05 

0.05 - 0 0.05 

0.05 0 0.05 
V 

4.95 4.95 5 -
9.95 9.95 10 -
14.95 14.95 15 

1.5 - - 1.5 

3 - - 3 

4 - - 4 

3.5 3.5 -
V -

7 7 - -
11 11 -

±1 tl - ±10-5 to,1 IlA 

: : : : : : 
: : : 

: : : 

: : : : : : : 

s ... , 
• .... 

I .. 
; 

illJ 11 ll111 lUllPII!!i iPi !ill 
10 I~ 20 

SUPPLY 'I(ILlM[ IVDDI-Y 

Fig. 8 - Typical maximum-clock-frequency 
vs. supply voltage. 

CD4518B, CD4520B Types 

DRAIN-TO-SOURCE VOLTAGE {Vosl-V 

Fig. 4 - Minimum output high (source) current 
characteristics. 

350 AMBIENT TEMPERATURE ITAI· 2!)OC Ij j~: Ii!:: :::: :: •• 

f IIIIIIIIIIIII"'':\~;'" :::~~ 
~ 300 lill SUf'P\"'f~~mrr !!.: :::! ::;: 
~ ''0 ; I.). !-itt 11; 11:: ,: I :::::::::::: 
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~ 200 ,j. , i i I'" ... .. " 
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~ 150 I ! II .. I t If .... . 
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-#lIl1iH ij!! .... 

10 20 '0 40 50 60 70 80 90 100 
LOAD CAPACITANCE (CL)-pF 

Fig. 5 - Typical propagation delay vs. load 
capacitance, clock or enable 
to output. 

LOAD CAPACITANCE fCLJ-pF 

Fig. 6 - Typical propagation delay time vs. 
load capacitance, reset to output. 

~ .. .1 L[ 

~ 105 ~.~ ,/ 
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Fig. 9 - Typical power dissipation 
characteristics. 
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CD4518B, CD4520B Types 

RECOMMENDED OPERATING CONDITIONS at TA = 25oC, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected 50 that 
operation is always within the following ranges: 

CHARACTERISTIC VDD 
(V) 

Supply·Voltage Range (For T A=Full Package· 
Temperature Rangel 

5 
Enable Pulse Width, tw 10 

15 
5 

Clock Pulse Width, tw 10 
15 
5 

Clock Input Frequency, fCl 10 
15 
5 

Clock Rise or Fall Time, trCL or tfeL: 10 
15 
5 

Reset Pulse Width, tw 10 
15 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA-moc; 
Input t r.tjo-20 nl. CL -SO pF, RL-200 Kfl 

CHARACTERISTIC TEST CONDITIONS 

I VDD 
V 

Propagation Delay Time, tPHl' tplH: 5 

Clock or Enable to Output 10 
15 
5 

Reset to Output 10 
15 
5 

Transition Time. tTHl. tTlH 10 
15 
5 

Maximum Clock Input Frequency.' fCL 10 
15 
5 

Minimum Clock Pulse Width, tw 10 
15 

Clock Rise or Fall Time. tr or tf: 
5 

10, 15 

5 
Minimum Reset Pulse Width. tw 10 

15 
5 

Minimum Enable Pulse Width. tw 10 
15 

Input Capacitance, C(N Any Input 

330 

LIMITS 

Min. Max. 

3 18 

400 
200 -

140 -

200 -

100 -
70 -

1.5 
dc 3 

4 
15 - 5 

- 5 
250 -
110 -
80 -

LIMITS 

Min. Typ. Max. 
- 280 560 
- 115 230 
- 80 160 
- 330 650 
- 130 225 
- 90 170 
- 100 200 
- 50 100 
- 40 80 

1.5 3 -
3 6 -
4 8 -

lOa 200 
50 lOa 
35 70 

- - 15 
- - 5 
- 125 250 

55 110 
- 40 80 
- 200 400 

100 200 
70 140 

- 5 7.5 

UNITS 

V 

ns 

ns 

MHz 

fJ.s 

ns 

UNITS 

ns 

ns 

MHz 

ns 

fJ.S 

ns 

ns 

pF 

TEST CIRCUITS 
VDD 

Fig. 10 - Dynamic power dissipation. 

92CS~2744UU 

Fig. 11 - Input voltage. 

VDO 

o 
Vss 

INPUTS 

VDD 

Vss 

Fig. 12 - Quiescentdevicecurrenttesrcircuir. 

Yeo 1NPUO' VDO NOT" 

'-~ MEASURE INPUTS 
o ~ SEQUENTIALLY. 
Yss TO BOTH liDO AND Vss' 

CONNECT ALL UNUSED 
INPUTS TO EITHER 
Yeo OR V'S' 

Vss 

Fig. 13 - Input leakage-current test 
oircuit. 



* ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 

CLOCK 

ENABLE 

RESET 

{

QI 

CD4518 Q2 

03 

04 

{ 

01 

OZ 
C04520 

O. 

Q4 

- Nt 

I l 

-
-

1 Z 

-
-

01 

Vss 
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3 4 • 6 7 • 

i-
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CD4518B, CD4520B Types 

04 

Fig. 14 - Decade CQunter (CD45188J logic diagram 

for one of two identical counters. 

Fig. 15 - Binary counter (CD4520BJ logic diagram 

for one of two identical counters. 

Fig. 16 - Timing diagrams for CD4518B and CD4520B. 
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CD4518B, CD4520B Types 
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CLDCK 
INPUT 

r 
I 
I 
I ~o-=b-:~ 
I 

Ic..:;r-~;r--";ir 
I L ___ -.:04518/20 _____ J 

Fig. 17 - Ripple cascading of four counters with positive edge triggering. 

*NOTE: 
FOR SYNCHRONOUS CASCADING,THE CLOCK TRANSITION 
TIME SHOUL.D BE MADE LESS THAN OR EQUAL TO THE 
SUM OF THE FI)cEO PROPAGATION DELAY AT 15pF AND 
THE TRA.NSITION TIME OF THE OUTPUT DRIVER STAGE 
FOR THE ESTIMATED CAPACITATIVE LOAD. 

Fig.t8 - Synchronous cascading of four binary counters with negative edge triggering. 

Dimensions and pad layout for CD4518BH chip. 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as in dicated. 
Grid graduations are in mils 00-3 inch). 

Dimensions and pad layout for CD4520BH chip. 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafsr ;s separated into individual chips, the angle of 
cleavage may vary with rflspect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 



CMOS BCD Rate 
Multiplier 
High-Voltage Types (20-Volt Rating) 

The RCA-CD4527B is a low-power 4-bit digi­
tal rate multiplier that provides an output­
pulse rate which is the c1ock-input-pulse rate 
multiplied by 1/10 times the BCD input. For 
example, when the BCD input is B, there will 
be 8 output pulses for every 10 input pulses. 
This device may be used to perform arith­
metic operations (add, subtract, divide, raise 
to a power), solve algebraic and differential 
equations, generate natural logarithms and 
trigonometric functions, AID and DIA con­
version, and frequency division. 
For fractional multipliers with more than one 
digit, CD4527B devices may be cascaded in 
two different modes: the Add mode and the 
Multiply mode. (See Figs.12 and 15).ln the 
Add mode, 

Output Rate = 

(CI k R ) [ 0.1 BCDI + 0.01 BCD2 +] 
oc ate 0.001 BCD3 + . . . . 

In the Multiply mode, the fraction program­
med into the first rate multiplier is multiplied 
by the fraction programmed into the second 
one, 

e.g. ~ x .i. = ~ or 36 output 
10 10 100 

pulses for every 100 clock input pulses. 

The CD4527B types are supplied in 16-lead 
ceramic dual-in-line packages (D and F 
suffixes), 16-lead dual-in-line plastic pack­
ages (E suffix), 16-lead ceramic flat pack­
ages (K suffix), and in chip form (H suffix). 

Applications: 

• Numerical control 
• Instrumentation 
• Digital filtering 
• Frequency synthesis 

"9~ OUT I. I. Voo 
C IS 

" SET TO"9" " CLEAR 

OUT 12 CASCADE 

OUT " 
INHIBIT IN 
!CARRYI 

INHIBIT OUT 10 STROBE 
(CARRY) 

CLOCK Vss 

TOP VIEW 

TERMINAL ASSIGNMENT 

Features: 
• Oascadable in multiples of 4-bits 
• Set to "9" input and "9" detect output 
• 100% test for quiescent current at 20 V 
• 5-V, 10-V, and 15-V parametric ratings 
• Standardized, symmetrical output 

characteristics 
• Maximum input current of l/JA at 18 V over 

full package-temperature range; 100 nA at 
18 V and 250 C 

• Noise margin (full package-temperature 
range) = 

1 VatVDO= 5V 
2 V at VDD = 10 V 

2_5 Vat VDD = 15 V 
• Meets all requirements of JEDEC Tentative 

Standard No.13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

MAXIMUM RATINGS, Absolute-Maximum Values: 
OC SUPPLY·VOLTAGE RANGE. (VODI 

(Voltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE. ALL INPUTS 
DC INPUT CURRENT. ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (PO): 

For T A = -40 to +60oC WACKAGE TYPE E) 
For T A = +60 to +850 C (PACKAGE TYPE E) . 
For TA= -55 to +1OO'C (PACKAGE TYPES 0, F. K) 
For TA= +100 to +125'C (PACKAGE TYPES 0, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

CD4527B Types 

Voo" 16 

vss·a 

FUNCTIONAL DIAGRAM 

-0.5 to +20 V 
-0.5 to VDD +0.5 V 

±10mA 

. . . . . . . .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 
. . . . . . . .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 

FOR TA = FULL PACKAGE·TEMPERATURE RANGE (All Package Typesl 
OPERATING· TEMPERATURE RANGE (TA): 

100mW 

PACKAGE TYPES 0, F. K, H 
PACKAGE TYPE E . 

STORAGE TEMPERATURE RANGE (Tstg) 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from ca,e for 10 , max. 

-55 to + 125°C 
-40 to +850 C 

-65 to +1500 C 

RECOMMENDEO OPERATING CONDITIONS AT TA = 250 C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges: 

LIMITS 
CHARACTERISTIC 

VOD 
UNITS 

(V) Min. Max. 

Supply· Voltage Range (For TA = Full Package· 
3 18 V 

Temperature Range) 

5 160 -

Set or Clear Pulse Width. tw 10 90 - ns 
15 60 -

5 330 -
Clock Pulse Width. tw 10 170 - ns 

15 100 -
5 1.2 

Clock Frequency. fCl 10 dc 2.5 MHz 
15 3.5 

Clock Rise or Fall Time. t rCl or tlCl 5,10,15 - 15 IlS 

5 100 -
Inhibit In Setup Time, tsu 10 40 - ns 

15 20 -

5 240 -
Inhibit In Removal Time, tREM 10 130 - ns 

15 110 -
5 150 -

Sel Removal Time. tREM 10 80 - ns 
15 50 -
5 60 -

Clear Removal Time, tREM 10 40 - ns 
15 30 -
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CD4527B Types 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (Oct 
CONDITIONS Values at -55, +25, +125 Apply to 0, F, K, H Packages 

CHARACTER· Value. at -40, +25, +85 Apply to E Package 
UNITS ISTIC 

Vo VIN VDD 
(vt (V) (V) 

Quiescent Device - 0,5 5 
Current, - 0,10 10 

100 Max. 0,15 15 _. 

- 0,20 20 

Output Low 0.4 0,5 5 
(Sinkt Current 0.5 0,10 10 

IOL Min. 
1.5 0,15 15 

Output High 4.6 0,5 5 
(Source) 2.5 0,5 5 
Current, 9.5 0,10 10 

IOH Min. 
13.5 0,15 15 

Output Voltage: - 0,5 5 
Low-Level, .- 0,10 10 

VOL Max. 
0,15 15 -

Output Voltage: - 0,5 5 
High·Level, - 0,10 10 
VOH Min. - 0,15 15 

Input Low 0.5,4.5 - 5 
Voltage, 1,9 - 10 

VIL Max. 
1.5,13.5 - 15 

Input High 0.5,4.5 - 5 
Voltage, 1,9 - 10 

VIH Min. 1.5,13.5 - 15 

I nput Current 
0,18 18 

liN Max. 

DRAIN-lO-SOURCE VOLTAGE (V051-'o' 

Fig.3 - Typical output high (source) 
current characteristics. 

LOAD CAPACITANCE (CLI- pF 

-55 

5 

10 

20 

100 

0.64 

1.6 

4.2 

-0.64 

-2 
-1.6 

-4.2 

±0.1 

Fig. 6 - Typical propagation delay time as a 
function of load capacitance (Clock 
or Strobe to Out). 
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+25 

-40 +85 +125 Min. Typ. Max. 

5 150 150 - 0.04 5 

10 300 300 - 0.04 10 

20 600 600 0.04 20 
/lA 

-

100 3000 3000 - 0.08 100 

0.61 0.42 0.36 0.51 1 -

1.5 1.1 0.9 1.3 2.6 -
4 2.8 2.4 34 6.8 -

-0.61 -0.42 -0.36 -0.51 -1 - rnA 

-1.8 

-1.5 

-4 

±0.1 

-1.3 -1.15 -1.6 -3.2 -
-1.1 -0.9 -1.3 -2.6 -

-2.8 -2.4 -3.4 -6.8 -

0.05 - 0 0.05 

0.05 - 0 0.05 

0.05 - 0 0.05 

4.95 4.95 5 -
9.95 9.95 10 -

14.95 14.95 15 -

1.5 - - 1.5 

3 - - 3 

4 - - 4 

3.5 3.5 - -
7 7 - -

11 11 - -

±1 ±1 - ±10-5 ±0.1 

ORAIN-TO-SOURCE VOLTAGE ('0'05)-'0' 

-15 -10 
AMBIENT TEMPERATURE (TA'-25-C 

GATE-TO-SOURCE VOLTAGE (VGS" -5 V 

FigA - Minimum output high (source) 
current characteristics. 

V 

V 

/lA 

. , 

LOAD CAPACITANCE (CLI-pr 9?CS-24l22 

Fig.7 - Typical transition time as a function of 
load capacitance. 

. 
E 

3 
~ 10 

6 , 

Id'! 
, 

~ 104 

1 ! 
~ . 
~ 2 

~ 103
9 

~ . 
~ . 
~ 10: 
~ ! . 

, 
10 

GATE-TO-SOURCE VOLTAGE ('o'G5)-15 V 

10V 

5 10 15 
ORAIN-TO-SOURCE VOLTAGE (V05)-V 

Fig. 1 - Typical output low (sink) 
current characteristics. 

I 
ORAIN-TO-5OURCE VOLTAGE IVos)-V 

Fig.2 - Minimum output low (sink) 
current characteristics. 

AM"ENT TEMPERATURE 'T A '"m . HfH II , 
-

-~~ " / 
..... 0"" 

- ~~ 'I 

~. t~t,io\"V' .• ' 
,Ov , / 

,v 

~! 

CL-~pF 

CL- )!5pF --

IIII , ... , . .. , ... , ... , 
10' 10 

INPUT FREQUENCY If IN '-kHz 

... 
10' 

92CS-29155 

Fig.5 - Typical dynamic power dissipation as a 
function of input frequency. 

V~NP(JU' '. :~;;,,:c,::, 
Vss TO 80TH Voo AND VSS· 

CONNECT ALL UNUSED 
INPUTS TO EITHER 

Voo OR VSS· 

Vss 

Fig.B - Input current test circuit. 



DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C: 
Input tr.q = 20 ns. CL = 50 pF. RL = 200 kn 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VDD 
(V) Min. Typ. 

5 - 110 
Propagation Delay Time. tpHL. tplH 10 - 55 

Clock to out 
15 - 45 

5 - 150 
Clock or Strobe to Out 10 - 75 

15 - 60 

Clock to Inhibit Out 5 - 320 

High level to low level 10 - 145 
15 - 100 

5 - 250 
low level to High level 10 - 100 

15 - 75 

5 - 380 

Clear to Out 10 - 175 
15 - 130 

5 - 300 
Clock to "9" or "15" Out 10 - 125 

15 - 90 

5 - 90 
Cascade to Out 10 - 45 

15 - 35 

5 - 130 

Inhibit In to Inhibit Out 10 - 60 
15 - 45 

5 - 330 
Set to Out 10 - 150 

15 - 110 

5 - 100 

Transition Time. tTH l' tTlH 10 - 50 
15 - 40 

5 1.2 2.4 
Maximum Clock Frequency, fCl 10 2.5 5 

15 3.5 7 

5 - 165 
Minimum Clock Pulse Width. tw 10 - 85 

15 - 50 

5 - -
Clock Rise or Fall Time. trCl' tlCl 10 - -

15 - -

5 - 80 
Minimum Set or Clear Pulse Width, tw 10 - 45 

15 - 30 

5 - 50 

Minimum Inhibit In Setup Time, tsu 10 - 20 
15 - 10 

Minimum Inhibit In Removal Time, 
5 - 120 
10 - 65 

tREM 15 - 55 

5 - 75 
Minimum Set Removal Time, tREM 10 - 40 

15 - 25 

5 - 30 

Minimum Clear Removal Time, T REM 10 - 20 
15 - 15 

Input Capacitance, CIN Any Input - 5 

UNITS 

Max. 

220 
110 
90 

ns 
300 
150 
120 

640 
290 
200 

ns 
500 
200 
150 

760 
350 
260 

600 
ns 

250 
180 

180 
90 
70 ns 

260 
120 
90 

660 
300 
220 

ns 
200 
100 
80 

-

- MHz 
-

330 
170 ns 
100 

15 
15 IlS 
15 

160 
90 
60 

ns 
100 
40 
20 

240 
130 
110 

150 
ns 

80 
50 

60 
40 ns 
30 

7.5 pF 

CD45278 Types 

92CS-27044IRI 

Fig.9 - Input voltage test circuit. 

o 
Vss 

INPUTS 

Fig. to - Quiescent device current test circuit. 

VDD 

92C5-29157 

Fig.tt - Dynamic power dissipation test circuit. 

APPLICATIONS 

MOST SIGNIFICANT 
DIGIT 

DRM([) 

CLOCK<>~ ________ -.J 

L.EAST SIGNIFICANT 
DIGIT 

A ORM® 

OUT 

OUr 
INH. 
OUT 

TIMING DIAGRAM SHOWING ONE OF FOUR OUTPUT I 
PULSES CONTRIBUTED BY DRM (5) TO OUTPUT FOR 
EVERY 100 CLOCK PULSES IN FOR PRESET No.94. 

92CS-24911RI 

Fig. 12 - Two CD4527B's cascaded in the "Add" 
mode with a preset number 
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CD45278 Types 

·"O--.. C-~f>---...... ~r'\ 
INHIBIT IN 

*13 

CLEAR 

* * STROBE CASCADE 

to 12 

Fig. 13 - Logic diagram. 

Dimensions and Pad Lavout for CD4527BH 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in­
dicated. Grid graduations are in mils (10-3 inch). 
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The photographs and dimensions of each CMOS chip 
represent 8 chip when it ;8 part of the wafsr. When the 
wafer Is separated into individual chips, the angle of 
cleavage may vafy with respect to th" chip fBce for 
different chips. The actua' dimensions of the isolated 
chip, therefore. may diller slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to + 16 mils applicable to the nominal 
dimensions shown. 

0123456789012]4 

CLOCI< flIlJUUU11lJlIl 
O. .J1.fLJlJU1J1.. 
Ob~ 

O'~ 

O'~ 

RI~ 

R'~ 

R'~ 
R4~ 

OUTPUT (PIN 61 n n 
A ENABLED ----1 L----.....J L 

B ENABLED 

C ENABLED 

D ENABLED 

INH. OUT U 
OUPUT!PIN61 n! n 
(PRESET No. OF 11 ----l~L 

(PRESET No. OF 21 

(PRESET No. OF 31 

IPRESET No· OF 41 ~ 

I 
IPRESETNQ.OF51 ~ 

I 
(PRESET No. Of 61 

I 
(PRESET No· Of 11 

(PRESET No. OF 81 JUlflILJlJlJlJU 
IPRESETN.·O'., ~ 

I 92CM-<'4915 

Fig. 14 - Timing diagram (See Logic Diagram). 

DRM I 

OUT 

OUT 
INH. 

OUT 

ClOCKO ..... --------.J 

o DRM 2 

OUT 

!roT 
INH· 
OUT 

"g" 

Fig. 15 - Two CD4527S's cascaded in the 
nMultiply" mode with a preset number 

of 36 (!!....x.!...= ~) 
10 10 100 • 



CD4527B Types 

TRUTH TABLE 

INPUTS OUTPUTS 

Number of Pulses or Number of Pulses or 
Input Logic Level Output Logic Level 
(0 = Low; 1 = High; X = Don't Care) IL = Low; H = High) 

o C B A CLK INH STR CAS CLR SET OUT OUT INH "9" 
IN # # OUT OUT 

0 0 0 0 10 0 0 0 0 0 L H 1 
0 0 0 1 10 0 0 0 0 0 1 1 1 
0 0 1 0 10 0 0 0 0 0 2 2 1 
0 0 1 1 10 0 0 0 0 0 J J 1 

0 1 0 0 10 0 0 0 0 0 4 4 1 
0 1 0 1 10 0 0 0 0 0 5 5 1 
0 1 1 0 10 0 0 0 0 0 6 6 1 
0 1 1 1 10 0 0 0 0 0 7 7 1 

1 0 0 0 10 0 0 0 0 0 8 8 1 
1 0 0 1 10 0 0 0 0 0 9 9 1 
1 0 1 0 10 0 0 0 0 0 8 8 1 
1 0 1 1 10 0 0 0 0 0 9 9 1 

1 1 0 0 10 0 0 0 0 0 8 8 1 
1 1 0 1 10 0 0 0 0 0 9 9 1 
1 1 1 0 10 0 0 0 0 0 8 8 1 
1 1 1 1 10 0 0 0 0 0 9 9 1 

X X X X 10 1 0 0 0 0 t t H 

X X X X 10 0 1 0 0 0 L H 1 
X X X X 10 0 0 1 0 0 H • 1 

1 X X X 10 0 0 0 1 0 10 10 H 
o X X X 10 0 0 0 1 0 L H H 
X X X X 10 0 0 0 0 1 L H L 

* Output same as the first 16 lines of this truth table (depending on values of A, B, C, OJ. 
tDepends on internal state of counter. 
#Clear and Set Inputs should not be high at the same time; device draws increased quies­

cent current when in this non-valid state. 

1 
1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
1 

1 
1 
1 
1 

t 

1 
1 

L 
L 
H 
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CD4532B Types 

CMOS 8-Bit Priority 
Encoder Features: 

• Converts from 1 of 8 to binary 

High·Voltage Types (20·Volt Rating) • Provides cascading feature to handle any number of inputs 

The RCA·CD4532B consists of combination· 
a) logic that encodes the highest priority 
input (D7·DO) to a 3-bit binary code. The 
eight inputs, D7 through DO, each have an 
assigned priority; D7 is the highest priority 
and DO is the lowest. The priority encoder is 
inhibited when the chip·enable input E I is 
low. When EI is high, the binary representa· 
tion of the highest· priority input appears on 
output lines 02·00, and the group select 
line GS is high to indicate that priority inputs 
are present. The enable·out (EO) is high 
when no priority inputs are present. If any 
one input is high, EO is low and all cascaded 
lower·order stages are disabled. 

The CD4532B types are supplied in IS-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes), IS-lead dua(-in-line plastic 
packages (E suffix), IS-lead ceramic flal 
packages (K suffix), and in chip form (H 
suffix). 

• Group select indicates one or more priority inputs 
• Standardized, symmetrical output characteristics 
• 100% tested for quiescent current at 20 V 

• Maximum input current of 1 f.!.A at 18 V 
over full package temperature range; 
100 nA at 18 Vand 25°C 

• Noise margin (full package· temperature 
range): 

1 VatVDD= 5V 
2VatVDD=10V 

2.5VatVDD=15V 
• 5-V, 10·V, and 15-V parametric ratings 
• Meets all requirements of JEDEC Tentative 

Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 
• Priority encoder 
• Binary or BCD encoder (keyboard encoding) 
• Floating point arithmetic 

MAXIMUM RATINGS,Absolute·Maximum Values: 
DC SUPPLY·VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS 
DC INPUT CURRENT, ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (PO): 

For T A = -40 to +60oC (PACKAGE TYPE E) 
For T A = +60 to +8SoC (PACKAGE TYPE E) 
For T A = -5510 +loo·C (PACKAGE TYPES 0, F, K) 
For TA= +100 10 +125·C (PACKAGE TYPES 0, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

-{l.S to +20 V 
-{l.S to VDD +0.5 V 

±10mA 

. • • . • . • .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 
. . • . • . • .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 

FOR TA = FULL PACKAGE·TEMPERATURE RANGE (All Package Typesl 
OPERATING·TEMPERATURE RANGE (TAl: 

100mW 

-55 to + 125°C PACKAGE TYPES 0, F, K, H 
PACKAGE TYPE E . 

STORAGE TEMPERATURE RANGE (Tstg) 
LEAD TEMPERATURE (DURING SOLDI'RING): 

-40 to +850 C 
-65 to +1500 C 

At distance 1116 ± 1/32 inch (1.59 ± 0.79 mml from case for lOs max. 

~ 
S 10 

~ 5 , 

AMBIENT TEMPERATURE (TAI-e·c 

10V 

5 10 15 
DRAIN-lO-SOURCE VOLtAGE (VosJ-V 

Fig. 1 - Tvpical output low (sink) current 
characteristics. 
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A"BIE.N~ c~"':"R~c~i 1 I i:~ 

I~I III lit. i 

I~ 

I~ 

I 
m : I : 

DRA~N-TO-SOURCE vo 
I 

LTAGE :VosJ-V 

Fig. 2 - M;nimum output low (sink) current 
characteristics. 

, 

'0 

FUNCTIONAL DIAGRAM 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating condi­
tions should be selected so that operation is always 
within the fol/owing ranges. 

Characteristic Min. Max. 
Supply Voltage 
Range (for T A- 3 18 
Full Package 
Temp. Range) 

04 I. 16 VOO 
05 2 15 EO 
06 14 GS 
07 13) 03 
EI 12 02 
02 II 01 
01 IP 00 

VSS 9 - 00 

(lOP VIEW) 

92CS·24596RI 

TERMINAL ASSIGNMENT 

ORAIN-lO-SOURCE VOLTAGE (Vosl-V 

-15 -10 -5 
AMBIENT TEMPERATURE ITAI~25°C 

lli:I:±±±±P.:G':!AT±'E--':T~O-~SOURCE VOLTAGE (VGSlo-5V 

-15V 

H • 
-IOV 

+-. h 

Units 

V 

Fig. 3 - Typical output high (source) current 
characteristics. 



STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 
CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages 

CHARACTER· Values at -40, +25, +85 Apply to E Package 
ISTIC 

Vo VIN VDD +25 

(V) (V) (V) -55 -40 +85 +125 Min. Typ. 

Quiescent Device - a,s 5 5 5 150 150 - 0.04 
Current, - 0,10 10 10 10 300 300 - 0.04 

IDD Max. - 0,15 15 20 20 600 600 0.04 

- 0,20 20 100 100 3000 3000 - 0.08 

Output Low 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 

(Sink) Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 
IOLMin. 1.5 0,15 15 4.2 4 2.8 2.4 3.4 6.8 

Output High 4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 
(Source) 2.5 0,5 5 -2 -1.8 -1.3 -1.15 1.6 3.2 
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 1.3 2.6 

IOH Min. 
13.5 0,15 15 -4.2 -4 2.8 2.4 3.4 6.8 

Output Voltage: - 0,5 5 0.05 - a 
Low·Level. - 0,10 10 0.05 - 0 

VOL Max. 
0,15 15 0.05 0 -

Output Voltage: - 0.5 5 4.95 4.95 5 
High·Level, - 0.10 10 9.95 9.95 10 
VOH Min. - 0.15 15 14.95 14.95 15 

Input Low 0.5,4.5 - 5 1.5 -
Voltage. 1.9 - 10 3 

VIL Max. 
1.5,13.5 - 15 4 

Input High 0.5,4.5 - 5 3.5 3.5 -
Voltage, 1.9 - 10 7 7 -

VIH Min. 1.5,13.5 - 15 11 11 -
I nput Current 

0.18 18 ±0.1 ±0.1 ±1 ±1 - ±10-5 
liN Max. 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A=250 C; CL =50 pF, 
Input tr,tf= 20 ns, R L =200 Kn 

TEST CONDITIONS LIMITS 

Max. 

5 

10 

20 

100 

-

0.05 

0.05 

0.05 

-

1.5 

3 

4 

-
-

±0.1 

UNITS 

jJ.A 

rnA 

V 

V 

jJ.A 

CHARACTERISTIC VDD ALL TYPES UNITS 

VOLTS TYP. MAX. 

Propagation Delay Time tpHL' tpLH 5 110 220 

EI to EO, EI to GS 10 55 110 

15 45 85 

5 170 340 
EI to Om, Dn to GS 10 85 170 ns 

15 65 125 

5 220 440 
Dn to OM 10 110 220 

15 85 160 

5 100 200 

Transition Time tTH L, tTLH 10 50 100 ns 

15 40 80 

Input Capacitance CI N Any Input 5 7.5 pF 

CD4532B Types 

D"AIN-TO-SOURCE VOLTAGE IVDSI-V 

Fig. 4 - Minimum output high (source) current 
characteristics. 

• AMBIENT TEMPERATURE (TA'- e-c 
: LOAD CAPAC~TAMC~ (Cll- 50 pF . 

5 7.5 10 12.5 15 
SUPPLY VOLTAGE (11001- V 

11.' 20 

Fig. 5 - Typical propagation delay (Dn to Om) 
VI. supplV voltage. 

AMBIENT ~E"PERATURE 1T,,}-25·C 

,0' 
, .. 

30 40 50 60 70 
LOAD CAPACITANCE ICLI-pF 

90 100 

92CS-Z65&S 

Fig. 6 - Typical propagation delay (E, to GS, E, to EoJ 
vs, load capacitance. 

'0 

'0' 
'" 

~ ~ ~ ~ ~ ro 90 90 00 
LOAD CAPACITANCE (CLJ- pF 92CS-26S1i4 

Fig. 7 - Typical propagation delay (Dn to Om) 
vs. load capacitance. 
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CD4532B Types 

Voo 

£\-
Vss 

92CL-26:56IRI 

* ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION NETWORK 

Fig. 8 - CD4532 logic diagram. 

TRUTH TABLE 

Input Output 

EI 07 06 05 04 03 02 01 00 GS 02 01 00 EO 

0 X X X X X X X X 0 0 0 0 0 

1 0 0 0 0 0 0 0 0 0 0 0 0 1 

1 1 X X X X X X X 1 1 1 1 0 

1 0 1 X X X X X X 1 1 1 0 0 

1 0 0 1 X X X X X 1 1 0 1 0 

1 0 0 0 1 X X X X 1 1 0 0 0 

1 0 0 0 0 1 X X X 1 0 1 1 0 

1 0 0 0 0 0 1 X X 1 0 1 0 0 

1 0 0 0 0 0 0 1 X 1 0 0 1 0 

1 0 0 0 0 0 0 0 1 1 0 0 0 0 

X = Oon't Care Logic 1 '= High Logic 0'= Low 

340 

. 
I' 
~ 
~ 
~ 
~ 

" i 
" ~ 
~ 

1..0AO (;APA(;ITANCE (CL1-pF 

Fig.9 - Typical transition time VI. 

load capacitance. 

IO~ AMBIENT TEMPERATURE (TAl' 2S·C 

, 
10: 
'l-I- SUPPLY VOLTAGE 1100'" II 'r-r--- LOAD CAPACITANCE {CLI·50pF 

103
6 , 

IYr V 'r-r--- 10V 
50pF r:K" 10' OV . 

~ . 
7 

10 7 'v , OOp' , 
, 

I 
10:2 468'OZ2 468 10,2 46alO4 

fREQUENCY ltl-kHz 

Fig. to - Typical dynamic power dissipation 
VS. frequency. 

Fig.11 - Dynamic power dissipation 
test circuit. 

o 
Vss 

INPUTS 

Fig. 12 - Quiescent device current test circuit. 



V,H 

INPUT(JVOO OUTPUTS 

:-- .~ 
Vil. J 

NOTE: 
TEST ANY ONE INPUT, 

Vss WITH e:[~~~~TS AT 

Fig. 13 - Input voltage test circuit. 

Yeo 1NPUOS Veo NOTE 

~ MEASURE INPUTS 

o ~ SEOUENTlA.'Y. 
Vss TO BOTH "DO AND Vss· 

CCNNECT ALL UNusm 
INPUTS TO EITHER 
Veo CRYss· 

VSS 

Fig. 14 - Input current test circuit. 

69-77 

J"" 
.1 

92CS-26337RI 

Dimensions in parentheses are in millimeters. and are 
derived (rom the basic inch dimensions as indicated. 
Grid graduations arB in mils (10-3 inch}. 
The photographs and dimenSions 01 each CMOS chip 
reprftsent a chip when it is part of the wafer. When the 
wafer is separaled into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimenSions of the Isolated 
chip, therefore, may differ slightly from the nomina' 
dimensions shown. The user should consider. tolerance 
of -3 mils to +16 mils applicable to the nomlnaf 
dimensions shown. 

Dimensions and pad layout for CD4532BH. 
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APPLICATIONS 
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CD4532B Types 

..... --------- 03' 

)-"-+---G5' 

'-----r-L _____ )-"''-'----01· 

)-'-'-"---00' 

L-___________ EO' 

Fig. 15 - 16-/evel priority encoder. 

1/4 CD4071 

09----.--\ 

08----+-1 
)--..... -------03· 

07 

r----ir------ 02' 

1--+=--=-- 01' 

DO 00' 

92CS-26370RI 

TRUTH TABLE 

Input Output 
08 07 06 05 04 03 02 01 DO GS 03' 02' 01' 00' 

X X X X X X X X X 0 1 0 0 1 
1 X X X X X X X X 0 1 0 0 0 

0 1 X X X X X X X 1 0 1 1 1 
0 0 1 X X X X X X 1 0 1 1 0 
0 0 0 1 X X X X X 1 0 1 0 1 
0 0 0 0 ) X X X X 1 0 1 0 0 

0 0 0 0 0 1 X X X 1 0 0 1 1 
0 0 0 0 0 0 1 X X 1 0 0 1 0 
0 0 0 0 0 0 0 1 X 1 0 0 0 1 
0 0 0 0 0 0 0 0 1 1 0 0 0 0 

X::; Don't Care logic 1 := High logic Os low 

Fig. 16 - 0-to-9 keyboard encoder. 
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CD45368 Types 

CMOS Programmable Timer 
High-Voltage Types (20-Volt Rating) 

Features: 
.24 flip-flop stages -- counts from 2° to 224 
• last 16 stages selectable by BCD select code 
• Bypass input allows bypassing first 8 stages 
• On-chip RC oscillator provision 
• Clock inhibit input 

CLOCK 
INHIBIT 

.a-BYPA:Srl;.;4..L..=_3:.L
1,'L:r ~ 

~~{: ,: OUT I RT 
~d ell 5 ___ J 
men 012 OUT 2 

SET I 13 DECODE 
R£SET 2 OUT 

" MONO J:N '--__ ---' 

The RCA-CD4536B is a programmable timer 
consisting of 24 ripple-binary counter stages_ 
The salient feature of this device is its 
flexibility. The device can count from 1 to 
224 or the first a stages can be bypassed to 
allow an output, selectable by a 4-bit code, 
from anyone of the remaining 16 stages. It 
can be driven by an external clock or an RC 
oscillator that can be constructed using on­
chip components. Input INI serves as either 
the external clock input or the input to the 
on-chip RC oscillator. OUTI and OUT2 are 
connection terminals for the external RC 
components. In addition, an on-chip mono­
stable circuit is provided to allow a vari­
able pulse width output. Various timing 
functions can be achieved using combi­
nations of these capabilities. 

• Schmitt-trigger in clock I ine permits operation with very 
VOo -16 92CS-31718 

vSs,s 

A logic 1 on the a-BYPASS input enables a 
bypass of the first a stages and makes stage 9 
the first counter stage of the last 16 stages. 
Selection of 1 of 16 outputs is accomplished 
by the decoder and the BCD inputs A, B, C 
and D. MONO IN is the timing input for the 
on-chip monostable oscillator.· Grounding of 
the MONO IN terminal through a resistor of 
10K ohms or nigher, disables the one-shot 
circuit and connects the decoder directly to 
the DECODE OUT terminal. A resistor to 
V DD and a capacitor to ground from the 
MONO I N terminal enables the one-shot cir­
cuit and controls its pulse width. 

A fast test mode is enabled by a logic 1 on 
a-BYPASS, SET, and RESET. This mode 

long rise and fall times 
• On-chip monostable output provision 
• Typical fCl = 3 MHz at VDD = 10 V 
• Test mode allows.fast test sequence 
• Set and reset inputs 
• Capable of driving two low power TTL 

loads, one lower-power Schottky load, or 
two HTl loads over the rated temperature 
range 

• Standardized, symmetrical output charac-
teristics 

• 100% tested for quiescent current at 20 V 
• 5-V, 10-V, and 15-V parametric ratings 
• Meets all requirements (If JEDEC Tentative 

Standard No. 13A, "Standard Specifi­
cations for Description of 'B' Series 
CMOS Devices" 

divides the 24-stage counter into three a-stage 
sections to facilitate a fast test sequence. 

The CD4536B types are supplied in 16-lead 
hermetiG..dual-in-line ceramic packages (0 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY·VOL TAGE RANGE, (VDDI 

IVoltages referenced to VSS Terminal) -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ±10 mA 
POWER DISSIPATION PER PACKAGE (POl: 

For TA = -40 to +600 C IPACKAGE TYPE EI . . • . . . . .. 500 mW 
For T A = +60 to +850 C (PACKAGE TYPE EI . . Derate Linearly at 12 mWloC to 200 mW 
For T A = -55 to +100'C (PACKAGE TYPES 0, F, K) . . .•••..•••••••. 500 mW 
ForTA = +100 to +125'C (PACKAGE TYPES 0, F, K) • • • • • Derate Linearly at 12 mWI"C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE·TEMPERATURE RANGE IAII Package Typesl 100 mW 

OPERATING·TEMPERATURE RANGE IT AI: 
PACKAGE TYPES 0, F, K, H . . . . . . . . . . • . . . . . . . . . . . -55 to +125'C 
PACKAGE TYPE E • . • • . . • • . . . . . . • • • • • • • • . • • -40 to +85' C 

STORAGE TEMPERATURE RANGE ITstgl -65 to +IS00 C 
LEAD TEMPERATURE lOURING SOLDERINGI: 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 105 max. +26S0C 
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FUNCTIONAL DIAGRAM 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating 
conditions should be selected so that operation 
is always within the following ranges: 

CHARACTERISTIC liMITS UNITS 
Min. Max. 

Supply-Voltage Range 
(For TA = Full 
Package Temperature 
Range) 3 18 V 

DECODE OUT SELECTION TABLE 

NUMBER OF STAGES IN 

DC B A 
DIVIDER CHAIN 

8-BVPASS=O 8-BYPASS=l 

o 0 o 0 9 1 
000 1 10 2 
001 0 11 3 
o 0 1 1 12 4 

0 1 o 0 13 5 
0 1 o 1 14 6 
0 1 1 0 15 7 
0 1 1 1 16 8 

1 0 o 0 17 9 
1 0 o 1 18 10 
1 o 1 0 19 11 
1 o 1 1 20 12 

1 1 0 0 21 13 
1 1 0 1 22 14 
1 1 1 0 23 15 
1 1 1 1 24 16 

0= low level 1 = High level 



STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES lOCI 
CHARAC· CONDITIONS Values at -55, +25, +125Applyto D, F, K, H Packages 
TERISTIC Values at -40, +25, +85 Apply to E Package 

Vo VIN VDO 
+25 

IVI IV) IVI -55 -40 +85 +125 Min. Typ. Max. 

- 0,5 
Quiescent 

5 5 5 150 150 - 0.04 5 

Device - 0,10 10 10 10 300 300 - 0.04 10 
Current, - 0,15 15 20 20 600 600 - 0.04 20 
100 Max. 

- 0,20 20 100 100 3000 3000 - 0.08 100 

Output Low 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -
(Sink) Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -
IOL Min. 1.5 0,15 15 4.2 4 2.8 .2.4 3.4 6.8 -

4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 -
Output High 

(Source) 2.5 0,5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -
IOH Min. 

13.5 0,15 15 -4.2 -4 -2.8 -·2.4 -3.4 -6.8 -

Output Voltage: - 0,5 5 0.05 - 0 0.05 

Low·Level, - 0,10 10 0.05 - 0 0.05 
VOL Max. - 0,15 15 0.05 - 0 0.05 

Output - 0,5 5 4.95 4.95 5 -
Voltage: - 0,10 10 9.95 9.95 10 -
High·Level, 

0,15 15 14.95 14.95 15 -VOH Min. -
0.5,4.5 - 5 1.5 - 1.5 

Input Low 
1,9 10 3 - 3 Voltage - -

VIL Max. 1.5,13.5 - 15 4 - - 4 

Input High 0.5,4.5 - 5 3.5 3.5 - -
Voltage, 1,9 - 10 7 7 - -
VIHMin. 1.5,13.5 - 15 11 11 - -

Input Current - 0,18 18 ±0.1 ±0.1 ±1 ±1 - ±10-5 ±0.1 
liN Max. 

B-BYPASS 

92CS-!O!73 

Fig. 1 - Functional block diagram. 

~ 
I 
T 
S 

IJA 

m,tl 

V 

V 

IJA 

CD4536B Types 

Fig. 2-Typical output low (sink) current 
characteristics. 

DRAIN-TO-SOURCE VOL.TAGE (VOs)-Y 

Fig. 3-Minimum output low (sink) CUfl1lnt 

characteristics. 

DRAI~-TO-SOURCE VOLTAGE IVosI-Y 

Fig. 4-Typical output high (source) current 
characteristics. 

DRAiN-TO-SOURCE VOLTAGE (Vos)-Y 

Fig. 5-Minimum output high (source) current 
characteristics. 
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SET 

CLOCKINH 7 

"*" INPUTS PROlECTEO BY COSIMOS 
PROTECTION NETWORK 

EfVOO 

~VSS 

"S cc; _~ = ~u~NII 4 }--t-----------<><., 

"T 

- OUT 2 5 }--t-------------, 

92CL-31725 

* 

A 

B 

L-_________________________________________ ,G 

Fig.6 - Logic diagram for CD45368 [continued on next page]. 
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DETAil FOR I CLEN(CL DlS FOR FF9 AtlOFF251 OETAll FOR 
FF3-S, 11-16,17-24 Voo ~. 

r------------------R~i~J~ ~I 
HI, FF2. FFIO,FF9, FF25 

l-p , 

I 

I 
~~=J:::==I-"~I 

------+--------'-- -~ fi 
FF2,I0 

iCLii CL 
FF9 

FF25 

A------------------~~ -·FFI :AS SHOWN EXCEPTQ NOT BROUGHT OUT 

I FF9:SAME AS FFI EXCEPTQ .15 BROUGHT OUT AND Q,"Q' GO TO 
TGf AND TGe RESP. 

FF2;FF10: DELETE TGe,TGf,AND INVfiFEEO-n TO Di 
DELETE ClEN ,CLOIS i FF2':lWa AND INVd BECOME 2-INPUT NAND GATES, WITH 

~~~~~O~N:~T~N~~JiE~~ L~JEOJ~u~U~~ TGe 
--------- ----

G--~--~~--~--------------------------------------~ 
92CL-31725RI 

Fig,6 - Logic diagram for CD45368 [continued from previous page), 
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CD4536B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS, at TA = 25°C, Input t,. tf = 20 ns, 
CL = 50pF, RL= 200kQ 

CHARACTERISTIC VDD LIMITS 
UNITS 

(V) Min. Typ. Max. 

Propagation Delay Times: 5 - 1 2 
Clock to a1, 8-Sypass High 10 - 0.5 1 jAS 

tpHL, tpLH 15 - 0.35 0.7 
Clock to a1, 8-Bypass Low 5 - 2.5 5 

tpHL, tpLH 10 - 0.8 1.6 ,..s 
15 - 0.6 1.2 

Clock to a16; TpHLtpLH 5 - 4 8 
10 - 1.5 3 jAS 

15 - 1 2 

an to Cn+ 1, tpHL, tpLH 5 - 150 300 
10 - 75 150 ns 
15 - 50 100 

Set to an' tpLH 5 - 300 600 
10 - 125 250 ns 
15 - 80 160 

Reset to an, tpHL 5 - 3 6 
10 - 1 2 ,..s 
15 - 0.75 1.5 

Transition Time, tTHL, tTLH 5 - 100 200 
10 - 50 100 ns 
15 - 40 80 

Minimum Pulse Widths: 5 - 200 400 
Clock 10 - 75 150 ns 

15 - 50 100 

Set 5 - 200 400 
10 - 100 200 ns 
15 - 60 120 

Reset 5 - 3 6 
10 - 1 2 jAS 

15 - 0.75 1.5 

Minimum Set Recovery Time, 5 - 2.5 5 
10 .- 1 :2 ,..s 
15 - 0.6 1.6 

Minimum Reset Recovery Time, 5 - 3.5 7 
10 - 1.5 3 ,..s 
15 - 1 2 

Maximum Clock Pulse Input 5 0.5 1· -
Frequency, fCL 10 1.5 3 - MHz 

15 2.5 5 -
Maximum Clock Pulse Input 5,10,15 

Rise or Fall Time, tr, tf Unlimited ,..s 

SET 18 VDD 
RESET 2 IS MONO IN 

J:N I 3 14 DSC INHIBIT 

OUT I 4 13 DECODE DUT 

OUT 2 5 12 g} BINARY B -BYPASS • II' 

CLOCK INHIBIT 7 10 B SELECT 

VSS 8 9 A 

TOP VIEW S2CS':S1716 

Terminal Assignm,nt ; 
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LOAD CAPACITANCE CCL)-IIF taCS-U"", 

Fig. 7-Typical propagation delay time as B function 
of load capacitance (CLOCK to a" 
8·8YPASS high). 

LOAD CAPACITANCE (CLJ-pF 92CS-3211S9 

Fig. 8-Typical propagation delay time as 8 function 
of. load capacitance (CLOCK to a" 
8·BYPASS low). 

LOAO CAPACITANCE leLI - pF 
.,es-uno 

Fig. 9-Typlcal propagation delay time as a 
function of load capacitance (CLOCK 
to QlI,. 8·BYPASS high). 



LOAD CAPACITANCE (CLI-pF 9ZC'-32171 

Fig. 10-Typicai propagation delay time as a 
function of load capacitance IQN to 
QN+ll. 

-.0 .0 
AMBIENT TEMPERATUREITA)-·C 

Fig. 13-Typical RCoscillator frequencydevia· 
tion as a function of ambient temper' 
ature IRS = 0). 

.. SUPPLY VOLTAGE ('100)-10 'I 

2 RS - Ztc 

D.' 10114 

2 .. "10 2 .. "02 2 .. '~03 '2. .. '~o" 2 .. "OS 

EXTERNAL CAPACITANCE (Cxl-pF 92CS-32777 

FIg. 16-Typical pulse width as a function of 
external capacitance (VDD = 10 VI. 

00>: AMBIENT TEMPERATURE (TAl - 2S-C · SUPPLY VOLTAGE (Vool -15 v 

As· 2Rte , 
102, 

t · · I 
~ , 
i 10. ,Rtc -lmO 
"' . 
~ . 
iI , 

,0\" , . 
S , · , 

D.' 'a. , .. , ... , .. , 'S " ~o ,0' ~O' '0 00> 
ElCTERNAL. CAPACITANCE (C){}~pF 

92es-S2771 

Fig. 17-Typlcal pulse width as a function of 
external capacitance (VDD = 15 VI. 

SUPPLY 'IOLTAGE I 'IDol - v 92CS~32772 

Fig. II-Typical RCoscillator Irequency de· 
viation as a lunction of supply 
voltage. 

lao Rte • 5611a 

RE -120 lin. 
7.5 Cx -1000 pF 

• .0 

2 .• 

15V 

'0 v 
-2.5 

-'0 .V 
-7.5 

-10.0 

e'loOI -!5V 

10V 

I5V 

~:50 50 100 1150 

AMBIENT TEMPERATURE eTA) _·c 92CS.3211~ 

Fig. 14-Typical RC oscillator frequency devia­
tion as a function of ambient 
temperature IRS = 120 k!J.I. 

CD4536B Types 

102 2 4 G8103 '2. .. 6~O" 2 .. GBIOS 

EXTERNAL CAPACITANCE ICx)- pF 

EXTERNAL RESISTANCE eRte,--lItl 92CS-32773 

Fig. 12-Typical RC oscillator frequency devia· 
tion as a function of time constant 
resistance and capacitance. 

4 SUPPLY 'IOLTAGE 1VOO)-5 V 
'2. RS· 2Rlc 

1028 I 
• s ... 
b 2~~1+~r-l-H~r-~~~hl~'H-~~~ 
j 10! R'IC~I mn 

~ .. 
~ 2~-+1+~~-H~f-~R-+-t+H-~~~ 

2 

0.1 

2 4 .810 2 .. '~02 2 468103 2 .. 6810" '2. 4 .~o!S 

EXTERNAL CAPACITANCE lex)~pF 92CS~3277. 

Fig. 15-Typical pulse width as a function of 
external capacitance (V DD = 5 VI . 

Functional Test Sequence 

Inputs Outputs Comments 

Decode Out 
1n1 Set Reset 8-Bypass Q1thru Q24 All 24 steps are In Reset mode 

1 0 1 , 
1 1 1 1 

0 1 , , , 
0 
- , , , 
-
0 , , , 
0 0 0 0 

, 0 0 0 
0 0 0 0 

FUNCTIONAL TEST SEQUENCE 

Test Function (Figure 23) has been in­
cluded for the reduction of test time re­
quired to exercise all 24 counter stages. 
This test function divides the counter Into 
three 8-stage sections and 255 counts are 

0 
0 Counter is in three 8-stage section In 

parallel mode 
0 First "'" to "0" transition of clock 

255 "'" to "0" transitions are clocked in 
the counter 

, Th.e 255 "'" to "0" transition 
Counter converted back to 24 stages In 
series mode , Set and Reset must be connected 
together and simultaneously go from "'" 
to "0" , In, Switches to a"'" 

0 Counter Ripples from an all '" state to 
an all "0" state 

loaded in each of the 8-stage sections in 
parallel. All flip-flops are now at a "1". 
The counter is now returned to the normal 
24-steps in series configuration. One 
more pulse is entered Into In1 Which will 
cause the counter to ripple from an all "1" 
state to an all "0" state. 
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Fig. 18-Typical transition time as a function 
of load capacitance. 

0.12 46B 1 246810 Z 46°1022468103 

PULSE INPUT FREQUENCY (kHz) 9ZCS- 32779 

19 - Typical dynamIc power dissipation as a 
function of input pulse frequency. 

8 V55 

92CS-3278S 

Fig. 20-Dynamic power dissipation test cir­
cuit and waveform. 

,..,..----'--...... 0·00 

Fig. 21-Switching tIme test circuit. 

TRUTH TABLE 

INl SET RESET CLOCK OSC oun OUT2 DECODE 
INH INH OUT 

J 0 0 0 0 J ~ No 
Change 

~ ~ J 
Advance 

0 0 0 0 to Next 
State 

X 1 0 0 0 0 1 1 

X 0 1 0 0 0 1 0 

X 0 0 
No 

0 1 
Change 

0 0 0 0 X 0 1 
No 

Change 

J ~ J 
Advance 

1 0 0 0 to Next 
State 

0= Low Level 1 = High Level X = Don't Care 
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92CS-32782 

FIg. 22-lnput waveforms for switching-time 
test circuit. 

V55 

Fig. 23-Functlonal test circuit. 

NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 
TO BOTH Voo AND Vss' 
CONNECT ALL UNUSED 

L-_...,-_--' INPUTS TO EITHER 

Voo OR VSS' 

Vss 92CS-27402 

Fig. 24-lnput-current test circuit. 

92CS-21441RI 

Fig. 25-lnput-voltage test circuit. 

o 
V55 

INPUTS 

DO 

V55 

Fig. 26-Quiescent-device current test cIrcuIt. 



A 

B 

VDD 

SET 
RESET 

8-BYPASS 
C INH 

DECODE 
OUT 

OUT I 

OUT 2 

92CS-3I726 

Fig. 27-Time interval configuration using 
external clock; set and clock inhibit 
functions. 

"no 

16 
9 A 

10 B OUTI 

"C 
12 0 C04536B 

I SET 
1.. 2 RESET OUT 2 

6 a-BYPASS 

Voo 

APPLICATIONS 

.-____ -+Voo 

A 

B 

SET 
RESET 

a-BYPASS 
C INH 

OUT I 

OUT2 

MONO-IN -1' r-
DE811¥E ...fL 

LL~===+'''s~S;---'92CS-31727RI 
Fig. 28-Time Interval configuration using ex­

ternal clock; reset and output mono­
stable to achieve a pulse output. 

DCBA 
OOOOC+21 

OOOU+41-+--...JA'-

OOIO(.81-+-----~''-

START 

CD4536B Types 

A 

B 

C 

D 
SET 
RESET 
B-BYPASS 

Lt+---lXNI 

VDD 

OUT I 

OUT 2 

DECODE 
OUT 

RS 

C 

lite 

'-------~ VSS "'tRICC 
RS2:2Rtc 

'--_________ -' flNHzt 

~1~~~:6s 
92CS-31728RI 

Fig. 29-Time interval configuration using on­
chip RC oscillator and reset input to initiate 

time Interval. 

Jl NOTE, 
SHADED PULSE REPRESENTS DECODE OUTPUT 
IN MONOSTABLE MODE. IF AN OUTPUT PULSE 
IS REQUIRED I FULL-CQUNT-DOWN AFTER 
REMOVAL OF RESET PULSE, SEE FIG, 31 FOR 
USE OF CD4098B. 

Fig.3D - Application showing use of 
CD40988 and CD45368 to get 
decode pulse 8 clock pulses 
after Reset pulse. 

Dimensions and pad layout for CD45368H. 

Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimen­
sions as !i'dicated. Grid graduations are in 
mils (10- inch). 
The photographs and dimensions a/elch CMOS chip 
reprlsent a chip when it is part of the wafer. When the 
wafer Is separated into Individual chips, the angle of 
cleavage may vary with ,espect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore. may dilfer slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

92CS-32783 

Fig.31 -CD45368 Timing Diagram. 

92CM-32787 
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CD4538B Types 

CMOS Dual Precision 
Monostable Multivibrator 
High-Voltage Types (20-Volt Rating) 

Features: 
.. Retriggerable/resettable capability 
.. Trigger and reset propagation delays 

independent of Rx, Cx 
.. Triggering from leading or trailing edge 
.. Q and Q buffered outputs available 
.. Separate resets 
.. Wide range of output-pulse widths 
.. Schmitt trigger input allows unlimited 

rise and fall times on + TR and - TR inputs 

The RCA-CD45388 dual preCision monostable multivibrator 
provides stable retriggerable/reseUable one-shot operation 
for any fixed-voltage timing application. 

An external resistor (Rx) and an external capacitor (Cx) 
control the timing and accuracy for the circuit. Adjustment 
of Rx and Cx provides a wide range of output pulse widths 
from the Q and Qterminals. The time delay from trigger 
input to output transition (trigger propagation delay) and 
the time delay from reset input to output transition (reset 
propagation delay) are independent of Rx and Cx. Precision 
control of output pulse widths is achieved through linear 
CMOS techniques. 

Leading-edge-triggering (+ TR) and trailing-edge-triggering 
(-TR) inputs are provided for triggering from either edge of 
an input pulse. An unused +TR input should be tied to Vss. 
An unused - TR input should be tied to Voo. A RESET (on 
low level) is provided for immediate termination of the 
output pulse or to prevent output pulses when power is 
turned on. An unused RESET input should be tied to Voo. 
However, if an entire section of the CD45388 is not used, its 
inputs must be tied to either Voo or Vss. See Table I. 

In normal operation the circuit retriggers (extends the 
output pulse one period) on the application of each new 
trigger pulse. For operation in the non-retriggerable mode, 
a is connected to - TR when leading-edge triggering (+TR) 
is used or Q is connected to +TR when trailing-edge 
triggering (-TR) is used. The time period (T) for this 
multivibrator can be calculated by: T=RxCx. 

The minimum value of external resistance, Rx, is 4 Kn. The 
maximum and minimum values of external capacitance, Cx, 
are 100 pF and 5000 pF, respectively. 

The CD4538B types are supplied in 16-lead hermetic dual­
in-line ceramic packages (D and F suffixes), 16-lead dual­
in-line plastic packages (E suffix), 16-lead ceramic flat 
packages (K suffix). and in chip form (H suffix). 

The CD4538B is similar to type MC14538 and is pin-for-pin 
compatible with the CD40988. 

eXI 

4I--O-'lNIr-_ Voo 

CD45388 
Functional Diagram 

.. 100% tested for maximum quiescent 
current at 20 V 

.. Maximum input current of 1 pA at 
18 V over full package-temperature 
range; 100 nA at 18 V and 25°C 

• Noise margin (full package-temperature 
range): 1 Vat Voo=5 V 

2 Vat Voo=10 V 
2.5 Vat Voo=15 V 

• 5-V, 10-V, and 15-V parametric ratings 
• Standardized, symmetrical output 

characteristics 
II Meets all requirements of JEDEC 

Tentative Standard No. 13B, "Standard 
SpeCifications for Description of 
'B'Series CMOS Devices." 

Applications: 
• Pulse delay and timing 
• Pulse shaping 

CXI I. 16 Voo 
RXCX(I) 15 Cx. 

RESET (I) 

" 
RxCxt21 

+TA til 13 RESET (2) 
-TR (I) 12 +TR (2) 

01 " -TR (21 
CiT 10 02 

V55 9 02 

TOP V lEW 

TERMINALS 1,8,15 ARE 
ELECTRICALLY CONNECTED 
INTERNALLY 

92CS-24848Rl 

Terminal Assignment 



CD4538B Types 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vee) 

(Voltages referenced to V •• Terminal) .............................................•............ , , ..........•......... -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS .......................................................................... -0.5 to Voo +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ................................................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (Po): 

For T,=-40 to +60° C (PACKAGE TYPE E) .............................................•......•......................•.... 500 mW 
For T,=+60 to +85°C (PACKAGE TYPE E) .................................................. Derate Linearly at 12 mW/oC to 200 mW 
For T,=-55 to +100° C (PACKAGE TYPES D,F,K) ........................................................................ 500 mW 
For T,=+1 00 to +125°C (PACKAGE TYPES D,F,K) .......................................... Derate Linearly at12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T.=FULL PAqKAGE-TEMPERATURE RANGE (All Package Types) ..................................................... 100 mW 
OPERATING-TEMPERATURE RANGE (T,): 

PACKAGE TYPES D,F,K,H ........................................................................................ -55 to +125°C 
PACKAGE TYPE E ................................................................................................ -40 to +85°C 

STORAGE TEMPERATURE RANGE (T ••• ) ............................................................................ -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max. . .................................................... +265°C 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected 
so that operating Is always within the following ranges: 

Voo LIMITS 
CHARACTERISTIC 

(V) Min. 

Supply-Voltage Range (For TA=Fuli Package-Temperature Range) - 3 

Input Pulse Width tWH, tWL 5 140 
+ TR, - TR, or RESET 10 80 

15 60 

TABLE I 
CD4538B FUNCTIONAL TERMINAL CONNECTIONS 

VooTO VssTO INPUT PULSE 
FUNCTIION TERM. NO. TERM. NO, TO TERM. NO. 

MONO, MONO. MONO, MONO. MONO, MONO. 
Leading-Edge Trigger/ 

3,5 11, 13 
Retriggerable 
Leading-Edge Trigger/ 

3 13 
Non-Retriggerable 
Trailing-Edge Trigger/ 

3 13 
Retriggerable 
Trailing-Edge Trigger/ 

3 13 
Non-Retriggerable 

NOTES: 
1. A RETRIGGERABLE ONE-SHOT MUL TIVIBRATOR HAS AN 

OUTPUT PULSE WIDTH WHICH IS EXTENDED ONE FULL 
TIME PERIOD (T) AFTER APPLICATION OF THE LAST 
TRIGGER PULSE. 

2. A NON-RETRIGGERABLE ONE-SHOT MULTIVIBRATOR 
HAS A TIME PERIOD (T) REFERENCED FROM THE APPLI­
CATION OF THE FIRST TRIGGER PULSE. 

4 

4 12 

4 12 

12 5 11 

5 11 

INPUT PULSE TRAIN 

RETRIGGERABLE MODE PULSE 
WIDTH (+TR MODE) 

NON-RETRIGGERABLE MODE 
PULSE WIDTH 
(+TR MODE) 

UNITS 
Max. 

18 V 

-
- ns 
-

OTHER 
CONNECTIONS 

MONO, MONO. 

5-7 11-9 

4-6 12-10 

92CS-32816 
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STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (DC) 
CHARACTERISTIC CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Pkgs. UNITS 

Values at -40, +25, +85 Apply to E Pkgs. 
Va VIN Voo +25 
(V) (V) (V) -55 -40 +85 +125 Min. Typ. Max. 
- 0,5 5 5 5 150 150 - 0.04 5 

Quiescent Device - 0,10 10 10 10 300 300 - 0.04 10 
IIA Current, 100 Max. - 0,15 15 20 20 600 600 - 0.04 20 

- 0,20 20 100 100 3000 3000 - 0.08 100 

Output Low (Sink) 
0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -
0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -Current, 10L Min. 
1.5 0,15 15 4.2 4 2.8 2.4 3.4 6.8 -
4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 - rnA 

Output High (Source) 2.5 0,5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
Current, 10H Min. 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -

13.5 0,15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 -
Output Voltage: - 0,5 5 0.05 - 0 0.05 

- 0,10 10 0.05 - 0 0.05 
Low-Level, VOL Max. - 0,15 15 0.05 - 0 0.05 

- 0,5 5 4.95 4.95 5 -
V Output Voltage: - 0,10 10 9.95 9.95 10 -High-Level, VOH Min. - 0,15 15 14.95 14.95 15 -

0.5,4.5 ~ 5 1.5 - - 1.5 
Input Low Voltage, 

1,9 - 10 3 - - 3 
VIL Max. 

1.5,13.5 15 4 4 - -
V 

0.5,4.5 - 5 3.5 3.5 - -
Input High Voltage, 

1,9 - 10 7 7 - -
VIH Min. 

1.5,13.5 15 11 11 - --
Input Current, - 0,18 18 ±0.1 ±0.1 ±1 ±1 - ±10-5 ±0.1 IIA 
liN Max. 

6(10) 

RESET LATCH 

3(13) 
92CM-32815 

RESET ()------------' 

Fig. 1 - Logic diagram ('12 of device shown). 
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CD4538B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS, At TA=25°C; Input t"t,=20 n8, CL=50 pF 

CHARACTERISTIC 
TEST CONDITIONS 

VDD (V) 
Transition Time tTLH. trHL 5 

10 
15 

Propagation Delay Time: tPLH. tPHL 5 
+TR or-TR to Q ora 10 

15 
Reset to Q or Q 5 

10 
15 

Minimum Input Pulse Width: tWH. tWL 5 
+TR. - TR or Reset 10 

15 
Output Pulse Width - Q or Q: T 5 
Cx=0.005 f./F. Rx=10 Kn" 10 

15 
Cx-0.1 f./F. Rx-100 Kn 5 

10 
15 

Cx-10 f./F. Rx-100 Kn 5 
10 
15 

Pulse Width Match between 100 (T,-T2) 5 
circuits in same package: 

T, 
10 

Cx=0.1 f./F. Rx=100 Kn 15 
Minimum Retrigger Time trr 5 

10 
15 

Input Capacitance C,N Any Input 

"Note: Minimum Rx value=4 KQ, minimum ex value=5000 pF. 

AMBIENT TEMPERATURE (TA)-2e-C 

i! 
I -... 
!30 GATE-lO-SOURCE VOlTAGE(VGS).I~V. 

ffi25 
~ 
~ 20 

10V 

'V 

!5 10 1!5 
DRAIN-Ta-SOURCE VOLTAGE (VDsl-V 

LIMITS 
Min. Typ. 
- 100 

- 50 

- 40 

- 300 
- 150 
- 100 

- 250 

- 125 

- 95 
- 80 

- 40 
- 30 
57 60.6 
55 58.9 
55 59.1 
9.4 9.97 
9.4 9.95 
9.5 10.00 

0.95 1.00 
0.95 1.00 
0.96 1.01 

- ±1 
- ±1 
- ±1 
0 -
0 -
0 -
- 5.0 

DRAIN-TQ-SOURCE VOLTAGE (YDS)-V 

Max. 
UNITS 

200 
100 
80 

600 
300 
220 ns 
500 
250 
190 
140 
80 
60 

64.5 
63.0 fJS 
63.5 
10.5 
10.6 ms 
10.6 
1.06 
1.06 s 
1.07 

-
- % 

-
-
- ns 

-
7.5 pF 

Fig. 2 - Typical output low (sink) current characteristics. Fig. 3 - Minimum output low (sink) current characteristics. 
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CD4538B Types 
DRAIN-TO-SOURCE VOLTAGE (Vosl-V 

-15 -10 -5 
AMBIENT TEMPERATURE (TAl-25'C 

GATE-TO-SOURCE VOLTAGE (VGS}--5V 

-IOV 

-15V 

Fig. 4 - Typical output high (source) current characteristics. 

i [AMBIENT .<Me<KA'UK. I.TA'·25·C 

1-
~ 

I 
LOAD CAPACITANCE (ell pF 

92CS-35936 

Fig. 6 - Typical propagation delay time as a function of load 
capacitance (+ TR or - TR to Q or m. 

Fig. 8 - Typical transition time as a function of load capacitance. 

_-~ _ 0 w ~ ~ 00 ~ ~ ~ 
AMBIENT TEMPERATURE (-C) 

92CS-3"40 

Fig. 10 - Typical pulse-width variation as a function of temp6ra­
ture (Rx=l00 KCl. Cx=O.1 /IF). 

354 

DRAIN-TO-SOURCE VOLTAGE (Vos)-V 

-15 -10 -5 
AMBIENT TEMPERATURE (TAI-25'C 

-IOV 

-15 V 

i! 
I 
'i 

5~ 
z 

~ 
a 

-lOw 

~ 

92CS-2432IAZ 

Fig. 5 - Minimum output high (source) current characteristics. 

40 60 80 100 
LOAD CAPACITANCE ICL)pF 

92C5-35938 

Fig. 7 - Typical propagation delay time as a function of load 
capacitance (RESET to Q or OJ. 

6 9 12 15 18 
Veo SUPPLY VOLTAGE (VOLTS) 

92CS-3'939 

Fig. 9 - Typical pUlse-width variation as a function of supply 
voltage. 

-60 -40 -20 0 20 40 60 80 100 120 140 
AMBIENT TEMPERATURE ('C) 

92CS-3S941 

Fig. 11 - Typical pUlse-width variation as a function of tempera­
ture (Rx=l00 KCl. Cx=5000 pF). 



CL -so pF. RL -200 Kn 
RX -IOOKa 

1000 ~::I~~~O~~~:C;Ari~~~~J:~·25.C ---\---1 

92CS-55137 

Fig. 12 - Typical total supply cummt as a function of output duty 
cycle. 

Vss 92CS-2744fRI 

Test any combination of inputs. 
Fig. 14 - Input-val/age test circuit. 

Power-Down Mode 

During a rapid power-down condition, as would occur with 
a power-supply short circuit or with a poorly filtered power 
supply, the energy stored in ex could discharge into Pin 20r 
14. To avoid possible device damage in this mode, when ex 
is ~ 0.5 microfarad, a protection diode with a 1-ampere or 
higher rating (1 N5395 orequivalent) and a separate ground 
return for ex should be provided as shown in Fig. 16. 

voo 

IN~3:5 ~ 
EQUIVALENTL ..... -=2.:..{I:..:4.:..1 ~ 16 

+ 
cxT 

~O.5I'fd-.l 

vss= 

1(151 8 

= vss 
92CS- 36707 

Fig. 16 - Rapid power-down protection circuit. 

An alternate protection method is shown in Fig. 17, where a 
51-ohm current-limiting resistor is inserted in series with 
ex. Note that a small pulse width decrease will occur 
however, and Rx must be appropriately increased to obtain 
the originally desired pulse width. 

voo 

2 (141 
16 

51 OHMS 

8 
Cx I tl51 

= vss 
~0.5I'fd 

92CS-36706 

Fig. 17 - Alternete rapid power-down protection circuit. 

o 
Vss 

INPUTS 

CD4538B Types 
Voo . 

9ZCS-27401RI 

Fig. 13 - Quiescent device curren! test circuit. 
voo 

VSS 

NOTE' 

MEASURE INPUTS 
SEQUENTIALLY. 
TO BOTH voo AND vSS' 
CONNECT ALL UNUSED 

'-_,-_...J INPUTS TO EITHER 

voo OR VSS' 

VSS 

9ZCS-17402 

Fig. 15 - Input-leakage-current test circuit. 

II 

89-97 
(2.261-2.464) 

92CM-35091 

Dimensions and pad layout for CD4538BH. 

Dimensions in parentheses are in millimeters and are derived 
from the basic inch dimension as indicated. Grid graduations are 
in mils (10-3 inch). 

The photographs and dimensions of each CMOS chip represent e 
chip when It Is part of the wafer. When the wafer Is separated Into 
individual chips, the angle of cleavage may vary with respect to 
the chip face for different chips. The actual dimensions of the 
isolated chip, therefore, may differ slightly from the nominal 
dimensions shown. Tha user should consider a tolerance of -3 
mils to +16 mils applicable to the nominal dimensions shown. 
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CD45418 Types 

CMOS Programmable Timer 
High-Voltage Types (20-Volt Rating) 

Features: 

• Low symmetrical output resistance, typically 100n at 
Vee = 15 V 

• Built-in low-power RC oscillator 
• Oscillator frequency range: DC to 100 kHz 
• External clock (applied to pin 3) can be used instead 

of oscillator 
• Operates as 2N frequency divider or as a single­

transition timer 
• o/a select provides output logic level flexibility 
• AUTO or MASTER RESET disables oscillator during 

reset to reduce power dissipation 
• Operates with very slow clock rise and fall times 

The RCA-CD45418 programmable timer consists of a 16-
stage binary counter, an oscillator that is controlled by 
external R-C components (2 resistors and a capacitor), an 
automatic power-on reset circuit, and output control logic. 
The counter increments on positive-edge clock transitions 
and can also be reset via the MASTER RESET input. 
The output from this timer is the a or Q output from the 8th, 
10th, 13th, or 16th counter stage. The desired stage' is 
chosen using time-select inputs A and 8 (see frequency 
select table). The output is available in either of two modes 
selectable via the MODE input, pin 10 (see truth table). 
When this MODE input is a logic "1", the output will be a 
continuous square wave having a frequency equal to the 
oscillator frequency divided by 2N. With the MODE input set 
to logic "a" and after a MASTER RESET is initiated, the 
output (assuming a output has been selected) changes 
from a low to a high state after 2N- 1 counts and remains in 
that state until another MASTER RESET pulse is applied or 
the MODE input is set to a logic "1". 
Timing is initialized by setting the AUTO RESET input (pin 
5) to logic "a" and turning power on. If pin 5 is set to logic 
"1", the AUTO RESET circuit is disabled and counting will 
not start until after a positive MASTER RESET pulse is 
applied and returns to a low level. The AUTO RESET con-

FREQUENCY SELECTION TABLE 

No. of Stages Count 
A B N 2N 

a a 13 8192 
a 1 10 1024 
1 a 8 256 
1 1 16 65536 
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.Jl. 
8...!1. 

RTC .-!... 
eTC -1... 

RS .2. ~Q 
'R~ 
MR .....§.. 

MODE ..1£. 
QJQ ...2.. 

SELECT 

Voe" PIN 14 

Vss " PIN 7 
92CS~3501!6 

CD4541B 
FUNCTIONAL DIAGRAM 

• Capable of driving six low power TTL loads, three 
low-power Schottky loads, or six HTL loads over the 
rated temperature range 

• Symmetrical output characteristics 
• 100% tested for quiescent current at 20 V 
• 5-V, 10-V, and 15-V parametric ratings 
• Meets all requirements of JEDEC Tentative Standard 

No. 13A, "Standard Specifications for Description of 
'B'Series CMOS Devices" 

sumes an appreciable amount of power and should not be 
used if low-power operation is desired. 
The RC oscillator, shown in Fig. 2, oscillates with a fre­
quency determined by the R-C network and is calculated 
using: 

f= 
where f is between 1 kHz 

and 100 kHz 
2.3 RTcCTc and Rs2': 10 kn and = 2RTc 

The CD4541 8 types are supplied in 14-lead hermetic dual­
in-line ceramic packages (D and F suffixes), 14-lead dual­
in-line plastic packages (E suffix), and in chip form (H 
suffix). 

TRUTH TABLE 

PIN 
0 

STATE 
1 

5 Auto Reset On Auto Reset Disable 

6 Master Reset Off Master Reset On 

9 
Output Initially Low Output Initially High 

After Reset (a) After Reset (0) 

10 Single Transition Mode' Recycle Mode 



CD4541B Types 

MAXIMUM RATINGS. Absolute-Maximum Valtles: 
DC SUPPLY-VOLTAGE RANGE, (Vee) 

(Voltages referenced to Vss Terminal) ............................................................................. -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS ......................................................................... -0.5 to Vee +0.5 V 

DC INPUT CURRENT, ANY ONE INPUT .................................................................................. ± 10 rnA 

POWER DISSIPATION PER PACKAGE (Pe): 

For TA = -40 to +60°C (PACKAGE TYPE E) ............................................................................ 500 mW 

For TA = + 60 to + 85° C (PACKAGE TYPE E) ............................................. Derate Linearly at 12 mW/o C to 200 mW 

For TA = -55 to + 100°C (pACKAGE TYPES 0, F) ....................................................................... 500 mW 

For TA = + 100 to + 125°C (PACKAGE TYPES 0, F) ...................................... Derate Linearly at 12 mWI" C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ................................................. 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE TYPES 0, F, H ....................................................................................... -55 to + 125°C 

PACKAGE TYPE E ............................................................................................... -40 to + 85° C 

STORAGE TEMPERATURE RANGE (Tsto ) .......................................................................... -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max ..................................................... +265°C 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that operation is always within the fol/owing 
ranges: 

CHARACTERISTIC Vee 

(Vl 
Supply-Voltage Range (For TA = Full Package-Temperature Range) -

5 
AUTO 
RESET 

MANUAL RESET 

12 13 
A 8 

,-------1 I OF 3 
,------1 MUX 

Fig. 1 - CD4541B functional diagram. 

LIMITS 
UNITS 

MIN. TYP. 
3 18 V 

9 

MOOE Q III SELECT 

VOO·,4 

VSS' 7 NC'4,1I 

92CM-34975 
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CD4541B Types 

STATIC ELECTRICAL CHARACTERISTICS 

CHARAC-

TERISTIC 

Quiescent 
Device 

Current, 

100 Max. 
Output Low 

(Sink) Current 

IOL Min. 
Output High 
(Source) 

Current, 

IOH Min. 
Output Voltage: 

Low-Level, 

VOL Max. 
Output 

Voltage: 

High-Level, 

VOH Min. 
Input Low 

Voltage 

V,L Max. 

Input High 

Voltage, 

V,H Min. 

Input Current 

hN Max. 

Ric 

.etc 

Rs 
NC 

AUTO RESET 

MASTER RESET 

Vss 

CONDITIONS 

Vo V,N Voo 
(V) (V) (V) 

- 0,5 5 
- 0,10 10 
- 0,15 15 
- 0,20 20 
0.4 0,5 5 
0.5 0,10 10 
1.5 0,15 15 
4.6 0,5 5 
2.5 0,5 5 
9.5 0,10 10 
13.5 0,15 15 
- 0,5 5 
- 0,10' 10 
- 0,15 15 

- 0,5 5 
- 0,10 10 
- 0,15 15 

0.5,4.5 - 5 
1,9 - 10 

1.5,13.5 - 15 
0.5,4.5 - 5 

1,9 - 10 
1.5,13.5 - 15 

- 0,18 18 

14 Voo 
13 B 

12 A 

4 II NC 

10 MOOE 

Q/Q SELECT 

OUTPUT 

92CS-34976 

TERMINAL ASSIGNMENT 

LIMITS AT INDICATED TEMPERATURES (DC) 

Values at -55, +25, +125 Apply to D, F, H Packages UNITS 

-55 
5 
10 
20 

100 
1.9 
5 

12.6 
-1.9 
--e.2 
-5 

-12.6 

-
-
-
-
-
-
-
-
-

-
-

-
±0.1 

Values at -40, +25, +85 Apply to E Package 

-40 +85 
5 150 
10 300 
20 600 

100 3000 
1.85 1.26 
4.8 3.3 
12 8.4 

-1.85 -1.26 
-6 -4.1 

-4.8 -3.3 
-12 -8.4 

0.05 
0.05 
0.05 

4.95 
9.95 
14.95 

1.5 
3 
4 

3.5 
7 

11 

±0.1 ±1 

+25 
+125 MIN. TYP. MAX. 
150 - 0.04 5 
300 - 0.04 10 

/JA 
600 - 0.04 20 

3000 - 0.08 100 
1.08 1.55 3.1 -
2.8 4 8 -
7.2 10 20 -

-1.08 -1.55 -3.1 - rnA 
-3 -5 10 -

-2.8 -4 -8 -
-7.2 -10 -20 -

- 0 0.05 

- 0 0.05 
- 0 0.05 

V 
4.95 5 -
9.95 10 -
14.95 15 -

- - 1.5 
- - 3 
- - 4 

V 
3.5 - -
7 - -

11 - -
±1 - ±10-s ±0.1 /JA 

,----------- - ---
I 

INTERNAL 
RESET 

92CS-34977 

Fig. 2 - RC oscillator circuit. 



CD4541 B Types 
DYNAMIC ELECTRICAL CHARACTERISTICS, at TA = 25° C, Input tr, tt = 20 ns, CL = 50 pF, RL = 200 kQ 

CHARACTERISTIC 

Propagation Delay Times: 
Clock to Q 

(28) tPHL, tpLH 

(2 '6 ) tPHL, tPLH, 

Transition Time, IrHL 

tTLH 

MASTER RESET, CLOCK 
Pulse Width 

Maximum Clock Pulse Input 
Frequency, fCL 

Maximum Clock Pulse Input 
Rise or Fall Time, tt, tt 

DIGITAL TIMER APPLICATION 
A positive pulse on MASTER RESET resets the counters 
and latch. The output goes high and remains high until the 
number of pulses, selected by A and B, are counted. This 
circuit is retriggerable and is as accurate as the input fre­
quency. If additional accuracy is desired, an external clock 
can be used on pin 3. A set-up time equal to the width of the 
one-shot output is required immediately following initial 
power up, during which time the output will be high. 

R,c 
voo 

14 

2 13 B 

12 A 

4 II 

IL 
5 10 
6 9 

INPUT 
7 8 OUTPUT -...r-L 

~ I f--
92CS- 34978 

Fig. 3 - Digital timer application circuit. 

Voo 
(V) 

5 
10 
15 
5 
10 
15 

5 
10 
15 

5 
10 
15 
5 
10 
15 
5 
10 
15 

5,10,15 

LIMITS 
UNITS 

MIN. TYP. MAX. 

- 3.5 10.5 

- 1.25 3.8 /.IS 

- 0.9 2.9 

- 6 18 

- 3.5 10 /.Is 

- 2.5 7.5 
- 100 200 

- 50 100 ns 

- 40 80 

- 180 360 

- 90 180 ns 

- 65 130 

900 300 -
300 100 - ns 
225 85 -

- 1.5 -

- 4 - MHz 

- 6 -

Unlimited /.IS 

79-87 
(2.007-2.210) 

92CS-35090 

Dimensions and pad layout for CD4541 B. 

Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10-3 
inch). 

The photographs and dimensions of each CMOS 
chip represent a chip when it is part of the wafer. 
When the wafer is separated into individual 
chips, the angle of cleavage may vary with 
respect to the chip face for different chips. The 
actual dimensions of the isolated chip, therefore, 
may differ slightly from the nominal dimensions 
shown. The user should consider a tolerance of 
-3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4543B Types 

CMOS BCD-to-Seven-Segment 
Latch/Decoder/Driver 
For Liquid-Crystal Displays 
High-Voltage Types (20-Volt Rating) 

Features: 
• Display blanking of all illegal input combinations 
• Latch storage of code 
• Capability of driving two low power TTL loads, 

two HTL loads, or one low power Schottky load 
over the full rated-temperature range 

• Pin-far-pin replacement for the CD4056B 
(with pin 7 tied to VSS) 

• Direct LED driving capability 

The RCA-CD4543B is a BCD-to-seven segment latch/de­
coder/driver designed primarily for liquid-crystal display 
(LCD) applications. It is also capable of driving light 
emitting diode (LED), incandescent, gas-discharge, and 
fluorescent displays. This device is functionally similar to 
and serves as direct replacement for the CD4056B when pin 
7 is connected to Vss. It differs from the CD4056B in that it 
has a display blanking capability instead of a level-shifting 
function and requires only one power supply. When the 
CD4056B is used in the level shifting mode, two power 
supplies are required. When the CD4543B is used for LCD 
applications, a square wave must be applied to the PHASE 
input and the backplane of the LCD device. For LED 
applications a logic 1 is required at the PHASE input for 
common-cathode devices; a logic 0 is required for common­
anode devices (see truth table). 

The C04543B is supplied in hermetic dual-in-lineceramic 
packages (0 and F suffixes), l6-lead dual-in-line plastic 
packages (E suffix), l6-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 

MAXIMUM RATINGS, Absolute-MaKimum Values: 

OC SUPPLY-VOLTAGE RANGE, (VOO) 

LATCH 
vDD DISABLE 22 

16 

r 2 15 

I} 

BCD B 
21 

3 14 
25 

INPUTS ~ 
2° 

4 13 
5 12 

PHASE 6 II 
BLAN~ING 7 10 

VSS 8 9 

9lCS-S4511 

CD4543B 
TERMINAL ASSIGNMENT 

• 100% tested for quiescent current at 20 V 
• MaKimum input current of 1 pA at 18 V 

over full package-temperature range; 
100 nA at 18 V and 25°C 

• Noise margin (full package-temperature 
range)= 1 Vat VDD=5 V 

2 Vat VDD=10 V 
2.5 Vat VDD=15 V 

• 5-V, 10-V, and 15-V parametric ratings 
• Meets all requirements of JEDEC Tentative 

Standard No. 13B, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 
• Instrument display driver 
• Dashboard display driver 
• Computerlca/cuitJ.tor display d,-iver 
• Timing device driver (clocks, watches, timers) 

J!! 
:::> 
Q. ... 
:::> 
0 

(Voltages referenced to VSS Terminal) .............................................................................. -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ......................................................................... -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ................................................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (PO): 

For T A = -40 to +60°C (PACKAGE TYPE E) .............................................................................. 500 mW 
For T A = +60 to +85°C (PACKAGE TYPE E) ................................................ Derate Linearly at 12 mW/oC to 200 mW 
For T A = -55 to +100°C (PACKAGE TYPES 0, F, K) ........................................................................ 500 mW 
For T A = +100 to +125°C (PACKAGE TYPES 0, F, K) ........................................ Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
ForTA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ................................................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES 0, F. K. H ...................................................................................... -55 to +125°C 
PACKAGE TYPE E ................................................................................................ -40 to +85°C 

STORAGE TEMPERATURE RANGE (Tstg) ........................................................................... ~5 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max ........................................................ +265°C 
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CD4543B Types 

-:m·8= tl~ 
~ V$ 

PH * ALL INPUTS PROTECTED 
BY CMOS PROTECTION 

~~~s 
NETWORK 92CL-34512R1 

LD~A 

Fig. 1 - BCD-to-seven-segment latch/decoder/drivar CD4543B logic circuit diagram. 

RECOMMENDED OPERATING CONDITIONS at TA=25°C, Unless Otherwise Specified 
For maximum reliability. nominal operating conditions should be selected so that operation II always within the following 
ranges: 

LIMITS 
CHARACTERISTIC VDD UNITS 

_cn MIN. TYP. 
Supply-Voltage Range (For T A=Fuli Package-Temperature Range) - 3 18 V 

5 250 125 
Latch Disable Pulse Width tWH 10 100 50 

15 80 40 
5 60 15 

Minimum Data Setup Time tsu 10 20 -5 ns 
15 10 -5 
5 25 -5 

Minimum Data Hold Time tH 10 20 10 
15 20 10 
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CD4543B Types 

STATIC ELECTRICAL CHARACTERISTICS 

CONDITIONS 
CHARAC-

TERISTIC Vo VIN 
(V) (V) 

Quiescent - 0, 5 
Device - 0,10 
Current 100 - 0,15 
Max. - 0,20 

Output Low 
0.4 0, 5 

(Sink) 
0.5 0,10 

Current IOL 
Min. 1.5 0,15 

Output High 4.6 0, 5 
(Source) 2.5 0,5 
Current IOH' 9.5 0,10 
Min. 13.5 0,15 

Output Voltage: - 0,5 
Low-Level VOL - 0,10 
Max. - 0,15 

Output Voltage: - 0, 5 

High-Level VOH - 0,10 

Min. - 0,15 
Input Low 0.5,4.5 -
Voltage VIL 1,9 -

.,Max .. 1.5,13.5 -
Input High 0.5,4.5 -
Voltage VIH 1,9 -
Min. 1.5,13.5 -

Input Current liN 
0,18 -

Max. 

DRAIN-lO-SOURCE VqLTAGE (VOSI-V 
-15 -10-5 

AMBIENT TEMPERATURE (1: I- 2S-C 

GATE-lO-SOURCE VOLTAGE (VGSI=-5 II 

-16 V' 

92CS-34513 

VDD 
(V) 

5 

10 

15 

20 

5 

10 

15 

5 

5 

10 

15 

5 

10 

15 

5 

10 

15 

5 

10 

15 

5 

10 

15 

18 

.. 
E 
I 

-IO~ 
;:: 

! 

LIMITS AT INDICATED TEMPERATURES (0 C) 

Values at -55, +25, +125 Apply to D, F, K, H Packages 

Values ai -40, +25, +85 Apply to E. Package 

+25 
UNITS 

-55 -40 +85 +125 Min. Typ. Max. 

5 5 150 150 - 0.04 5 

10 10 300 300 - 0.04 10 

20 20 600 600 0.04 20 
pA -

100 100 3000 3000 - 0.08 100 

0.64 0.61 0.42 0.36 0.51 1 -
1.6 1.5 1.1 0.9 1.3 2.6 -
4.2 4 2.8 2.4 3.4 6.8 -

-0.46 -0.44 -0.30 -0.26 -0.37 -0.75 
rnA -

-1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -
-0.98 -0.92 -0.68 -0.55 -0.8 -1.6 -
-3.33 -3.18 -2.2 -1.9 -2.7 -5.4 -

0.05 - 0 0.05 

0.05 - 0 0.05 

0.05 - 0 0.05 
V 

4.95 4.95 5 -
9.95 9.95 10 -
14~95 14.95 15 -
1.5 - - 1.5 

3 - - 3 

4 - - 4 

3.5 3.5 -
V -

7 7 - -
11 11 - -

±0.1 ±0.1 ±1 ±1 - ±10-5 ±0.1 pA 

DRAIN-lO-SOURCE VOL,TAGE (Vosl-V 
-15 -10 -5 

AMBIENT TEMPERATURE (TA)-25°C 

GATE-TO-SO R VOL: AGE V, 5.- II 

Fig. 2 - Typical output high (source) current characteristics. Fig. 3 - Minimum output high (source) current characteristics. 
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CD4543B Types 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA=25° C; CL =50 pF, Input tr,tf=20 n., RL =200 kn 

CHARACTERISTIC 

Propagation Delay Time tPHL 

tpLH 

Transition Time tTHL 

tTLH 

Latch Disable Pulse Width twH 

Address Setup Time tsu 

Address Hold Time tH 

Input Capacitance CIN 

LATCH 

TEST 

CONDITIONS 

VDD (V) 
5 
10 
15 
5 
10 
15 
5 
10 
15 
5 
10 
15 
5 
10 
15 
5 
10 
15 
5 
10 
15 

Any Input 

BDC 
TO 

7-SEGMENT 
DECODER 

MIN. 

DISPLAY 
DRIVER 

-
-
-
-
-
-
-
-
-
-
-
-

250 
100 
80 
60 
20 
10 
25 
20 
20 
-

LIMITS 

All Packaa •• 

TYP. 

600 

200 
150 
500 
200 
150 
180 
90 
65 
180 
90 
65 
125 
50 
40 
15 
-5 
-5 
-5 
10 
10 
5 

d 7 SEGMENT 
OUTPUTS 

UNITS 

MAX. 

1200 
400 
300 
1000 
400 
300 
360 
180 
130 
360 

ns 

180 
130 
-
-
-
-
-
-
-
-
-
7.5 pF 

Fig. 4 - BCD-to-s9ven-segment latch/decoder/driver functional diagram. 

.. 
E 
I 
-~ J'30 
... 
z 
~ 25 

~ 20 
z .. 
- IS 

~ 
E 10 

6 5 

AMBIENT TEMPERATURE (TA)-25°C 

GATE-TO-SOURCE VOLTAGE (YGs).I~ V 

10V 

'V 
5 10 15 

DRAIN-TO-SOURCE VOLTAGE (Vos)-V 

Fig. 5 - Typical output low (sink) current characteristics. 

AMBIENT TEMPERATURE (TAl-25°C 

.. 
E 
I 

--.,J 16 .g 
ffi 12.5 

GATE-TO-SOURCE VOLTAGE (VGSI-Iev 

a: a: a 10 

" z 
§ 7.5 10V 

'" 9 • ... 
:> .. 
~ 2.5 ,v 
0 

5 10 15 
DRAIN-TO-SOURCE VOLTAGE IVos)-V 

Fig. 6 - Minimum output low (sink) current characteristics. 
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CD4543B Types 
TRUTH TABLE FOR CD4543B 

INPUT CODE 

LD BI Ph- D C B A a b 

X 1 0 X X X X 0 0 

1 0 0 0 0 0 0 1 1 

1 0 0 0 0 0 1 0 1 

1 0 0 0 0 1 0 1 1 

1 0 0 0 0 1 1 1 1 

1 0 0 0 1 0 0 0 1 

1 0 0 0 1 0 1 1 0 

1 0 0 0 1 1 0 1 0 

1 0 0 0 1 1 1 1 1 

1 0 0 1 0 0 0 1 1 

1 0 0 1 0 0 1 1 1 

1 0 0 1 0 1 0 0 0 

1 0 0 1 0 1 1 0 0 

1 0 0 1 1 0 0 0 0 

1 0 0 1 1 0 1 0 0 

1 , 0 0 1 1 1 0 0 0 

1 0 0 1 1 1 1 0 0 

0 0 0 X X X X 

t t 1 t 

X=Don't care. 

t=Above combinations. 

*=For liquid-crystal readouts, apply a square wave to Ph. 

For common cathode LED readouts, select Ph=O. 

For common anode LED readouts, select Ph=1. 

**=Depends upon the BCD code previously applied when LD=1. 

AMBIENT TEMPERATURE (TA}a25°C 

20 40 

10' 

15 

60 

LOAD CAPACITANCE (CL)-pF 

80 100 

92CS-34!518 

Fig. 7 - Typical transition time as a function of load capacitance. 

OUTPUT STATE 

c d • r 

0 0 0 0 

1 1 1 1 

1 0 0 0 

0 1 1 0 

1 1 0 0 

1 0 0 1 

1 1 0 1 

1 1 1 1 

1 0 0 0 

1 1 1 1 

1 1 0 1 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

0 0 0 0 

** 

Inverse of Output 

Combinations 
Above 

AMBIENT TEMPERATURE (TAl=25°C 

20 40 

g 

0 

0 

0 

1 

1 

1 

1 

1 

0 

1 

1 

0 

0 

0 

0 

0 

0 

60 

10' 
15V 

80 

DISPLAY 

CHAR-

ACTER 

'--I 
LaJ 

I 
C~ 
:::1 __ J 

q 
5 
l=J -, 

I 
c-, 
~::l 

t:1 
I 

Blank 

Blank 

Blank 

Blank 

Blank 

Blank 

** 

Display 

as above 

100 
LOAD CAPACITANCE (CL)-pF 

92CS-34~19 

Fig. 8 - Typical propagation delay time as a function of 
load capacitanca. 



o 
Vss 

INPUTS 

Vss 

10": AMBIENT TEMPERATURE (1 A )-25·C 
4 

CL"'O pr ..L!.:..!.. 1111 ]I • .,4 CL ." pF - ~~:I 1/ 
;0 • 
< • ~~ ~ 

4 11I.~"''L .pL~ • 
z lo~ 11/ 
0 • ~ 

~ • .V 
4 :~ fJ 2 

15 1ri' 1/ .. . .. . 2 4 

2 

10 

0.1 2 468. 2 468'02 468'022 468'0,2 468'04 

FREQUENCY (II-II H:c 92CS-34!!120 

Fig. 9 - Typical dynamic power dissipation as a function of frequency. 

Vss 
NOTE: 

TEST ANY COMBINATION 
OF INPUTS 

92CS-27441RI 

CD4543B Types 

Vss 

NOTE: 

MEASURE INPUTS 
SEQUENTIALLY, 

TO BOTH Voo AND VSS' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR VSS' . 

92CS-27402 

92CS-27401RI 

Fig. 10 - Quiescent device current 
test circuit. 

Fig. 11 - Input voltage test circuit. Fig. 12 - Input current test circuit. 

76-84 
( 1.930-2.134) 

92CS -350B9RI 

Dimensions and pad layout for CD4543BH. 

Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10-3 
inch). 

The photographs and dimensions of each CMOS 
chip represent a chip when it is part of the wafer. 
When the wafer is separated into individual 
chips, the angle of cleavage may vary with 
respect to the chip face for different chips. The 
actual dimensions of the isolated chip, therefore, 
may differ slightly from the nominal dimensions 
shown. The user should consider a tolerance of 
-3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD4555B, CD4556B Types 

CMOS 
Dual Binary to 1 of 4 
Decoder/Demultiplexers 
High-Voltage Types (20-Volt Rating) 
CD4555B: Outputs HIgh on Select 
CD4556B: Outputs Low on Select 

The RCA·CD4555B and CD4556B are dual 
one-of-four decoders/demultiplexers. Each 
decoder has two select inputs (A and Bl. an 
Enable input (E), and four mutually exclu· 
sive outputs. On the CD4555B the outputs 
are high on select; on the CD4556B the out­
puts are Iowan select. 

When the Enable input is high, the outputs 
of the C04555B remain low and the outputs 
of the CD4556B remain high regardless of 
the state of the select inputs A and B. The 
CD4555B and CD4556B are similar to types 
MC14555 and MC14556, respectively. 

The C04555B and CD4556B types are sup­
plied in 16-lead hermetic dual-in-line cer­
amic packages (0 and F suffixes), 16-lead 
dual-in-line plastic packages (E suffix), 16" 
lead ceramic flat packages (K suffix), and in 
chip form (H suffix). 

RECOMMENDED OPERATING CONDITIONS 

Features: 

- Expandable with multiple packages 
- Standard, symmetrical output characteristics 
- 100% tested for quiescent current at 20 V 
- Maximum input current of 1IJ.A at 18 V over full 

package temperature range; 100 nA at 18 V and 25°C 

- Noise margin (full package-temperature 
range): 1 Vat VDD = 5 V 

2VatVDD=10V 
2.5 V at VDD = 15 V 

- 5-V, 1D-V, and 15-V parametric ratings 
- 'Meets all requirements of JEDEC Tentative 

Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 

- Decoding - Code conversion 
- Demultiplexing (using Enable input as a 

data inputl 
- Memory chip-enable selection 
- Function selection 

For maximum reliability. nominal operating conditions should be selected 
so that operation is always within the following ranges. 

CHARACTERISTIC VOO MIN. 

Supply Voltage Range - 3 
(For T A = Full Package 
Temp. Range) 

MAXIMUM RATlNGS,Absolute-Maximum Values: 
DC SUPPLY·VOLTAGE RANGE. IVDD} 

(Voltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE. ALL INPUTS 
DC INPUT CURRENT. ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE IPD}: 

For T A = -40 to +60oC IPACKAGE TYPE E} 
For T A = +60 to +850 C IPACKAGE TYPE E} . , 
For T A = -55 to +100·C (PACKAGE TYPES 0, F, K) 
For T A = +100 to +125·C (PACKAGE TYPES 0, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

MAX. 

18 

UNITS 

V 

~.5to+2OV 

~.5 to VDD '+0.5 V 
±10mA 

. . . • . . • •. 500mW 
Derate Linearly at 12 mW,oC to 200 mW 
• . . • • . . ., 500mW 
Derate Linearly at 12 mW,oC to 200 mW 

FOR TA = FULL PACKAGE·TEMPERAT'JRE RANGE IAII Package Types} 
OPERATING·TEMPERATURE RANGE ITA}: 

l00mW 

PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E • '. -

STORAGE TEMPERATURE RANGE ITstgl 
LEAD TEMPERATURE lOURING SOLDERING}: 

At distance 1/16 ± 1/32 inch 11.59 ± 0.79 mm} from case for 10 s max, 
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-55 to +1250 C 
-40 to +850 C 

-65 to +1500 C 

92CS-229t8RL 

CD45558 
FUNCTIONAL DIAGRAM 

E I 

• vss '32CS-22919~1 

CD45568 
FUNCTIONAL DIAGRAM 

TERMINAL ASSIGNMENTS 

"'{1 
I. I. VDD 
2 I. }-• 14 

4 13 
DuAL or • 12 1m DuAL 

1!2 II or 
Q3 10 1!2 
Vss iI! 

TOP VIEW 
92CS-249"'3RI 

CD4656B 

,·"t: 
I. I. 

'} 2 
" ! "' OF 

• 14 
DUAL QO 13 

01 
" 

00 DUAL 

O' • II 01 

O. 7 10 O. 

"ss Q' 
TOP VIEW 

92CS-2"1942RI 

CD4655B 



STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OCI 

CONDITIONS Values at -55, +25, +125 Apply to 0, F, K, H Packages 
CHARACTER- Values al -40, +25, +85 Apply 10 E Package 

ISTIC 
Vo VIN VDD +25 

(VI (VI (VI -55 -40 +85 +125 Min. Typ_ Max. 

Quiescent Device - 0,5 5 5 5 150 150 - 0.04 5 
Current, - 0,10 10 10 10 300 300 - 0.04 10 

100 Max. 0,15 15 20 20 _. 600 600 - 0.04 20 

- 0,20 20 100 100 3000 3000 - 0.08 100 

Output Low 0.4 0,5 5 0,64 0.61 0.42 0.36 0.51 1 -

(Sinkl Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 --
IOL Min. 

1.5 0,15 15 4.2 4 2.8 2.4 34 6.8 -

Output High 4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 -

(Sourcel 2.5 0,5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
Current, 

9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -
IOH Min. 

13.5 0,15 15 -4.2 -4 -2.8 -2.4. -3.4 -6.8 -

Output Voltage: - 0,5 5 0.05 - 0 0.05 
Low-Level, - 0,10 10 0.05 - 0 0.05 

VOL Max. 
- 0,15 15 0.05 - 0 0.05 

Output Voltage: - 0,5 5 4.95 4.95 5 -
High·Level, - 0,10 10 9.95 9.95 10 -

VOH Min. - 0,15 15 14.95 14.95 15 -

Input Low 0,5,4.5 - 5 1.5 - - 1.5 
Voltage, 1,9 - 10 3 - - 3 

VIL Max. 
1.5,13.5 - 15 4 - - 4 

Input High 0.5,4.5 - 5 3.5 3.5 - -
Voltage, 1,9 - 10 7 7 - -

VIH Min. 1,5,13,5 - 15 11 11 - -
Input Current 

0,18 18 ±0.1 ±0.1 ±1 ±1 - ±10-5 ±0.1 
liN Max. 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 2tJC; Input t,. tf= 20ns, 
CL =50pF, RL = 200 KP. 

TEST CONDITIONS 
ALL TYPES 

CD4555B, CD4556B Types 

UNITS 

J1A 

mA 

V 

J1A 

AMBIENT TEMPERATURE (TA1.2~·C 

GATE-TQ-SOORCE VOLTAGE (IJGS)·I~ V 

10V 

10 15 
DRAIN-TO-SOURCE VOLTAGE (VOS1-V 

Fig. 1 - Typical output low (sink) current 
characteristics. 

~15 

~12,5 

a 10 

~ 7,5 

• 3 , 
o 

" 

. !!ttl! i IltttH 
ttl.1A!JM1Uj!~E VOLTAGE (VOS,-1511 

ttl Hi 
, 

10V t 

g 2.5 5V 

5 10 15 
DRAIN- TO-SOURCE VOLTAGE {Vosl-v 

Fig. 2 - Minimum output low (sink) current 
characteristics. 

DRAIN-lO-SOURCE VOLTAGE (VDS)-V 

-I~ -10 -~ 

AMBIENT TEMPERATURE (TA)'2~"C 

-IOV 
..... .c. 

-15V 

. 
-5 ~ 

~ 
-10 ~ 

-15 ~ 

-20~ 

o 

o 
o 

CHARACTERISTIC 
LIMITS 

UNITS 
VDD 
Volts TYP, 

Propagation Delay Time, tpH L, 5 220 

A or B Input to tpLH 10 95 

Any Output 15 70 

5 200 

E Input to Any 10 85 

Output 15 65 

5 100 

Transition Time tTHL, tTLH 10 50 

15 40 

Input G~pacitance GIN Any Input 5 

MAX, 

440 

190 ns 

140 

400 

170 ns 

130 

200 

100 ns 

80 

7.5 pF 

Fig. 3 - Typical ou tput high (source) current 
characteristics. 

DRAIN-TO-SOURCE VOLTAGE (VDSI-V 

-I!> -10 -!> 
AMBIENT TEMPERATURE (TA)o2!>"C 

l±±±±l±llitHHtHttt+ttHt It 
GATE -TO-SOURCE VOLTAGE (VGS)O -!> v 

j 

nil I 

,I ~t~~· 
!d ;:1 .. ; . 

• 1:1 t· 
'-I!> v 

t . 

Fig. 4 - Minimum output high (source) current 
characteristics. 

, 
o 
o 
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CD4555B, CD4556B Types 

* ALL INPUTS PROTECTED BY COSIMOS '"""' .. "''''4 
Vss 'J2CS'~4222RI 

Fig. 5 - CD45568 logic dlBflrem 
II of 2 identical circuiu). Fig. 6 - CD45558 logic diagram 

(1 of 2 identical circuitsl. 

TRUTH TABLE 

INPUTS OUTPUTS OUTPUTS 

ENABLE SELECT CD4555B CD4556B 

E B A a3 a2 a1 ao a3 a2 a1 ao 

0 0 0 0 0 0 1 1 1 1 0 

0 0 1 0 0 1 0 1 1 0 1 

0 1 0 0 1 0 0 1 0 1 1 

0 1 1 1 0 0 0 0 1 1 1 

1 X X 0 0 0 0 1 1 1 1 

X = DON'T CARE LOGIC 1 == HIGH 
LOGIC 0== LOW 

LOAD CAPACITANCE ICLI- pF 

F;g. 8 - Typical proPBf/8tion delay time vs. load 
capacitance (E input to any output). 

i 10 

! c, 
2 •• 1.2 .. ,. 2"'" l .. ,. 

1 10 102 10 3 10" 
INPU,T FREQUENCY III-~Hr 

Fig. I 1 - Typical dynamic power dissipation 
vs. fraquency. 

368 

I .... IIENTTlMP'U .. 'UREIT .. I.2S·C 

1",,300 
~ 
z150 

i 
i 200 

ANY INPUT 

" 

.• .. .. 
Fig. 9 - ,Typical proPBf/8tion delay time vs. 

supply voltBf/B. 

. 
Vss 

INPUTS ,-_L--, 

Vss 
9ZCS-Z7401RI 

Fig. 12 - Quiescent device current test 
circuit 

Fig. 7 - Typical proPBf/8tion delay time vs. load 
capacitance IA or 8 input to any output). 

Fig. 10 - Typical transition time w. load 
capacitance. 

INPUTOVOIl OUTPUTS 
V'H 

'-- ~ 
V~L J 

NOTE; 

Vss ~SJN~"u~~OMaINATlON 

92C'S-2744IRI 

Fig. 13 - Input voltage test circuit. 



V~NPU(J' .. :::~._ 
o ~ SEQUENTIALLY, 

Vss TO 90TH VOO AND YSs 
CONNECT ALL UNUSEO 
INPUTS TO EITHER 
VOO OR VSS' 

V55 

Fig. 14 - Input current test circuit 

90% 

10% --7f--+----+-"t-. . 

'0'. ====~I--------+--¥= 
'0% ----+-''1<------:>1'-1 

VDD 

Vss 

voo 

OUTPUT 

0' 
to% ----t--~==~~-~- vSS 

tI; F MHz, 50 '"I. DUTY CVCLE 

Fig. 17 - CD45558 E input to 03 output dYnamic 
signal waveforms. 

DECODER 
INPUTS 

CD4555B, CD4556B Types 

90 ... --l--.,Ic=~:--t---
50'" --t--,lL---~~ 

10·4 ==lyl-----t-:Ib:=-__ 

.0 % ----+-,""'="!.'=r--
50..,. 0' 
10 '1. ===,!L-I-+-+-~- VSS 

tI ; I MHz, 50 -to DUTY CYCLE 

Fig. 15 - CD45558 8 input to 03 output dynamic 
signal waveforms. 

90"1. 

50% 

10'" 

"" .. 
50% 

0; 

IOOY. 
v" 

'I"' MHz.50"!. DUTY CYCLE 

Fig. 18 - CD45568 E input to 03 output dYnamic 
signal waveforms. 

.0 .. --+--*,==>\, 
50 .. --+-~ ___ ~_ 
10 .. 

vss 

'0" ======~'+ ____ ~c voo 

50 .. ----~~---_I~ 

'I ~ I MHz, 50 0/. DUTY CYCLE 

Fig. 16 - CD45568 8 input to 03 output dynamic 
signal waveforms. 

APPLICATIONS 

[ ~~"2CD45"~0 o~ 
INPUTS SELECT B 01 QI 

B _ Q2 Q2 OUTPUTS 

DATA E 3 03 
116 C040698 92CS- 242<'9 

TRUTH TABLE 

SELECT 
INPUTS OUTPUTS 

B A CO 01 Q2 03 

0 0 DATA 0 0 0 

0 1 0 DATA 0 0 

1 0 0 0 DATA 0 

1 1 0 0 0 DATA 

Fig. 19 - l-of-4lme data demultiplexer usmg 
CD45558. 

TRUTH TABLE 

INPUTS o OUTPUTS 

C B A 0 1 2 3 456 7 

0 0 0 1 0 0 0 0 0 0 0 

0 0 1 0 1 0 0 0 0 0 0 
OUTPUTS 0 1 0 0 0 1 0 0 0 0 0 

0 1 1 0 0 0 1 0 0 0 0 

1 0 0 0 0 0 0 1 0 0 0 

1 0 1 0 0 0 0 0 1 0 0 

1 1 0 0 0 0 0 0 0 1 0 

1 1 1 0 0 0 0 0 0 0 1 
92CS-2H17 

Fig. 20 - l-of-8 decoder using CD45558. 
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CD4555B, CD4556B Types 

370 

D£eODER 
INPUTS 

T""THTAIkI 

'''''"" OQU1I'Uft 

E DC. • • , 2 3 • •• 7 •• 
o 0 0 0 · , ••• • •• • •• o 0 0 0 , . , .. • •• • •• o 0 • , 00 o , • o 0 • o • 0 

• •• , , . o • , 
• 0 0 

o 0 0 · . , 0 
• 0 

o • 0 , 0 0 
• 0 • 

• 0 
, 0 , 0 o 0 0 o , 0 o 0 0 

0 . , , • 0 o • 0 o 0 , 
• 0 • 

0 . , , 1 • o • 0 
• • 0 

1 0 0 

o 1 
• 0 • 0 

o 0 0 o • 0 o 1 0 

• 1 
o 0 1 0 o • 0 

• 0 • • 0 1 o 1 
• 1 • • o • 0 o 0 0 

• 0 0 

• 1 • 1 
1 • o • 0 o • 0 o 0 0 

• 1 1 0 • • o •• 
• 0 0 

o 0 0 
o 1 1 0 1 • o •• o 0 0 

• 0 0 

• 1 
1 1 

• 0 
o 0 0 o 0 0 o 0 • 

o 1 1 1 1 0 •• 0 o 0 • o 0 • 

1 X X X o 0 o 0 0 o • 0 o 0 • 

x • don'1 care 

Fig. 21 - l-of·I6decoderuling CD4555Band 
CD4556B. 

,. 
• • 
0 

0 

0 

0 

0 
0 

• • 
1 

• 
0 

0 

0 

• 
0 

n '2 '3 
,. 

• • • 
0 0 • 
0 • • 
0 0 0 

• 0 • 
0 0 • 
0 0 • • 0 • 
0 0 0 

0 0 0 

0 0 0 
1 0 • 
0 1 0 

0 0 1 

• 0 • 1 

0 0 0 0 1 

0 0 • 0 0 

92CM-33361 

DIMENSIONS AND PAD LAYOUT FOR 
CD4555BH. 

DIMENSIONS AND PAD LAYOUT FOR 
CD4556BH. 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it ;s part 01 the wafer. When the 
wafer is separated into Individual chips, the angle of 
cleavage may vary with respect to the chip face lor 
different chips. The actual dimensions of the isolated 
chip, therefore. may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to + 16 mils applicable to the nominal 
dimensions shown. 



CMOS 4-Bit Magnitude 
Comparator 
High Voltage Types (20-Volt Rating) 

Features: 

CD4585B Types 

WORO"A" A I 7 {

AO 10 

A2 
A3 I~ 

CASCADING A· B The RCA-CD4585B is a 4·bit magnitude com­
parator designed for use in computer and 
logic applications that require the comparison 
of two 4-bit words. This logic circuit deter­
mines whether one 4-bit word (Binary or 
BCD) is "less than", "equal to". or "greater 
than" a second 4-bit word. 

• Expansion to 8,12, 16 ...... 4N bits by cascading units 

[
A'B 4 

INPUTS A<B 

{
BO " 

The CD4585B has eight comparing inputs 
(A3, B3, through AD, BOI. three outputs (A 
<B,A = BA> B) and three cascading inputs 
(A < B, A = B. A> B) that permit systems 
designers to expand the comparator function 
to 8, 12, 16 ....... 4N bits. When a single 
CD4585B is used, the cascading inputs are 
connected as follows: (A < B) = low. (A = B) 
= high, (A> B) = high. 

Cascading these units for comparison of more 
than 4 bits is accomplished as shown in 
Fig. 13. 

The CD45858 types are supplied in lS-lead 
hermetic dual-in-line ceramic packages (D 
and F suffixes). l6-lead dual-in-line plastic 
packages (E suffix), lS-lead ceramic flat 
packages (K suffix). and in chip form (H 
suffix). This device is pin-compatible with 
low-power TTL type 7485 and the CMOS 
types MC14585 and 40085. 

• Medium-speed operation: 
compares two 4-bit words 
in 180 ns (typ.) at 10 V 

• 100% tested for quiescent current at 20 V 
• Standardized symmetrical output characteristics 
- 5-V, 10-V, and 15-V parametric ratings 
• Maximum input current of 1 IlA at 18 V 

over full package temperature range; 
100 nA at 18 V and 25°C 

• Noise margin (full package temperature range) 
range) = 1 Vat VDD = 5 V 

2 V at VDD = 10 V 
2.5 Vat VDD = 15 V 

• Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of '8' Series CMOS Devices" 

Applications: 

• Servo motor controls - Process controllers 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY·VOLTAGE RANGE. (VODI 

(Voltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE. ALL INPUTS 
DC INPUT CURRENT. ANY ONE INPUT 
POWER DISSIPATION PoER PACKAGE (PDI: 

. -0.5 to +20 V 
-0.5 to V DD +0.5 V 

±10mA 

For T A = -40 to +600 C (PACKAGE TYPE EI 
For T A = +60 to +85 Ci, (PACKAGE TYPE EI 
For T A = -55 to +100 J: (PACKAGE TYPES D • .£, K) 
For T A = +100 to +125 C (PACKAGE TYPES D. F, K) 

. . . . . . . ''; 500 mW 
Derate Linearly at 12 mWI eta 200 mW 
. . . . . . . .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE·TEMPERATURE RANGE (All Package Typesl 

OPERATING·TEMPERATURE RANGE (TAl: 

PACKAGE TYPES D, F, K. HI 
PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE {Tstgl 
LEAD TEMPERATURE (DURING SOLDERINGI: 

At distance 1/16 ± 1/32 inch fl.S9 ± 0.79 mm) from case for 10 s max. 

RECOMMENqED OPE~ATING CONDITIONS 

100mW 

-55 to +12SoC 
-40 to +850 C 

-65 to +1500 C 

For maximum reliability, nominai-operating conditions should be selected so that oper-
ation is always within the following ranges' 

CHARACTERISTIC 
LIMITS 

UNITS 
Min. Max. 

Supply-Voltage Range (For TA = Full Package-
Temperature Range) 3 18 V 

4 
E 

" z 
~ 25 

~ 20 

§ \5 

9 

WORO"B- 81 ~ 
:~ 14 

1100- 16 IISs·e 

92CS-30315 

FUNCTIONAL DIAGRAM 

Itt 

GATE-TO-SOURCE VOLTAGE (VGS)~15 V 

IOV 

,v 

5 10 \5 
DRAIN-TO-SOURCE VOLTAGE (Vasl-V 

Fig. 1 - Typical output low (sink) current 
characteristics. 

4 
E 
I 

~15 

" ~12'5 
B 10 

z 
~ 7.5 

~ 5 

" ~ . 

AMBIENT TEMPERATURE (TA)~25·C 

GATE-TO-SOURCE VOLTAGE (VGSI-15V 

10V 

g 25 5V 

:5 10 IS 
DRAIN-TO-SOURCE VOLTAGE IVasl-V 

nCS-~4319R' 

Fig.2 - Minimum output low (sink) current 
characteristics. 

DRAIN-TO-SOURCE VOLTAGE (Vasl-V 

-15 -10 -5 
AMBIENT TEMPERATURE ITA'-ZS-C 

GATE-TO-SOURCE VOLTAGE (VGS1.~5V 

-10101 

-15V 

nCS-243?OR3 

Fig.3 - Typical output high (source) current 
characteristics. 
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CD4585B Types 

TRUTH TABLE 

INPUTS 

COMPARING CASCADING 

A3. B3 A2. B2 

A3>B3 x 
A3= B3 A2> B2 
A3= B3 A2= B2 
A3= B3 A2= B2 

A3= B3 A2= B2 
A3= B3 A2= B2 
A3= B3 A2= B2 

A3= B3 A2= B2 
A3= B3 A2= B2 
A3= B3 A2<B2 
A3<B3 x 
x = Don't Care 

fA<BrN 5 

DRAIN~TO-SOURCE VOL.TAGE (VosJ-V 

-15 -10 -5 
AMBIENT TEMPERATURE ITA)*25-C 

GATE-TO-SOURCE VOLTAGE IVGS'.-5 V 

-IOV 

92C$-24)2UU 

Fig. 5 - Minimum output high (source) current 
characteristics. 
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A1. B1 AO. BO A<B A=B A>B 

x x x X 1 
x X x X 1 

A1>B1 x x X 1 
A1 = B1 AO> BO x X 1 
A1 = B1 AO=BO 0 0 1 
A1 = B1 AO=BO 0 1 X 
A1 = B1 AO=BO 1 0 X 
A1 = B1 AO<BO x x X 
A1 <B1 x x x X 

x x x x X 
x x x x X 

Logic 1 = High Level 

FigA - Logic diagram. 

Fig. 6 - Typical transition time as a function of 
load capacitance. 

OUTPUTS 

A<B A=B A>B 

0 0 
0 0 
0 0 
0 0 

0 0 
0 1 
1 0 

1 0 
1 0 
1 0 
1 0 

Logic a = Low Level 

~voo 

LJvss 
* INPUTS PROTECTED BY 

COS/MOS PROTECTION 
NETWORK 

92CL-3100e 

1 
1 
1 
1 

1 
0 
0 

0 
0 
0 
0 

'M.IE~~1lliill [ill 
f 'IP,1 ' tqi ~wo ItfillllliilllJJ (, 00'-' 

. . 'j fttW ,.G1m :t 3-7+ i ~ -..10\'" ~, I 
;. ~ ~'i'\... II ,," i-ii 1 

~"'o 
.~ 

~ ~ ., 
z 
o '00 

~ 
~ 

~ 
0 '" 40 60 

It 
t L , 
,. 

~t 

··IO'l 

,>, 

BO 
LOAD CAPACITANCE (CLI-pF 

92Cs--.~2066 

Fig. 7 - Typical propagation delay time (Neoro­
paring inputs" to outfJurs) as a func­
tion of load capacitance. 
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STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES 1°C) U 
N 

CHARAC· CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H. Packages I 
TERISTIC Values at -40, +25, +85 Apply to E Package T 

Vo VIN VDD 
+25 S 

IV) IV) (V) -55 -40 +85 +125 Min. Typ. Max. 

- 0,5 5 5 5 150 150 - 0.04 5 
Quiescent 

Device - 0,10 10 10 10 300 300 - 0.04 10 p.A 
Current, - 0,15 15 20 20 600 600 - 0.04 20 
IDD Max. 

0,20 20 100 100 3000 3000 0.08 100 - -

0.4 0,5 5 0.64 0.61 
Output Low 

0.42 0.36 0.51 1 -

(Sink) Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -
IOL Min. 1.5 0,15 15 4.2 4 2.8 2.4 3.4 6.8 -

4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 - mJl 
Output High 

-3.2 (Sollrce) 2.5 0,5 5 -2 -1.8 -1.3 -1.15 -1.6 -
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -
IOH Min. 

13.5 0,15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 -

Output Voltage: - 0,5 5 0.05 - 0 0.05 

Low·Level, - 0,10 10 0.05 - 0 0.05 
VOL Max. - 0,15 15 0.05 - 0 0.05 V 

Output - 0,5 5 4.95 4.95 5 -
Voltage: - 0,10 10 9.95 9.95 10 -
High·Level, 

14.95 15 VOH Min. - 0,15 15 14.95 -
0.5,4.5 - 5 1.5 - - 1.5 

Input Low 
1,9 10 3 3 Voltage - - -

VIL Max. 1.5,13.5 - 15 4 - - 4 V 

Input High 0.5,4.5 - 5 3.5 3.5 - -
Voltage, 1,9 - 10 7 7 - -
VIHMin. 1.5,13.5 - 15 11 11 - -

Input Current - 0,18 18 ±0.1 ±0.1 ±1 ±1 - ±10-5 ±0.1 p.A 
liN Max. 

DYNAMIC ELECTRICAL CHARACTERISTICS 
At TA =25°C;lnputtr, t(=20ns, CL =50pF, RL =200kD. 

VDD LIMITS 
CHARACTERISTIC TEST CONDITIONS 

Volts Typ. Max. UNITS 

Propagation Delay Time: 5 300 600 
Comparing I nputs to 10 125 250 
Outputs, tpH L, tpLH 15 80 160 ns 

5 200 400 
Cascading Inputs to 10 80 160 
Outputs, tpH L, tpLH 15 60 120 

5 100 200 
Transition Time, 10 50 100 ns 

tTHL' tTLH 15 40 80 

Input Capacitance, CIN Any Input 5 7.5 pF 

CD4585B Types 

10: AMBIENT TEMPERATURE ITA I -2!5·C 

0.12 468, .2 468,0 :2 4681022 4681032 468104 

CLOCK INPUT FREOUENCY (tINI-IIHz 92CS- 3206~ 

Fig. 8 - Typical dynamic power dissipation as a 
function of clock input frequency (see 
Fig. 9-dynamic power dissipation test 
circuit). 

Fig. 9 - Dynamic power dissipation test circuit. 

voo NOTE: 

~ MEASURE INPUTS 
SEQUENTIALLY, 

vss 

V,H 

TO BOTH VOD AND Vss' 
CONNECT ALL UNUSED 

'----;~--l INPUTS TO EITHER 

Voo OR Vss' 

Vss 

92CS-2740Z 

Fig. 10 - Input current test circuit. 

Voo 

INPUTOOUTPUTS 

;-0- ~ 
V1l :r 

NOTE: . 

VSS 6~SYNAp't\~OMBINATION 

92CS-27441RI 

Fig. 11 - Input-voltage test circuit. 
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CD4585B Types 

o 
Vss 

INPUTS 

V5S 
9ZCS-Z740IRI 

Fig. 12 - Quiescent-device-current test circuit. 

TERMINAL ASSIGNMENT 

8. 16 VDD 
A. '\5 A3 

IA-atOuT I. 83 
(A>8) IN 13 (A>Bl0UT 

(AcS)!N 12 (A·<.B1OUT 

fA-S)!N II 80 

AI 10 AD 

Vss 9 8, 

TOP VIEW 
9ZCS-31006 
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'p TOTAL" p (f~~.mRE)+2 •• p (f~~~~~E),AT VOO' 10V 

(3 STAGES) 
92CM - 31007RI 

'120+2(80)'280 .. (TYP.) 

Fig. 13 - Typical speed characteristics of 8 12./)lt comparator. 

Dimensions and Pad Layout for CD4585BH 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 

The photographs and dimensions of each CMOS chip 
represent B chip when it Is parr of the wafer. When the 
wa',r is separated into Individual chips, the angle of 
cleavage may vary with r.spect to the chip face for 
diflerent chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly f'om the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +76 mils applicable to the nomina' 
dImensions shown. 



CD4124B Types 

:MOS 
:J-Bit Addressable Latch 
High-Voltage Types (20-Volt Rating) 

rhe RCA·CD47248 8·bit addressable latch 
5 a serial·input, parallel·output storage regis' 
er that can perform a variety of functions. 

lata are inputted to a particular bit in the 
atch when that bit is addressed (by means 
If inputs AO, Al, A2) and when WRITE 
)ISABLE is at a low level. When WRITE 
)ISABLE is high, data entry is inhibited; 
lowever, all 8 outputs can be continuously 
ead independent of WRITE DISABLE and 
Iddress inputs. 

~ master RESET input is available, which 
esets all bits to a logic ·0' level when RESET 
Ind WRITE DISABLE are at a high level. 
"hen RESET is at a high level, and WRITE 
)ISABLE is at a low level, the latch acts as 
I 1·of·8 demultiplexer; the bit that is ad· 
Iressed has an active output which follows 
:he data input, while all unadd~essed bits 
Ire held to a logic ·0' level. 
'he CD47248 types are supplied in l6-lead 
lermelic ceramic dual-in-line packages (0 
.nd F suffixes). l6-lead plastic dual-in-line 
lackages (E suffix). and in chip form (H 
,uffix). 

WRITE ~_ _1"--.__ ~ DISA8L[~WD AI 

~~ ___ f'-
RESET~A 

ADDRESS 

WD 

Features: 
- Serial data input - Active parallel output 
- Storage register capability - Master clear 
- Can function as demultiplexer 
- Standardized, symmetrical output characteristics 
- 100% tested for quiescent current at 20 V 
- Maximum input current of 1/JA at 18 V 

(full package-temperature range), 100 nA 
at 18 V and 250 C 

Ii Noise margin (full package-temperature 
range) = 1 Vat VDD = 5 V, 2 V at VOD 
= 10V, 2.5 VatVDD= 15 V 

D.TA---...aj 

FUNCTIONAL DIAGRAM 

- 5·V, H)·V, and 15·V parametric ratings Applications: 
- Meets all requirements of JEDEC Tentative _ Multi.line decoders 

Standard No. 13A, "Standard Specifications _ AID converters 
for Description of 'B' Series CMOS Devices" 

MAXIMUM RATINGS, Absolute·Maximum Values: 
DC SUPPLY·VOLTAGE RANGE. (VDD) 

(Voltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE. ALL INPUTS 
DC INPUT CURRENT. ANY ONE INPUT 
POWER DISSIPATION PER PACKAGE (PO): 

For T A = -4010 +600C (PACKAGE TYPE E) 
For T A = +60 10 +850C (PACKAGE TYPE E) . 
For TA = -55 10 +1000C (PACKAGE TYPES D,F) 
For TA= +100 10 +1250C (PACKAGE TYPES 0, F) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

-0.510 +20 V 
-0.510 VDD +0.5 V 

±10mA 

......•. , 500mW 
Derale Li nearly al 12 mW/oC 10 200 mW 
• . . . . . • .. 500mW 
Derale Linearly al 12 mW/oC 10200 mW 

FOR TA = FULL PACKAGE·TEMPERATURE RANGE (All Package Types) 
OPERATING·TEMPERATURE RANGE (TA): 

100mW 

-55 10 +1250C PACKAGE TYPES D. F. H 
PACKAGE TYPE E . 

STORAGE TEMPERATURE RANGE (TSlg) 
LEAD TEMPERATURE (DURING SOLDERING): 

AI diSlance 1116 ± 1/32 inch (1.59 ± 0.79 mm) from case for lOs max. 

AD 

00 AI 

A2 

00 

01 

a2 02 

a. 

a. Vss 

2 

• 
• 
6 

7 

a 

-4010 +850C 
-651o +1500C 

16 VDD ,. RESET 

" 
WRITE DISABLE 

13 OATA 

12 07 

06 

10 a. 

Q4 

TOP VIEW 

92C$·10911 

TERMINAL ASSIGNMENT 

a& 

~
DD D.TA---.j.......j..I 

AU. INPUTS ARE 
PROTECTED IY 
COS/MOS PROTECTION 
NETWORK 

Vss 

Fig. 1- Logic diagram of CD4724B and detail of 1 of B larches. 

DRAIN-TO-SOURCE YOLTAGE IVDS1-V 

Fig. 2- Typic'" outpur low (sink} 
currenr charactari.ric .. 
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CD4724B Types 

RECOMMENDED OPERATING CONDITIONS at TA = 25" C (Unl. othwwltefllll1CifiadJ 
For maximum reliability, nominal operating conditions should be -'ected io that optIfation 
is always within the following nmges. 

CHARACTERISTIC 
SEE 

FIG.15· 
VDD LIMITS 

UNITS 
M MIN. MAX. 

Supply Voltage Range: 
(At T A = Full Package 3 18 V 

Temperature Range) 

Pulse Width, tw 5 200 -
Data 8 10 100 -

15 80 

5 400 -
0 ns 

Address 10 200 -
15 125 -

5 150 -
Reset 0 10 75 -

15 50 -
Setup Time, ts 5 100 -

Data to WRITE DISABLE 0 10 50 -
15 35 - ns 

Hold Time, tH 5 150 -
Data to WRITE DISABLE G) 10 75 - ns 

15 50 -
• Circled numbers refer to times indicated on master timing diagram. 

Note: In addition to tha abo ... characteristics, a WRITE DISABLE ON time (the time that WRITE 
DISABLE is at a high levell must be observed during an address change for the total time that the 
external address lin •• AO, A I, and A2 are setding to a stable leval, to pr .... nt a wrong cell from 
belngad~~. 

~~--------~~---------------------------, 

(tl<'z' 

" 
~ 

START 
CONVERSION 

MODE SELECTION 

WD R 
ADDRESSED UNADDRESSED 

LATCH LATCH 

0 0 Follows Data Holds Previous 
State 

0 1 Follows Data Reset to .0" 
(Active High 8· 
Channel 
Demultiplexer) 

1 0 Holds Previous State 
1 1 Reset to ·0· Reset to ·0· 

we = WRITE DISABLE R-RESET 

.0 

., 
•• 
wo~~ 

92CS-2717.RI 

Fig. 3- Definition of WRITE DISABLE ON r/"",. 

DR".-,ro-"DU"~E YOLTAIlI! CYDsI-Y 

Fig. 4- Minimum output low (.inkJ 
current chIIracteriltit:s. 

DRAIN-TO-SOURCE YOLTAGE(YosI-V 

~+---+---+----+LS .... B )&B~~~~: 
TO DISPLAY 

.. CD4001 

.HYtOMP HC210SLD-2R 
OR EOUIVALENT 

AN~~~ ____________________________ ~ 

Fig. 5- AID convertsr 
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STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 

CONDITIONS Value. at -55, +25, +125 Apply to D,F,H Packages 
CHARACTER- Values at -40, +25, +85 Apply to E Package 

ISTIC +25 
UNITS 

Vo VIN VDD 
(V) (V) (V) -55 

Quiescent Device - 0,5 5 5 
Current, - 0,10 10 10 

100 Max. - 0,15 15 20 

- 0,20 20 100 

Output Low 0.4 D,S 5 0.64 
(Sink) Current 0.5 0,10 10 1.6 

IOL Min. 1.5 0,15 15 4.2 

Output High 4.6 0,5 5 -0.64 
(Source) 2.5 0,5 5 -2 
Current, 9.5 0,10 10 -1.6 

IOH Min. 
13.5 0,15 15 -4.2 

Output Voltage: - D,S 5 
Low-Level, - 0,10 10 

VOL Max. 
- 0,15 15 

Output Voltage: - D,S 5 
High-Level. - 0,10 10 
VOH Min. - 0,15 15 

Input Low 0.5,4.5 - 5 
Voltage, 1,9 - 10 

VIL Max. 
1.5,13.5 - 15 

Input High 0.5,4.5 - 5 
Voltage, 1,9 - 10 

VIH Min. 1.5,13.5 - 15 

I nput Current - 0,18 18 ±0.1 
liN Max. 

-40 +85 

5 150 

10 300 

20 600 

100 3000 

0.61 0.42 

1.5 1.1 

4 2.8 

-0.61 -0.42 

-1.8 -1.3 

-1.5 -1.1 

-4 -2.8 

0.05 

0.05 

0.05 

4.95 

9.95 

14.95 

1.5 

3 

4 

3.5 

7 

11 

±0.1 ±1 

95-103 
(2.413-2.6161 

92CM- 30918 

+125 

150 

300 

600 

3000 

0.36 

0.9 

2.4 

-0.36 

-1.15 

-0.9 

-2.4 

±1 

Min_ Typ_ Max_ 

- 0.04 5 

- 0.04 10 

- 0.04 20 
I1A 

- 0.08 100 

0.51 1 -
1.3 2.6 -

34 6.8 -
-0.51 -1 - rnA 

-1.6 -3.2 -
-1.3 -2.6 -

-3.4 -6.8 -
- 0 0.05 

- 0 0.05 

- 0 0.05 
V 

4.95 5 -
9.95 10 -

14.95 15 -

- - 1.5 

- - 3 

- - 4 

3.5 
V 

- -
7 - -

11 - -

- ±10-5 ±0.1 !1A 

B3:,~J.311l -------.j 

CD4724BH 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafef. WhEm the 
waler is separated into individual chips, the angl9 of 
cleavage may vary with respect to the chip face for 
different chips. Tho actual dimensions of the isolsted 
chip. therefore. may differ slightly from the nominal 
dimensions shown. The ussr should consider a to/srance 
of -3 mils to +16 mils applicable to the nominal 
'dimensions shown. 

DIMENSIONS AND PAD LAYOUT 

Dimensions in parentheses are in millimeters and 
fire derived from the basic inch dimensions as 
indicated. Grid graduations are in mils (10-3 inch). 

CD4724B Types 

DRAIN-tO-SOURCE WLTAG( IVOSI-V 

Fig] - Minimum output high (sourcs) 
current characteristics. 

90 100 

Fig_ 8 - Typical propagation delay time 
(data to On! vs_ load capacitancs_ 

Fig. 9 - Tvpical transition time w. load 
capacitance. 

AIotBIENT TEMPERATURE ITA I"Z5·C 
____ LOAD CAPACITANCE iCLlol'pF 
___ CL"50pF' 

8 • 6 II • II 
100 10 1 102 I l 10. 

ADORESS CYCLE TI"'[-,.. 
92:(S'21610 

Fig. 10 - Typical dynamic power dissipation vs. 
address cvcle time. 

10' 
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CD47248 Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25" C, CL = 50pF. 
Inputt,. tf=20ns, RL =200Kn 

CONDITIONS 
LIMITS 

CHARACTERISTIC SEE VDD 
ALL PACKAGE TYPES 

Fig. 15· (V) TYP. MAX. 

Propagation Delay: tPLH· 5 200 400 

tpHL 0 10 75 150 

Data to Output. 15 50 100 

WRITE DISABLE 5 200 400 
to Output, tpLH. @ 10 BO 160 

tpHL 15 60 120 

5 175 35p 
Reset to Output, CD 10 80 160 

tpHL 15 65 130 

Address to Output. 5 22,5 450 

tpLH· @ 10 100 200 

tpHL 15 75 150 

Transition Time, tTHL' 5 100 200 

(Any Outputl tTLH 10 50 100 

15 40 BO 

Minimum Pulse 5 100 200 

Width.tw 0 10 50 100 

Data 15 40 80 

5 200 400 

Address @ 10 100 200 

15 65 125 

5 75 150 

Reset G) 10 40 75 

15 25 50 

Minimum Setup 5 50 100 

Time.ts @ 10 25 50 

Data to WRITE DISABLE 15 20 35 

Minimum Hold 5 75 150 

Time.tH G) 10 40 75 

Data to WRITE DISABLE 15 25 50 

Input Capacitance, CIN Any Input 5 7.5 
.. 

·Clrcled numbers refer to times Indicated on maste~ timIng diagram. 

.,-----j.,J 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

'92CS-27677 
Fig. /5- M..ter pmlng thgrem. 
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V,H 

. 
Vss 

INPUTS 

VDO 

'2'S~I"OI"1 Vss 

Fig. 1 1 - QultllCllnt dlll/ico current 
telt circuit. 

'-- ~ 
v~ J: 

NOTE: 

INPUTO"1lO OUTPUTS 

Vss TESf ANY CONBINATION 
OF INPUTS 

92CS-2744IRI 

Fig. 12-/nput voltage te.t circuit. 

'--_~_ MEAsuRE INPUTS 

vDO ,NPUDS "DO NOTE 

o"\.!:.,r- S,EQUENTIALLV' 
Vss TO aoTH Voo ANOVSS 

CONNECT ALL UNUSED 
INPUt'S TO EITHER 
VDOMVSS' 

"ss 

Fig. 13- Input current te.tclrcuit 

AD AO 00 0 DO I 

AI 
2 AI al 5 D02 

A2 3 A2 a2 6. 003 

A3 14 we a. 1 
- DO 4 

DATA IN 13 DATA ao 0 005 

CD47248 05 
10 006 

06 " DO 1 

a1 
12 DO. 

R 
15 

"00 

I AD aD 000 
2 AI 01 DOlO 
3 42 02 0011 

14 WD 03 0012 
13 DATA 00 0013 

CD47248 05 
10 

0014 * 1/6 CD4069 
06 " DOI~ 

Q7 12 
0016 R 

15 

Voo 
IZCS-301" 

Fig. /4'- 1 of 16 decoder/demultiplexer. 
v 

1/4 CD4016 IN/OUT 
012 CD47248 

!!D'~'~A __ t-fD <10 

::'.-----'-'\1 
A2 
A. 

/ 

/ 

Fig /6- Mu/Pp/e <election decoding - 4 x 4 
crOl.point .wltch. 

X 
INIOUT 



CMOS 32-Stage Static Left/Right Shift 
Register 

The RCA·CD40100B is a 32·stage shift reg· 
ister containing 32 D·type master·slave flip· 
flops. 

The data present at the SHIFT·RIGHT INPUT 
is transferred into the first register stage syn· 
chronously with the positive CLOCK edge, 
provided the LEFT/RIGHT CONTROL is at 
a low level, the RECI RCULATE CONTROL 
is at a high level, and the CLOCK INHIBIT 
is low. If the LEFT/RIGHT CONTROL is at 
a high level and the RECIRCULATE CON· 
TROL is also high, data at the SHIFT·LEFT 
INPUT is transferred into the 32nd register 
stage synchronously with the positive CLOCK 
transition, provided the CLOCK INHIBIT is 
low. The state of the LEFT/RIGHT CON· 
TROL, RECIRCULATE CONTROL, and 

CLOCK INHIBIT should not be changed 
when the CLOCK is high. 

Data is shifted one stage left or one stage 

right depending on the state of the LEFT/ 
RIGHT CONTROL, synchronously with the 
positive CLOCK edge. Data clocked into the 
first or 32nd register states is available at the 
SHIFT·LEFT or SHIFT·RIGHT OUTPUT 
respectively, on the next negative CLOCK 
transition (see Data Transfer Table). No 
shifting occurs on the positive CLOCK edge 

if the CLOCK INHIBIT line is at a high 
evel. With the RECIRCULATE CONTROL 
low, data in the 32nd stage is shifted into the 

High-Voltage Types (20.volt Rating) 

Features: 
• Fully static operation 
• Shift left/Shift right capability 
• Multiple package casmding 
• Recirculate capability 
• LIFO or FIFO capability 
• Standardized, symmetrical output 

characteristics 

• 100% tested for quiescent current at 20 V 

• Maximum input current of 1 /lA at 18 V 
over full package· temperature range; 
100 nA at 18 V and 250C 

• Noise margin (full package·temperature 
range) " 

1 VatVDD" 5 V 
2 V at VDO" 10 V 

2.5 V at VDO" 15 V 
• 5·V, 10-V, and 15-V parametric ratings 

• Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

first stage when the LEFT/RIGHT CON­
TROL is low and from the 1 st stage to the 
32nd stage when the LEFT/RIGHT CON· 

TROL is high. 

The CD40100B types are supplied in 16-
lead hermetic dual-in-line ceramic packages 
(0 and Fsuffixes), 16-lead dual-in-line plas­

tic packages (E suffix). 16-lead ceramic flat 
packages (K suffix), and in chip form (H 

suffix). 

MAXIMUM RATINGS. Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(VoltageS referenced to Vss Terminalj ................................................ -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPU~ ........................................... -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ..................................................... ±10 rnA 
POWER DISSIPATION PER PACKAGE (PD): 

For T A " -40 to +60·C (PACKAGE TYPE E) .................................................. 500 mW 
For T A = +60 to +85·C (PACKAGE TYPE E) ................... Derate Linearly at 12 mW'·C to 200 mW 
For T A = -55 to +loo·C (PACKAGE TYPES D. F. K) .......................................... 500 mW 
For T A = +100 to +12S·C (PACKAGE TYPES D. F. K) .........• Derate Linearly at 12 mW'·C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
ForTA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...................... lOOmW 

OPERATING-TEMPERATURE RANGE (T A): 
PACKAGE TYPES D. F. K. H ........................................................ -55 to +12S·C 
PACKAGE TYPE E .................................................................. -40 to +85·C 

STORAGE TEMPERATURE RANGE (T stg) ............................................. -65 to +lS0·C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 5 max .......................... +265·C 

CD40100B Types 

LEFT/RIGHT 
CONTROL 

SHIFT 13 

IN 
RIGHT 

" elOCM 

• CLOCK 
INHIBIT 

SHIFT 2 

IN 
LEFT 

• NC·',5,7, 
IO.'4.1~ 

RECIRCULATE 
CONTROL 

SHIFT 
RIGHT 

OUT 
I. 

SHIFT 
LEFT 

OUT • 
YOD-16 

vss·a 

FUNCTIONAL DIAGRAM 

Applications: 

• Serial shift registers 

• Time delav circuits 
• Expandable N·bit data storage stack 

(LIFO operation) 

~, \' 

AGEl 

DRAIN-TO-SOURCE VOLTAGE lYos)-V 

Fig. 1 - 'Typical output low (sink) 
current.characteristics. 

DRAIN-Ttl-SOURCE \lCLTAGE 

Fig. 2 - Minimum output low (sink) 
current characteristics. 
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CD40100B Types 

CLOCK~~ *1 
CLOCIC INHIBIT CL *. 11" 

LEFT/~'GT 
MI' T _L 

S 

.ECI.~U .TE *9 lr 
CONT .... 

R 

SHIFT LEFT 
~-~~-=<D' 

OUTPuT 

VDD 

11 
*ALlINPUTS PROT:~~D 

BY COS/MaS PROTECTION 
NETWORK 

SHIFT LEFT 

II. 

------------------+-~~~-O 

INPUT 

.OETAIL OF TYPICAL D·TYPE M-SFLIP-FLOP 

CL TI 

Fig. 3 - Logic diagram. 

CLOCK 

INPUT _______ ',_·~...JFl ~I-._-_.H ___ _ 

1---. PLH---! 

OUTPU_T ________ -'-___ ..J-l-
Fig. 4 - Timing diagram defining setup, hold, and propagation delay times. 
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DRAIN-lO-SOURCE VOLTAGE (VOSI-V 

-15 -10 -5 
AMBIENT TEMPERATURE ITA'-2S"C 

II 
Fig. 5 - Typical output high (source) 

current characteristics. 

DRAIN-lO-SOURCE VOLTAGE IVosJ-V 
-15 -10 -5 

AMBIENT TEMPERATURE ITA'.2S"C 

I 
% 

j~ 
~ 

~ 
> 

Fig. 6 - Minimum output high (source) 
current characteristics. 

AMBIENT TEMPERATURE ITA j-25·C 

~ t· 

~ 10V 

15V 

20 40 60 BO '00 
LOAD CAPACITANCE (CLJ-pF 9ZCS-Ur,6 

Fig. 7 - Typical propagation delay time 
(CLOCK to SHIFT LEFT/RIGHT) 
as a function of load capacitance. 

Fig. 8 - Typical transition time as a function 
of load capacitance. 



RECOMMENDED OPERATING CONTITIONSat T A = 250 C, Except as Noted. 
For maximum reliability, nominal operating conditio.,. should be selected so that operation 
is always within the following ranges: 

CHARACTERISTIC VDD 
LIMITS UNITS 

(Vl Min. Max. 

Supply· Voltage Range (For T A = Full Package· 
3 18 V 

Temperature Rangel 

5 100 -
Data Setup Time, ts 10 20 - ns 

15 10 -
5 275 -

Data Hold Time, tH 10 100 - ns 
15 75 -
5 1 

Clock Input Frequency, fCL 10 dc 2.5 mHz 
15 3 

5 - 15 
Clock Input Rise or Fall Time, trCL, tfCL 10 - 15 j.Ls 

15 - 15 

5 450 -
Clock I nput Pulse Width: 

10 230 - ns 
Low Level, tWL 15 190 -

5 280 -

High Level, tWH 10 150 - ns 
15 140 -

CONTROL TRUTH TABLE 

LEFT/RIGHT CLOCK RECIRCULATE 
ACTION 

INPUT BIT 
CONTROL INHIBIT CONTROL ORIGIN 

1 0 1 Shift left Shift left input 

1 0 0 Shift left Sta!le 1 

0 0 1 Shift right Shift right input 

0 0 0 Shift right Stage 32 

X 1 X No shift -

DATA TRANSFER TABLE. 

INITIAL STATE 

DATA CLOCK INTERNAL 
INPUT INHIBIT STAGE 

0 0 x 
X 0 0 

1 0 X 
X 0 1 

X 1 1 

0'" Low level 1 = High level X = Don't care 

* For Shift-Right Mode 
Data Input = SHIFT·RIGHT INPUT ITerm. 11) 
Internal Stage = Stage 1 (01) 
Output = SHIFT·LEFT OUTPUT (Term. 4) 

CLOCK RESULTING STATE 

LEVEL INTERNAL OUTPUT 
CHANGE STAGE a 
~ 0 NC 

~ NC 0 

~ 1 NC 

~ NC 1 

X NC NC 

NC = No change 

For Shift·Left Mode 
Data Inpul = SHIFT·LEFT INPUT (Term. 6) 
Inlernal Stage = Stage 32 (Q32) 
OulPUI = SHIFT·RIGHT OUTPUT (Term. 12) 

CD40100B Types 

, 
'0' 

-CL·'OpF 
--·CL-t'pF 

I 2 .. "'0 2 .. ""OZ2 .. ",03 2 .. ""0"2 .. "'05 

CLOCK INPUT FREQUENCY I 'eli-KHz nCS-ilI1U 

Fig. 9 - Typical dynamic power dissipation 
as a function of CLOCK frequency. 

. 
Vss 

INPUTS 

Vss 

Fig. 10 - Quiescent-device-current test circuit. 

~ MEASURE INPUTS 
o ~ SEQUENTIALLY, 

Voo INP(JUS Voo NOTE' 

Vss TO BOTH Yoo AND Vss' 
CONNECT ALL UNusm 
INPUfS TO EITHER 

v," 

• Voo OR VSS' 

VSS 

Fig. 11 - Input-current test circuit. 

'MPUTOVOO OUTPUTS 

'-- -tA 
V~L :r 

NOTE: 

Vss ~~srN~~~ONBINATION 

9lCS-27441RI 

Fig. 12 - Input-voltage test circuit. 
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CD40100B Types 

STATIC ELECTRICAL CHARACTERISTICS 

CHARACTER· 
ISTIC 

Quiescent Device 
Current, 

100 Max. 

Output Low 
(Sinkl Current 

IOLMin. 

Output High 
(Source) 
Current, 

IOHMin. 

Output Voltage: 
Low·Level, 

VOL Max. 

Output Voltage: 
High·Level, 
VOH Min. 

Input Low 
Voltage, 

VIL Max. 

Input High 
Voltage, 

VIH Min. 

I nput Current 
liN Max. 

o 10 

90-1 1 

Dimensions and pad layout for CD40100BH. 
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LIMITS AT INDICATED TEMPERATURES (OCI 
CONDITIONS Values at -55, +25, +125 Apply 10 D, F, K, H Packages 

Vo 
(VI 

-
-
-
-
0.4 

0.5 
1.5 

4.6 

2.5 
9.5 
13.5 

-

-
-
-
-
-

0.5,4.5 
1,9· 

1.5,13.5 
0.5,4.5 

1,9 

1.5,13.5 

-

Value. at -40, +25; +85 Apply to E Peelulge 
UNITS 

VIN VDD 
(VI (VI -55 -40 +85 +125 Min. 

0,5 5 5 5 150 150 -
0,10 10 10 10 300 300 -
0,15 15 20 20 600 600 -
0,20 20 100 100 3000 3000 -
0,5 5 0.64 0.61 0.42 0.36 0.51 

0,10 10 1.6 1.5 1.1 0.9 1.3 

0,15 15 4.2 4 2.B 2.4 3.4 

0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 

0,5 5 -2 -l.B -1.3 -1.15 -1.6 

0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 
0,15 15 -4.2 -4 -2.B -2.4 -3.4 

0,5 5 0.05 -
0,10 10 0.05 -
0,15 15 0.05 -
0,5 5 4.95 4.95 

0,10 10 9.95 9.95 

0,15 15 14.95 14.95 

- 5 1.5 -
- 10 3 -
- 15 4 -
- 5 3.5 3.5 

- 10 7 7 

- 15 11 11 

o,lB lB to. 1 iO.l il ±1 -

92eS-2879B 

Dimensions in IJ8rentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Gr;d graduations are in mils (to-3 inch). 

+25 
Typ. Max. 

0.04 5 

0.04 10 
0.04 20 vA 

0.08 100 

1 -
2.6 -
6.B -
-1 - rnA 

-3.2 -
-2.6 -
-6.B -

0 0.05 

0 0.05 

0 0.05 
V 

5 -
10 -
15 -
- 1.5 

- 3 

- 4 
V - -

- -
- -

ilo-5 io.l vA 

The photographs and dimensions of each CMOS chip 
represent a chip when It is part of the wafer. When the 
wafer ;s separated into individual chips, the angle of 
clsavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore. may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to + 16 mils applicable to the nominal 
dimensions shown. 



DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 250 C, Input t" tf = 20 ns, 
CL = 50 pF, RL = 200kn 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VDD 
V Min. Typ. Max. 

Propagation Delay Time: 5 360 720 
Clock to Shift Left/Right 10 165 330 
Output, tpLH' tpHL 15 115 230 

5 100 200 
Transition Time, tTHL' tTLH 10 50 100 

15 40 80 

5 50 100 
Minimum Data Setup Time, ts 10 10 20 

15 5 10 

5 170 275 
Minimum Data Hold Time, tH 10 75 100 

15 50 75 

5 1 2 
Maximum Clock Input Frequency, fCL 10 2.5 5 

15 3 6 

Minimum Clock Input Pulse Width: 
5 225 450 

10 115 230 
Low Level, tWL 15 95 190 

5 140 280 
High Level. tWH 10 75 150 

15 70 140 

Input Capacitance, C, N Any Input - 5 7.5 

NC I· I. Voo 
CLOCK INHIBIT 

" 
NC 

CLOCK 
" 

NC 

SHIFT LEFT OUT " LEFT/RIGHT CONTROL 

NC I. SHIFT RIGHT OUT 

SHI FT LEFT IN SHIFT RIGHT IN 

NC 10 NC 

Vss RECIRCULATE CONTROL 

TOP VIEW 
NC~NO CONNECTION 

92C5-27568 

TERMINAL ASSIGNMENT 

CD40100B Types 

UNITS 

ns 

ns 

ns 

ns • 
MHz 

ns 

ns 

pF 
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CD40101 B Types 

CMOS 9-Bit Parity 
Generator/Checker 
High-Voltage Types (20-Volt Rating) 

The RCA·C040101 B is a 9-bit (8 data bits 
plus 1 parity bit) parity generator/checker. 
It may be used to detect,errors in data trans­
mission or data retrieval. Odd and even 
outputs facilitate odd or even parity genera· 
tion and checking. 
When used as a parity generator, a parity 
bit is supplied along with the data to generate 
an even or odd parity output. 
When used as a parity checker, the received 
data bits and parity bits are compared for 
correct parity. The even or odd outputs are 
used to indicate an error in the received 
data. 
Word-length capability is expandable by 
cascading. The C0401 01 B is also provided 
with an inhibit control. If the inhibit control 
is set at logical "1", the even and odd out· 
puts go to a logical "0". 
The C0401 01 B types are supplied in 14-
lead dual-in-line ceramic packages (0 and F 
suffixes), 14-lead dual-in-line plastic pack­
ages (E suffix), 14-lead ceramic flat pack­
ages (K suffix), and in chip form (H suffix). 

01 

D3 

04 

D5 

D. 

07 

D. 

09 

TERMINAL ASSIGNMENT 

.3 
•• • •• • 

000 OUT 

14 Voo 
13 08 
12 07 
II 06 
10 05 

9 EVEN OUT. 
B INH Vss 

'-TO:C:P""VC":,E"'W.J 

Features: 
• 100% tested for maximum quiescent 

current at 20 V 

• Maximum input current of 1 /lA at 
18 V over full package-temperature 
range; 100 nA at 18 V and 25 0 C 

• Noise margin (full package-temperature 
range): 1 Vat VOO ~ 5 V 

2 V at VOO = 10 V 
2.5 V at VDO = 15. V 

• 5-V, 10-V, and 15-V parametric ratings 
• Standardized, symmetrical output 

characteristics 

\100- 14 

01 1 
vss·r 

.22 

.3 3 ... 
0' 10 .. " 
0712 

0813 .9. 
• Meets all requirements of JEDEC 

Tentative Standard No.13A, "Standard 
Specifications for Description of '8' 
Series CMOS Devices." 

FUNCTIONAL DIAGRAM 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) ................................................ -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................... -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ..................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (PO): 

For T A = -40 to +60·C (PACKAGE TYPE E) ................................................. 500 mW 
For T A = +60 to +85·C (PACKAGE TYPE E) ............. ,..... Derate Linearly at 12 mW/·C to 200 mW 
For T A = -55 to +100·C (PACKAGE TYPES 0, F, K) .................. , ....................... 500 mW 
For T A = +100 to +125·C (PACKAGE TYPES 0, F, K) ...... ,... Derate Linearly at 12 mW/·C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
ForTA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES 0, F, K, H ........................................................ -55 to +125·C 
PACKAGE TYPE E .. , .................. , ............................................ -40 to +85·C 

STORAGE TEMPERATURE RANGE (T stg) .................................... , ........ -65 to +150·C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16± 1/32 inch (1.59 ± 0.79 mm) from case for IDs max .......................... +265·C 

RECOMMENDED OPERATING CONDITIONS 
For maximum re~iability. nominal operating conditions should be selected 
so that operation is always within the fol/owing ranges: 

CHARACTERISTIC 
LIMITS 

MIN. 

Supplv·Voltage Range (For T A = 
Full Package·Temperature Range) 3 

Truth Table 

nOD 
A~IN~ 
PROTECTED BY Vss 
COS/MOS PROTECTION 
NETWORK 

Inputs 

01·09 

I1's=Even 

I1's=Odd 

X 

Inhibit 

0 

0 

1 

Outputs 

Even Odd 

1 0 

0 1 

0 0 

MAX. 

18 

UNITS 

V 

X = Oon't Care 
LogiC 1 = High 
Logic 0 = Low 

Fig. 7 - CD40707B logic diagram. 
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STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES laC) 
CONDITIONS Values at -55, +25, +125 Apply to 0, F, K, H Packages 

CHARACTER· Values at -40·, +25, +85 Apply to E Package 
ISTIC 

Vo VIN VDD +25 

IV) IV) IV) -55 -40 +85 +125 Min. Typ. 

Quiescent Device - 0,5 5 5 5 150 150 - 0.04 
Current. - 0,10 10 10 10 300 300 - 0.04 

100 Max. 0,15 15 20 20 600 600 - 0.04 -
- 0,20 20 100 100 3000 3000 - 0.08 

Output low 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 
ISink) Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 

IOlMin. 1.5 0,15 15 4.2 4 2.8 2.4 34 6.8 

Output High 4.6 0.5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 
ISource) 2.5 0.5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 

IOH Min. 
13.5 0,15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 

Output Voltage: - 0,5 5 0.05 - 0 
low·Level. - 0,10 10 0.05 - 0 

VOL Max. 
- 0,15 15 0.05 - 0 

Output Voltage: - 0,5 5 4.95 4.95 5 
High·Level, - 0,10 10 9.95 9.95 10 
VOH Min. - 0,15 15 14.95 14.95 15 

Input low 0.5,4.5 - 5 1.5 - -
Voltage, 1,9 - 10 3 - -

Vil Max. 
1.5,13.5 - 15 4 - -

Input High 0.5,4.5 - 5 3.5 3.5 -
Voltage, 1,9 - 10 7 7 -

VIH Min. 1.5,13.5 - 15 11 11 -
I nput Current 

0,18 18 ±0.1 ±0.1 ±1 ±1 - ±10-5 
liN Max. 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25DC; Input tr,tt = 20 ns, 
Cl = 50 pF, Rl = 200 kn 

TEST CONDITIONS LIMITS 

Max. 

5 

10 

20 

100 

-
-
-
-

-

-

-
0.05 

0.05 

0.05 

-
-

-

1.5 

3 

4 

-
-
-

±0.1 

UNITS 

IJA 

mA 

V 

V 

IJA 

CHARACTERISTIC VDD UNITS 
(V) Typ. Max. 

5 350 700 
Data Propagation Delay Time, 10 150 300 

tPHL,tPlH 15 100 200 

Inhibit·to·Qutput Propagation 
5 140 280 

Delay Time, tPHl, tPLH 
10 70 140 ns 
15 50 100 

Transition Time, 
5 100 200 

tTHl' tTLH 10 50 100 
15 40 80 

Input Capacitance, CIN Any Input 5 7.5 pF 

CD401 01 B Types 

DRAIN-TO-SOURCE VOlTAGE IVDSI-V 

Fiq.2 - Typical output low (sink) 
cu"ent characteristics. 

DRAIN-lO-SOURCE YOl.TAGE (VOSI-V 

Fig.3 - Minimum output low (sink) 
current characteristics. 

DRA1N-lO-SOURCE VOLTAGE IVosl-V 

Fig.4 - Typical output high (source) 
current characteristics. 

DRAIN-lO-SOURCE VOLTAGE (Vosl-V 

Fig.5 - Minimum output high (source) 
current characteristics. 
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CD40101 B Types 

.. 
10 toZ Ie)! ,0' '0 

LOAD CAPACITANCE ICI.I-pf' LOAD CAPACITANCE ICLJ-pF INPUT FREQUEN'( l'IN1-.H1 

Fig.6 - Typical propagation delay time as a function 
of load capacitance. 

Fig. 7 - Typical transition time as a function 
of load capacitance. 

Fig. 8 - Typical dynamic power dissipation as 

a function of input frequency. 

Voo 

. 
Vss 

INPUTS 

Voo 

Vss 

NOTE: 
'NPU(JS Voo 

~ ~~a:T~T~DL~~NoVss' 
Voo MEASURE IN. PUTS 

\Iss CONNECT ALL UNUSED 
INPUTS TO EITHER 

"DO OR Vss 

Vss 

V~UTO" ~:. 
V~L :t 

NOTE: 
Vss TEST ANY 

COMBINATION 
92CS-27441RI OF INPUTS 

Fig.9 - Dynamic power dissipation 
test circuit. 

Fig.TO - Quiescent-device­
current test circuit. 

Fig. II - input-feakage 
current. 

Fig.12 - Input-voltage 
test circuit. 
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DIMENSIONS AND PAD LAYOUT FOR CD40101B 

The photographs and dimen8ions 01 88Ch CMOS chip 
represent 8 chip when it is part of the wafer. When the 
waler is separated into indIvidual chips, the angle o~ 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
0' -3 mlts to +18 mils applicable to the nominal 
dimension, shown. 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in­
dicated_ Grid graduations are in mils (10-3 inch)_ 



CMOS a-Stage 
Presettable Synchronous 
Down Counters 
High-Voltage Types (20-Volt Rating) 

CD40102B - 2-Decade BCD Type 
CD40103B - 8-Bit Binary Type 

The RCA-CD40102B, and CD40103B con­
sist of an 8·stage synchronous down counter 
with a single output which is active when the 
internal count is zero. The CD40102B is con­
figured as two cascaded 4-bit BCD counters, 
and the CD40103B contains a single 8-bit 
binary counter. Each type has control inputs 
for enabling or disabling the clock, for clear· 
ing the counter to its maximum count, and 
for presetting the counter either synchro­
nously or asynchronously. All control inputs 
and the CARRY-OUT/ZERO-DETECT out· 
put are active-low logic. 
In normal operation, the counter is decre­
mented by one count on each positive tran­
sition of the CLOCK. Counting is inhibited 
when the CARRY-IN/COUNTER ENABLE 
/Ci7CE) input is high. The CARRY-OUTI 
ZERO-DETECT (CO/ZD) output goes low 
when the count reaches zero if the Ci7CE"" 
input is low, and remains low for one full 
clock period. 
When the SYNCHRONOUS PRESET-ENA­
BLE (SPE) input is low, data at the JAM in­
put is clocked into the counter on the next 
positive clock transition regardless of the 
state of the Cl/cE input. When the ASYN­
CH RONOUS PRESET-ENABLE (APE") in­
put is low, data at the JAM inputs is asyn­
chronously forced into the counter regard­
less of the state of the SPE", Cl/cE, or 
CLOCK inputs. JAM inputs JO-J7 represent 
two 4-bit BCD words for the CD401 02B and 
a single 8-bit binary word for the CD40103B. 
When the CLEAR (ClR) input is low, the 
counter is asynchronously cleared to its 
maximum count (9910 for the CD40102B 
and 25510 for the CD40103B) regardless of 
the state of any other input. The precedence 
relationship between control inputs is indio 
cated in the truth table. 
If all control inputs except CiiCE are high at 
the time of zero count, the counters will 
jump to the maximum count, giving a count­
ing sequence of 100 or256 clock pulses long. 
The CD40102B and CD40103B may be cas­
caded using the Ci7CE""input and the CO/ZD 
output, in either a synchronous or ripple 
mode as shown in Figs.21 and 22. 

The CD40102B and CD40103B types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (D and F suffixes), 16-
lead dual-in-line plastic packages (E suffix), 
16-lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 

CD40102B, CD40103B Types 

Features: 
• Synchronous or asynchronous preset 
• Medium-speed operation: fCL = 

3_6 MHz (typ_) @ VDD = 10 V 

• Cascadable 
• 100% tested for quiescent current at 20 V 

• Maximum input current of 1 /-IA at 18 V 
over full package-temperature range; 100 
nA at 18 V and 250 C 

• Noise margin (full package-temperature 
range) = 1 Vat VDD = 5 V 

2 Vat VDD = 10 V 
2.5 Vat VDD = 15 V 

• Standardized, symmetrical output 
characteristics 

• 5-V, 10-V, and 15-V parametric ratings 
• Meets all requirements of JEDEC Ten­

tative Standard No.13A, "Standard 
Specifications for Description of 'B' 
Series CMOS Devices" 

Applications: 
• Divide-by-"N" counters 
• Programmable timers 
• I nterrupt timers 
'. Cycle/program counter 

I 
I 
I 
I 

J1, 

CLOCK 

8-STAGE 
DOWN 

COUNTER COIZO 

CD40102B, CD40103B 
FUNCTIONAL DIAGRAM 

RECOMMENDED OPERATING CONDITIONS AT TA = 250 C, Unless Otherwise Specified 
For maximum reliabilitv, nominal operating conditions should be selected so that operation 
is always within the following ranges. 

LIMITS 

Characteristic VOD Min_ Max. Units 

Supply Voltage Range (At TA - Full Package-
3 18 V Temperature Range) 

5 300 -
Clock Pulse Width, tw 10 180 - ns 

15 80 -
5 320 -

Clear Pulse Width, tw 10 160 - ns 
15 100 -
5 360 -

APE" Pulse Width, tw 10 160 - ns 
15 120 -
5 - 0.7 

Clock Input Frequency, fCL 10 - 1.8 MHz 
15 - 2.4 

5 -
Clock Rise and Fall Time, trCl, tfCl 10 - 15 /-Is 

15 -
5 280 -

SPE" Setup Time, tSu 10 140 - ns 
15 100 --
5 200 -

Jam Setu'p Time, tsu 10 80 - ns 
15 60 -

5 500 -
CI/CE Setup Time, tsu 10 250 - ns 

15 150 -
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CD40102B, CD40103B Types 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) .•....................•.........•.•............. -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS .......•..•.•.•.•...•..............•....•.• -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT .......•.•.....••.......•.....•......•.......•...•... ±10 mA 
POWER DISSIPATION PER PACKAGE (PO): 

For T A = -40 to +60°C (PACKAGE TYPE E) ......•.............•.•...•...•...•.......•...•.. 500 mW 
For T A = +60 to +65°C (PACKAGE TYPE E) .•.•......•.....•.• Derate Linearly at 12 mW/oC to 200 mW 
For T A = -55 to +lOO°C (PACKAGE TYPES 0, F, K) .............•...•...••.........•......... 500 mW 
For T A = +100 to +125°C (PACKAGE TYPES 0, F, K) .......•.. Derate Linearly at 12 mW;oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
Fon A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES 0, F, K, H ......•...••....•..•....................•••............. -55 to +125°C 
PACKAGE TYPE E .....•.•.•.....•...........•....•.....•..................•........ -40 to +65°C 

STORAGE TEMPERATURE RANGE (T stg) ...........................•................. -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max ............•...•.....•... +265°C 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES lOCI 

CONDITIONS Values at -55, +25, +125 Apply to 0, F, K, H Packages 
CHARACTER· Values at -40, +25, +85 Apply to E ..... b .. 

ISTIC +25 
UNITS 

Vo VIN VOO 
IV) (VI IVI -55 -40 +85 +125 Min. Typ. Max. 

Quiescent Device -. 0,5 5 5 5 150 150 - 0.04 5 
Current, - 0,10 10 10 10 300 300 - 0.04 10 

100 Max. 0,15 15 20 20 600 600 - 0.04 20 
jlA 

-
- 0,20 20 100 100 3000 3000 - 0.08 100 

Output Low 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -
(Sink) Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -

IOLMin. 
1.5 0,15 15 4.2 4 2.B 2.4 34 6.B -

Output High 4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 - mA 

(Source) 2.5 0,5 5 -2 -1.B -1.3 -1.15 -1.6 -3.2 -
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -

IOH Min. 
13.5 0,15 15 -4.2 -4 -2.B -2.4 -3.4 -6.B -

Output Voltage: - 0,5 5 0.05 - 0 0.05 
Low·Level, - 0,10 10 0.05 - 0 0.05 

VOL Max. 
- 0,15 15 0.05 - 0 0.05 

V 
Output Voltage: - 0,5 5 4.95 4.95 5 -

High·Level, - 0,10 10 9.95 9.95 10 -
VOH Min. - 0,15 15 14.95 14.95 15 -

Input Low 0.5,4.5 - 5 1.5 - - 1.5 
Voltage, 1,9 - 10 3 - - 3 

VIL Max. 
1.5,13.5 - 15 4 - - 4 

Input High 0.5,4.5 5 3.5 3.5 
V - - -

Voltage, 1,9 - 10 7 7 - -
VIH Min. 1.5,13.5 - 15 11 11 - -

Input Current - O,IB 18 ±0.1 ±0.1 ±1 ±1 - ±10-5 to.1 jJA 
liN Max. 

-
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DRAIN-lO-SOURCE VOLTAGE IVDS1-V 

Fig. 1 - Typical output low (sink) current 
characteristics. 

DRAII'-Te'-SO"RCE VOLTAGE 

'=;9. 2 - Minimum output low (sink) current 
characteristics. 

ORA IN- TO- SOURCE VOLTAGE IVosl-V 

Fifl. 3 - Typical output high (source) current 
characteristics. 

ORAIH-TO-SOURCE VOLTAGE IVDSI-V 

-,. -'0 
EIFt:R~TURE 

·TQ·SOURC' 'WLT ... '" ,,'.'." 

'I 
~m~wumm!llim!i_W ] 
mmwmmllllllUllUllllWillliftlllID I 

9lC5-14UIIII 

Fig. 4 - Minimum output high (sourcs) current 
characteristics. 



DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 250 C, CL = 50 pF, 
Input t r, tf = 20 ns, RL = 200 kn 

Conditions Limiu 
Characteristic 

VDD All Packages 

(V) Min. TVp. Max. 

Propagation Delay Time (tPHL. tPlH): 

5 - 300 600 
Clock-to-Output (See Fig. 6) 10 - 130 260 

15 - 95 190 

5 - 200 400 
Carry InlCounter Enable·to·Output 10 - 90 180 

15 - 65 130 

5 - 650 1300 
Asynchronous Preset Enable·to·Output 10 - 300 600 

15 - 200 400 

5 - 375 750 
Clear-to-Output 10 - 180 360 

15 - 100 200 

5 - 100 200 
Transition Time ('THL.'TlH) 10 - 50 100 

15 - 40 80 

5 - 150 300 
Minimum Clock Pulse Width, (tW) 10 - 90 180 

15 - 40 80 

5 - 160 320 
Minimum ClR Pulse Width (tW) 10 - 80 160 

15 - 50 100 

5 - 180 360 
Minimum APE Pulse Width (tW) 10 - 80 160 

15 - 60 120 

5 - 110 220 
Minimum APE Removal Time (tRM) 10 - 50 100 

15 - 35 70 

5 - 140 280 
Minimum SPE Set-Up Time (tSU) 10 - 70 140 

15 - 50 100 

5 - 250 500 
Minimum CIICE Setup Time (tsul 10 - 125 250 

15 - 75 150 

5 - 100 200 
Minimum JAM Set-Up Time (tSU) 10 - 40 80 
(Synchronous presetting) 15 - 30 60 

Maximum Clock I nput Frequency (fCll 5 0.7 1.4 -
(See Fig. 7) 10 1.8 3.6 -

15 2.4 4.8 -

Input Capacitance (CIN) - 5 7.5 

., 10"6 ... MaIENT TEMPERATURE ITAI- 25·C 
t r ,lf- 2O ... . . RL -200 kO ! 1 

'l' . .1 ~. 
~ .048 

Units 

ns 

ns 

ns 

MHz 

pF 

CD40102B, CD40103B Types 

LOAD CAPACITANCE ICLI-pF 
92CS-24S22 

Fig. 5 - Typical transition time as a function of 
load capacitance. 

LOAD CAPACITANCE ICL.J-IIF 

Fig. 6 - Typical propagation delay time as ~ 
tion of load c_ciranc. (clock to COIZD). 

SUPPLY VOLTAGE IVool-V 

Fig. 7 - Typical maximum clock input frequency 
as a function of supply voltage. 

~; ~t' C • 

~ : .<$'."> 
~ w3a ;t,j ~ 
~ , 
;;; . 
is , 
; de 
~ . Cl-!Opf . -CL-15pF 

o 
Vss 

INPUTS :~UTO'· O~; ~'(J' '. E.:s:~ 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

~, ~~~ . , 
'0 , ... , • • 0 , ... . ... 

I 10 102 103 
. ... 

'0' 10-' 
CLOOC INPUT FREOUENCYlfCll-kHr 

t2CS·2"I' 

Fig~ 8 - TVPical dynamic power dissipation lIS a 
function of frequency. 

Fig. 9 - Quiescent device 
current testcircuit. 

IISS TEST ANY COMBINATION IISS 
OF INPUTS 

92CS-21 .... IRI 

Fig. 10 - Input voltage test circuit. Fig. 11 - Input current test circuit. 
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CD40102B, CD40103B Types 

TO 
FFt-FF1 
~ 

*C~~~E ________________ ~ 

e 
Vss 

*ALL INPUTS ARE 
PROTECTED BY COSfMOS 
PROTECTION NETWORK 

Fig. 12 - Logic diagram for CD40102B. 
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CLR 

1 

1 

1 

1 

0 

* 

TO 
FFI-FF7 ,---., 

FF4 FF' 

8 .. 

FF6 FF7 

* ALL INPUTS ARE 
PROTECTED BY COS/MOS 
PROTECTION NETWORK 

CD40102B, CD40103B Types 

Fig. 13 - Logic diagram for CD40103B. 

TRUTH TABLE 

CONTROL INPUTS PRESET ACTION 
APE SPE CIICE MODE 

1 1 1 Inhibit counter 
1 1 0 Synchronous Count down 

1 0 X Preset on next positive 
clock transition 

0 X X Asynchronous Preset asynchronously 

X X X Clear to maximum count 

2. Clock connected to clock input 
Notes: 1. 0 = Low level 3. Synchronous operation: changes occur on neg8tiw·to~ 

positivI clock transitions 1 = High level 
X = Oon"t care 4. JAM inputs: CD40102B BCD; MSD = J7.J6.J5.J4 (J7 is MSBI 

LSD = J3.J2.Jl.JO (J3 is MSBI 
CD40103B Binary; MSB = J7. LSB = JO 
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~::::::~t=::::::::::t:::~t:::::~, 
SP£--------~::::::::::r-----~------~~1I" 
sP£---------------------1--, 

~,::::::~~::::::::=t::::::~~ 

CLR--------------------------~~ 

Fig. 14 - Detail logic diagram for flip·f1op •• FFD - FF1, 
u.ed in logic diagram. for CD401028 and CD401038. 

eLK JL 
_--1 

'--

JO 

" 
J2 

-
--
,-

J4 -
-

J' -
J7 -

NT .. CO/ZO 

CD40102B COU 

C040103B COUN T 255 

rL r- l.. rL rL rL r-t-It-"l ~ [L rL IL 

rh 

l.W 
.J 

'--.. • 2 I 0 .. •• •• 9T • 7 • 5 
254 • • I 0 ••• 254 254 2 •• B 7 • • 

Fig. 15 - Timing diagram for CD401028 and CD401038. 
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CLOCK 
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JI 
J2 
J3 

Vss 

14 CARRY OUT I ZERO DETECT 

13 J7 
12 J6 
II J5 
10 J4 
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CD40102B. 
CD40103B 

92CS-28B21RI 

TERMINAL ASSIGNMENT 
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.. .7 •• ... ... 2.2 

92CL-288115 
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CLOCK 
ENABLE 

INPUT 
CLOCK 
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Voo 

CLOCK Voo 
!5001'F 

JO COIZO 
I. ,. CLOCK 

.{ 
Jt 

• 
I. 
'2 

10 

92C5-28819 

Fig. 16 - Maximum clock frequency 
test circuit. 

Voo 

JO COIZO TIME-OUT 
Jt 

J' eIleE 
J3 
J4 

'" J. 
J7 

VSS 

N-TIME OUT It tiN 

COUNT DOWN 

PRESET 

92CS-21714RI 

Fig. 19 - Programmable timer. 

Fig.22 -" Ripple cascading. 

CASCAIE 
OUTPUT 

Dimensions and pad layout for CD401028. 

4 

92C5-28820 

Fig. 17 - Dynamic power dissipation test circuit 
(+2 mode}. 

,- [ MICROPROCESSOR 
DATA 
BUS 

Jo 
J, 
J. 
J3 
J4 
J. 
J. 

Voo 

COIlO 

eIICE 
SPE 
APE 

CLEAR 

TO 
MICROPROCESSOR 
INTERRUPT LINE 

J7 CLOCK lJ~_~~ltt-1 EXT. L asc. 

VS5 
92C5-27115 

Fig.20 - Microprocessor interrupt timer. 

Dimensions in parentheses are in millimeters and 
are derived (rom the basic inch dimensions as in· 
dicated. Grid graduations are in mils (10-3 inchJ. 

CLOCK 
ENABLE 

J' ClleE 

J' SPE 
J4 APE 
JO CLR 
J6 
J7 CLOCK t--t--f'N 

Vss 92C5-27713 

Fig. 18 - Divide·by·uNn counter. 

~~ ---+-----4------<>--J 

* An output spike (160 ns @ VDD = 5 VI occurs 
whenever two or more devices are cascaded in 
the parallel-clocked mode because the clock-to­
carry out delay is greater than the carry-in-to­
carry out delay. This spike is eliminated by 
gating the output of the last device with the 
clock as shown. 

Fig.21 - Synchronous cascading. 

The photographs and dimensions of each CMOS chip 
represent /J Chip when it Is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolefance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

Dimensions and pad layout for CD401038. 
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CD401048, CD401948 Types 

CMOS 4-Bit Bidirectional 
Universal Shift Register 
High-Voltage Types (20 Volt Rating) 

The !,!CA-CD40104B Is a universal shift 
register featuring parallel Inputs, parallel 
outputs, SHIFT RIGHT and SHIFT LEFT 
serial Inputs, and a high-impedance third 
output state allowing the device to be us­
ed In bus-organlzed systems. 
In the parallel-load mode (SO and Sl are 
high), data is loaded into the associated 
flip-flop and appears at the output after 
the positive transition of the CLOCK In­
put. During loading, serial data flow Is In­
hibited. Shift-right and shift-left are ac­
complished synchronously on the 
positive clock edge with serial data 
entered at the SHIFT RIGHT and SHIFT 
LEFT serial Inputs, respectively. Clearing 
the register Is accomplished by setting 
both mode controls low and clocking the 
register. When the output enable Input is 
low, all outputs assume the high im­
pedance state. 

The RCA-CD40194B is a universal shift 
register featuring parallel Inputs, parallel 
outputs SHIFT RIGHT and SHIFT LEFT 
serial Inputs, and a direct overriding clear 
Input. In the parallel-load mode (SO and Sl 
are high), data Is loaded Into the 
associated flip-flop and appears at the 
output after the positive transition of the 
CLOCK Input. During loading, serial'data 
flow is inhibited. Shift right and shift left 
are accomplished synchronously on the 
positive clock edge with data entered at 
the SHIFT RIGHT and SHIFT LEFT serial 
Inputs, respeCtively. Clocking of the 
register Is Inhibited when both mode con­
trol Inputs are low. When low, the RESE'F 
Input resets all stages and forces all out­
puts low. 

Features: 
• Medium-speed: fCl = 12 MHz. 

(typ-) @ YOO = 10 Y 
• Fully static operation 
• Synchronous parallel or serial operation 
• Three-state outputs (C040104B) 
• Asynchronous master reset (C040194B) 
• Standardized, symmetrical output 

characteristics 
• S-Y, 10-Y, and 1S-Y parametric 

ratings. 
• Meets all requirements of JEOEC 

Tentative Standard No; 13A, "Stan­
dard Specifications for Descrip­
tion of 'B' Sarles CMOS Devices 

Applications: 
• Arithmetic unit bus registers 
• Sarlallparanel conversions 
• General~purpose register for bus­

organized systems 
• General-purpose registers 

The C0401048 and C0401948 types are 
supplied in 16-lead ceramic dual-in-line 
packages (0 and F suffixes), 16-lead dual­
In-line plastic packages (E suffix), 16-lead 
ceramic flat packages (K suffix), and In chip 
form (H suffix). 
The C040194.8 Is similar to Industry types 
340194 and MC40194. 

MAXIMUM RATlNGS,Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminl!l) ................................................ -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................... -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ..................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (PO): 

For T A = -40 to +60·C (PACKAGE TYPE E) ................................................. 500 mW 
For T A = +60 to +85·C (PACKAGE TYPE E) .•. ..... .•. ....•••. Derate Linearly at 12 mW/·C to 200 mW 
For T A = -55 to +l00·C (PACKAGE TYPES 0, F, K) ................... , ...................... 500 mW 
For T A = +100 to +125·C (PACKAGE TYPES 0, F, K) .......... Derate Linearly at 12 mW/·C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
ForTA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...................... 100 mW 

OPERATING-TEMPERATURE RANGE (T A): 
PACKAGE TYPES 0, F, K, H , ....................................................... -55 to +l25·C 
PACKAGE TYPE E .................................................................. -4010 +85·C 

STORAGE TEMPERATURE RANGE (T stg) ............................................. -65 to +150·C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116± 1/32 Inch (1.59 ± 0.79 mm) from case for 10 8 max .•••••••.......•••••••.••• +285·C 
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FUNCTIONAL DIAGRAM 

DO 

01 

02 

03 
SHIFT 

IN LEFT 7 

SHIFT 
IN RIGHT 2 

IS QO 

14 QI 

13 Q2 

Q3 

MODE {SO 9 
SELECT 51 10 

'---r.:--' 

AM.' 

CLOCK 
92CS-24B22R2 

CD40184B 
FUNCTIONAL DIAGRAM 

I 
ORAIN-TO-SOURCE VOLTAGE IVosl-V 

Fig. 1-Typlcal n-channel output low (sink) 
current characteristics. 

DR."'-TD'-'''''.CE yell.TAGE U"CS-Z4)19Rt 

Fig. 2-Mlnlmum n-channel output low (sink) 
current characterIstics. 



CD401048, CD401948 Types 

RECOMMENDED OPERATING CONDITIONS at TA = 250C, Except as Noted. 

For maximum reliability, nominal operating conditions should be selected so 
that operation Is always within the following ranges: 

VDD LIMITS 
UNITS CHARACTERISTIC (V) Min. Max. 

Supply-Voltage Range (For Package-Temperature Range) 3 18 V 

Setup Time, 
5 100 

ts 10 70 -
DO, 03, SRIN, SllNto clock 15 50 -

5 400 -
SELECT 0, SELECT 1 to clock 10 220 -

15 130 -
Hold Time, 

5 0 -
tH 10 0 -DO, 003, SRIN' SllN to clock 15 0 -

5 0 
ns 

SELECT 0, SELECT 1 to clock 10 0 -
15 0 -
5 180 

Clock Pulse Width, tw 10 80 -
15 50 -
5 - 3 

Ciock Input Frequency fCl 10 - 6 MHz 
15 - 6 
5 1000 -

Clock Input Rise or Fall Time, trCl, tfCl 10 100 - I's 
15 100 -
5 300 -

* Reset Pulse Width, tWR 10 200 - ns 
15 140 -

For CD40194B series only. 

CONTROL TRUTH TABLE FOR CD40194B SERIES 

CLOCK· 
MODE SELECT 

OUTPUT 

So S1 ENABLE ACTION 

J 0 0 1 Reset 

J 1 0 1 Shift right (00 toward 03) 

J 0 1 1 Shift left (03 toward 00) 

J 1 1 1 Parallel load 

X X X 0 Operations occur as shown 
above, but outputs assume high 
Impedance 

CONTROL TRUTH TABLE FOR CD40194B SERIES 

CLOCK 

X 

.r 
I 
.r 

X 

1 = High level 
0= Low level 

MODE SELECT 

So S1 

0 0 

1 0 

0 1 

1 1 

X X 

RESET 
ACTION 

1 No Change 

1 Shift Right (00 toward 03) 

1 Shift Left (03 toward 00) 

1 Parallel Load 

0 Reset 

X = Don't care 
• = level change 

DRAIN-lO-SOURCE VOLTAGE (Vasl-V 
I 

Fig. 3-fTyplcal p-channel output high (source) 
current characteristics. 

DRAIN-lO-SOURCE VOLTAGE (Vesl-v 

Fig. 4-M'nimum p-channel output higii'/so":Jrce) 
current characteristics. 

LOAD CAPACITANCE - pF 
UCS-32282 

Fig. 5-Typical propagation delay time as a 
function of load capacitance, 
(CLOCK to Q). 

Fig. 6· - Typical 'ran sit/on time as a function 
of load capacitance. 
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OUTPUT 
EN~ 
*~OE 

CL 

Csg.::K \"-.... f'.... t f'..... _ 
*~CL 

OE 

}-®oo 
9 .... S5 

.E 

--- *INPUTS PROTECTED BY 
COs/ MOS PROTECTION 
NETWORk 8 00 

V55 

Fig. 7-CD40104B logic diagram. 



R~_ 
*~R 

Cl 

C~K f'..... f".... t r--.... _ 
*~CL 

CD40104B, CD40194B Types 

8_- Voo * INPUTS PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 

" 

Fig. 8-CD40194B logic diagram. 
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CD40104B, CD40194B Types 

STATIC ELECTRICAL CHARACTERISTICS 
LIMITS AT INDICATED TEMPERATURES 

("C) 

CHARAC· CONDITIONS Valuei at -55,+25,+125 Apply 
TERISTIC to D, F, K, H Packages 

Values at -40, + 25, + 85 Apply to E 
Package 

+25 

Vo VIN VDD 
(V) (V) (V) -55 -40 +85 +125 Min. Typ. 

Quiescent - 0,5 .5 5 5 150 150 - 0.04 
Device - 010 10 10 10 300 300 - 0.04 
Current, - 015 15 20 20 600 600 - 0.04 
100 Max. - 0,20 20 100 100 3000 3000 - .0.08 
Output Low 0.4 05 5 0.64 0.61 0.42 0.36 0.51 1 
(Sink) 0.5 0,10 10 1,6 1.5 1.1 0.9 1.3 2.6 
Current, 

1.5 0,15 15 4.2 4 2.8 2.4 3.4 6.8 
IOlMln. 
Output 
High 4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 
(Source) 2.5 0,5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 
IOH Min. 13.5 0,15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 

Output Volt - 0,5 5 0.05 - 0 
age: Low· - 0,10 10 0.05 - 0 
Level, 0,15 15 0.05 0 
VOlMax. 
Output Volt - 0,5 5 4.95 4.95 5 
age: High- 0,10 10 9.95 9.95 10 
Level, - 0,15 15 14.95 14.95 15 
VOH Min. 
Input low 0.5;4.5 - 5 1.5 - -
Voltage, 1,9 10 3 
VllMax. 1.5,13.5 - 15 4 - -
Input High 0.5,4.5 - 5 3.5 3.5 -
Voltage, 19 - 10 7 7 -
VIH Min. 1.5,13.5 - 15 11 11 -
Input 
Current 0,18 18 ±0.1 ±0.1 ±1 ±1 ±10-5 
liN Max. 

- -
3·State 
Output 
leakage 0,18 0,18 18 ±0.4 ±0.4 ±12 ±12 - 10-4 
Current, 
lOUT Max. 
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Fig. 9-Typical power dissipation as a function 
of frequency . 
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Fig. 10-Dynamlc power dissipation test circuit. 
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Vss 

INPUTS 

Fig. l1-Quiescent-device-current test circuit. 



DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25DC, 
Input tr, tf = 20 ns, CL = 50 pF, Rl = 200 kQ 

TEST 

CONDITIONS LIMITS 
CHARACTERISTI C VDD 

V Min. Typ. Max. 
Propagation Delay Time: 5 - 220 440 
Clock to Q tPHl, tPlH 10 - 100 200 

15 70 140 
3·State Outputs:-
High Impedance 5 - 80 160 

tPZH, tPZl, 10 - 35 70 
tpI7 15 - 25 50 

5 - 45 90 

tPHZ 10 - 25 50 
15 - 20 40 

Output Transition Time 5 - 100 200 

tTHl, tTlH 10 - 50 100 
15 40 80 

Minimum Setup Time: ts 5 - 80 100 
DO, 03, SRIN, SllN to 10 - 35 70 
Clock 15 - 20 50 

SELECT 0, SELECT 1 5 - 200 400 
to Clock 10 - 110 220 

15 65 130 
Minimum Hold Time: tH 5 - -65 0 

DO, 03, SRIN, SllN 10 - -25 0 
to Clock 15 - -15 0 

SELECT 0, SELECT 1 5 - -170 0 
to Clock 10 - -95 0 

15 - -55 0 
Minimum Clock Pulse 5 - 90 180 
Width tw 10 - 40 80 

15 - 25 50 

Maximum Clock Input 5 3 6 -
Frequency tCl 10 6 12 -

15 8 15 -
Maximum Clock Rise or 
Fall Time 5 - - 1000 

trCl, ttCl 10 - - 100 
15 - - 100 

Mininum Reset Pulse 
Width· 5 - 150 300 

tWR 10 - 100 200 
1<; 7n 1.dn 

Reset Propagation Delay· 5 - 230 460 

tPRHl 10 - 90 180 
15 - 65 130 

Input Capacitance CIN Any Input - 5 7.5 

• For CD401048 series only. • For CD401948 series only. 

UNITS 

ns 

MHz 

I's 

ns 

pF 

CD40104B, CD40194B Types 

92CS·27441RI 

Fig. 12-lnput·voltage test circuit. 

~ ~:~~:;,!~~~:S 
Veo 1NPU05 V

DD 

NOTE' 

Vss TO BOTH Voo ANO Vss' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vao OR Vss' 

V55 

Fi'g. 13-lnput current test circuit. 

TERMINAL DIAGRAMS 

Top View 

OUTPUT ENABLE I· I. VDD 
SHIFT RIGHT IN 2 ,. 00 

00 I. 01 

01 13 02 

02 12 Q3 
03 " CLOCK 

SHIFT LEFT IN 10 SELECT 1 

V55 SELECT a 
TOP VIEW 

CD40104B 

Top View 

R'ES'ET ,e IS Vao 
SHIFT RIGHT 2 15 00 

DO 3 14 01 
DI413Q2 
0251203 
03 II CLOCK 

SHIFT LEFT 10 51 

V55 L·=TO~P V=IE=W--,9 SO 

CD40194B 
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CD401048, CD401948 Types 

400 

~v~",, _____ ---l 92CM-32266 

Dimensions and pad layout for CD401048H 

100 
._"'.'''02 .540) 

92CS-32287 

Dimensions and pad layout for CD401948H 

DimensIons in parentheses are in millimeters and 
are derived from the basic inch dimensions as in­
dicated. Grid 9faduations are in mils (tq-3 inch). 

The photographs and dimensions of each CMOS chip 
represent 8 chip when it is PSlt of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefors, may differ slightly from the nominal 
dimensions shown. The user should considers tolerancB 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 



CD40105B Types 

CMOS FIFO Register 
4 Bits X 16 Words 3-STATE 

High-Voltage Types (20-Volt Rating) 
13 QO 

CONTROL 

00 

01 12 QI 

Features: 
• Independent asynchronous inputs and outputs 

02 

03 

Q2 

10 Q3 
The RCA-CD401058 is a low-power first-in­
first-out (FIFO) "elastic" storage register 
that can store 16 4-bit words. It is capable of 
handling input and output data at different 
shifting rates. This feature makes it particu­
larly useful as a buffer between asynchronous 
systems. 

• 3-state outputs • Expandable in either direction SHIFT IN 
14 DATA-OUT 

READY 
DATA-IN 
READY 

• Status indicators on input and output • Reset capability SHIFT OUT 15 

• Standardized, symmetrical output characteristics 
Voo= 16 

Each word position in the register is clocked 
by a control flip-flop, which stores a marker 
bit. A "1" signifies that the position's data is 
filled and a "0" denotes a vacancy in that 
position. The control flip-flop detects the 
state of the preceding flip-flop and com­
municates its own status to the succeeding 
flip-flop. When a control flip·flop is in the 
"0" state and sees a "1" in the preceding 
flip-flop, it generates a clock pulse that 
transfers data from the preceding four data 
latches into its own four data latches and 
resets the preceding flip-flop to "0". The 
first and last control flip-flops have buffered 
outputs. Since all empty locations "bubble" 
automatically to the input end, and all valid 
data ripple through to the output end, the 
status of the first control flip-flop (DATA­
IN READY) indicates if the FIFO is full, 
and the status of the last flip-flop (DATA­
OUT READY) indicates if the FIFO con­
tains data. As the earliest data are removed 
from the bottom of the data stack (the out­
put end), all data entered later will automati­
cally propagate (ripple) toward the output. 

Loading Data - Data can be entered when­

ever the DATA-IN READY (DIR) flag is 
high, by a low to high transition on the 
SHIFT-IN (51) input. This input must go low 
momentarily before the next word is accepted 
by the FI Fa. The 01 R flag will go low 
momentarily, until the data have been trans-

• 100% tested for quiescent current at 20 V 
• 5-V, 10-V, and 15-V parametric ratings 
• Maximum input current of 1 J.l.A at 18 V 

over full package-temperature range; 
100 nA at 18 V and 250 C 

• Noise margin (over full package-temperature 
range): 1 Vat VDD = 5 V 
2 Vat VDD = 10 V 2.5 Vat VOD = 15 V 

• Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

ferred to the second location. The flag will 
remain low when all 16-word locations are 
filled with valid data, and further pulses on 
the 51 input will be ignored until 01 R goes 
high. 

Unloading Data - As soon as the first word 
has rippled to the output, DATA-OUT 
READY (DOR) goes high, and data can be 
removed by a falling edge on the SO input. 
This falling edge causes the DaR signal to 
go low while the word on the output is 

dumped and the next word moves to the 
output. As long as valid data are available 
in the FIFO, the DaR signal will go high 
again signifying that the next word is ready 
at the output. When the F I Fa is empty, 
DaR will remain low, and any further 
commands will be ignored until a "1" marker 
ripples down to the last control register, 

MAXIMUM RATINGS. Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) ................................................ -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................... -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ............................... : ..................... ±10 rnA 
POWER DISSIPATION PER PACKAGE (PD): 

For T A = -40 to +60°C (PACKAGE TYPE E) ................................................. 500 mW 
For T A = +60 to +85°C (PACKAGE TYPE E) ... ........ ........ Derate Linearly at 12 mW/oC to 200 mW 
For T A = -55 to +loo°C (PACKAGE TYPES D, F, K) .......................................... 500 mW 
For T A = +100 to +125°C (PACKAGE TYPES D, F, K) .......... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...................... 100 mW 

.OPERATING-TEMPERATURE RANGE (T A): 
PACKAGETYPESD,F,K,H ........................................................ -55to+125°C 
PACKAGE TYPE E .................................................................. -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg) ............................................. -85 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max .......................... +265°C 

~t:liR \lss= B 
92CS-Z128ZRZ 

FUNCTIONAL DIAGRAM 

Applications: 
II Bit rate smoothing 
• CPU/terminal buffering 
• Data communications 
• Peripheral buffering 
• Line printer input buffers 
II Auto dialers 
• CRT buffer memories 
• Radar data acquisition 

when DaR goes high. Unloading of data is 
inhibited while the 3-state control input is 
high. The 3-state control signal should not be 
shifted from high to low (data outputs 
turned on) while the SHIFT-OUT is at logic 
O. This level change would cause the first 
word to be shifted out (unloaded) immedi­
ately and the data to be lost. 

Cascading - The' CD401 05B can be cascaded 
to form longer registers simply by connecting 
the 01 R to SO and DaR to 51. In the cas­
caded mode, a MASTER RESET pulse must 
be applied after the supply voltage is turnJLd 
on. For words wider than 4 bits, the 01 R 
and the DaR outputs must be Qated to~ether 
with AN 0 gates. Their outputs drive the 
51 and SO inputs in parallel, if expanding 
is done in both directions (see Figs. 4 and 5). 

3-State Outputs - In order to facilitate data 
busing, 3-state outputs are provided on the 
data output lines, while the load condition 
of the regisler can be detected by the state 
of the DaR output. 

Master Reset - A high on the MASTER 
RESET (MR) sets all the control logic marker 
bits to "0". DaR goes low and 01 R goes 
high. The contents of the data register are 
not changed, only declared invalid, and will 
be superseded when the first word is loaded. 
The shift·in must be low during Master Reset. 

The CD40105B types are supplied in 16-
lead hermetic dual-in-line ceramic pack­
ages (0 and F suffixes), 16-lead dual-in-line 
plastic packages (E suffix). 16-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 
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CD40105B Types 

RECOMMENDED OPERATING CONDITIONS at 250 C, Except as Noted 

For maximum reliability, nominal operating conditions should be selected so that operation 
is always within the fol/owing ranges: 

CHARACTERISTIC 

Supply·Voltage Range (For TA = Full Package-
Temperature Range) 

Shift·ln or Shift·Out Rate 

Shift-In Pulse Width (Pin 3) 

Shift-Out Pulse Width (Pin 15) 

Shift·1 n or Shift·Out Rise Time 

Shift·ln Fall Time 

Shift·Out Fall Time 

Data Hold Time 

Master Reset Pulse Width 

POS I Voo pos 2 

*ALL INPUTS PROTECTED B:& COS/MOS PROTECTION 
NETWORK -----

Vss 

Fig. 1 - Logic diagram for the CD40105B. 
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VOD 
IV) 

-
5 

10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

5 
10 
15 

LIMITS UNITS 
Min. Max. 

3 18 V 

- 1.5 
- 3 MHz 
- 4 

200 -
80 - ns 
60 -

180 -
75 - ns 
55 -
- 15 
- 15 IlS 
- 15 

- 15 
- 15 IlS 
- 15 

- 15 
- 5 IlS 
- 5 

350 -
150 - ns 
120 -
220 -
90 - ns 
60 -

Fig. 2 - CD40105B functional block diagram. 

:"MASTER RESET pulse must be applied when 
cascading bv 16 N bits. 

Fig. 3 - Expansion, 4-bits wide·by·16 N·bits long. 

I 
DAAIN-lO-SOURCE VOLTAGE ('1051-11 

Fig. 4 - Typical output low (sink! current 
characteristics. 

I 
DRAIN-lO-SOURCE VOLTAGE tVosl-V 

Fig. 5 - Minimum output low (sink! 
current characteristics. 



STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OCI 

CHARAC· CONDITIONS Values at-55, +25, +125 Apply to D, F, K, H, Packages 
TERISTIC Values at ~40, +25, +85 Apply to E Package 

Vo VIN VDD 
(VI (VI (VI -55 

- 0,5 5 5 
Quiescent 

Device - 0,10 10 10 
Current, - 0,15 15 20 
IDD Max. 

- 0,20 20 100 

0.4 0,5 5 0.64 
Output low 

(Sink) Current 0.5 0,10 10 1.6 
IOl Min. 1.5 0,15 15 4.2 

4.6 0,5 5 -0.64 
Output High 

(Source) 2.5 0,5 5 -2 
Current, 9.5 0,10 10 -1.6 
IOH Min. 

13.5 0,15 15 -4.2 

Output Voltage: 
- 0,5 5 

low·level, - 0,10 10 
VOL Max. - 0,15 15 

Output - 0,5 5 
Voltage: - 0,10 10 
High·level, 
VOH Min. - 0,15 15 

0.5,4.5 - 5 
Input Low 

1,9 10 Voltage -
Vil Max. 1.5,13.5 - 15 

Input High 0.5,4.5 - 5 

Voltage, 1,9 - 10 
VIHMin. 1.5,13.5 - 15 

I nput Current _. 0,18 18 ±0.1 
liN Max. 

3·State 
Output 
Leakage 0,18 0,18 18 ±0.4 
Current 
lOUT Max. 

10. AMBIENT TEMPERATURE IT,,t-2S-C 

· I V • 
~~I05. ~ V 
l~ • 

"f%~ !9 4 

~s I .... ,.~ .;J. 
!CD-IO· 

~[H :.0':: 
0 0 4 ,p .. ~ , #: 
1~1a! 

• 4 CL- 50 pF , CL. 15 pF ____ 

10' V IIII I II 
I 
, 48'10 2 4 6'. 22 4 .~ 32 48810.2 4 fii 810 

INPUT fREQUENCY Iflf~- kHz 
92CS-29904 

Fig. 9 - Typical dynamic power dissi­
pation as a function of frequency. 

+25 

-40 +85 +125 Min. Typ. Max. 

5 150 150 - 0.04 5 

10 300 300 - 0.04 10 

20 600 600 - 0.04 20 

100 3000 3000 - 0.08 100 

0.61 0.42 0.36 0.51 1 -

1.5 1.1 0.9 1.3 2.6 -
4 2.8 2.4 3.4 6.8 -

-0.61 -0.42 -0.36 -0.51 -1 -
-1.8 -1.3 -1.15 -1.6 -3.2 -
-1.5 -1.1 -0.9 -1.3 -2.6 -

-4 -2.8 -2.4 -3.4 -6.8 -

0.05 - 0 0.05 

0.05 - 0 0.05 

0.05 - 0 0.05 

4.95 4.95 5 -
9.95 9.95 10 -

14.95 14.95 15 -

1.5 - - 1.5 

3 - - 3 

4 - - 4 

3.5 3.5 - -
7 7 - -

11 11 - -

±0.1 ±1 ±1 - ±10-5 ±0.1 

±0.4 ±12 ±12 - ±10-4 ±0.4 

PULSE GEN. I • fiN 

PULSE GEN. 2-¥ 9ZCS·Zste03 

Fig. 10 - Dynamic power dissipation 
test circuit. 

U 
N 
I 
T 
S 

p.A 

rnA 

V 

V 

p.A 

p.A 

CD401058 Types 
DRA1N-TO-SOURCE VOLTAGE IVosJ-V 

ucs·z.noll" 
Fig. 6 - Typical output high (source) 

current characteristics. 

DRAIN-lO-SOURCE VOLTAGE IVosl-V 
-I~ -10 -, 

AMBIENT TEMPERATURE ITA)-25·C 

GATE-TO-SOURCE VOLTAGE (VGS'. -~ V 

-IOV 

-1!5 v 

Fig. 7 - Minimum output high (source) 
current characteristics. 

.. 
.K> 

.,. 

t2tS-24322 

Fig. 8 - Typical transition time as a function 
of load capacitance. 

° Vss 

INPUTS 

Voo 

Vss 
9ZtS-2740IRI 

Fig. 17 - Quiescent~evice-current 

test circuit. 
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CD401058 Types 

DYNAMIC ELECTRICAL CHARACTERiStiCS at T A = 25°C; 
Input tr,tf = 20 ns, CL = 50 pF, RL = 200 kn 

CHARACTERISTIC TEST CONDITIONS 

VDDIVI 

Propagation Delay Time: 5 
Shift·Out or Reset to Data·Out 10 
Ready, tpHL 15 

5 
Shift·ln to Data·ln Ready, tpHL 10 

15 

Shift-Out to an Out, 
5 

10 
tpHL, tpLH 15 

3-State Control to Data Out 5 

tpZH' tpZL 
10 
15 

5 
tpHZ' tpLZ 10 

15 

Ripple·Through Delay Input to Output, 
5 

10 
tpLH 15 

5 
Transition Time, tTHL' tTLH 10 

15 

Max.imum Shift·ln or Shift·Out Rate, 5 

fl 
10 
15 

Minimum Shift·ln Pulse Width, 5 
10 

(Pin 3) tw 15 

Minimum Shift·Out Pulse Width, 5 

tWL 
10 

(Pin 15) 15 

Maximum Shift·ln or Shift·Out Rise 5 

Time, tr 
10 
15 

Maximum Shift·ln Fall Time, 5 

tf 
10 
15 

Maximum Shift·Out Fall Time. 5 
10 

t f 15 

5 
Minimum Data Setup Time, tsu 10 

15 

5 
Minimum Data Hold Time, tH 10 

15 

5 
Data·1 n Ready Pulse Width, tWL 10 

(Pin 2) 15 

5 
Data·Out Ready Pulse Width. tWL 10 

(Pin 14) 15 

Minimum Master Reset Pulse Width, 5 

tWH 
10 
15 

Input Capacitance CIN (Any Input) -

404 

Min. 

-
-
-
-
-
-
-

-
-

-
-
-
-
-
-
-
-
-

-
-
-
1.5 

3 
4 

-
-
-

-
-
-

-
-
-
-
-

-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-

-
-

LIMITS UNITS 
Typ Max. 

185 370 
90 180 ns 
65 130 

160 320 
65 130 ns 
45 90 

485 970 
190 380 ns 
125 250 

140 280 
60 120 ns 
40 80 

100 200 
50 100 ns 
40 80 

2 4 
1 2 p.s 

0.7 1.4 

100 200 
50 100 ns 
40 80 

3 -
6 - MHz 
8 -

100 200 
40 80 ns 
30 60 

90 180 
35 75 ns 
25 55 

- 15 
- 15 p.s 
- 15 

- 15 
- 15 p.s 
- 15 

- 15 
- 5 p.s 
- 5 

- 0 
- 0 ns 
- 0 

175 350 

75 150 ns 
60 120 

260 520 
100 200 ns 
70 140 

220 440 
90 180 ns 
65 130 

100 200 
45 90 ns 
30 60 

5 7.5 pF 

INPUTOV"" OUTPUTS V,. 
'-- ~ 
v~ J: 

Vss 
NOTE: 

TEST ANY COMBINATION 
OF INPUTS 92CS-Z744IRt 

Fig. 12 - Input-voltage test circuit. 

Yoo INP(JUS V"". NOTE' 

~ ::~~:I~~~~ 
Vss TO BOTH Vap AND VSS· 

CONNECT ALL UNUSED 
INPUTS TO EITHER 
Vao ORYSS· V$S 

Fig. 13 - Input current test circuit. 

3-STATE 
Volo CONTROL I. 16 

OIR 15 SO 
SI 

" 
OOR 

00 13 00 
01 12 01 
02 10 02 
O' 10 O. 

Vss 9 MR 

TERMINAL ASSIGNMENT 



CD401058 Types 

~ ________________________ ~rL--

(UNKNOWN) 

*ATVDD.~V-RIPPLE TIME FROM POSITION I TO POSITION 16 I 

"AT VOD.~V-RIPPLE TIME FROM POSITION 16 TO POSITION I 

#OAT A VALID goes to-h"j"ih I~ ... el in advanee of the OAT A OUT 

92CS- 29233 Rt 

NVALID 

by a mlJllimum of 50 nsat VOO· 5 V. 25 Rsat VOO '" 10 V, 
and 20 ns at Veo • 15 V for Cl = 50 pF and T A = 250C. 

Fig. 14 - Timing diagram for the CD40105B. 

8 BIT 
DATA 

DATA IN 
READY 

DATA OUT 
READY 

# MASTER 
RESET +-.-p-"' .. -m-" .. -b-'-.-pp-lied ...... fO-'-'.., ...... "'-i"-9-bY-,-6-N-b~ib~. _..J 

Fig. 15 - Expansion, 8·bits·wide-by·16 N-bits long using CD40105. 

Dimension and pad layout for CD40105B. 

The photographs and dimensions of each CMOS Chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips. the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefors, may diffsr slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to + 16 mils applicable to the nominal 
dimensions shown. 

Dimensions. in parentheses are in millimeters and 
are derived from the basic inch dimensions as in­
dicated. Grid graduations ar~ in mils (10-3 inch). 
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CD40106B Types 

Features: 
• Schmitt-trigger action with no external components CMOS Hex 

Schmitt Triggers • Hysteresis voltage (typ_) 0_9 Vat VDD =5 V, 2_3 V at l~G.i 
8~H.i 
C~I.'C' 

D~"'.'D 
E~ •• l 

F~L .. 1 

YDD" 14 

VDD = 10 V, and 3_5 V at VDD = 15 V 

High-Voltage Types (20-Volt Rating) • Noise immunity greater than 50% 
• No limit on input rise and fall times 
• Standardized, symmetrical output characteristics 
• 100% tested for quiescent current at 20 V The RCA-CD40106B consists of six Schmitt­

trigger circuits_ Each circuit functions as an 
inverter with Schmitt-trigger action on the 
input_ The trigger switches at different points 
for positive- and negative-going signals_ The 
difference between the positive-going voltage 
(VP) and the negative-going voltage (VN) is 
defined as hysteresis voltage (VH) (see Fig_6)_ 

• Maximum input current of 1 J.l-A at 18 V over full 
package-temperature range; 100 nA at 18 V and 250C 

• Low VDD to vss current during slow 
input ramp 

• 5-V, 10-V, and 15-V parametric ratings 

The CD40106B types are supplied in 14-

lead hermetic dual-in-Iineceramic packages 

(D and Fsuffixes). 14-lead dual-in-Iine plas­
tic package (E suffix). 14-lead ceramic flat 

package: (K suffix). and in chip form (H 
suffix)_ 

• Meets all requirements of JEDEC Tentative 
Standard No_ 13A, "Standard Specifications 
for Description of'S' Series CMOS Devices" 

Applications: 
• Wave and pulse shapers 
• High-noise-environment systems 
• Monostable multivibrators 

• Astable multivibrators 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE. (VDD) 

(Vollages referenced 10 VSS Terminal) __ ...........•......•..... _ • . . . . . . • . • • . • . • . . .. .. -0.510 +20 V 
INPUT VOLTAGE RANGE. ALL INPUTS ...•................•.•.•.........•...••.•• -o.510VDD +0.5 V 
DC INPUT CURRENT. ANY ONE INPUT ... _ .........•....•..... _ ..................•.•.•. _ ... ±10 rnA 
POWER DISSIPATION PER PACKAGE (PD): 

ForTA =-40lo+60·C (PACKAGE TYPE E) .•.............. _ ............................ _ ... 500mW 
For T A = +60 10 +85·C (PACKAGE TYPE E) . _ ...•.•.....•.. _.. Derale Linearly al12 mW/·C 10 200 mW 
For T A = -5510 +100·C (PACKAGE TYPES D. F. K) ..................... _ .......... _ ......... SOO mW 
For T A = +100 to +12S·C (PACKAGE TYPES D. F. K) .....•.... Derate Linearly al12 mW/·C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...•....•.•.•.•..... _. 100 mW 

OPERATING-TEMPERATURE RANGE (T A): 
PACKAGE TYPES D. F. K. H ........................... _ .•. _ .................... _ ... -55 to +125·C 
PACKAGE TYPE E ........................................ _ ......................... -4010 +85·C 

STORAGE TEMPERATURE RANGE (T stg) ............................................. -65 to +150·C 
LEAD TEMPERATURE (DURING SOLDERING): 

AI dislance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. .. ............... _ ....... +265·C 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 

CHARACTERISTIC 
LIMITS 

MIN. MAX. 

Supply-Voltage Range (For T A 

Full Package·Temperature Range) 3 18 

DYNAMIC ELECTRICAL CHARACTERISTICS 
At TA = 2!PC, Input tr, tf = 20ns, CL = 50pF, RL = 200kn 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VDD 
(V) TYP. MAX_ 

Propagation Delay Time: 5 140 280 

tPHL, 10 70 140 

tpLH 15 60 120 

Transition Time: 5 100 200 

tTHL, 10 50 100 

tTLH 15 40 80 

Input Capacitance, CI N Any Input 5 7.5 

406 

UNITS 

V 

UNITS 

ns 

ns 

pF 

YSS·7 

FUNCTIONAL DIAGRAM 

* ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION 
NETWORK. 

t 
I I, 
r 
~ 

v .. 

Fig. 1 - Logic diagram 
(1 of 6 Schmitt triggers). 

~,Rt:: ''";tlWiITifiltlll InH 

;v: 

fIT 

, , 
DRAIN-TO-SOURCE VOLTAGE (\los)-\I 

Fig.2 - Typical output low (sink) 
current characteristics. 

,_. 

DRAIN-TO-SOURCE VOLTAGE (\Iosl-V 

Fig.3 - Minimum output low (sink) 
current characteristics. 



lTATIC ELECTRICAL CHARACTERISTICS 

liMITS AT INDICATED TEMPERATURES (OC) 
CONDITIONS Values at -55, +25, +125 Apply to 0, F, .K, H, Packages 

CHARACTERISTIC Values at -40,+25,+85 Apply to E Packlges UNITS 

Vo VIN VDD +25 
(V) (V) (V) -55 -40 +85 +125 Min. Typ. Max. 

- 0,5 5 1 1 30 30 - 0.02 1 
Quiescent Device 

0,10 to 2 2 60 60 0.02 'Current, 100 - - 2 

Max. - 0,15 15 4 4 120 120 - 0.02 4 
p.A 

- 0,20 20 20 20 600 600 - 0.04 20 

Positive Trigger - - 5 2.2 2.2 2.2 2.2 2.2 2.9 -
Threshold Voltage - - 10 4.6 4.6 4.6 4.6 4.6 5.9 -

VpMin. - - 15 6.B 6.B 6.B 6.8 6.8 B.8 
V 

- - 5 3.6 3.6 3.6 3.6 - 2.9 3.6 

Vp Max. - - 10 7.1 7.1 7.1 7.1 - 5.9 7.1 
- - 15 10.8 10.B 10.8 10.8 - 8.8 10.8 

Negative Trigger - - 5 0.9 0.9 0.9 0.9 0.9 1.9 -
Threshold Voltage - - 10 2.5 2.5 2.5 2.5 :2.5 3.9 -

VNMin. - - 15 4 4 4 4 4 5.8 -
V 

- - 5 2.B 2.B 2.B 2.8 - 1.9 2.B 

VN Max. - - 10 5.2 5.2 5.2 5.2 - 3.9 5.2 
- - 15 7.4 7.4 7.4 7.4 - 5.8 7.4 

- - 5 0.3 0.3 0.3 0.3 0.3 0.9 -
Hysteresis Voltage - - 10 1.2 1.2 1.2 1.2 1.2 2.3 -

VH Min. - - 15 1.6 1.6 1.6 1.6 1.6 3.5 -
V 

- - 5 1.6 1.6 1.6 1.6 - 0.9 1.6 

VH Max. - - 10 3.4 3.4 3.4 3.4 - 2.3 3.4 
- - 15 5 5 5 5 - 3.5 5 

Output low (Sink) 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -
Current, 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -

IOlMin. 1.5 0,15 15 4.2 4 2.B 2.4 3.4 6.B -

Output High 4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 .- mA 
(Source) 2.5 0.5 5 -2 -1.B -1.3 -1.15 -1.6 -3.2 --
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -loHMin. 

13.5 0,15 15 -4.2 -4 -2.B -2.4 -3.4 -6.B -

Output Voltage - 5 5 0.05 - 0 0.05 
low·level, - 10 10 0.05 - 0 0.05 

VOL Max. - 15 15 0.05 - 0 0.05 
V 

Output Voltage - 0 5 4.95 4.95 5 -
High level, - 0 10 9.95 9.95 10 -

VOH Min. - 0 15 14.95 14.95 15 -
I nput Current, - 0,18 lB ±D·,1 to.l I liN Max. tl tl - ±10-5 to.l p.A 

Vp ~N 

VDO~i __ 1-00 
VIN -- - --.,-- 1. .. 

~" 
I I 

Vss --1- ----- - .. 

:=LS 
VSS---

v0[R" "'H • Vp -'IN 

VIN 

'IN Vp 

_I Definition of V p, V N. V H bJ Transfer characteristics of 1 of 6 gates 

Fig.6 - Hysteresis definition, characteristics, and test set-up_ 

CD40106B Types 

DRAIN-lO-SOURCE VOLTAGE (VOSI-V 
-15 -10 -5 

Fig.4 - Typical output high (source) 
current characteristics. 

DRAIN-fO-SOURCE VOLTAGE \VosJ-V 

-15 -10 -!I 0 

Fig.5 - Minimum output high (source) 
current characteristics. 

OUTPUT 
CHARACTERISTIC 

INPUT 
CHARACTERISTIC 

Fig.7 - Input and output characteristics. 

Fig.8 - Typical current and voltage 
transfer characteristics. 
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CD401068 Types 

Fig.9 - Typical voltage transfer characteristics 
as a function of temperature. 

A~81.E~~ TEMPERATURE fTAI'250-C i 
I 

Fig. 12 - Typical power dissipatIon per trigger 
as a function of input frequency. 

'0: 
,~----~--~~--

~ '°1 --~----~~~ 
1 ' f IO~~"""'=-::-''=''--i~ 
~ : 
~ I----::-:II-:=--l-
.0 10 :;;...--__ "'--c.,,---+--

'0' 
'0' 

RISE AND rALL TINE II,,',I-IIS 

Fig. 15 - Typical power dissipation as a function 
of rise and 'all times. 

116 C040106B 
1-" -1 VODJU 

8:r 
TC 

vss 

" 'Re ,"[~)(Vgg:~~)l 
501tQ:s R:s IMO 
IODpFS Cs; II'F 

vss 
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FOR THE RANGE OF RAND C GIVEN 
2,...., < IA <O.4s 

92CS'29429 

Fig. 18 - Astable multivibrator. 

Fig. to - Typical propagation delay time as a 
function of load capacitance. 

!I :HI , , , ~ I : 1 i; " I' d 

10 15- 20 
SUPPLY VOLTAGE (Voo!-V 

Fig. 13 - Typical trigger threshold voltage as a 
function of supply voltage. 

APPLICATIONS 

'00 -r-;-r- ~ 
vss.L.-~-- ~ 

I16C04DIOfiB 

FREQUEt«:T RANGE OF WAVE SHAPE 
IS FROM DC TO I MHz 

n n-"o, 
...J LJ Lvss 

Fig. 16 - Wave shapero 

o 
V55 

INPUTS 

VOO 

VS5 

Fig. 19 - Quiescent device current test circuit. 

LOAD CAPACITANC( ICLI-pF 

Fig. 11 - Typical transition time as a function 
of load capacitance. 

Fig. 14 - Typical per cept hysteresis as a function 
of supply voltage. 

R 1'· r -
1/3CD40D1UB I n 2 n· vOD 

'00 n JI-, C ..J Lv" 
vss.-J L ~J1/6 C04DI06S '1.'1' RCln(-'!M.-) + Veo· Vp 

'ss 50hn'!R~IMn 
IOOpF'!C'!I ... r 

FOR THE RANGE OF RAND C 
GIVEN 5/o1S < ,,,,,<II 

Fig. 17 - Monostable multivibrator. 

Voo 1NPUOS Voo NOTE. 

~ ~:~~~N~I~~~~~ 
Vss TO BOTH VOO ANO VSS· 

CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR Vss· 

v.s 

Fig.20 - Input current test circuit. 



'00 '~'. " r"" 
[ pui..~ IU ' 
~ 

r CL 

Vss -=-

92CS-2942& 

Fig.21 - Dynamic power dissipation test circuit. 

l 
73-81 

(1.854-2.057) 

92CS-35085 

CD40106B Types 

A I. 
" 

Voo 
G'A , 

" F , 
" L 'F 

H'B " E 
C 10 k .f 

[·e 9 0 
vss 7 8 J '0 

ITOP VIEWI 

TERMINAL ASSIGNMENT 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in­
dicated. Grid graduations are in mils 00- 3 inch}. 

The photographs and dimensions of elch CMOS chip 
represent a chip when it ;s part 01 the wafsr. When the 
waler ;s separaled into individual chips, the anI/'e 01 
cleavage may vary with r8&pect to the chip 'ac. lor 
different chips. The actual dimensions 01 the isolated 
chip, therefore, may diltsr slightly 'rom the nominal 
dimensions shown. The uSer should cons ide, 8 tol.ranca 
Of -3 mils to +16 mils applicable to the nominal 
dimenaions shown. 

Dimensions and Pad Layout for CD40l068H 
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CD40107B Types 

CMOS Dual 2-lnput 
NAND Buffer IDriver 
High-Voltage Type (20-Volt Rating) 

The RCA-CD40107B is a dual 2-input NAND 
buffer/driver containing two independent 2-
input NAND buffers with open-drain single 
n-channel transistor outputs. This device 
features a wired-OR capability and high 
output sink current capability (136 mA typo 
at VDD = 10 V, VDS = 1 V). The CD40107B 
is supplied in the 8-lead dual-in-line plastic 
(Mini·DIP) package (E suffix), 14-lead her­

metic frit-seal ceramic package (F suffix), 

and in chip form (H suffix). 

Features: 
• 32 times standard B-Series output current 

. drive sinking capability - 136 mA typo 
@VOO=10V,VOS=1 V 

• ll!O% tested for quiescent current at 20 V 
• Maximum input current of lilA at 18 V 

ov.r full package-temperature range; 
100 nA at 18 V and 250 C 

• 5-V, 10-V, and 15-V parametric ratings 
• Noise margin, full package temperature 

range, RL to VDD = 10 kn: 
1 VatVDD= 5 V 
2VatVDD= 10V 

2.5 V at VOD = 15 V 
• Meets all requirements ofJEOEC Tentative 

Standard No.13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

edV~ -
~:~(71 ~yl :';' .. 
~2(61 J 

TRUTH TABLE 
A B C 
0 0 1* z# 
1 0 l' z# 
0 1 l' z# 
1 1 0 

v VDD" [!!] •• 
___ .:. Voo 55 V~S.[!].4 

.. ALL INPUTS PROTECTED 
BY COSIMOS 
PROTECTION NETWORK 

Vss 92CS-29435RI 

*Requires external 
pull~up resistor 
(RL) to VDD. 

#Without pull-up 
resistor (J.state). 

Fig. 7 .,. Schematic diagram of CD407078 (one of 2 gates) 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY :VOL TAGE RANGE. (VDD) 

(VoHages referenced to VSS Terminal) ................................................ -0.5 to +20 V 
INPUT VOLTAGE RANGE. ALL INPUTS ........................................... -0.5 to VDD +0.5 V 
DC INPUT CURRENT. ANY ONE INPUT ..................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (PD) .................................................. 500 mW 
DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 

For T A = -40 to +62,5°C (PACKAGE TYPE E) .......... , .................................... 250 mW 
For T A = +62.5 to +85°C (PACKAGE TYPE E) .................. Derate Linearly at 8 mW/oC to 156 mW 
For T A = -55 to +87.5°C (PACKAGE TYPES F. H) ............................................ 250 mW 
For T A = +87,5 to +125°C (PACKAGE TYPES F. H) .............. Derate Unearty at 8 mW/oC to 94 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES F. H ......................................... , ..... , ... , ......... -55 to +125°C 
PACKAGE TYPE E ............. , .................................................... -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg) .............. , .............................. -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): ' 

At distance1/16± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max, ......................... +285°C 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability. nominal operating conditions should be selected 
so that operation is always within the following ranges: 

CHARACTERISTIC 
LIMITS. 

MIN. MAX. 

Supply-Voltage Range (For T A= 

Full Package-Temperature Range) 3 18 

410 

UNITS 

V 

92CS-29434RI 

FUNCTIONAL DIAGRAM 

Applications 
• Driving relavs, lamps, LEOs 
• Line driver 

• Level shifter (up or down) 

AMBIENT TEMPERATURiEI~~~I~m ',I,.".: 

1 '11'tllin-l;llii~Wllttjt:IHlt:::!jj"I'~ 
I I iEwil ""'ill . 
~o .. GATE-lO-SOURCE VOLTAGE(VGS'-15V- .---....... 

~aoo ,"" • ' .. "H 

U640 

~ z 
§48C 10V 

,v 

!5 10 15 
DRAIN-lO-SOURCE VOLTAGE (11051-11 

Fig.2 - Typical output low (sink) 
current chara.cteristics. 

,v 
5 10 15 

DRAIN-lO-SOURCE VOL.TAGE {Vosl-V 

nCS-2t444RI 

92CS·294""RI 

Fig.3 - Minimum output low fsink} 
current characteristics. 



DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 250 C, CL = 50 pF,lnputtr,t,= 20 ns 

TEST CONDITIONS LIMITS 

CHARACTERISTIC VDD UNITS 

Volts Typ. Max. 

Propagation Delay: 5 100 200 

High·to·Low, tpHL RL*=120n 10 45 90 ns 

15 30 60 

5 100 200 

Low·to·High, tpLH RL*=120n 10 60 120 ns 

15 50 100 

Transition Time: 
5 50 100 

High·to·Low, tTHL 
RL*=120n 10 20 40 ns 

15 10 20 

5 50 100 

Low·to·High, tTLH RL*=120n 10 35 70 ns 

15 25 50 

Average Input Capacitance, CI N Any Input 5 7.5 pF 

Average Output Capacitance, COUT Any Output 30 - pF 

* R L is external pull·up resistor to VDD. 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 
CONDITIONS Values at -55, +25, +125 Apply to F ,H Packages 

CHARACTER· Values at -40, +25, +85 Apply to E Package UNITS ISTIC 
VOD +25 Vo VIN 

(V) (V) (V) -55 -40 +85 +125 Min. Typ. Max. 

Quiescent Device - 0,5 5 1 1 30 30 - 0.02 1 

Current - 0,10 10 2 2 60 60 - 0.02 2 
J1A 

IDO Max. - 0,15 15 4 4 120 120 - 0.02 4 
- 0,20 20 20 20 600 600 - 0.04 20 

Output low 
0.4 0,5 5 21 20 14 12 16 32 -

(Sink) Current 1 0,5 5 44 42 30 25 34 68 -
IOlMin. 0.5 0,10 10 49 46 32 28 37 74 -

1 0,10 10 89 85 60 51 68 136 - mA 
0.5 0,15 15 66 63 44 38 50 100 -

Output High 
(Source) 

No Internal Pull·Up Device Current 
IOH Min. 

Input Low 4.5 - 5 1.5 - - 1.5 
Voltage 9 - 10 3 - - 3 

VIL Max." 13.5 - 15 4 - - 4 
V 

Input High 0.5,4.5 - 5 3.5 3.5 - -
Voltage 1,9 - 10 7 7 - -

VIH Min.' 1.5,13.5 - 15 11 11 - -
Input Current 

±10·5 liN Max. - 0,18 18 ±0.1 ±0.1 ±1 ±1 - to.l J1A 

Output Leakage 
10.4 Current 18 0,18 18 ,2 2 20 20 - 2 J1A 

10Z Max. 

* Measured with external pull·up resistor, RL = 10 kn to VDD. 

CD40107B Types 

LOAD CAPACITANCE CCLI-pF 
92CS-:29431 

Fig.4 - Typical transition time as a function of 
load capacitance. 

LOAD CAPACITANCE 'Ct.) - pF 
9ZCS-2'436Rt 

Fig.5 - Typical propagation delay time as a 
function of load capacitance. 

10°2 .. 68101 2 .. 6~02 2 4.68103 2 4 6~04 2 4 6~05 

INPUT FREQUENCY If1) - kHz 
92CS-Z9438AI 

Fig.6 - Typical power dissipation as a 
function of input frequency. 

~.rF~~------~~ 

PULSE 
GENERATOR 

92CS-2943~ 

500l£F 

Fig. 7 - Power·dissipation test circuit 
for CD40101BE. 
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CD40107B Types 

92CS-29410R2 
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NOTE: NOS. IN PADS FOR CD40107SE 
NOS. OUTSIDE CHIP FOR CD401078F 

Dimensions and Pad Layout for CD401078H. 

Dimensions in parentheses are in millimeters and 
are dedved from the basic inch dimensions as in­
dicated. Grid graduations are in mils (10-3 inch), 

The photographs and dimensions of 98Ch CMOS chip 
represent B chip when it is part of the wafer. When the 
wafef is separBted into individual ChiPS, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions 01 the isolated 
chip, rherefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
01 --3 mils to + 16 mils applicable to the nominal 
dimensions shown. 

AD. Voo 
B 2 7 0 

c=A.B 3 6 E 

Vss" S F" M 

NC 

NC 

C.t;:B 

NC 

VSS 

TOP VIEW TOP VIEW 

I. 
13 

12 

10 

CD40107BE CD40107BF 

TERMINAL ASSIGNMENTS 

Voo 
NC 

NC 

F-o:E 
NC 

o 
Vss 

INPUTS 

Fig.8 - Quiescent-device 
current teSt circuit. 

Voo INP(JUS VDO NOTE' 

~ ~i~~~:il~~~~~S 
VSS TO BOTH VOO ANOVSS' 

CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR VSS' 

VSS 

Fig. 9 - Input-current test 
circuit. 

INPUTO. VDO OUTPUTS~VO:Okn 
V,H 

~ + 
V IL _ 

Vss 
NOTE: 

TEST ANY COfIjBINATION 
OF INPUTS 92CS'29411 

Fig. to - Input-voltage 
test circuit. 

Special Considerations for CD40107B 

1. Limiting Capacitive Currents for Cl > 
500 pF, VDD > 15 V. 
For VDD> 15 V, and load capacitance 
(Cll from output to ground> 500 pF, 
an external 25 n series limiting resistor 
should be inserted between the output 
terminal and Cl. No external resistor is 
necessary if Cl < 500 pF or VDD < 
15 V. . 

2. Driving Inductive loads 
When using the CD40107B to drive in­
ductive loads, the load should be shunted 
with a diode to prevent high voltages 
from developing across the CD401078 
output. 



CMOS 4 x 4 Multiport 
Register 
High-Voltage Types (20-Volt Rating) 

The RCA-CD40108B is a 4 x 4 multipart 
register containing four 4-bit registers, write 
address decoder, two separate read address 
decoders, and two 3-state output buses. 

When the ENABLE input is low, the cor­
responding output bus is switched, inde­
pendentlv of the ciock, to a high-impedance 
state. The high-impedance third state pro­
vides the outputs with the capability of being 
connected to the bus lines in a bus-organi zed 
svstem without the need for interface or 
pull-up components. 

When the WRITE ENABLE input is high, 
all data input lines are latched on the positive 
transition of the CLOCK and the data is 
entered into the word selected bV the write 
address lines. When WRITE ENABLE is low, 
the CLOCK is inhibited and no new data is 
entered. In either case, the contents of anv 
word mav be accessed via the read address 
lines independent of the state of the CLOCK 
input. 

The CD401088 types are supplied In 
hermetic 24-lead dual-In-Ilne ceramic 
packages (0 and F suffixes); 24-lead dual­
In-line plastic packages (E suffix). 24-lead 
ceramic flat packages (K suffix), and In chip 
form (H suffix). 

reatures: 
• Four 4-bit registers 
• One input and two output buses 
• Unlimited expansion in bit and word 

directions 
• Data lines have latched inputs 
II 3-state outputs 
.. Separate control of each bus, allowing 

simultaneous independent reading of 
anv of four registers on Bus A and 
Bus B and independent writing into 
anv of the four registers 

• CD40108B is pin-compatible with 
industrv tvpe MC14580 

.. Standardized, svmmetrical output 
characteristics 

.. 100% tested for quiescent current at 20 V 

.. Maximum input current of 1 IlA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 250 C 

.. Noise margin (over fuli package­
temperature range): 

1 Vat VDD = 5 V 

2 V at VDD = 10 V 

2.5 V at V DD = 15 V 
.. 5-V, 10-V, and 15-V parameVic ratings 
II Meets all requirements of JEDEC 

Tentative Standard No. 13A, "Standard 
Specifications for Description of 'B' 
Series CMOS Devices" 

Applications: 
II Scratch· pad memories 
.. Arithmetic units 
• Data storage 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) ................................................ -D.S to +20. V 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................... -D.S to VDD +D.S V 
DC INPUT CURRENT, ANY ONE INPUT ..................................................... ±1D mA 
POWER DISSIPATION PER PACKAGE (PD): 

For T A = -40. to +60'C (PACKAGE TYPE E) ................................................. SDO mW 
For T A = +60 to +8S'C (PACKAGE TYPE E) ................... Derate Linearly at 12 mWI'C to 20.0. mW 
For T A = -55 to +1OO'C (PACKAGE TYPES D, F, K) .......................................... SOO mW 
For T A = +100 to +12S'C (PACKAGE TYPES D, F, K) .......... Derate Linearly at 12 mW/'C to 20.0 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...................... 10.0 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES D, F, K, H ........................................................ -SS to +125'C 
PACKAGE TYPE E .................................................................. -40. to +8S'C 

STORAGE TEMPERATURE RANGE (T stg) ............................................. -65 to +15D'C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max .......................... +26S'C 

TRUTH TABLE 

CLOCK WRITE WRITE WRITE READ READ REAO READ~NABLE ENABL7 On DnA 
ENABLE 1 0 1A OA 1B DB A 

~ 
1--- ----1----

Sl 52 51 52 Sl 52 1 

~ 51 52 Sl 52 S I ~'- 1 

X X X 0 

~ 

1---
~ I 

-- --- ----f--1----
X X X 0 0 1 1 

-- ---- --- I-- 1--- ------
~ X X X X X X X 1 

1 HIGHLEVEl,O LOWLEVEL,X DON TCAFlf l~HI(;HIMPf[)ANU 

S I ..Inn S2 refer til Input stdU'S 01 "'1h .. , 1 or 0 

B 
_. ----f----

1 1 

0._1- 0. 

X Z 

Dil to W(lid 1 

word a 
Word 0 WOld 1 

not .11\(', .. 11 
------ C----

1 X WOld 2 
0(1\ 

-- 1---
1 X NC 

_.-
°nB 

1---
1 

0 

Z 

Word? 

Word') 

out 

Word 1 

out 
--

NC 

CD401088 Types 

{

DO 

DATA 01 

INPUTS ~2 

WRITE 
ENABLE 

, QD} , 
01 WORD A 

6 02 OUTPUT 

, " 

" "} " 01 WORO E! 
2 02 OUTPUT 

, " 

"1 
3-STATE B 

FUNCTIONAL DIAGRAM 

wo WI ROA RIA ROB RIB 

ENABLE 8 

Fjg. 1 - Block djagram. 

;'0 •••••• 
" z 
~ 25 

~ 20 

§ 15 . 
g 
~ 10 

5 , 

ORAIN-TO-SOURCE VOLTAGE (VOs)-V 

Fig. 2- Typical output low (sink) 
current characterjst;cs. 

10 15 
DRAIN-TO-SOURCE VOLTAGE (VDS)~V 

Fig. 3- M;njmum output low (s;nk) 
current characteristics. 
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CD40108B Types 

RECOMMENDED OPERATING CONDITIONS at TA = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTIC VDD LIMITS 
UNITS 

(V) MIN. MAX. 

Supply Voltage Range 
(For T A = Full Package - 3 18 V 
Temperature Range) 

Set·Up Time: 5 0 -
Data to Clock, tS(D) 10 0 - ns 

15 0 -
Write Enable to Clock, 5 250 -

tS(WEI 10 100 - ns 
15 70 -

Write Address to Clock, 5 250 -
tS(WA) 10 100 - ns 

15 70 -
Hold Time: 5 220 -

Data to Clock, tH(D) 10 100 - ns 
15 80 -

Write Enable to Clock, 5 270 -
tH(WE) 10 130 - ns 

15 80 -
Write Address to Clock, 5 330 -

tH(WA) 10 140 - ns 
15 90 -

Clock Input Frequency, 5 - 1.5 
tCl 10 - 3.5 MHz 

15 - 4.5 

Clock Pulse Width, 5 350 -
Clor WE 10 130 - ns 

tw 15 90 -

5 - 15 
Clock Rise or Fall Time, 10 - 5 JlS 

trCl or ttCl 15 - 5 

Do 

WE 

WA--~---------4----~~------~~J~~~'------------

RA---+,--~------r.---------------r.-----r-~~ 

Q. 

Fig. 4- Timing diagram. 
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DRAIN-lO-SOURCE vOLTAGE (Vos)-V 
-IS -10 -5 

Fig. 5- Tvpical output high (source) 
current characteristics. 

DRAIN-TO-SOURCE VOLTAGE \Vos)-V ., 

E,tt""+:.,.,t"'T,,,,I,.,,±""',EH""'j·" 

:::: i:: 

Fig. 6- Minimum output high (source) 
current characteristics. 

LOAD CAPACITANCE ICLI- pF 

Fig. 7- Typical propagation delay t;;:;S;;';'9 
function of load capacitance (CL or 

WE to a). 

LOAD CAPACITANCE [CL1-pF 
"11(';-:>-4122 

Fig. 8- Typical transition time as a function 
of load cBpilcitsnce. 



DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C; Input tr,tf = 20 ns, 
Cl = 50 pF, Rl = 200 kn 

CHARACTERISTIC 
VDD LIMITS 

UNITS (V) Min. Typ. Max. 

Propagation Delay Time: 5 - 360 720 

tpHL' tplH 10 - 140 280 ns 
Clock or Write Enable to Q 15 - 100 200 

Read or Write Address to Q 5 - 300 600 
10 - 120 240 ns 
15 - 85 170 

3-State Disable Delay Time: 5 - 100 200 
10 - 50 100 ns 

tpZH' tpHZ 15 - 40 80 

tpZl' tplZ 5 - 130 260 
10 - 60 120 ns 
15 - 50 100 

Output Transition Time: 5 - 100 200 

tTHL' tTLH 10 - 50 100 ns 
15 - 40 80 

Minimum Setup Time: 5 - -95 0 

Data to Clock tS(DI 10 - -35 0 ns 
15 - -20 a 
5 - 125 250 

Write Enable to Clock tS(WEI 10 - 50 100 ns 
15 - 35 70 

5 - 125 250 
Write Address to CloCk tS(WAI 10 - 50 100 ns 

15 - 35 70 

Clock Rise and Fall Time: 5 - - 15 

trCL, tfCl 10 - - 5 JJS 
15 - - 5 

Minimum Hold Time: 5 - 110 220 

Data to Clock tH(DI 10 - 50 100 ns 
15 - 40 80 

5 - 135 270 

Write Enable to Clock tH(WEI 10 - 65 130 ns 
15 - 40 80 

5 - 165 330 --
Write Addtess to Clock tH(WA) 10 - 70 140 ns 

15 - 45 90 

Maximum Clock Input Frequency, 
5 1.5 3 -

10 3.5 7 - MHz 
tCl 15 4.5 9 -

Minimum Clock Pulse Width, 5 - 175 350 
Clock or Write Enable 10 - 65 130 ns 

.tW(CLI 15 - 45 90 

Write Address 5 - 150 300 

tW(WA/ 10 - 75 150 ns 

15 - 45 90 

Average Input Capacitance, 
- - 5 7.5 pF 

(Any Input) CI 

CD40108B Types 

"". _ENT T'-.'T:rl'jl~~l ! · · , 
• ' ~~.SJ ./~~ 
""", 1 • 

II.~ ;r" : : 
C • ... fJ •• , 

~ 
, 

,/- ,,0 ... 

ilD". 
1 1/ VI/ : • 0 

~ : I 00 · . 
i • 

Ill/. II I. · . 
" 2 "", r:.'1I' I' o !.-' : • II jl · Cl.-5QpF-. 

, lilt" V Ii r:'li'I-7-i .,. , ... . ... , ... 24' • , .. 
10 

INPUT FREQUENCY IIII-IiHI 

92C5-292.16 

Fig. 9- Typical powsr dissipation 11$ a 
function of input frequency. 

~ ~:~~::I~~~~~S 

"00 INPuQs VOO NOTE 

'Iss TO BOTH YaD AND Vss 
CONNECT ALL. UNUSED 
INPUTS TO EITHER 
VOD OR Vss' VSS 

Fig. 10- Input leakage current 
test circuit. 

. 
Vss 

INPuTS 

VSS 
Fig. ,,- Ouiescent-devjce-current 

test circuit. 

V'N 

'- ~ 
V~L ~ 

NOTE: 

'NPUTOVOIl OUTPUTS 

Vss ~SJN~"u~~0M8IN.TION 

9ZCS-iil7441RI 

Fig. '2- Input-voltage test circuit. 

415 

• 



CD401088 Types 

STATIC ELECTRICAL CHARACTERISTICS 

CHARACTER-
ISTIC 

Quiescent Device 
Current, 

100 Max. 

Output low 
(Sinkl Current 

IOlMin. 

Output High 
(Sourcel 
Current, 

IOH Min. 

Output Voltage: 
low·level, 

VOL Max. 

Output Voltage: 
High·level, 
VOH Min. 

Input low 
Voltage, 

Vil Max. 

Input High 
Voltage, 

VIH Min. 

I nput Current 
liN Max. 

3·State Output 
Leakage Current 
lOUT Max. 

416 

CONDITIONS 

Vo VIN VDD 
(VI (VI (VI 

- 0,5 5 

- 0,10 10 

- 0,15 15 

- 0,20 20 

0.4 0,5 5 

0.5 0,10 10 

1.5 0,15 15 

4.6 0,5 5 

2.5 0,5 5 

9.5 0,10 10 

13.5 0,15 15 

- 0,5 5 

- 0,10 10 

- 0,15 15 

- 0,5 5 

- 0,10 10 

- 0,15 15 

0.5,4.5 - 5 

1,9 - 10 
1.5,13.5 - 15 

0.5,4.5 - 5 

1,9 - 10 
1.5,13.5 - 15 

- 0,18 18 

0,18 0,18 18 

liMITS AT INDICATED TEMPERATURES (OCI 
Values at -55, +25, +125 Apply to D, F, K, H, Packages 
Values at -40, +25, +85 Apply to E Package 

UNITS 

-55 -40 +85 +125 Min. 

5 5 150 150 -
10 10 300 300 -
20 20 600 600 -
100 100 3000 3000 -
0.64 0.61 0.42 0.36 0.51 

1.6 1.5 1.1 0.9 1.3 

4.2 4 2.8 2.4 34 

-0.64 -0.61 -0.42 -0.36 -0.51 

-2 -1.8 -1.3 -1.15 -1.6 

-1.6 -1.5 -1.1 -0.9 -1.3 

-4.2 -4 -2.8 -2.4 -3.4 

0.05 -
0.05 -
0.05 -
4.95 4.95 

9.95 9.95 

14.95 14.95 

1.5 -
3 -
4 -

3.5 3.5 

7 7 

11 11 

±0.1 ±0.1 ±1 ±1 -

±0.4 ±0.4 ±12 ±12 -

+25 
Typ. Max. 

0.04 5 

0.04 10 

0.04 20 
p.A 

0.08 100 

1 - 0'8 
,. 

2" VDD 

028 " 0'. 
2.6 - ~-STATE A 22 008 

6.8 -
-1 - rnA 

00 A 2' 3- STATE B 

0' A 20 DO 

02A ,. 
0' 

-3.2 - 0" 
,. 02 

WRITE 0 '7 D' 

-2.6 - WRITE I • , . CLOCK 

READ 19 '0 .. WRITE ENABLE 

-6.8 - READ 08 " 
,. READ IA 

0 0.05 
Vss '2 " READ OA 

TOP VIEW 

0 0.05 92CS-Z7697 

0 0.05 
V TERMINAL ASSIGNMENT 

5 -
10 .-

15 -
- 1.5 

- 3 
- 4 

V - -

- -
- -

±10-5 ±0.1 p.A 

±10-4 ±0.4 p.A 

Dimensions in parentheses ~re in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip 'ace fOl 
different chips. The actual dimensions of the isolaled 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should conSIders tolerance 
of -3 mils to +16 mils applicable to the nomina' 
dimensions shown. 

Dimensions and Pad Layout for CD4010BBH 



PIN 24 = 1100 

PIN 12 = Vss 

* ALL INPUTS PROTECTED 
BY COSfMOS INPUT 
PROTECTION NETWORK 

92CL-2'l422 
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* B ENABLE 
3-STA'rE 

r-----------------T--------------l 
! 0 :A i ENABLE dVDD 

I I 

II ~OUT 
PUT 

I 
I IWo-___ ~---.--J 

I 
I 
I 
I 
I DETAIL OF 
I MEMOAY CELL 

QB 

L _____________ _ 

q 
Vss 

Fig. 13- Schematic diagram 92CL-29422 

P.G. I J1J1.Jl.Il.. CL 

P,G. 2 ~NABLE 

ENABLE VDD 
INPtJT sO%"\- 1;)'% ' ..... t\....-...A ~.. -VSS 

IPLl '- I.!PlL 
I.- 90% -liDO 

Q {IO% VOL 
OUT- YOH 
PUTS 10% -VSS 

TEST VOLTAGE I PHZ 

CHAR at 0 at Q 

!-lplH 

91CM-29217 
lpHZ liDO VSS 

IpZH liDO IISS 
tpLZ IISS 1100 

IPZL \ISS 1100 

Fig. 14- Ourput-enable-delay-times test 
circuit and waveforms. 

QnA,B~ 

!--REPETITIVE WAVEFORMS - -~ 
92CN-2g218RI 

Fig. 15- Power-dissipation test circuit 
and wa veforms. 

417 

• 



CD401098 Types 

CMOS Quad Low-to-High 
Voltage Level Shifter Features:. 

High-Voltage Types (20-Volt Rating) 

The RCA-C040109B contains four low-to­
high-voltage level·shifting circuits. Each cir· 
cuit will shift a low·voltage digital·logic 
input signal (A, B, c, 0) with logical 1 = VCC 
and logical 0 = VSS to a higher·voltage out· 
put signal (E, F, G, H) with logical 1 = VOO 
and logical 0 = VSS. 

The RCA-C040109, unlike other low-to· 
high level-shifting circuits, does not require 
the presence of the high·voltage supply 
(VOO) before the application of either the 
low-voltage supply (VCe) or the input sig· 
nals. T~ere are no restrictions on the se· 
quence of application of VOO, VCC. or the 
input signals. In addition. with one exception 
there are no restrictions on the relative 
magnitudes of the supply voltages or input 
signals within the device maximum ratings. 
provided that the input signal swings 
between VSS and at least 0.7 Vee; Vee may 
exceed VOO, and input signals may exceed 
Vee and VOO. When operated in the mode 
Vee> Voo, the e040109 will operate as a 
high-to-Iow level-shifter. 

The C040109 also features individual three· 
state output capability. A low level on any 
of the separately enabled three-state output 
controls produces a high·impedance state in 
the corresponding output. 

The e0401 09B-Series types are supplied in 
16-lead ceramic dual-in-line packages (0 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

Applications: 
• High-or-Iow level-shifting with three-state 

outputs for unidirectional or bidirectional 
bussing 

• Isolation of logic subsystems using separ­
ate power supplies from supply sequenc· 
ing, supply loss and supply regulation 
considerations 

TRUTH TABLE 

INPUTS 

ENABLE 
A,B,C,D A,B,C,D 

0 1 

1 1 

X 0 

• Independence of power supply sequence 
considerations-Vee can exceed VOO, input 
signals can exceed both Vee and VDD 

• Up and down level-shifting capability 
• Three-state outputs with separate enable controls 

• Standardized, symmetrical output characteristics 

.100% tested for quiescent current at 20 V 

• Maximum input current of llJA at 18 V 
over full package-temperature range; 
100 nA at 18 V and 250 e 

• Noise margin (full package-temperature 
range) 

= 1 Vat Vee = 5 V, VDD = 10 V 
= 2VatVce= 10V, VDD = 15V 

• 5-V, 10-V, and 15-V parametric ratings 
• Meets all requirements of JEDEC Tentative 

Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

RECOMMENDED OPERATING CONDITIONS 

FUNCTIONAL DIAGRAM 
(1 of 4 units I 

For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges: 

LIMITS 
CHARACTERISTIC 

MIN. MAX. 
UNITS 

Supply-Voltage Range (For T A = 
Full Package·Temperature Range) 3 1B V 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VOO) 

(Voltages referenced to VSS Terminal) ................•............................... -0.5 to +20 v 
INPUT VOLTAGE RANGE. ALL INPUTS .............................•............• -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT .................•..... : ............................. ±10 mA 
POWER DISSIPATION PER PACKAGE (PO): 

For T A = -40 to +60· C (PACKAGE TYPE E) ....................................•............ 500 mW 
For T A = +60 to +85·C (PACKAGE TYPE E) ................... Derate Linearly at 12 mW/·C to 200 mW 
For T A = -55 to +100·C (PACKAGE TYPES D, F, K) .......................................... 500 mW 
For T A = +100 to +125·C (PACKAGE TYPES D, F, K) •......... Derate Linearly at 12 mW/·C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES D. F. K, H ........................................................ -55 to +12S·C 
PACKAGE TYPE E .................................................................. -40 to +8S·C 

STORAGE TEMPERATURE RANGE (Tstg) ................................•............ -65 to +IS0·C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. . ........................ +265·C 

OUTPUTS 

E,F,G,H 

0 

1 

Z 

*AlL INPUTS PROTECTED 
BY COS/MOS PROTECTION 
NETWORK 

VDO 

d 
~"'31 
9 

Vss 

VCC"! 
Voo= 16 
Vss'" 8 

-- 92CS-29446 

LOGIC 0 = LOW(Vss) X = DON'T CARE Z - HIGH IMPEDANCE 

frcc 

. Vss 

LOGIC 1 = VCC at "I NPUTS and VDDat OUTPUTS Fig. I - CD40109810gic diagram (I of 4 un/to). 
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STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 
CONDITIONS Values ai-55, +25, +125 Apply to D, F, K, H Packages 

CHARACTER- Values at -40, +25, +85 Apply to E Package 
UNITS ISTIC +25 Vo VIN VDD 

(V) (V) (V) -55 

Quiescent Device - 0,5 5 1 
Current, - 0,10 10 2 

100 Max. 0,15 15 - 4 

- 0,20 20 20 

Output Low 0.4 0,5 5 0.64 
(Sink) Current 0.5 0,10 10 1.6 

IOL Min. 1.5 0,15 15 4.2 

Output High 4.6 0,5 5 -0.64 
(Source) 2.5 0,5 5 -2 
qurrent. 9.5 0,10 10 -1.6 

IOH Min. 
13.5 0.15 15 -4.2 

Output Voltage: - 0,5 5 
Low·Level, - 0,10 10 

VOL Max. 
0,15 15 -

Output Voltage: - 0.5 5 
High-Level. - 0,10 10 
VOH Min. - 0.15 15 

I nput Current 
0.18 18 ±0.1 liN Max. 

3-State Output 
Leakage Current 0,18 18 ±0.4 
lOUT Max. 

Vo VCC VOO 
(V) (V) (V) 

Input Low 1,9 5 10 Voltage, 
VIL Max. 1.5,13.5 10 15 

Input High 1,9 5 10 
Voltage, 1.5,13.5 10 15 

VIH Min. 

DRAIN~TO-SOURCE *TAGE IVos)-Y 

Fig.5 - Minimum output high 'source} 
current characteristics. 

-40 +85 +125 Min_ Typ_ Max. 

1 30 30 - 0.02 1 
2 60 60 - 0.02 2 

4 120 120 - 0.02 4 

20 600. 600 - 0.04 20 

0.61 0.42 0.36 0.51 1 -
1.5 1.1 0.9 1.3 2.6 -

4 2.8 2.4 34 6.8 -

-0.61 -0.42 -0.36 -0.51 -1 -

-1.8 
-1.5 

-4 

±0.1 

±0.4 

-1.3 -1.15 -1.6 -3.2 -

-1.1 -0.9 -1.3 -2.6 -

-2.8 -2.4 -3.4 -6.8 -
0.05 - 0 0.05 

0.05 - 0 0.05 

0.05 - 0 0.05 

4.95 4.95 5 -

9.95 9.95 10 -
14.95 14.95 15 -

±1 ±1 - ±10-5 ±0.1 

±12 ±12 - ±1O-4 ±0.4 

1.5 - - 1.5 
3 - 3 

3.5 3.5 - -
7 7 - -

Fig.6 - Typical transition time as a function 
of load capacitance. 

jJ.A 

rnA 

V 

jJ.A 

jJ.A 

V 

CD40109B Types 

DRAIN-lO-SOURCE VOlTAGE IVosl-V 

Fig.2 - Typical output low 'sink} 
current characteristics. 

I 
DRAIN-TO-SOtJRCE VOLTAGE (Vosl-V 

Fig.3 - Minimum output low (sink) 
curren t characteristics. 

QRAaN-To-IOWtCE VOLT"" IVost-y 

Fig.4 - Typical output hIgh ',ourcs). 

LOAD CAPACITANCE ICLI-p~2CS_2144' 

Fig.7 - Typical high-to-Iow propagation de/ay time 
• 8 function of load capacitance. 
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CD40109B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A; 25°C. Input t r• tf; 20 ns. 
CL = 50 pF. RL = 200 kn unless otherwise specified 

SHIFTING VCC VDD LIMITS 
CHARACTERISTIC 

MODE (V) (V) Typ. Mal<. 

Propagation Delay - Data Input 5 10 300 600 
to Output: L-H 5 15 220 440 

High·to·Low Level. tpHL 
10 15 180 360 

10 5 250 500 
H-L 15 5 250 500 

15 10 120 240 

5 10 130 260 
L-H 5 15 120 240 

10 15 70 140 
Low·to·High Level. tpLH 

10 5 230 460 
H-L 15 5 230 460 

15 10 80 160 

3·State Disable Delay: 5 10 60 120 
RL = 1 kO L-H 5 15 75 150 

Output High to High 10 15 35 70 
Impedance. tpHZ 10 5 200 400 

H-L 15 5 200 400 
15 10 40 80 

5 10 370 740 
L--H 5 15 300 600 

Output Low to High 
10 15 250 500 

Impedance, tpLZ 
10 5 250 500 

H-L 15 5 250 500 
15 10 130 260 

5 10 320 640 
L-H 5 15 230 460 

High Impedance to 10 15 180 360 
Output High, tpZH 

10 5 300 600 
H-L 15 5 300 600 

15 10 130 260 

5 10 100 200 

High I mpedance to 
L-H 5 15 80 160 

10 15 40 80 
Output Low. tpZL 

10 5 200 400 

H-L 15 5 200 400 
15 10 40 80 

5 10 50 100 
L-H 5 15 40 80 

Transition Time. tTHL, tTLH 
10 15 40 80 

10 5 100 200 
H-L 15 5 100 200 

15 10 50 100 

Input Capacitance, CI Any Input 5 7.5 

420 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

I i I .. BI •• T TEMPERATUR. 11 1 

11" 
I~ 
I~ 

II 

;; 

100 

Fig.8 - Typicallow~to-high propagation delay time 
as a function of load capacitance. 

Fig.9 - Typical input switching as a function of 
high-level supply voltage. 

SUPPLY VOLTAGE 1Va:I-V 

Fig. 10 - High·level supply voltage .... 
low·leve~ supply voltage. 

~ AMBIENT TEMPERATURE ITA 1-2e-c 

Fig. t 1 - Typical dynamic power dissipation as a 
function of input frequency. 



HOTE: 

TEST CIRCUITS 

HAR. 
TEST va.T"GE 

• • • 
'PHZ ee Vss 
'PLZ V VDD . V V 

tplH vee vss 

Fig. 12 - Output enable delay times test circuit and waveforms. 

Vee :~:~URE INPUTS 

" NPUO' V e VDO 

~ SEQUENTIALLY. 

"ss TO BOTH "00 ANOVSS' 
CONNECT ALL UNUSED 
INPUTS 10 [ITHER 

Ycc OR "ss 

TEST ANY COMBINATION 
Of INPUTS 

v,, 
Fig. 14 - Input voltage. Fig. 15 - input current. 

Vee •• Voo 
ENABLE A 15 ENABLE 0 

•• 
E • " H 
F , 12 Ne 

• • " G 
ENABLE 8 7 .0 

Vss • ENABLE C 
TOP VIEW 

CD40109B 
TERMINAL ASSIGNMENT 

Dimensions in parentheses are m millimeters and 
are derived from the baSIC inch dimensions as in· 
dicated. Grid graduations are in mils (10-3 inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part 01 the waief. When the 
waler is separated mto individual chips, the angle of 
cleavage may vary with respect to the chip face for 
differsnt chips. The actual dimensions of the isolated 
Chip, therefore, may differ slighlly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

CD401098 Types 

o 
Vss 

INPUTS .-L-'--, 

v,, 
Fig. 13 - Ouies::ent device current. 

Fig. 16 - Dynamic power dissipation test circuit. 

92CS-36897 

Dimensions and pad layout for CD40109BH. 
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CD40110B Types 

CMOS Decade Up-Down 
Counter/Latch/Display Driver 
High-Voltage Type (20-VRating) 

ClK UP 9 . ClK ON 7 
DISPLAY 

lal/lr131~1516111B191 Bb 

" , 
d 

:5 ~ }~ 
:~: g 
12 e f3 

RESET 5 3 f III 

mH 4 2 t!-
II BORROW 

lATCH 
o I 2 3 4 6 7 a 9 

Features: 92CS-31380 

• Separate clock-up and clock-down lines 
• Capable of driving common cathode LEOs and other 

displays directly 
• Allows cascading without any external circuitry 
• 100% tested for quiescent current at 20 V 
• Maximum Input current of 1 pA at 18 Vover full package­

temperature range; 100 nA at 18 V and 25° C 

The RCA-C040110B is a dual-clocked up/down counter 
with a special preconditioning circuit that allows the 
counter to be clocked, via positive going inputs, up or down 
regardless of the state or timing (within 100 ns typ.) of the 
other clock line. 

The clock signal is fed into the control logic and Johnson 
counter after it is preconditioned. The outputs of the 
Johnson counter (which include anti-lock gating to avoid 
being locked at an illegal state) are fed into a latch. This 
data can be fed directly to the decoder through the latch or 
can be strobed to hold a particular count while the Johnson 
counter continues to be clocked. The decoder feeds a 
seven-segment bipolar output driver which can source up 
to 25 mA to drive LEOs and other displays such as low­
voltage fluorescent and incandescent lamps. 

A short durating negative-going pulse appears on the 
BORROW output when the count changes from 0 to 9 or the 
CARRY output when the count changes from 9 to O. At the 
other times the BORROW and CARRY outputs are a logic 1. 

The CARRY and BORROW outputs can be tied directly to 
the clock-up and clock-down lines respectively of another 
C040110B for easy cascading of several counters. 

CLOCK uP-LJ'""-----, 

CLOCk OOWN I "L...===':= 

RESET'1""-j--------' 
Toro~OO~l~E~£~Mq~lE~r-----~ 

LATCH ENABLE -;------., 

ENABLE 6 IOCARRY 
~-.---F~ 

VOO"16 

vss·a 
92CS-3137S 

FUNCTIONAL DIAGRAM 

• Noise margin (full packagectemperature range) = 
1 Vat VOO = 5 V 
2 Vat VOO = 10 V 

2.5 Vat VOO= 15 V 
• 5 V, 10 Vand 15 V parametric ratings 
• Meets all requirements of JEDEC Tentative Standard 

No. 13S, "Standard Specifications for Description of 
'S'Series CMOS Devices". 

Applications: 

• Rate comparators 
• General counting applications where display is desired 
• Up-down 'counting applications where input pulses are 

random in nature 

The C040110B types are supplied in 16-lead dual-in-line 
ceramic packages (0 and F suffixes), and 16-lead dual-in­
line plastic package (E suffix), and also available in chip 
form, (H suffix). 

92CS-29200RI 

Fig. 1 - Functional diagram. 

422 



CD40110B Types 

MAXIMUM RATINGS, AHolute Maximum Vldue.: 

DC SUPPLY-VOLTAGE RANGE. (VDO) 
(Voltages referenced to VSS Terminal) .............................................................................. -0.5 to +20 V 

INPUT V9L TAGE RANGE. ALL INPUTS ••.•..••...•.•......••.•.•.•..••..••••.••••.••.••.•••••••••••••••.•..••• -0.5 to VOD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ................................................................................. ± 10 mA 
POWER OISSIPATION PER PACKAGE (PO): 

For TA = -40 to +60·C (PACKAGE TYPE E) ............................................................................... 500 mW 
For T A = +60 to +85·C 
(PACKAGE TYPE E) ..................................................................... Derate Linearly at 12 mW/· C to 200 mW 
ForTA = -5510 +l00·C (PACKAGE TYPES D. F) ......................................................................... 500 mW 
For TA = +100 to +125·C 
(PACKAGE TYPES D, F) ................................................................. Derate Linearly at 12 mW/· C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
ForTA = FULL PACKAGE-TEMPERATURE RANGE 
(All Package Types) .................................................................................................... 100 mW 

O~~~~~~~::SE~~;~R.~ ~~~~.~ ~: ~).: •...•....••.••......••.•.•..•.•....••.•....••.••.••••.••.•.•....•..•..•.. -55 to +125·C I 
PACKAGE TYPE E ................................................................................................. -40 to +85·C 

STORAGE TEMPERATURE RANGE (T stg) .. • . • • . .. .. . . . • . . . . . . • . • • . .. . . . . . .. . . . . . • . .. .. . . . . .. .. • .. . • • • . . • .. . . • • .. .• -65 to +150· C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for lOs maX. . • • .. . • . . • .. • . . . • .. . . . . . . . .. . . . . . .. • .. . .. .. .. • • . • . .. . . .. • . .. . .. . .. . • . . • . .. . . . • .. . .. . . . .. . . • . . . ... +265· C 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating condltlonl Ihould be lelected 10 that operation II alwaYI within the following 
rangel: . 

CHARACTERISTIC VDD LIMITS UNITS 
V MIN. MAX. 

Supply-Voltage Range (For T A = Full Package Temperature Range) - 3 18 V 

5 - 1 
Clock -Input Frequency fCL 10 - 3 MHz 
(Sum of CLUP & CLON Freqs.) 15 - 5 

5 110 -
Clock Pulse Width tw 10 40 -

15 30 -
5 110 -

Latch Enable Pulse Width 10 30 -
15 24 - ns 

5 550 -
Reset Removal-Time 10 200 -

15 130 -
5 350 -

Reset Pulse Width 1Q 170 -
15 120 -

423 



CD40110B Types 
STATIC ELECTRICAL CHARACTERISTICS 

Conditions LImits at Indicated Temperatures (0 C) 
Values at -55, +25, +125 for D, F, H Packages 

Charecterlstlc Values at -40, +25, +85 'or E Packages Units 

'OH VOH VIN VDD +25 
(mA) (V) (V) (V) -55 -40 +85 +125 Min. Typ. Max. 

Quiescent Device - - - 5 5 5 150 150 - 0.04 5 

Current - - - 10 10 10 300 300 - 0.04 10 pA 
Max. 100 - - - 15 20 20 600 600 - 0.04 20 

- - - 20 100 100 3000 3000 - 0.08 100 

Output Voltage - - 05 5 0.05 - ..Q ....!l.O5.. 
low-level - - 010 10 0.05 - 0 :0.05 V 
Max. VOL - - 0,15 15 0.05 - 0 0.05 

H~h-level ,. - - 05 5 - - - - - 4.55 -
In. VOH - - 010 10 - - - - - 9.lt5 V 

- - 015 15 - - - - - 14.55 -

I~ut low Voltage - 0.5 3.8 - 5 1.5 - - 1.5 
ax. Vil - 1,8.8 - 10 3 - - 3 V 

- 1.5,13.8 - 15 4 - - 4 

Imut High Vol tag - 0.5,3.8 - 5 3.8 3.5 - -
In. VIH - 1 8.8 - 10 7 7 - - V 

- 1.5,13.8 - 15 11 11 

• - - 3.9 4 3.9 4.5 -
-5 - - 3.65 3.7 3.7 4.3 -

-10 - - 5 3.55 3.65 3.65 4.25 -
-15 - - 3.5 3.5 3.6 4.15 -
-20 - - 3.45 3.35 3.45 4 -
-25 - - 3.4 3.3 3.4 3.9 -
• - - 8.75 8.85 8.75 9.5 -

7-Segment Output! -5 - - --'i4S B.55 8.55 ~ -
Output Drive -10 - - 10 8.42 8.5 8.5 9.25 - V Voltage, High -15 - - 8.4 8.47 8.47 9.2 -
Min. VOH -20 8.4 8.40 8.45 9.1 

-25 - - 8.3 8.25 8.3 9 

• - - 13.8 13.9 13.8 14.5 -
-5 - - 13.65 13.75 13.75 14.35 -

-10 - - 15 13.6 13.72 13.72 14.3 -
-15 - - 13.6 13.7 13.7 14.2 -
-20 - - 13.6 13.6 13.65 14.1 
-25 - - 13.3 13.25 13.3 14.0 -

7-Segment Outputs - 0.4 05 5 1.28 1.22 0.84 0.72 1 2 -Output low - 0.5 0,10 10 3.2 3 2.2 1.8 2.6 5.2 (Sink) Current 1.5 0, 15 15 8.4 8 5.6 4.8 6.8 13.6 Min. IOl 

Carry Outputs - 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -Output low - 0.5 0, 10 10 1.6 1.5 1.1 0.9 1.3 2.6 - mA (Sink) Current 1.5 0,15 15 4.2 4 2.8 2.4 3.4 6.8 Min. IOl 

Output High - 4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 -
~ource) Current 2.5 05 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 

in. IOH - 9.5 0, 10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -
13.5 0,15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 

Input Current - 0, 18 0, 18 18 ±0.1 ±0.1 ±1 ±1 - ±10-5 ±0.1 pA Max. liN 

• 0(10 pA) 
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Fig. 2 - Logic diagram with flip-flop and output-driver details. 
(cont'd on pageS) 
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CD40110B Types 
L 

QA 

L 

Qs 

Qc 

Qo 

QE 

A 

0 
r 

A 
11" 
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E 

C 
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0 
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-O:~CARRY 

92CL-31384 

Fig. 2 - Logic diagram with flip-flop and output-driver detailS. 

TERMINAL ASSIGNMENT 

DISPLAY SEGMENTS 
7-SEGMENT { : 

I 16 Voo 

OUTPUTS 

· · J 
a I 3 14 c 7-SEGMENT 

'I-Ib TOGGLE ENABLE 4 13 
d OUTPUTS 

RESET 5 12 • 
,,_0 Ie LATCH ENABLE 6 " BORROW 

CLOCK DOWIt·, 7 10 CARRY 

Vss 8 9 CLOCK UP 

d TOP VIEW 

92CS-31376 92CS- 31377 
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CD401108 Types 

DYNAMIC ELECTRICAL CHARACTERISTICS al TA = 25°C,lnpullr,I, = 20 ns, CL = 50 pF, RL = 200 kQ 

CHARACTERISTIC 

Clock Up/Clock Down 

5 - 300 600 
Propagation Delay Time: 10 - 100 200 

Clock to Carry or Borrow tPLH. tpHL 15 - 70 140 

5 - 925 1850 
Clock to Segment tPLH. tPHL 10 - 360 720 ns 

15 - 250 500 

5 - 55 110 
Minimum Clock Pulse Width 10 - 20 40 

15 - 15 30 

5 1 2.5 -
Maximum Clock Input Frequency feL 10 3 6 - MHz 

, 

• (Sum of CLUP & CLON F) 15 5 8.5 -

5 - 175 350 
Minimum Toggle Enable Pulse Width 10 - 75 150 

15 - 55 110 

5 - 55 110 
Minimum Latch Enable Pulse Width 10 - 15 30 

15 - 12 24 

5 115 230 -
Output Pulse Width: 10 60 120 -

Carry 15 40 75 -
ns 

5 140 275 -
Borrow 10 65 130 -

15 45 85 -
5 - 85 170 

Transition Time: tTLH. tTHL 10 - 45 90 
Carry or Borrow 15 - 30 60 

5 - 100 -
Minimum Delay Time 10 -- 80 -

Between CLUP & CLON 15 - 60 -
5 - - 15 

Maximum Clock Rise or Fall Time trCL. tfCL 10 - - 15 ps 
15 - - 15 

Resel 

5 - 650 1300 
Propagation Delay Time tpLH. tPHL 10 - 350 700 

Reset to Output 15 - 160 320 

5 - -275 0 
Minimum Reset Removal Time 10 - -100 0 ns 

15 - -65 0 

5 - 175 350 
Minimum Reset Pulse Width 10 - 85 170 

15 - 60 120 
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CD401108 Types 
TRUTH TABLE 

CLOCK CLOCK 
UP· DOWN * 

.-r- x 

X -f 
~ ~ 

X X 

X X 

X X 

-f X 

X ~ 
X = Don't Care 

LATCH 
ENABLE 

0 

0 

X 

1 

0 

X 

1 

1 

1 = High State 

TOGGLE RESET COUNTER DISPLAY ENABLE 

0 0 Increments by 1 Follows Counter 

0 0 Decrements by 1 Follows Counter 

X 0 No Change No Change 

X 1 Goes to 00000 Remains Fixed 

X 1 Goes to 00000 Follows Counter 

(Display = [7) 

1 0 Inhibited Remains Fixed 

0 0 Increments by 1 Remains Fixed 

0 0 Decrements by 1 Remains Fixed 

0= Low State 
• Typically 100 ns between clock-up and clock-down positive transitions are required to ensure proper counting. 
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AMBIENT TEMPERATURE {TA1=Z5°C 

~ 
e 
I 
-~ J'30 GATE-IQ-SOURCE VOLTAGE (VGS)=15 V 

~ i 25 

~ 20 

§ 
15 10V 

~ 

'3 
~ 10 
0 
a 

~ 5 5V 

5 10 15 
DRAIN-IO-SOURCE VOLTAGE (VOS)-V 

Fig. 3 - Typical carry or borrow output low (sink) 
current characteristics. 

DRAIN-iO-SOURCE VOLTAGE (Vos)-V 

-15 -10 -5 
AMBIENT TEMPERATURE (TAI=25°C 

GATE-iO-SOURCE VOLTAGE {VGS1"-5V 

-IOV 

-ISV 

-d 
~ 

10 >< 

§ 
-15 ~ 

20 ~ 

Fig. 5 - Typical carry or borrow output high 
(source) current characteristics. 
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~GATE TO SOURCE VOLTAGE (VGSI" 15 V , . 

10V 

5V 

5 10 15 
DRAIN-iO-SOURCE VOLTAGE (VOS1-V 

Fig. 4 - Minimum carry or borrow output low 
(sink) current characteristics. 

DRAIN-iO-SOURCE VOLTAGE (Vos)-V 

-15 -10 -5 
AMBIENT TEMPERATURE (TA)"25°C 

GATE -TO-SOURCE VOLTAGE (YGSI; -5 v 

I5V 

~ 
e 
I 

-5 ~ 
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w 
~ 
~ 
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u 

-IO~ 

Fig. 6 - Minimum carry or borrow output high 
(source) current characteristics. 



AMBIENT TEMPERATURE(~A I- 2S-C 

- , 
~ 50 

:!i 
~ 2. 
~ . 

5 
~ m ~ ~ ~ w ro 00 ~ ~ 

LOAD CAPACllANE (CL}-pF 
92C$-32846 

Fig. 7 - Typical carry or borrow transition time 
vs. load capacitance. 

2 AMBIENT TEMPERATURE (TA ). 25-C 

10 15 20 25 30 
OUTPUT SOURCE CURRENT ('OHI-rnA 

92CS-32848 

Fig. 9 - Voltage across bipolar transistor vs. 
output source current. 

voo 

TEST CIRCUITS 

CL 
16 

CL 
15 

CL 
14 

CL 
4 13 

CL 

12 
CL 

6 II 
CL 

7 10 
CL 

8 9 

92CS- 32850 

Fig. 11 - Dynamic power dissipation test circuit. 

VSS 

VSS 

NOTE, 

MEASURE INPUTS 
SEQUENTIALLY. 

TO 80TH Voo ANO VSS' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

Voo OR VSS' 

92CS-27402 

Fig. 13 - Input current. 

CD40110B Types 

20 40 60 80 100 
LOAD CAPACITANCE lel l-pF 

92CS-J21147 

Fig. 8 - Typical carry or borrow propagation 
delay time vs. load capacitance. 
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· AMBIENT TEMPERATURE IT A 1=2S-C , 
• 

+1+-, 
/ 

'1- 3~~ 'f-- - 1-- __ ,6) · ,. 
, ~~ ~~ ,0 / · ~~ct<~~I-l" , · RV 

~ , 
" -1/ 

· LOAD CAPACITANCE , · CL -15 pF , 
1/ c~ '~O;~, I I I-~ 

10.,2 468, 2 .. 68. 0 2 468,022 .. 68,032 .. 68,0" 

CLOCK INPUT FREQUENCY (fcL )- kHz 
92CS-32849 

Fig. 10 - Typical dynamic power dissipation vs. 
frequency. 

VSS 
92CS-2740LRI 

Fig. 12 - Quiescent device current. 

VSS 

NOTE: 
TEST ANY COMBINATION 
OF INPUTS 

92CS-27441RI 

Fig. 14 - Input voltage. 
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CD40110B Types 
..fL 

CLuP 
CLDN 

..fL 
92CS-328~3RI 

Fig. 15 - Cascading diagram. 

145 
o 

I- 4-10 
(0.102-0.254) 

142 -150~,~,..--______ --t 
(3.606-3. 

92CS-34617 

Dimensions and pad layout for CD4011 OB. 

Dimensions In parentheses are in millimeters and 
are derived from the basic inch dimensions as 
indicated. Grid graduations are in mils (10-3 inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the wafer 
Is separated into individual chips, the angle of cleavage may 
vary with respect to the chip face for different chips. The 
actual dimensions of the isolated chip, therefore. may differ 
slightly from the nominal dimensions shown. The user 
should consider a tolerance -3 mils to +16 mils applicable 
to the nominal dimensions shown. 



Preliminary Data CD40117B Types 

Programmable Dual 
4-Bit Terminator 
High-Voltage Types (20-Volt Rating) 

Features: 
• One standard "8" output will drive eight terminator circuits. 
• Will terminate a CMOS data bus with up to 40 8-series inputs inputs or 3-state 

outputs connected at VDD of 5 V. 
• Input terminals protected by standard "8" series ESD protection network. 
• Preserves final logic state. 
• Output after switching is closer to VDD or Vss rail than with a resistor. 
• Requires only one solder connection. 
• Open circuited terminator not used will not affect performance. 

CONTROL 

I STROBE' DATA \ • • 
4 PULL-UP OR 

PULL-DOWN 

RESI STORS 

OR 
4 LATCHES 

4 PULL- UP OR 

PULL- DOWN 
RESISTORS 

OR 
4 LATCHES 

\ 
STROBE DATA • • 

I. T 
E 2. R 
M 

3' I 
N 4. • T 
0 

I. R 
S 

2. T 
0 

3. • 4. U 
S 
E 
S 

• Can be connected to any CMOS I/O line. I 92CS·3!5283 
CONTROL 

• Draws current only when logic state is changing. 
• Can be preset. 

The RCA CD40117B is a dual 4-bit terminator that can be 
programmed by means of STROBE and DATA control bits 
to function as pull-up or pull-down resistors. The CD40117B 
can also be programmed to function as latches to terminate 
any open or unused CMOS logic when used with 3-state 
logic or during a power-down condition. Considerable 
savings in power and board space can be realized when this 
device is used to replace pull-up or pull-down resistors. 
When the STROBE is in the logic "1" state, the terminator 
functions as a pull-up resistor if the DATA input is a logic 
"1" oras a pull-down resistor if the DATA input isa logic "0". 

When the STROBE is in the logic "0" state, the terminator 
performs the latch function, i.e., it follows the changing 
states of the bus. If the bus goes into the high-Z state or into 
a power-down condition, the latched terminator retains the 
data ("1" or "0") that the bus carried before it switched to the 
high-Z or power-down state. If and when the bus changes 
from the high-Z state to the state opposite to that which the 
latch is storing, the bus will override the latch and the 
terminator will reflect the state on the bus. The small 
geometries chosen for the inverters in the latch allow this 
override mode. When checking the data bus whose last 
state is being preserved by the terminator, a resistor should 
be used in series with the probe whose input capacitance 
could trip the small latches. The resistance should be in 
excess of the output impedance of the latch, i.e., R should 
be >30 KQ at Voo =10 V. 

The STROBE and DATA inputs in each section can be 
paralleled allowing this device to be used as an a-bit bus 
terminator. 

The CD40117B types are supplied in 14-lead hermetic dual­
in-line ceramic packages (D and F suffixes), 14-lead dual­
in-line plastic packages (E suffix), and in chip form (H 
suffix). 

FUNCTIONAL BLOCK DIAGRAM 

Applications: 
• Error state identification. 
• Replaces pull-up or pull-down resistors 
• Avoids floating inputs in modular systems 
• Sharpens transistors (hysteresis) 
• Anti-bounce circuit 

STROBE A 14 VDD 

STROBE B 13 DATA A 

IA 3 12 DATA 8 

2A 4 II IB 

3A 10 28 

4A 6 9 38 

VSS 7 8 48 

TOP VI EW 

92CS- 34607 

TERMINAL DIAGRAM 

TRUTH TABLE 

STROBE DATA 1A(B) 2A(B) 

1 0 0" 0" 
1 1 1+ 1+ 
0 X * * 

1 = High, 0 = Low, X = Don't Care 

A Equivalent to pull-down resistor. 
+ Equivalent tn pull-up resistor. 
'Equivalent to a latch. 

3A(B) 

0" 
1+ , 

4A(B) 

0" 
1+ , 
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CD40117B Types 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (Voo) 
(Voltage referenced to Vss Terminal) ................................................................................. -0.5 to +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS .................................•..•.............•....................... -0.5 to Voo +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT .................................................................................. ± 10 mA 
POWER DISSIPATION PER PACKAGE (PO): 

ForTA = -40 to +60·C (PACKAGE TYPE E) ............................................................................... 500 mW 
ForTA = +60 to +85·C (PACKAGE TYPE E) .......... , ...................................... Derate Linearly at 12 mWfOC to 200 mW 
ForTA = -55 to 1OO·C (PACKAGE TYPE D, F) ............................................................................ 500 mW 
ForTA = +100 to +125·C (PACKAGE TYPE D, F) ............................................ Derate Linearly at 12 mW/·C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
ForTA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................................................... 40 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPE D, F, H ...........................•.............................................................. -55 to +125·C 
PACKAGE TYPE E ..............................................................•.................................. -40 to +85· C 

STORAGE TEMPERATURE RANGE (Tstg) ..............•..........•................................................. -65 to +150·C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max ...................................................... +265·C 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so thai operation Is always within the following 
ranges: 

432 

CHARACTERISTIC 

Supply-Voltage Range (For T A=Full Package-Temperature Range) 

2AIB) 
4(10) 

3AIB) 
5(9) 

4AIB) 
6(8) 

JElVOO 

Vss 

STROBE AlB) OATA AlB) 
* 1(2) * 13(12) 

VOO=14 
VSS= 7 

92CS - 34594RI 

* INPUT PROTECTION 
NETWORK 

Fig. 1 - Logic diagram (14 of CD40117B) 

LIMITS 

VDD UNITS 
(V) MIN. TYP. 

- 3 18 V 

50-58 

I~' 
.1 

92CS-35084 

Dimensions and pad layout for CD40117B. 

Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10-3 
inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the wafer 
is separated into individual chips, the angle of cleavage may 
vary with respect to the chip face for different chips. The 
actual dimensions of the isolated chip. therefore, may differ 
slightly from the nominal dimensions shown. The user 
should consider 8 tolerance -3 mils to +16 mils applicable 
to the nominal dimensions shown. 



TYPICAL APPLICATIONS 

CPU 
CDPI802 

""1"--------1/2 CD40117B----------.j 

I 
I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I ______ 1 

r---------------------~-----;_--~} ~~ 

Fig. 2 - Schematic of CD401178 interfacing with 
microprocessor terminating an 8-bit bus line and 
1/2 of CD401178 as a programmable pull-up/pull 
down logic controller. 

DATA 

I----~JSTROBE 

Vss 
92CS-3460BRI 

Fig. 3 - Schematic of CD401178 in anti-bounce circuit 
application. 

CD40117B Types 

DATA 

STROBE 

DATA BUS 

92CL-34592R1 
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CD40117B Types 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 
CONDITIONS Values at -55, +25, +125 Apply to 0, F, H Packages 

CHARACTERISTIC Values at -40, +25, +85 Apply to E Package UNITS 

r~ ~~~ VDD +2:» 
(V) -55 -40 +85 +125 Min. Tm Max. 

Quiescent o 5 5 0.25 0.25 7.5 7.5 0.01 0.25 
Device 0, 10 10 0.5 0.5 15 15 0.01 0.5 JlA Current 100 - 0, 15 15 1 1 30 30 - 0.01 1 
Max. - o 20 20 5 5 150 150 0.02 5 

Output low 0.4 o 5 5 - - . - - - 25 -
Sink Current IOl 0.5 0, 10 10 - - - - 60 -
Min. 1.5 o 15 15 - - - - - 250 -

Output High 4.6 0,5 5 - - - - - -25 - JlA (Source) 2.5 0,5 5 
Current IOH 9.5 o 10 10 - - - - - -60 -
Min. 13.5 0,15 15 - -250 

Output Voltage: - o 5 5 0.05 - 0 0.05 
low-level VOL - 0, 10 10 0.05 - 0 0.05 
Max. 0,15 15 0.05 0 0.05 V 

Output Voltage: 0,5 5 4.95 4.95 5 
High-level VOH , 1 1 9.95 9.95 10 
Min. - o 15 15 14.95 14.95 15 -

Input low 0.5,4.5 - 5 1.5 - - 1.5 
Voltage Vil 1 9 - 10 3 - - 3 
Max. 1.5,13.5 - 15 4 4 V Input High 0.5,4.5 5 3.5 3.5 
Voltage VIH 1,9 - 10 7 7 - -
Min. 1.5,13.5 - 15 11 11 - -

Input Current liN - 0,18 18 ±0.1 ±0.1 ±1 ±1 - ±10-5 ±0.1 JlA Max. 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A=25° C; Input t" t,=20 ns, Cl =50 pF, RL =200 kC'l 

TEST LIMITS 
CHARACTERISTIC CONDITIONS All Pack@ges UNITS 

Voo (V) MIN. TYP. MAX. 
Propagation Delay Time tpHL 5 1.7 JlS 

Strobe, Data to Outputs 10 - 850 - ns 
15 - 575 - ns 
5 1.5 Jls 

tPLH 10 - 625 - ns 
15 - 500 - ns 

Transition Time 5 - 3.3 -
tTHl, 10 - 1.6 - Jls 
tTl H 15 - 1.1 -

Minimum Strobe Pulse tw 5 - 1.5 Jls 
Width 10 - 600 - ns 

15 - 475 - ns 
Minimum Data Pulse tWH, 5 - 1.6 - JlS 

Width tWL 10 - 700 - ns 
15 - 500 - ~ 

Minimum Terminator tw 
Input/Output Pulse 5 - 10 - ns 
Width 

Minimum Data tsu 5 - 0 -
Setup Time 10 - 0 - ns 
Data to Strobe 15 - 0 -

Input Capacitance CIN Any Input - 5 pF 
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IO-line to 4-line 
BCD Priority Encoder 
High-Voltage Types (20-Volt Rating) 

rhe RCA-CD40147B CMOS encoder fea­
tures priority encoding of the inputs to ensure 
that only the highest-order data line is en­
:oded. Ten data input lines (0·91 are en­

:oded to four·line (8.4,2,1) BCD. The highest 
Jriority line is line 9. All four output lines are 
ogic 1 (VSSI when all input lines are logic O. 
1\11 inputs and outputs are buffered, and each 
Jutput can drive one TTL low-power Schottky 
oad. The CD40147B is functionally similar to 
;I)e TTL 54/74147 if pin 15 is tied low. 
The CD40147B types are supplied in 16-
lead ceramic dual-in-Iine packages (0 and F 
suffixes), 16-lead dual-in-line plastic pack­
ages (E suffix). 16-lead ceramic flat pack­
ages (K suffix), and in chip form (H suffix). 

IFUNCTIONA~GATiNG ------1 
1 B I 

.*@)---()o- 0 1 9. I 

I 7 _-,6"---,.-I-1-.J 

~*~22 
I*®----[>-- "3 

I .. 
I 5 -"'=H'P--' 
I 
I 3 

I 
I 
I 
I 

.. 
1i 0 

5 
:; 
6 

~VOO 

~LJvss 
E-INPUTS PROTECTED BY 

"I 

• B 

COS/MOS PROTECTION NETWORK 

Fig. I - CD401478 logiC diagram. 

AMBIENT TE!APERATURE (TAI-ZS·C 

GATE-TO-SOURCE VOLTAGE IVGSI.t~ v 

10V 

~ 10 

~ 5 

5 10 15 
DRAIN-lO-SOURCE VOLTAGE IVoSI-V 

Fig. 2 - Typical output low (sink) current 
characteristics. 

I 
I 
I 

Fe'!.tures: 
• Encodes 10-line to 4-line BCD 
a Active low inputs and outputs 
• Standardized, symmetrical output characteristics 
.100% tested for quiescent current at 20 V 
• 5-V, 10-V, and 15-V parametric ratings 
• Meets all requirements of JEDEC Tentative Standard 

No_ 13A, "Standard Specifications for Description of 'B' 
Series CMOS Devices" 

• Maximum input current of 1 /J-A at 18 V over full 
package-temperature range; 100 nA at 18 V and 250 C 

• Noise margin (full package-temperature 
range) = 1 Vat VDD = 5 V 

2 Vat VDD = 10 V 
2.5 V at VDD = 15 V 

Applications: 

• Keyboard encoding 
• 10-line to BCD encoding 
• Range selection 

CD40147B Types 

,-----,.-0 ~, 
C 2' 
B 2' '--_-"-. ,0 

92CS-30552 

FUNCTIONAL DIAGRAM 

RECOMMENDED OPERATING CONDITIONS 

92CM-10956 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 

CHARACTERISTIC 
LIMITS 

UNITS 
Min. Max: 

Supply Voltage Range (For T A = Full Package 
3 18 V Temperature Range) 

TRUTH TABLE (Negative Logic) 

INPUTS OUTPUTS 

0 1 2 3 4 5 6 7 8 9 0 C B A 

0 0 0 0 0 0 0 0 0 0 1 1 1 1 

1 0 0 0 0 0 0 0 0 0 0 0 0 0 

X 1 0 0 0 q 0 0 0 0 0 0 O. 1 
X X 1 0 0 0 0 0 0 0 0 0 1 0 

X X X 1 0 0 0 0 0 0 0 0 1 1 

X X X X 1 0 0 0 0 0 0 1 0 0 

X X X X X 1 0 0 0 0 0 1 0 1 

X X X X X X 1 0 0 0 0 1 1 0 

X X X X X X X 1 0 0 0 1 1 1 

X X X X X X X X 1 0 1 0 0 0 

X X X X X X X X X 1 1 0 0 1 

o High Level Low Level X Don't Care 

DRAIN-lO-SOURCE VOLTAGE IVosl-V 
-'!!I -10 -5 

AMIlIENT TEMPERATURE (TAI.~·C 

-IOV 

-15Y 

5 10 15 
DRAIN-lO-SOURCE VOLTAGE (\IOSI-V 

Fig. 3 - Minimum output low (sink) current 
characteristics. 

Fig. 4 - Typical output high (source) current 
characteristics. 
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CD401478 Types 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) ........................................ ,....... -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS .............•.......•....................• -0.5 to VDD +0.5 V 
DC INPUT CURRENT. ANY ONE INPUT ..................................................... ±10 rnA 
POWER DISSIPATIDN PER PACKAGE (PD): 

For T A = -40 to +60"C (PACKAGE TYPE E) ................................................. 500 mW 
For T A = +60 to +B5"C (PACKAGE TYPE E) ..•....•.......•... Derate Linearly at 12 mW/"C to 200 mW 
For T A = -55 to +100"C (PACKAGE TYPES D, F, K) .......................................... 500 mW 
For T A = +100 to +125"C (PACKAGE TYPES D, F, K) ...•..•.•. Derate Linearly at 12 mW/"C to 200 mW 

DEVICE DISSIPATIDN PER OUTPUT TRANSISTOR: 
For T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) •.•...........•.••••.. 100 mW 

OPERATING·TEMPERATURE RANGE (TA): 
PACKAGE TYPES D. F, K, H ...•.... , ............•......•.........•...•........•.... -55 to +125"C 
PACKAGE TYPE E .................................................................. -40 to +85"C 

STORAGE TEMPERATURE RANGE (Tstg) ............................................. -65 to +150"C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max ....•.•.•..............••• +265"C 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (DCI 
U 

CONDITIONS Values at -~5, +25, +125 Apply to D, F, K, H, Packages 
N 

CHARAC· Values at -40, +25, +85 Apply to E Package 
I 

TERISTIC 
Vo VIN VDD +25 T 
(VI !VI (VI -55 ~O +85 +125 Min. Typ. Max. S 

Quiescent - 0,5 5 1 1 30 30 - 0.02 1 

Device - 0,10 10 2 2 60 60 - 0.02 2 /J.A 
Current, I DO - 0,15 15 4 4 120 120 - 0.02 4 
Max. - 0,20 20 20 20 600 600 - 0.04 20 

Output Low 0.4 0,5 5 0.64 0.61 0.42 0.36 0,51 1 -
(Sink) 

0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 Current -

IOL Min. 1.5 0,15 15 4.2 4 2.8 2.4 3.4 6.8 -

Output High 
4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 - rnA 

(Source) 2.5 0,5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 

IOH Min. 13.5 0,15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 

Output Voltage: - 0,5 5 0.05 - 0 0.05 

Low·Level, - 0,10 10 0.05 - 0 0.05 

VOL Max. - 0,15 15 0.05 - 0 0.05 
V 

Output Voltage: - 0,5 5 4.95 4.95 5 -

High·Level, - 0,10 10 9.95 9.95 10 -
VOH Min. - 0,15 15 14.95 14.95 15 -

Input Low 0.5,4.5 - 5 1.5 - - 1.5 

Voltage, 1,9 - 10 3 - - 3 
VILMax. 1.5,13.5 - 15 4 - - 4 

V 

Input High 0.5,4.5 - 5 3.5 3.5 - -

Voltage, 1,9 - 10 7 7 - -
VIHMin. 1.5,13.5 - 15 11 11 - -

Input Curren1 

liN Max. - 0,18 18 ±0.1 ±0.1 ±1 ±1 - ±10-5 ±0.1 /J.A 
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DRAIN-lO-SOURCE VOLTAGE IVDSI-V 
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AMBIENT TEMPERATURE tTA)-25-C 
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+0 

·-1''; 

: 

Fig. 5 - Minimum output high (source) current 
characteristics. 

~-92CS-24322 

Fig. 6 - Typical transition time as a function of 
load capacitance. 
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I~ 
I; 
I 

LOAD CAPACITANCE (ell - pF 92CS-309'5 

Fig. 7 - Propagation delay time as a function 
of load capacitance. 
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RV 

g ~. 

~ 
~I02 LOAO CAPACITANCE 
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'ZCS-SO'54 

Fig. 8 - Typical dynamic power dissipation 
as a function of input frequency. 



CD40147B Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r, tf = 20 ns, 
CL = 50 pF, RL = 200 kn Voo 

CHARACTERISTIC 

Propagation Delay Time, 

tpLH' tpHL 
In·Phase Output 

Out·ot·Phase Output 

Transition Time. tTHL' tTLH 

Input Capacitance. Cl 

VOIl 
o Vss 

INPUTS 

Vss 

LIMITS 

TEST CONDITIONS ALL TYPES UNITS 

VDD 
(V) Typ. Max. 

5 450 900 

10 200 400 ns 

Any input to any 15 150 300 

output 5 425 850 
10 175 350 ns 

15 125 250 

5 100 200 

10 50 100 ns 

15 40 80 

Any Input 5 7.5 pF 

I"PUTOVOIl OUTPUTS 
VIH 
'- ~ 
v~ ~ 

NOTE: 

Vss ~SJN"'':,~~OMaINATION 

92C$.-2140'RI 

\l2eS-30S53 

Fig. 9 - Dynamic power dissipation 
test circuit. 

V~NPU(J" ... ::~ •• ~ 
o ~ SIE:OUENTIALLV, . 

Vss TO BOTH YDD AND VsS' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VDD CftYss' 

Vss 

Fig. 10 - Quiescent device 
current test circuit. 

Fig. 17 - Input voltage test circuit. Fig. 12 - Input CUrrent test circuit. 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in­
dicated. Gfld graduations are in mils ,,0-3 inchJ. 

The photographs and dim.nslons of each CMOS chip 
represent I chip when it is part of the ."ater. When the 
wa'f" is separated Into Individual chips, the angl. of 
cleavage may vary with respect to the chip face for 
different chips. The actual d;mena/ons of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The us.r should consider. tolerance 
01 -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

Dimensions and pad layout for CD40147BH 

VSS 

I' VOD 

" 0 
• 14 

I' 
12 

1\ 

10 

A 

TOP VIEW 

92CS'aoH7 

CD401478 

TERMINAL 
ASSIGNMENT 
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CD40160B, CD40161B, CD40162B, CD40163B Types 

CMOS Synchronous 
Programmable 4-Bit 
Counters 
High-Voltage Types (20-Volt Rating) 

CD40160B - Decade with Asynchronous 
Clear 

CD40161B - Binary with Asynchronous 
Clear 

CD40162B - Decade with Synchronous 
Clear 

CD40163B - Binary with Synchronous 
Clear 

RCA·C040160B, C040161B, C040162B, 
and C040163B are 4·bit synchronous pro­
grammable counters. The CLEAR function 
of the C040162B and C040163B is synchro­
nous and a low level at the crEAR input sets 
all four outputs low on the next positive 
CLOCK edge. The CLEAR function of the 
C040160B and C040161 B is asynchronous 
and a low level at the CLEAR input sets all 
four outputs low regardless of the state of 
the CLOCK, LOAO, or ENABLE inputs. A 
low level at the LOAO input disables the 
counter and causes the output to agree with 
the setup data after the next CLOCK pulse 
regardless of the conditions of the ENABLE 
inputs. 

The carry look-ahead circuitry provides for 
cascading counters for n·bit synchronous 
applications without additional gating.lnstru­
mental in accomplishing this function are 
two count-enable inputs and a carry output 
(COUT)' Counting is enabled when both PE 
and TE inputs are high. The TE input is fed 
forward to enable COUTo This enabled out­
put produces a positive output pulse with a 

Features: 
• Internal look-ahead for fast counting 
• Carry output for cascad'ing 
• Synchronously programmable 
Ii Clear asynchronous input 

(C040160B, C040161B) 
• Clear synchronous input 

(C040162B, C040163B) 
• Synchronous load control input 
• Low-power TTL compatibility 
• Standardized, symmetrical output 

characteristics 
• 100% tested for quiescent current at 20 V 
• Maximum input current of 1 /lA at 18 V 

over full package-temperature range; 
100 nA at 18 V and 250 C 

• NOise margin (over full package-tempera-
ature range): 1 Vat VOD = 5 V 
2 Vat VDD = 10 V 2.5 VatVOD= 15V 

• 5-V, 10-V, and 15-V parametric ratings 
• Meets all requirements of JEDEC 

Tentative Standard No. 13A, "Standard 
Specifications for Description of 'B'Series 
CMOS Devices" 

duration approximately equal to the positive 
portion of the Ql output. This positive 
overflow carry pulse can be used to enable 
successive cascaded stages. Logic transitions 
at the PE or TE inputs may occu r when the 
clock is either high or low. 

The C040160B, C040161 9, C0401629, and 
C0401639 types are supplied in 16-lead 
hermetic dual-in-line ceramic packages (0 
and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

The C040160B through C040163B types 
are functionally equivalent to and pin-com­
patible with the TTL counter series 74LSl60 
through 74LSI63 respectively. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Termjnal) .................•.•.......•....•............... -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ..........•........•...•.....•..•.......... -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ..................................................... ±10 rnA 
POWER DISSIPATION PER PACKAGE (PD): 

For T A = -40 to +60°C (PACKAGE TYPE E) ................................................. 500 mW 
For TA = +60 to +85°C (PACKAGE TYPE E) .........•...•.•... Derate Linearly at 12 mWrC 10 200 mW 
For T A = -5510 +loo°C (PACKAGE TYPES D, F, K) .......................................... 500 mW 
For T A = +100 to +125'C (PACKAGE TYPES D, F, K) ..•.••.... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
ForTA = FULL PACKAGE-TEMPE~ATURERANGE (All Package Types) ...................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES D, F, K, H ........................................................ -55 to +125°C 
PACKAGE TYPE E .................................................................. -40 to +85'C 

STORAGE TEMPERATURE RANGE (Tstg) ............................................. -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max .......................... +265°C 
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Functional Diagram 

Applications: 
• Programmable binary and decade counting 
• Counter control/timers 
• Frequency dividing 

Fig. 1- Typical output low (rink) 
current characteristics. 

I 
DRAIN-TO-SOURCE VOLTAGE IVOsI-V 

Fig. 2- Minimum output low (rink) 
current characteristics. 



CD40160B, CD40161B,CD40162B, CD40163B Types 

C040160B AND CD401628 BCD DECADE COUNTERS 

* * * * * 

* INPUTS PROTECTED 800 
BY COS/Mas PROTECTION _ _ _ 
NETWORK 

Vss 

92CL - 29224RI 

Fig. 3- Logic diagrams for CD40160B and CD401628 BCD decade counters. 

CD40161B 
ASYNCHRONOUS CLEAR 

C04DI61B AND CD401638 BINARY COUNTERS 

* * 
5 p, 

>--------+--'---- \ 

>o----_---'--!-==t~=t:=:~~---.l 

INPUTS PROTECTED 
BY COSltwilOS PROTECTION __ _ 
NETWORK 

15 COUT 

* &1 Voo 

Vss 92CL"Z9225RI 

Fig. 4- Logic diagrams for CD40161B and CD40163B binary counters. 
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CD40160B, CD40161B, CD40162B, CD40163B Types 

RECOMMENDED OPERATING CONDITIONS at T A = 2!PC, Except as Noted 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTIC VDD liMITS UNITS 
(VI MIN. MAX. 

Supply Voltage Range (Full TA = Full Package-
Temperature Rangel - 3 18 V 

Setup Time: tsu 5 240 -
Data to Clock 10 90 - ns 

15 60 -
5 240 -

load to Clock 10 90 - ns 
15 60 

5 340 -
PE or TE to Clock 10 140 - ns 

15 100 -

Clear to Clock 5 340 -
(CD40162B, CD40163B) 10 140 - ns 

15 100 

5 0 -
All Hold Times, tH 10 0 - ns 

15 0 -

Clear Removal Time, t rem 
5 200 -

10 100 - ns (CD40160B, CD4016181 
15 70 -

Clear Pulse Width, tWl 
5 170 -

10 70 - ns (CD40160B, CD40161 BI 
15 50 -
5 - 2 

Clock I nput Frequency, fCl 10 - 5.5 MHz 
15 - 8 

5 170 -
Clock Pulse Width, tw 10 70 - ns 

15 50 -
5 - 200 

Clock Rise or Fall Time, trCl or ttc l 10 - 70 j.lS 

15 - 15 

TRUTH TABLE 

CLOCK ctR lOAD PE TE OPERATION 

J 1 0 X X PRESET 

J 1 1 0 X NC 

.r 1 1 X 0 NC 

.r 1 1 1 1 COUNT 

X 0 X X X RESET (CD40160B, CD40161BI 

.f 0 X X X RESET (CD40162B, CD40163BI 

\.. 1 X X X NC (CD40162B, CD40163BI 

1 - HIGH LEVEL 0= LOW LEVEL X· DON'T CARE NC = NO CHANGE 
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DftAIN-TO-SOURCE VOLTAGE('t'os)-V 

1 

Fig. 5- Typical output high (source) 
current characteristics. 

DRAIN-lO-SOURCE VOLTAGE [VosJ-V 

'2tS·24UIRl 

Fig. 6- Minimum output high (source) 
current characteristics. 

10 
ov 

m ~ ~ ~ ~ 
LOAD CAPACITANCE (ClJ-pF 92CS-29971 

Fig. 7- Typical propagation delay time as a 
function of load capacitance 
(CLOCK to OJ. 

Fig. 8- Typical transition time as a function 
of load capacitanc~. 



CD40160B, CD40161 B, CD40162B, CD40163B Types 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED T.EMPERATURES (oC) 

CHARAC- CONDITIONS Values ai-55, +25, +125 Apply 10 0, F, K, H, Packages 
TERISTIC Values at -40, +25, +85 Apply 10 E Packages 

Vo VIN VDD 
(V) (V) (V) -55 

- 0,5 5 5 
Quiescent 

Device - 0,10 10 10 
Current, - 0,15 15 20 
100 Max. 

- 0,20 20 100 

Output low 0.4 0,5 5 0.64 

(Sink) Current 0.5 0,10 10 1.6 
IOlMin. 1.5 0,15 15 4.2 

Output High 
4.6 0,5 5 -0.64 

(Source) 2.5 0,5 5· -2 
Current, 9.5 0,10 10 -1.6 
IOH Min. 

13.5 0,15 15 -4.2 

Output Voltage: - 0,5 5 

Low-Level, - 0,10 10 
VOL Max. - 0,15 15 

Output - 0,5 5 
Voltage: - 0,10 10 
Hi gh-Level, 

0,15 15 VOH Min. -
0.5,4.5 - 5 

Input Low 
1,9 10 Voltage -

VIL Max. 1.5,13.5 - 15 

Input High 0.5,4.5 - 5 

Voltage, 1,9 - 10 
VIHMin. 1.5,13.5 - 15 

Input Current - 0,18 18 ±0.1 
liN Max. 

V~.'U(J' '. =~'::' 
Vss TO BOTH VDO AND 'Iss' 

CONNECT ALL UNUSED 
I~S 10 EITHER 
VDOClRVSS' 

+25 

-40 +85 +125 Min_ Typ_ 

5 150 150 - 0.04 

10 300 300 - 0.04 

20 600 600 - 0.04 

100 3000 3000 - 0.08 

0.61 0.42 0.36 0.51 1 

1.5 1.1 0.9 1.3 2.6 

4 2.8 2.4 3.4 6.8 

-0.61 -0.42 -0.36 -0.51 -1 

-1.8 -1.3 -1.15 -1.6 -3.2 

-1.5 -1.1 -0.9 -1.3 -2.6 

-4 -2.8 -2.4 -3.4 -6.8 

0.05 - 0 

0.05 - 0 

0.05 - 0 

4.95 4.95 5 

9.95 9.95 10 

14.95 14.95 15 

1.5 - -
3 - -
4 - -

3.5 3.5 -
7 7 -

11 11 -
±0.1 ±1 ±1 - ±1O-5 

V,M 

'-- ~ o _ 
VIL _ 

NOTE: 

Max_ 

5 

10 

20 

100 

-
-
-

-
-
-
-

0.05 

0.05 

0.05 

-
-
-
1.5 

3 

4 

-
-
-

±0.1 

I~ 
I 
T 
S 

iJA 

mP 

V 

V 

iJA 

VSS 

I .. UTOVCO OUTPUTS 

VS$ TESf ANY COMaINATIClil 
OF INPUTS 

92CS-2744IRI 

Fig. 12- Input-current test circuit. Fig. 13- Input-voltage test circuit. 

92CS-29967 

Fig. 9- Typical power dissipation as a 
function of CLOCK frequency. 

VOD 

9ZCS-Z9972 

Fig. 10- Dynamic power dissipation test 
circuit. 

YCO 
o 
Yss 

INPUTS 

Vss 
92CS-Z1401RI 

Fig. 11- Quiescent-device-current test circuit. 

TERMINAL ASSIGNMENT 

ctE'iR 16 VOD 
CLOCK I. CARRY OUT 

PI • " 
01 

P2 • 13 02 
P' • 12 O. 
P4 6 " O. 
PE 7 10 TE 

vss 8 9 = 
TOP VIEW 

92CS-29459 
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CD40160B, CD40161B, CD40162B, CD40163B Types 

442 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A· 26OC; 
Input"tr, tt· 20 ns, CL = 60 pF, RL • 200 kn 

TEST LIMITS 
CHARACTERISTIC CONDITIONS ALL TYPES· UNITS 

VDD(VI Min. Typ. Max. 
CLOCK OPERATION 

Propagation Delay Time. tpHL,tpLH 
5 - 200 400 

Clock ioO 10 - 80 160 ns 
16 - 60 120 

Clock to COUT 
5 - 225 450 

10 - 95 190 ns 
15 - 70 140 

5 - 125 250 
TE t? COUT 10 - 55 110 ns 

15 - 40 80 

Minimum Setup Time. tsu 
5 - 120 240 

Data to Clock 10 - 45 90 ns 
15 - 30 60 

5 - 120 240 
Load to Clock 10 - 45 90 ns 

15 - 30 60 

5 - 170 340 
PE toTE to Clock 10 - 70 140 ns 

15 - 50 100 

5 - - 0 
Minimum Hold Time. tH 10 - - 0 ns 

15 - - 0 
.' 5 - 100 200 

Tra~siiion Time. tTHL·tTLH 10 - 50 100 ns 
15 - 40 80 

5 - 85 170 
Mini~uin Clock Pulse Width. tw HI - 35 70 ns 

15 - 25 50 

" 5 2 3 -
Maximum Clock Frequency. tCL 10 5.5 8.5 - MHz 

i5 8 12 -
5 200 - -

Maximum Clock Rise or Fall Time. t 10 70 - - p.s 
trCL. ttCL 15 15 - -

CLEAR OPERATION 
P.ropagation, Delay Time, tpHL 5 - 250 500 

(0040,1&08. C040161 BI 10 - 110 220 ns 
Clear to'O 15 - 80 160 

Minim'urn'Setup Tim~. tsu 5 - 170 340 
(C0401628. C040163BI 10 - 70 140 ns 
Clear to Clock ' 15 - 50 100 

Minim!lrii ':I0ld Time. tH 5 - - 0 
(CP40162B. C040163BI 10 - - 0 ns 
Clear t9 ClOck 15 - - 0 

Minim,um Clear Removal Time. t rem 
5 - HIO 200 

(C040160B. CP401~lBI 10 - 50 HiD ns 
1!) - 35 70 

0' S - 85 170 
Minimum Clear Pulse Width. tWL 

(C040160B. C0401~lBI 10 - 35 70 ns 
15 - 25 50 

• Exc:ept as noted. , t " more 'than on. unit is caScaded in the parall.1 clocked application. t,CL should be made less than or equal 
to the' sum of the fixed propagation delay at 50 pFand the transition time of the carry output drivingstagll 
for the estimated ",!paCitiv .. Il!~d. 



CD40160B, CD40161B, CD40162B, CD40163B Types 

mAR(CD40160BI~r.A:::S::YN::;C:;;:HR;::0::;NO;;;U;;;S----------------
-- , 
CLEAR(CD40=1~r;S;VY;:;;NC,"H;;;:Ron.N;n0;;;us;------------------

LOAD I U 

OATA P2--l l 1/ p,-.J : 

'NPUTS P3-.Jr--;I--"l _________________ _ 

1 
p.-----~I~--------------------

CLOCKICD40160BI---M 

CLDCK(CD40162B I 

ENABLES{PE r-l:---------~------,L__ 

OUTPUTS {::~~~~~------~ ! 
Q3- -- -~f--------+I-------

I I 1 
Q.----~----I--I------

II I n 1 
I 0 17 I B 9 0!---:----::---:'131t--------·1 
I I I"I-O-----::c=OU"T ---.. j.I·O-------iN-H:::'B:::'T~---t .. 

CLEAR PRESET 

CARRY OUT 

92CL·Z92Z8RI 

Fig. 14- Timing diagram for CD40160B, CD40162B. 

ct'EAR IC040J6IBI--urA"S"'YNmC"'H"'RO""N;noU"'S..--------------..".-­

--- 'r:;v;:;;~~~--------------­CLEAR fCD40163B '-U SYNCHRONOUS 

LoA5 ----;.-'-, IU 
I 
I 
I 

~I 
-r-~~ I , 

1 

I r--1 I 
CARRY OUT ----+-:;-'1'1 ;o'2,...-j1"'3;-;:;"'--;!15 0!--..,..---,2rtl-'-----------., 

I ~I·~--~C~O~UN~T~-~ .... Ir.<-----~'N~H~'B::;'T~-~ 
CLEAR PRESET 

92CL~29229RI 

Fig, 15- Timing diagram for CD40161B, CD40163B. 
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CD40160B, CD40161 B, CD40162B, CD40163B Types 

10 20 '" 40 50 60 70 80 00 100 109 

9ZCM-i!9226 

Fig. 16- Detail of flip·flops of CD40160B and CD40T6T B (asynchronous clear). 

TN ~ V c~ 
92CM-299SU 

Dimensions and pad lavour for CD40160BH. Dimensions and pad layout 
for CD40161BH.CD40162BH. and CD40163BH are identical. 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in-
dicated. Grid graduations are in mils (10-3 inch). 

The photographs and dimensions of each CMOS chIp 
represent 8 Chip when it ;s part of the wafer. When the 
wafer is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, therefore. may differ slightly f,om the nomina' 
dimensions shown. The USBr should considers tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

Fig. 17- Detail of flip·flops for CD40T62B and CD40T63B (synchronous clear). 
~------~~------------------~-------------------~----------~ 

CLOCK----~-1-----------------4--~----------------~4_----------~ 

92CM-29969 

Fig. 18 - Cascaded counter packages in the para/lel-clocked mode. 

~------~------------------~--------------------t-----------~ 
VDD 

CLOCK 

~--____ ~ __________________ -4 ____________________ +-__________ ~ 

92CM-29970 

Fig. 19 - Cascaded counter packages in the ripple-clocked mode. 
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CMOS Hex 'D'-Type 
Flip-Flop 
High-Voltage Types (20-Volt Rating) 

The RCA-CD40174B consists of six identical 
'D'-type flip-flops having independent DATA 
inputs_ The CLOCK and CLEAR inputs are 
common to all six units_ Data is transferred 
to the Q outputs on the positive-going 
transition of the clock pulse_ All six flip-flops 
are simultaneously reset by a low level on 
the CLEAR input_ 

The CD40174S types are supplied in 16-
lead hermetic dual-in-line ceramic packages 
(D and F suffixes), 16-lead dual-in-line 
plastic packages (E suffix), 16-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix)_ 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

Features: 
• 5-V, 10-V, and 15-V parametric rating 
• Standardized symmetrical output 

characteristics 
• 100% tested for quiescent current at 20 V 
D Maximum input current of 1 IlA at 18 V 

over full package-temperature range' 
100nAat 18Vand25°C ' 

• Noise margin (over full package-temperature 
range): 1 Vat VDD '" 5 V 

2 V at VDD = 10 V 
2.5 Vat VDD = 15 V 

• Meets all requirements of JEDEC Tentative 
Standard No. 13A, "Standard Specifications 
for Description of'S' Series CMOS Devices" 

(Voltages referenced to VSS Terminal) __ __ __ __ _ _ __ _ __ __ __ _ __ _ __ __ __ __ __ __ __ __ __ __ _ __ _ _ -0_5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ___________________________________________ -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ___ . _____ . _. _ .... ___ . ___ . ____ . _ . _______ . _ . _____ . _ , . _, ±10 mA 
POWER DISSIPATION PER PACKAGE (PD): 

For T A = -40 to +60·C (PACKAGE TYPE E) ___ . __ . _ . _ . _. ___ . _. ______ .. ____ . _ ....... _. ___ . ___ 500 mW 
For T A = +60 to +B5·C (PACKAGE TYPE E) ___ . _ .. _ . _. _____ . _. Derate Linearly at 12 mW/·C to 200 mW 
For T A = -55 to +100·C (PACKAGE TYPES D, F, K) _. _. _____ . _. _____________ .. _. _ ... _ .. _. _ ... 500 mW 
For T A = +100 to +125·C (PACKAGE TYPES D, F, K) ........ _. Derate Linearly at 12 mwrc to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES D, F, K, H ..................................................... __ . -55 to +125·C 
PACKAGE TYPE E . ____ . _______ .. ____ . __ ...... ____ . __ . __ . __ . __ .. __ . __ . ____________ .. -40 to +B5·C 

STORAGE TEMPERATURE RANGE (Tstg) __ . ____ . ____ . __ . ____ . __ ... __ . __ . __________ . __ -65 to +150·C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1132 inch (1.59 ± 0.79 mm) from case for 10 s max. __ . __ .... __ ............. , +265·C 

*ALL INPUTS (TERMS 1,3,4,6,9, 
11,13,14) PROTECTEO BY COSIMOS 

PROTECTION NETWORK 

cc 
CLI(*~CL 

Fig_ 1 - Logic diagram (1 of 6 flip-f1opsl. 

CD40174B Types 

" -'----f--l-~ 

0.5 13 

06 14 

CLOCIC-'-.r-----L_----' 
CLEAR-L ...... ___ ....J 

\Iss' 8 
"00'16 

FUNCTIONAL DIAGRAM 

Applications: 
• Shift Registers 
• Buffer/Storage Registers 
• Pattern Generators 

TRUTH TABLE FOR 1 OF 6 FLIP-FLOPS 

INPUTS 

CLOCK DATA 

-------------X 

1 = High Level 
0= Low Level 

0 

1 

X 

X 

OUTPUT 

CLEAR a 
1 0 

1 1 

1 NC 

0 0 

x = Don't Care 

NC = No Change 

Fig. 2- Typical transition time as a function 
of load capacitance. 
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CD401748 Types 

RECOMMENDED OPERATING CONDITIONS at T A = 25"C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges: 

CHARACTERISTIC 

Supply·Voltage Range (For T A = Full Package· 
Temperature'Range) 

Data Setup Time, tsu 

Data Hold Time, tH 

Clock Input Frequency, fCl 

Clock Input Rise or Fall Time, trCl;tfCl 

Clock Input Pulse Width;tWl. tWH 

Clear Pulse Width. tWl 

Clear Removal Ti~e. tREM 

10 20 30 40 

I I I I 

Dimensions and pad layout for CD40174BH. 

Dimensions in parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 
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VDD 
LIMITS UNITS 

(V) Min. Max. 

- 3 18 V 

5 40 -
1(} 20 - ns 
15 10 -
5 80 -

10 40 - ns 
15 30 -
5 - 3.5 

10 de 6 MHz 
15 8 

5 - 15 
10 - 15 J..Ls 
15 - 15 

5 130 -
10 60 - ns 
15 40 -
5 100 -

10 50 - ns 
15 40 -
5 0 -

10 0 - ns 
15 0 -

50 60 70 

I I I 

92CS-29B35 

The photographs and dimensions of each CMOS chip 
represent a Chip when it is part of the wafer. When the 
wafer ;s separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the isolated 
chip, tharefore, may differ slightly from the nominal 
dimens;onsshown. The USBr shouldconsidera tolerance 
01 -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

II 

DRAIN-TO-SOURCE VOLTAGE (Vosl-V 

Fig. 3- Typical output low (sink) current 
characteristics. 

DRAIN-TO-SOURCE VOLTAGE (Yosl-Y 

Fig. 4- Minimum output low (sink) current 
characteristics. 

ORAIN-TO-SDURCE VOLTAGE: (Yos)-V 

-15 -10 -5 
AMBIENT TEMPERATURE (TA'*25*C 

GATE-TO-SOURCE VOLTAGE (VGS'o-5V 

-IOV 

-15V 

9ZCS-24320R) 

Fig. 5- Typical output high (source) current 
characteristics. 

ORAIN-TO-SOURCE VOLTAGE (VDS)-V 

-15 -10 -5 
AMBIENT TEMPERATURE (TA).25·C 

-IOV 

-15 V 

Fig. 6-- Minimum output high (source) current 
characteristics. 



STATIC ELECTRICAL CHARACTERISTICS 

CHARAC· 
TERISTIC 

Quiescent 
Device 
Current, I DD 
Max. 

Output Low 
(Sink) 
Current 

IOL Min. 

Output High 
(Source) 
Current, 

IOH Min. 

Output Voltage: 
Low·Level, 
VOL Max. 

Output Voltage: 
High·Level, 

VOH Min. 

Input Low 
Voltage, 

VIL Max. 

Input High 
Voltage, 

VIHMin. 

Input Current 
liN Max. 

LIMITS AT INDICATED TEMPERATURES (oC) 
U 

CONDITIONS Values at -55, +~5, +125 Apply to D, F, K, H. Packages N 
Values at -40, +25, +85 Apply to E Package I 

Vo VIN VDD +25 T 
IV) (V) IV) -55 -40 +85 +125 Min. Typ. Max. S 

- 0,5 5 1 1 30 30 - 0.02 1 
- 0,10 10 2 2 60 60 - 0.02 2 J.lA 
- 0,15 15 4 4 120 120 -
- 0,20 20 20 20 600 600 -

0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 

0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 

1.5 0,15 15 4.2 4 2.8 2.4 3.4 

4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 

2.5 0,5 5· -2 -1.8 -1.3 -1.15 -1.6 

9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 

13.5 0,15 15 -4.2 -4 -2.8 -2.4 -3.4 

- 0,5 5 0.05 -
- 0,10 10 0.05 -
- 0,15 15 0.05 -

- 0,5 5 4.95 4.95 

- 0,10 10 9.95 9.95 

- 0,15 15 14.95 14.95 

0.5,4.5 - 5 1.5 -
1,9 - 10 3 -

1.5,13.5 - 15 4 -

0.5,4.5 - 5 3.5 3.5 

1,9 - 10 7 7 

1.5,13.5 - 15 11 11 

- 0,18 18 ±0.1 ±0.1 ±1 ±1 -

Voo 

*(1.HI OR (HLI OPTIONAL 
Voo 1,.+------

CL"E"Aii- -50% 

o I 
92CS-20069R4 

Fig. 10- Definition of setup, hold, propagation delav, 
and removal times. 

0.02 4 

0.04 20 

1 -
2.6 -
6.8 -

-1 - rnA 
-3.2 -

-2.6 

-6.8 

0 0.05 

0.05 

0 0.05 
V 

5 -
10 -
15 -

- 1.5 

- 3 
- 4 

V 
- -
- -
- -

±10-5 ±0.1 J.lA 

CD401748 Types 

10 6 AMBIENT TEMPERATURE ITA)-25-C 

I 2 4 6810 2 4 68102 2 4 88103 2 4 68104 

CL.OCK INPUT FREQUENCY (feLl-kHz 

Fig. 7- Typical dynamic power dissipation as a 
function of CLOCK frequency. 

LOAD CAPAC!TANCE (CLJ-IJF 

Fig. 8- Typical propagation delay time (CLOCK 
to OUTPUT) as a function of load 
capacitance. 

Voo 

-=- Vss 
NOTE: PUL.SE GEN. I • fiN 

PULSE GEN.2'~ 

Fig. 9- Dynamic power dissipation test circuit. 

Voo 

o 
Vss 

INPUTS 

Vss 

Fig. 1 t - Quiescent device current test circuit. 
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CD401748 Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C; 
Input t f • tf = 20 ns. CL = 50 pF. RL'" 200 kn 

TEST 
CHARACTERISTIC CONDITIONS 

VDD(V) 

Propagation Delay Time 
5 

10 
Clock to Output, tpHL, tpLH 15 

5 
Clear to Output, tpHL 10 

15 

5 
Transition Time, tTHl, tTlH 10 

15 

Minimum Pulse Width, 
5 

10 
Clock, tWL' tWH 15 

5 
Clear, tWL 10 

15 

5 
Minimum Data Setup Time, tsu 10 

15 

5 
Minimum Data Hold Time, tH 10 

15 

5 
Maximum Clock Frequency • fCL 10 

15 

5 
Maximum Clock Rise or Fall 10 

Time, trCl, tfCl 15 

I nput Capacitance, CI N 
Clear -
All other -

Minimum Clear Removal 5 

Time, 10 
tREM 15 

~ ~:~~~:i,!~~~S 
Vss TO BOTH Voo ANDYss' 

CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR VSS' 

INPUTQVOO OUTPUTS 
V,H 

'- ~ 
VIOL :x 

NOTE: 

Min. 

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

3.5 
6 
8 

15 
15 
15 

-
-
-
-
-

Voo INPu(Js Voo NOTE. 

Vss Vss ~srN~~~~OMBINATION 

Fig. 12 - Input current test circuit. Fig. 13 - Input voltage test circuit. 
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LIMITS UNITS 
Typ. Max. 

150 300 
70 140 ns 
50 100 

100 200 
50 100 ns 
40 80 

100 200 
50 100 ns 
40 80 

65 130 
30 60 ns 
20 40 

50 100 
25 50 ns 
20 40 

20 40 
10 20 ns 
0 10 

40 80 
20 40 ns 
15 30 

7 -
12 - MHz 
16 -
- -
- - J.l.S 
- -

25 40 pF 

5 7.5 

-40 0 
-15 0 ns 
-10 0 

TERMINAL ASSIGNMENT 

CLEAR I· I. Voo 
QI 2 IS 06 
DI I. D. 
D2 .. DO 
02 12 as 
D. II D. 
0> 10 a. 

Vss • ClOCK 

TOP VIEW 



CMOS Quad '0'-Type Flip-Flop 
High-Voltage Types (20-Volt Rating) 

Features: 

• 100% tested for quiescent current 
at 20 V 

• Maximum input current of 1 /lA at 
18 V over full package­
temperature range; 100 nA at 18 V 
and 25°C 

• Meets all requirements of JEDEC 
Tentative Standard No. 13B, 
"Standard Specifications for 
Description of 'B' Series CMOS 
Devices" 

• Noise margin (full package­
temperature range) = 

• Output compatible with two HTL 
loads, two low power TTL loads, 
or one low power Schottky TTL 
load 

1 Vat VDD = 5 V • Functional equivalent to TTL 74175 
2 Vat VDD = 10 V • Standardized symmetrical output 

2.5 Vat VDD = 15 V 
• 5-V, 10-V, and 15-V parametric 

ratings 

characteristics 
Applications: 
• Shift registers 
• Buffer/storage registers 
• Pattern generators 

The RCA CD40175B consists of four identical D-type flip­
flops. Each flip-flop has an independent DATA D input and 
complementary Q andQ outputs. The CLOCK and CLEAR 
inputs are common to all flip-flops. Data are transferred to 
the Q outputs on the positive-going transition of the clock 
pulse. All four flip-flops are simultaneously reset by a low 
level on the CLEAR input. 

These devices can function as shift register elements or as 
T -type flip-flops for toggle and counter applications. 

The CD40175B is supplied in hermetic dual-in-line ceramic 
packages (D and F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat packages (K 
suffix), and in chip form (H suffix). 

CLEAR 

QI 

Ql 

01 

02 

Q2 
Q2 

Vss 

4 

6 

8 

Voo = PIN 16 

Vss 'PIN 8 

CD401758 Types 

01 4 QI 
Ql 

02 5 7 
6 Q2 

Q2 

03 12 10 Q3 
II Q3 

04 15 
14 Q4 

(f.f 

CLOCK 9 
VSS'8 CLEAR I 
VOO'I6 

92CS-3450S 

CD40175B 
FUNCTION DIAGRAM 

16 VOD 

15 Q4 

14 Q4 

13 04 

12 03 

II Q3 

10 Q3 

9 CLOCK 

92C5- 34507 

TERMINAL ASSIGNMENT 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (VDD) 
(Voltages referenced to VSS Terminal) ................•...•........•........................................... -0.5 to VDD +20 V 

INPUT VOLTAGE RANGE, ALL INPUTS ...........•......................................•..............•....... -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ............................................................•...................... ±10 rnA 
POWER DISSIPATION PER PACKAGE (PO): 

ForTA = -40 to +60°C (PACKAGE TYPE E) .......•..............................•.••..•..•........•......•.......•...... 500 mW 
ForTA = +60 to +65°C (PACKAGE TYPE E) .......•............................•........... Derate Linearly at 12 mW/oC to 200 mW 
For T A = -55 to +100° C (PACKAGE TYPES 0, F, K) .•.............................•••................•......••..•...•...... 500 mW 
ForTA = +100 to +125°C (PACKAGE TYPES 0, F, K) ....................•...•........•...... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
ForTA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ..•...........•............................••.•...• 100 mW 

OPERATING-TEMPERATURE RANGE (TA): . 
PACKAGE TYPES 0, F, K, H ......... , .........•.................................................................. -55 to +125°C 
PACKAGE TYPE E .............................••...............................•. , .....•. ,....................... -40 to +85°C 

STORAGE TEMPERATURE RANGE (Tstg) ......•.................................•................................•. -65 to +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max .....................••..•...•••..•••................•.. +265°C 
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CD40175B Types 

RECOMMENDED OPERATING CONDITIONS al TA = 25° C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that operation Is always within the 
follQwlng ranges: 

CHARACTERI.STlC 

Supply-Voltage Range (For TA = Full Package-Temperature Range) 

Data Setup Time 

Data Hold Time 

Clock Input Frequency 

Clock Input Rise or Fall Time 

Clock Input Pulse Width 

Clear Pulse Width 

Cie8rRemoval Time 

~ _O:D 
L4ss 

• I n puts Protected 

D 

tsu 

tH 

fCl 

trCl, tfCl 

tWl, tWH 

tWl 

tREM 

CL 

VDD 
(V) 

-
5 

10 

15 

5 
10 
15 

5 
10 
15 

5 

10 
15 

5 
10 

15 
5 

10 

15 

5 
10 

15 

LIMITS 

MIN. MAX. 

3 18 
120 -

50 -
40 -
80 -
40 -
30 -
- 2 

dc 5 
- 6.5 

- 15 
- 15 

- 15 

250 -
100 -
75 -
200 -
80 -
60 -

250 -
100 -
80 -

UNITS 

V 

ns 

ns 

MHz 

f.JS 

ns 

ns 

ns 

by CMOS Protection 
Network * CLK~CL 92CM-34S09 

Fig. 1 - Logic diagram (1 of 4 flip-flops). 
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STATIC ELECTRICAL CHARACTERISTICS CD40175B Types 

LIMITS AT INDICATED TEMPERATURES (OC) 
CHARACTERISTIC CONDITIONS Values at -55, +25, +125 Apply to D, F, K, H Packages UNITS 

Values at -40, +25, +85 Apply to E Package 

VO VIN VDD 
(V) (V) (V) -55 

Quiescent - 0,5 5 1 

Device - 0, 10 10 2 

Current - 0, 15 15 4 

Max. 100 - 0,20 20 20 

Output Low 0.4 0,5 5 0.64 

(Si nk) Current 0.5 0, 10 10 1.6 

Min. IOL 1.5 0, 15 15 4.2 

Output High 4.6 0,5 5 -0.64 

(Source) 2.5 0,5 5 -2 

Current 9.5 0, 10 10 -1.6 

Min. IOH 13.5 0, 15 15 -4.2 

Output Voltage: - 0,5 5 

Low-Level - 0, 10 10 

Max. VOL - 0, 15 15 

Output Voltage: - 0,5 5 

High-Level - 0, 10 10 

Min. VOH - 0, 15 15 

Input Low 0.5,4.5 - 5 

Voltage 1,9 - 10 

Max. VIL 1.5,13.5 - 15 

Input High 0.5,4.5 - 5 

Voltage 1,9 - 10 

Min. VIH 1.5,13.5 - 15 

Input Current Max. liN - 0, 18 18 ±0.1 

voo 

'--t----J-----'O 

OUTPUT 

voo *ILHI OR IHLl OPTIONAL 

92CS-20069R3 
o 

Fig. 2 - Definition of setup, hold, propagation 
delay, and removal times. 

+25 

-40 +85 +125 Min. Typ. Max. 

1 30 30 - 0.02 1 

2 60 60 - 0.02 2 

4 120 120 - 0.02 4 J.lA 

20 600 600 - 0.04 20 

0.61 OA2 0.36 0.51 1 -
1.5 1.1 0.9 1.3 2.6 -

4 2.8 2.4 3.4 6.8 -
-0.61 -0.42 -0.36 -0.51 -1 - rnA 

-1.8 -1.3 -1.15 -1.6 -3.2 -
-1.5 -1.1 -0.9 -1.3 -2.6 -

-4 -2.8 -2.4 -3.4 -6.8 -
0.05 - 0 0.05 

0.05 - 0 0.05 

0.05 - 0 0.05 

4.95 4.95 5 - V 

9.95 9.95 10 -
14.95 14.95 15 -
1.5 - - 1.5 

3 - - 3 

4 - - 4 

3.5 3.5 - - V 

7 7 - -

11 11 - -
±0.1 ±1 ±1 - ±10-5 ±0.1 J.lA 

TRUTH TABLE FOR 1 OF 4 FLIP-FLOPS 
(Positive Logic) 

INPUTS OUTPUTS 

CLOCK DATA CLEAR Q Q 
~ 0 1 0 1 

~ 1 1 1 0 

----- X 1 Q 1!" 
X X 0 0 1 

1=High Level X=Don't Care O=Low Level 
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CD40175B Types 
DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C; Input tr, II = 20 nl, CL = 50 pF, RL = 200 kCl 

LIMITS 
TEST 

CHARACTERISTIC CONDITIONS 
VDD (V) MIN. TYP. MAX. 

5 - 100 200 
Transition Time tTHl, tTLH 10 - 50 100 

15 - 40 80 
Propagation Delay Time 5 - 220 400 

Clock to Q Output tPHl, tPlH 10 - 90 160 
15 - 70 120 

Propagation Delay Time 5 - 325 500 
CLEAR to Q Output tPHl 10 - 130 200 

15 - 100 150 
Minimum Pulse Width 5 - 110 250 

Clock tWH 10 - 45 100 
15 - 35 75 
5 - 100 200 

Clear tWl 10 - 40 80 
15 - 30 60 
5 2 4.5 -

Maximum Clock Frequency fel 10 5 11 -
15 6.5 14 -
5 15 - -

Maximum Clock Rise or Fall Time trel, tIel 10 15 - -
15 15 - -
5 - 60 120 

Minimum Data Setup Time tsu 10 - 25 50 
15 - 20 40 
5 - 40 80 

Minimum Data Hold Time tH 10 - 20 40 
15 - 15 30 
5 - 125 250 --

Minimum Clear Removal Time :j: tREM 10 - 50 100 
15 - 40 80 

Input Capacitance CIN - - 5 7.5 

:I: CLEAR signal must be high prior to positive-going transition of CLOCK pulse. 
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400 AMBIENT TEMPERATURE (TA 1_25°C 

!3S0 
I 

} 
'::. 
}2S 
... 
" ... 200 ,. 
~ ISO 

z 
~ 100 

~ 
~50 

10 20 30 40 50 60 70 80 90 100 
LOAO CAPACITANCE (CL)-pF 

92CS-35980 

Fig. 3 - Typical propagation delay time (CLOCK 
to OUTPUT) as a function of load 
capacitance. 

LOAD CAPACITANCE (CL)- pF 
92CS-M322 

Fig. 4 - Typical transition time as a function of 
load capacitance. 

UNITS 

I 

ns 

MHz 

ps 

ns 

pF 



.. 
E 
I 

AMBIENT TEMPERATURE (TA)·25-C 

-... 
~30 
0-
z 
::!"" 
~ 
'i 20 
z 

; 15 

g 
E 10 

6 • 

o 

10V 

'V 

5 10 15 
DRAIN-lO-SOURCE VOLTAGE (Vosl-V 

Fig. 5 - Typical output low (sink) current 
characteristics. 

" ~ I g 

~ 
'" ~ 
ri 
~ 
21 
is 

ffi 
" ~ 

DRAIN-lO-SOURCE VOLTAGE (Vosl-V 

Fig. 7 - Typical output high (source) current 
characteristics. 

10' G AMBIENT TEMPERATURE ITA1~25DC 

4 

2 

104. 
6 

~fu 4 

1/ 
2 

., ,0 

,,~~~I.;. /;p:..), 
10' 

., · r-r- r- .,cr. ~ 
• ';:Jl~~ 4 

/ 1 
2 

"/' 
/ I 

102a 
/ 

· V- CL~50pF 
4 7- --- CL=15pF 
2 

I III 10 
4 6 8 10 2 4 S 8102 2 4 6 8'03 2 4 •• 

CLOCK INPUT FREQUENCY (fCL)- kH: 

Fig. 9 - Typical dynamic power dissipation as a 
function of CLOCK frequency. 

CD40175B Types 

.. 
E 
I 

~1!5 
0-

Wl2,5 

a 10 
~ 
z 
~ 7.5 

" g • 
0-
~ 

"-
~ 2.~ 
o 

AMBIENT TEMPERATURE ITAI-25-C 

GATE-TO-SOURCE VOLTAGE (VGS)-I!5V 

10V 

'V 
5 to 15 

DRAIN-lO-SOURCE VOLTAGE lVosl-V 

Fig. 6 - Minimum output low (sink) current 
characteristics. 

DRAIN-lO-SOURCE VOLTAGE IVos)-V 
-15 -10 -5 

AMBIENT TEMPERATURE (TA)-2S-C 

-IOV 

-15 V 

Fig. 8 - Minimum output high (source) current 
characteristics. 

\---4----14 
5 

Vss 
NOTE' PULSE GEN. I ~ fiN 

fiN 
PULSE GEN.2~2 

15 
14 

13 
12 

II 
10 

92CS -35981 

Fig. 10- Dynamic power dissipation test circuit. 
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CD40175B Types 

o 
Vss 

INPUTS 

Voo 

92CS-27401RI 

INPUTQVDD OUTPUTS 

vC -.!@ 
v~ J; 

NOTE: 
Vss TEST ANY COMBINATION 

OF INPUTS 
92CS-2144IRI 

Fig. 11 - Quiescent device current test circuit. Fig. 12 - Noise immunity test circuit. 

92CS-350B3 

Voo 1NPUOS Voo NOTE' 
~ MEASURE INPUTS 
o ~ SEQUENTIALLY, 

Vss TO BOTH Voo AND Vss' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VDO ORVSS' 

Vss 

Fig. 13 - Input leakage current test circuit. 

Dimensions and pad layout for CD40175BH. 

Dimansions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations ara in mils (10-3 
inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. Wilen the wafer 
is separated into individual chips, the angle of cleavage may 
vary' with respect to the chip face for different chips. The 
actual dimensions of the isolated chip, therefore, may differ 
slightly from the nominal dimensions shown. The user 
should consider a tolerance -3 mils to +16 mils applicable 
to the nominal dimensions shown. 



CMOS 4-Bit 
Arithmetic Logic Unit 
High-Voltage Types !20-Volt Rating) 

The RCA·CD40181B is a low·power four·bit 
parallel arithmetic logic unit (ALU) capable 
of providing 16 binary arithmetic operations 
on two four·bit words and 16 logical func· 
tions of two Boolean variables. The mode 
control input M selects logical (M = High) or 
arithmetic (M = Low) operation. The four 
select inputs (SO, 51, 52, and 53) select the 
desired logical or arithmetic functions, 
which include AND, OR, NAND, NOR, and 
exclusive-OR and-NOR in the logic mode, 
and addition, subtraction, decrement, left· 
shift and straight transfer in the arithmetic 
mode, according to the truth table. The 
CD40181 B operation may be interpreted 
with either active·low or active·h igh data at 
the A and B word inputs and the function 
outputs F, by using the appropriate truth 
table. 
The CD40181B contains logic for full look· 
ahead carry operation for fast carry gener· 
ation using the carry·generate and carry· 
propagate outputs G and is for the four bits 
of the CD40181B. Use of the CD40182B 
look·ahead carry generator in conjunction 
with multiple CD40181B'5 permits high· 
speed arithmetic operations on long words. 
A ripple carry output Cn+4 IS available for 
use in systems where speed is not of primary 
importance. 
Also included in the CD40181B is a com· 
parator output A = B, which assumes a high 
level whenever the two four·bit input words 
A and B are equal and the device is in the 
subtract mode. In addition, relative magni· 
tude information may be derived from the 
carry·in input Cn and ripple carry-out out· 
put Cn+4 by placing the unit in the subtract 
mode and externally decoding using the 
information in Table III. 
The CD40181 B types are supplied in 24-
lead hermetic ceramic dual-in-line pack­
ages (0 and F suffixes), 24-lead dual-in-line 
plastic packages (E suffix). 24-lead ceramic 
flat packages (K suffix). and in chip form (H 
suffix). 

The CD40181 is similar to industry types 
MC14581 and 74181. 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating 
conditions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTic LIMITS UNITS 
Min. Max. 

Supply· Voltage Range 
(For TA=Full Package· 
Temperature Range) 

3 18 V 

Features: 
• Fuillook·ahead carry for speed operations on long words 
• Generates 16 logic functions of two Boolean variables 
• Generates 16 arithmetic functions of two 4·bit binary words 
• A = B comparator output available 
• Ripple·carry input and output available 
• Typical addition time 200 ns @ VDD = 10 V 
• Standardized, symmetrical output characteristics 
• 100% tested for quiescent current at 20 V 

• Maximum input current of lilA at 18 V 
over full package temperature range; 
100 nA at 18 V and 250 C 

• Noise margin (full package temperature range) 
= 1 Vat VDD = 5 V 
=2VatVDD=10V 
=2.5VatVDD=15V 

• 5·V, 10·V, and 15·V parametric ratings 
• Meets all requirements of JEDEC Tentative 

Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

Applications: 
• Parallel arithmetic units 
• Process controllers 
• Low·power minicomputers 

MAXIMUM RATINGS, Absolute-Maximum Values: 

CD40181 B Types 

(Activo·low data) 
FUNCTIONAL DIAGRAM 

{" , 
WORD AI 23 

A A2 21 

A319 

{" , 
" " WORD 

8 822Q 

8318 

CARRY IN Cn 7 

MODE M 8 
CONTROL 

rUNCTlONSELECT 
INPUTS 

~ 

FO} FI OUTPUT 
F2 FUNCTION 

" 
14 A-a COMPARE 

0", 

16Cft+4 'it:;: 
CO, 

" G} LOOI< 
l!i <P ~~~~ 

OUTPUTS 

IActive-high data) 
FUNCTIONAL DIAGRAM 

DC SUPPLY-VOLTAGE RANGE. (VDD) 
(Voltages referenced to VSS Terminal) ................................................ -O.S to +20 V 

INPUT VOLTAGE RANGE. ALL INPUTS ........................................... -o.S to VDD +O.S V 
DC INPUT CURRENT. ANY ONE INPUT ..................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (PD): 

For T A; -40 to +60·C (PACKAGE TYPE E) ................................................. SOO mW 
For T A; +60 to +8S·C (PACKAGE TYPE E) .••................ Derate Linearly at 12 mW/·C to 200 mW 
ForTA ;-55to +100·C (PACKAGE TYPES D. F. K) .................................. ········ SOO mW 
For T A; +100 to +12S·C (PACKAGE TYPES D. F. K) .......... Derate Linearly at 12 mWI"C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For T A ; FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES D. F. K. H ...•................•.................•...•........•.... -SS to +12S·C 
PACKAGE TYPE E .................................................................. -40 to +85·C 

STORAGE TEMPERATURE RANGE (Tstg) ............................................. -65 t6 +IS0·C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16± 11321rich (1.59 ± 0.79 mm) from case for 10 s max ..•••........•.•••••...... +26S·C 

DRAIN-lO-SOURCE VOLTAGE IVDSl-V 

Fig. 1 - Typical output low (sink) 
current characteristics. 

DRAIN-lO-SOURCE YOllAGE (Yosl-V 

Fig_ 2 - Minimum output low fsin:;S<2.3I9R. 

current cha~acteristics. 
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: 8<>--___ --1 -ALL INPUTS PROTECTED 

~ •• 7_---.... ::>o----------.J :ITc:&.1MOS PROTECTION 

Fig. 3 - CD40181B logic diagram lactlve%wdata). 

DRAIN-lO-SOURCE VOLTAGE IVosI-V 
_I" 

I~~'''.N.T. 

456 

, "OLTAGE 

nCS-2'320Rl 

Fig. 4 - Typical output high Isource) 
current characteristics. 

DRAIN-TO-SOURCE VOLTAGE tVosI-V 

Fig. 5 - Minimum output high 
current characteristics. 

I} 
If 

800 A •• ,ENT TENP .. ATURE ITA 

l.OAD CAPACITANCE ICLI-pF 

Fig. 6 - Tvpical propagation delav time as a 
function of load capacitance (for A 
or B to F. logic m~deJ. 

Fig. 7 - Tvpical transition time as a function 
of load capacitance. 

2 .... 2 .. 6. 2 .. 611 2".' 2 of •• 
10 102 103 104 lOS 

INPUT FREQUENCY (fiN 1- kH:
2CI

_2_ 

Fig. 8 - Typical dynamic dissipation as a function 
of input frequency (see Fig. 11 - dynamic 
power dissipation test circuit). 

INPUTS ,-.1--, 

Vss 

Fig. 9 - Ou;escenr·dev;ce-current test circuit. 



STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 
CONDITIONS Values ai-55, +25, +125 Apply 10 D, F, K, H, Packages 

CHARACTER· V.lue. It -40, +25, +85 Apply to E Pocka .. 
ISTIC 

Vo VIN VDD +25 

(V) (V) (V) -55 -40 +85 +125 Min. Typ. Mox. 

Quiescent Device - D,S 5 5 5 150 150 - 0.04 5 
Current, - 0,10 10 10 10 300 300 - 0.04 10 

100 Max. - 0,15 15 20 20 600 600 - 0.04 20 

- 0,20 20 100 100 3000 3000 - 0.08 100 

Output Low 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -
(Sink) Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -

10L Min. 1.5 0,15 15 4.2 4 2.8 2.4' 34 6.8 -
Output High 4.6 D,S 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 -

(Source) 2.5 D,S 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -

IOH Min. 
13.5 0,15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 -

Output Voltage: - D,S 5 0.05 - 0 0.05 
Low·Level, - 0,10 10 0.05 - 0 0.05 

VOL Max. 
- 0,15 15 0.05 - 0 0.05 

Output Voltage: - D,S 5 4.95 4.95 5 -
H igh·Level, - 0,10 10 9.95 9.95 10 -
VOH Min. - 0,15 15 14.95 14.95 15 -

Input Low 0.5,4.5 - 5 1.5 - - 1.5 
Voltage, 1,9 - 10 3 - - 3 

VIL Ma •. 
1.5,13.5 - 15 4 - - 4 

Input High 0.5,4.5 - 5 3.5 3.5 - -
Voltage, 1,9 - 10 7 7 -

VIH Min. 1.5,13.5 - 15 11 11 - -
Input Current - 0,18 18 ±0.1 ±0.1 ±1 ±1 - tl0-5 to.l lIN Max. 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 250C; Input t r, tf = 20 ns, 

CL = 50 pF, RL = 200 kn 

CHARACTERISTIC VDD 
LIMITS 

(V) Typ, Max, 

Propagation Delay Time: tpHL' tpLH 5 400 800 

A or B to F (logic model, 10 160 320 

A or B to G or P, 15 120 240 

5 500 1000 
A or B to F, Cn +4, or A = B, 10 200 400 

15 140 280 

5 320 640 
Cnto F 10· 135 270 

15 100 200 

5 200 400 

Cn to Cn +4 10 100 200 
15 70 140 

5 100 200 

Transition Time: tTHL, tTLH 10 50 100 
15 40 80 

Input Capacitance, CIN (Any Input) - 5 7.5 

UNITS 

IJA 

rnA 

V 

V 

IJA 

UNITS 

ns 

ns 

ns 

ns 

ns 

pF 
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HCS-2M4IRI 

Fig. 10 - Input·voltage test circuit. 

TEST CONDITIONS: 
AD,AI,At. A3. SO, 53, M,en· Voo 
BO,BI.B2.B3- t 'N 
51,52- VSS 
(ALL OUTPUTS SWITCHING EXCEPT G 1 

Fig. 11 - Dvnamic power dissipation test circuit. 

Veo rNPUOS Vco NOTE 

?-@+ ::C::i::,~~~~S 
Vss TO BOTH Voo AND Vss· 

CONNECT ALL UNUSED 
INPUTS TO EITHER 
Yoo CRYss· 

Vss 

Fig. 12 - Input current test circuit. 

iili I 24 VDD 
Ai) 2 23 Ai 
53 22 iii 
52 4 21 Ai 
51 5 20 B2 
50 6 19 AS 
Cn 18 53 
M 17 Ii 
Fa 16 Cn+4 
Fi" 10 15 P 
F2 " 14 A-a 
V55 12 13 F3 

92C5-21708 

Top View 

Terminal Assignment 

(Active-low Data) 
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FUNCTION LOGIC 
SELE:CT FUNCTION 

S3 S2 S1 SO M=H 
0 0 0 o A 
0 0 0 1 AS 
0 0 1 0 A+B 
0 0 1 1 lOgic 1 
0 1 0 0 ~ 
0 1 0 1 B 
0 1 1 0 Act)! 
0 1 1 1 A+B 
1 0 0 0 AB 
1 0 0 1 A<t)B 
1 0 1 0 B 
1 0 1 1 A + B 
1 1 0 0 ;otcO 
1 1 0 1 
1 1 1 0 AB 
1 1 1 1 A 

FUNCTION LOGIC 
SELECT FUNCTION 

S3 S2 S1 SO M=H 
0 0 0 0 A 
0 0 0 1 A+B 
0 0 1 0 AB 
0 0 1 1 lOgic 0 
0 1 0 0 AB 
0 1 0 1 B 
0 1 1 0 Act)B 
0 1 1 1 AS 
1 0 0 0 A+B 
1 0 0 1 AEf)B 
1 0 1 0 B 
1 0 1 1 AB 
1 1 0 0 lOglqJ 
1 1 0 1 A+B 
1 1 1 0 A+B 
1 1 1 1 A 

• Expressed as two's complement 
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TABLE I 
TRUTH TABLE 

I NPUTli/oUTPUT ACTIVE LOW 
ARITHMETIC* FUNCTION 

M=L 
c" = L c" = H 

A minus 1 A 
ABmlnus 1 AB 
ABmlnus 1 .AB 
minus 1 Zero 
A plus (A + Bi A plus (A + Bi phis 1 
AB plus (A + Bi AB plus (A + 11) plus 1 
A minus B minus 1 A minus B 
A+S (A + B) plus 1 
A plus (A + B) A plus (A + B) plus 1 
A plus B A plus B plus 1 
AS plus (A + B) AS plus (A + B) plus 1 
A +B A + B plus 1 
A plus A A plus A plus 1 
Aj!pluS A A.!!.plus A piUs 1 
ABplus A AB plus A plus 1 
A A plus 1 

INPUTS/OUTPUTS ACTIVE HIGH 

ARITHMETIC· FUNCTION 
M=L 

c" = H Cn - L 
A A plus 1 
A+B (A + ~ plus 1 
A+B (A + B) plus 1 
minus 1 Zero 
A pius A"B'" A plus AS plus 1 
(A + B) plus Ali (A + B) plus AS plus 1 
A minus B minus 1 A minus B 
AS minus 1 AS 
A plus AB A plus AB plus 1 
A plus B A plus B plus 1 
(A + S) plus AB (A + "9) plus AB plus 1 
ABmlnus 1 AB 
A plus A A plus A plus 1 
(1'\ + B) plus A (A + !!) plus A plus 1 
(A + Ii).plus A (A + B) plus A plus 1 
A minus 1 A 

1 = HIGH LEVEL 0= LOW LEVEL 

Dimensions and pad layout for CD40181BH. 

Dimensions in parentheses are in millimeters and 
are derived (rom the basic inch dimensions as in­
dicated. Grid graduations are in mils (10-3 inchJ. 

The photographs and dimensions of .ach CMOS chip 
represent,. chip when It ;s part 01 the wafer. When the 
wafer is separated into individual chi~, the angle of 
cl.avage may vary with respect to the chip 'ace for 
dille rent chips. The actual dimensions of the ;sola'ed 
chip, thereforB, may diffe, slightly from the nominal 
dimensions shown. The us., should consider I tolerance 
of -3 mils to +16 mils applicable to the nomlnl' 
dimensions shown. 
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TABLE II 

AC TEST SETUP REFERENCE (ACTIVE·lOW DATA) 

TEST ACPATHS DC DATA INPUTS 
MODE'" DELAY TIMES INPUTS OUTPUTS TOVSS TOVDD 

SUMIN to SUMOUT 60 Any F Bl, 62, B3, All A's ADD 
M,Cn 

SUMIN to P AO P Al,A2,A3, All ih ADD 
M, Cn 

SUMIN to G 60 G All ih B1,B2,B3 ADD 
M,Cn 

SUMIN to Cn+4 BO Cn+4 AliA's, 61,62,63 ADD 
M,Cn 

Cn to SUMOUT Cn Any F All A's, All U's ADD 
M 

Cn to Cn+4 Cn Cn+4 AliA's, All 8's ADD 
M 

SUMINto A= 6 60 A=6 All A's, Cn SU6TRACT 
61,62,63, 

M 

SUMIN to SUMOUT All 6's Any F AliA's, M EXCLUSIVE 
(logic Mode) Cn OR 

• ADD Mode: 50,53 = VOO; 51, S2 = VSS' SUBTRACT Mode: SO, S3= VSS;SI, S2 = VOO-

TABLE III 

MAGNITUDE COMPARISON 

ACTIVE - HIGH DATA ACTIVE -lOW DATA 

INPUT OUTPUT 
Cn Cn+4 

1 1 

0 1 

1 0 

0 0 

1 = HIGH lEVEL 
0= lOW lEVEL 

MAGNITUDE 

A ';;6 

A<B 

A>B 

A;;;> 6 

INPUT OUTPUT 
MAGNITUDE 

Cn Cn+4 

0 0 A ';;6 

1 0 A<6 

0 1 A>6 

1 1 A;;;> 6 
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CMOS Look-Ahead 
Carry Generator 
High-Voltage Types (20-Volt Rating) 

The RCA-C040182B is a high-speed look­
ahead carry generator capable of anticipating 
a carry across four binary adders or groups 
of adders. The C040182B is cascadable to 
perform full look·ahead across n-bit adders. 
Carry. propagate·carry. and generate-carry 
functions are provided as enumerated in the 
terminal designation below. 

The C040182B, when used in conjunction 
with the C040181 B arithmetic logic unit 
(ALUI, provides full high-speed look·ahead 
carry capability for up to n-bit words. Each 

C040182B generates the look-ahead (antici­
pated carry I across a group of four A LU 'so 
In addition, other C040182B's may be em· 
ployed to anticipate the carry across sections 
of four look-ahead blocks up to n-bits. Carry 
inputs and outputs of the C040181 Bare 
active·high logic. and carry-generate (GI and 
carry-propagate (PI outputs are active-low. 
Therefore the inputs and outputs of the 
C040182B are compatible. 

The C040182B types are supplied in 16-
lead hermetic dual-in-line ceramic pack­
ages (0 and F suffixesl, 16-lead dual-in-line 
plastic packages (E suffix), 16-lead ceramic 
flat packages (K suffix), and in chip form (H 
suffix). 

The C040182B is similar to industry type 
MC14582. 

TERMINAL DESIGNATIONS 

DESIGNATION TERM. FUNCTION 

Active·Low 
GO,Gi',G2,G3 3,1,14,5 Carry-Generate 

Inputs 

Active-Low 
PO, PT, P2, P3 4,2,15,6 Carry-Propagate 

Inputs 

Cn 13 
Active-High 
Carry Input 

Cn+x, Cn+y, 12,11,9 
Active-H igh 

Cn+z Carry Outputs 

Active-Low 

G 10 
Group 
Carry-Generate 
Output 

Active-Low 

p 7 
Group 
Carry-Propagate 
Output 

460 

Features: 

• Generates high-speed carry across four adders 
or adder grou ps 

• High·speed operations: 
tpHL = tpLH = 100 ns (typ.) @ VOD = 10 V 

• Cascadable for fast carries over N bits 

• Designed for use with CD40181B ALU 
• 100% tested for quiescent current at 20 V 

• 5·V, 10-V, and 15-V parametric ratings 

• Standardized~ symmetrical output 
characteristics 

l~ · _ GI 
G _ 

G2 

i5 

{~ 4 

- " . -
'2 

P3 

\l'DO~ 16 

vss-e 

en 13 

12 

10 

• Maximum input current of 1 /J.A at 18 V 
over full package·temperature range; 100 
nA at 18 V and 25°C 

FUNCTIONAL DIAGRAM 

• Noise margin (full package·temperature 
range) = 1 VatVOD=5V 

2 V at VOO = 10 V 
2.5 Vat VOO = 15 V 

• Meets all requirements of JEOEC Ten· 
tative Standard No. 13A. "Standard 
Specifications for Description of 'B' 
Series CMOS Devices" 

Applications: 

III 
Pi 
Gli 
n 
1r! 
1'3 
.".. 

VSS 

I· 
" 

VDD 

" Po 

" 
G2 

4 " c, 

" Cnt. 

Cnt., 
10 G 
9 Cnt, 

TOP VIEW 

• High-speed parallel arithmetic units 
• Multi·levellook·ahead carry generation for 

long word lengths 

TERMINAL ASSIGNMENT 

Fig. 1 - C0401828/ogic diagram_ 

CD40182B Logic Equations: 

Cn+x = GO + PO . Cn 

Cn+y = G1 + P1 ·GO + Pl . PO . Cn 

Cn+z = G2 + P2 . G1 + P2 . Pl . GO + P2 . P1 . PO • Cn 

G = G3 + P3 . G2 + P3 . P2 . Gl + P3 . P2 . P1 . GO 

P = P3 . P2 . P1 . PO 

92CN-2:1&2S 



RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 
CHARACTERISTIC 

MIN. MAX. 

Supply Voltage Range (For T A = Full 
3 18 

Package·Temperature Rangel 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDDI 

UNITS 

V 

(Voltages referenced to VSS Terminal) ................................................ -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................... -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ..................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (PO): 

For T A = -40 to +60" C (PACKAGE TYPE E) ................................................. 500 mW 
For T A = +60 to +85"C (PACKAGE TYPE E) ........ ... ..... ... Derate Linearly at 12 mWI"C to 200 mW 
For T A = -55 to +100"C (PACKAGE TYPES 0, F, K) .......................................... 500 mW 
For T A = +100 to +125"C (PACKAGE TYPES 0, F, K) .......... Derate Linearly at 12 mW/"C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...................... 100 mW 

OPERATING-TEMPERATURE RANGE (T A): 
PACKAGE TYPES 0, F, K, H ........................................................ -55 to +125"C 
PACKAGE TYPE E .................................................................. -40 to +85" C 

STORAGE TEMPERATURE RANGE (Tstg) ............................................. -65 to +150"C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max .......................... +265"C 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (OC) 

CONDITIONS Values 81-55 +25, +125 Apply to 0, F, K, H Packages 
CHARACTER· Values at -40, +25, +85 Apply to E Package-

ISTIC +25 
UNITS 

Vo VIN VDD 
'M--;;-(V) (V) (V) -55 -40 +85 +125 Min. Typ. 

Quiescent Device - 0,5 5 5 5 150 150 - 0.04 5 
Current, - 0,10 10 10 10 300 300 - 0.04 10 

100 Max. 0,15 15 20 20 600 600 - 0.04 20 
IJA 

-

- 0,20 20 100 100 3000 3000 - 0.08 100 

Output Low 0.4 0,5 5 0.64 0.61 0.42 0.36 0.51 1 -

(Sink) Current 0.5 0,10 10 1.6 1.5 1.1 0.9 1.3 2.6 -
IOL Min. 1.5 0,15 15 4.2 4 2.8 2.4 34 6.8 -

Output High 4.6 0.5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 - rnA 

(Source) 2.5 0,5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 -
Current, 9.5 0,10 10 -1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -

IOH Min. 
13.5 0.15 15 -4.2 -4 -2.8 -2.4 -3.4 -6.8 -

Qutput Voltage: - 0,5 5 0.05 - a 0.05 
Low·Level. - 0,10 10 0.05 - 0 0.05 

VOL Max. 
- 0,15 15 0.05 - a 0.05 v 

Output Voltage: - 0,5 5 4.95 4.95 5 -
High·Level, - 0.10 10 9.95 9.95 10 -
VOH Min. - 0,15 15 14.95 14.95 15 -

Input Low 0.5,4.5 - 5 1.5 - - 1.5 
Voltage, 1,9 - 10 3 - - 3 

VIL Max. 
1.5,13.5 - 15 4 - - 4 

Input High 0.5.4.5 5 3.5 3.5 
V 

- - -
Voltage, 1,9 - 10 7 7 - -

VIH Min. 1.5,13.5 - 15 11 11 - -
Input Current - 0,18 18 ±0.1 ±0.1 ±1 ±1 - ±J()-5 ±0.1 IJA 

liN Max. 

• g 
~ 10 

5 , 

CD40182B Types 

1t t!f I;' 

. It I 

10 15 
ORAIN-lO-SOURCE VOLTAGE (VOSI-V 

Fig. 2 - Typical output low (sink) 
current characteristics. 

I.M.'.NT nM .. ".TURE ,·,,·c 

-SOU"" >'" 

, , 
DRAIN-lO-SOURCE VOLTAGE (Vosl-V. 

Fig. 3 - Minimum output low (sink) 
current characteristics. 

DRAIN-lO-SOURCE VOLTAGE IlJosl-V 
I 

Fig. 4 - Tvpical output high (source) 
current characteristics. 

ORAIN-TO-SOURCE VOLTAGE IVosl-V 

Fig. 5 - Minimum output high (source) 
current characteristics. 
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DYNAMIC ELECTRICAL CHARACTERISTICS 
At TA = 2!JC; Input tr , tf = 20 ns, CL = 50 pF, R L = 200 kn 

CHARACTERISTIC 

Propagation Delay Time: 

tpHL' tpLH 
p. G In to p. G Out and Carry Outs 

Cn to Carry Outs 

Transition Time: tTHL' tTLH 

I nput Capacitance CI N (Any Input) 

Fig. 7 - Typical propagation delay time as a function 
of load capacitance (P, G In to P, GOut 
and Carry-Ours). 

o 
Vss 

INPUTS 

Vss 

Fig. 10 - Quiescent device current test circuit. 
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CARRY 
IN 

Voo LIMITS 
UNITS 

(V) Typ. Max. 

5 200 400 
10 100 200 ns 
15 75 150 

5 240 480 
10 120 240 ns 
15 90 180 

5 100 200 
10 50 100 ns 
15 40 80 

- 5 7.5 pF 

CL-!50pF-

CL"nll-i 
2 .. 6810 Z .. 6 8102 2 4 68103 2 4 68104 

INPUT FREQUENCY (Fr)- kHz 

Fig. 8 - Typical power dissipation as a function of 
input frequency. 

VIH 

INPUTQVOO OUTPUTS 

'- ~ 
VIOL ::J: 

NOTE: 
VSS TEST ANY COMBINATION 

OF INPUTS 

92CS-2744!R! 

Fig.· 11 - Input voltage test circuit. 

Applications 

CARRY 
OUT 

Fig. 6 - Typical transition time as a function of 
load capacitance. 

Fig. 9 - Power dissipation test circuit. 

"'DO IN PUC' V

DD 

NOTE 

~ ~i~~~:i,~~~~~S 
\Iss TO BOTH Voo AND \Iss 

CONNECT ALL UNUSED 
INPUTS TO EITHER 

Vao OR "'ss' 
Vss 

Fig. 12 - Input current test circuit. 

I LOOK-AHEAD 
OUTPUTS 

92CS·27626RI 

Fig. 13 - 16·8it two-level look-ahead ALU. 
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Fig. 14 - 64·Bit full carry look .. hBBd ALU in 31.viJI •• 

Fig. 15 - Combined two-level look-ahead and ripple-carrv ALU. 

DIMENSIONS AND PAD LAYOUT FOR CD40182BH 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as 
indicated. Grid graduBtions are in mils (10-3 inch I. 

9ZCM-3336Z 

The photographs and dimensions of each CMOS chip 
r.present I chip when 'f Is part 01 the wa''', When the 
wa'er is s.parated into individual chips, the angle of 
cleavage may vary with respect to the chip lIce for 
dlffersnt chips. The actual dimensions of the Isolafed 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should considers to/efance 
01 -3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD401928, CD401938 Types 

CMOS Presettable 
Up/Down Counters 
(Dual Clock With Reset) 
High-Voltage Types (20-Volt Rating) 
CD40192 - BCD Type 

CP40193 - Binary Type 

The RCA·CD40192B Presettable BCD Up/ 
Down Counter and the CD40193B Preset· 
table Binary Up/Down Counter each consist 
of 4 synchronously clocked, gated "0" type 
flip·flops connected as a counter. The inputs 
consist of 4 individual jam lines, a PRESET 
ENABLE control, individual CLOCK UP 
and CLOCK DOWN signals and a master R E· 
SET. Four buffered Q signal outputs as well 
as CARRY and BORROW outputs for mul· 
tiple·stage counting schemes are provided. 

The counter is cleared so that all out· 
puts are in a low state by a high on the RE· 
SET line. A RESET is accomplished asynchro· 
nously with the clock. Each output is 
individually programmable asynchronously 
with the clock to the level on the cor· 
responding jam input when the PRESET 
ENABLE control is low. 

The counter counts up one count on the 
positive clock edge of the CLOCK UP sig· 
nal provided the CLOCK DOWN line is high. 
The counter counts down one count on the 
positive clock edge of the CLOCK DOWN 
signal provided the CLOCK UP line is high. 

The CARRY and BORROW signals are high 
when the counter is counting up or down. 
The CARRY signal goes low one·half clock 
cycle after the counter reaches its maximum 
count in the count·up mode. The BO R ROW 
signal goes low one·half clock cycle after 
the counter reaches its minimum count in the 
count·down mode. Cascading of multiple pack· 
ages is easily accomplished without the need 
for additional external circuitry by tying the 
BORROW and CARRY outputs to the 
CLOCK DOWN and CLOCK UP inputs, 
respectively, of the succeeding counter 
package. 

The CD40192B and CD40193B types are 
supplied in 16-lead hermetic dual-in-line 
ceramic packages (0 and F suffixes), 16-
lead dual-in-line plastic packages (E suffix), 
16"lead ceramic flat packages (K suffix), 
and in chip form (H suffix). 
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Features: 

• Individual clock lines for counting up or counting down 

• Synchronous high·speed carry and borrow propagation 
delays for cascading 

• Asynchronous reset and preset capability 

• Medium·speed operation-fCl = 8 MHz (typ.) @ 10 V 

• 5·V. 10·V. and l5·V parametric ratings 
• Standardized, symmetrical output 

characteristics 
• 100% tested for quiescent current at 20 V 
• Maximum input current of 1 J.1A at 18 V 

over full package temperature range; 100 
nA at 18 V and 25°C 

• Noise margin over full package temperature 
range: 
1 Vat VDD = 5 V 2 V at VDD = 10 V 

2.5 V at VDD = 15 V 
• Meets all requirements of JEDEC Tentative 

Standard No. 13A, "Standard Specifications 
for Description of 'B' Series CMOS Devices" 

mID 
ENAm 

,)1 '5 

J' I 

J3 'O 

J4 • 
CLOCK UP 5 

CLOCK DOWN 4 

RESET 
14 

, 01 

• 0' s 0' 
7 04 

13 BORROW 
12Ciiffi'Y' 

CD40192B, CD40193B 
FUNCTIONAL DIAGRAM 

~2CS- Z1561RI 

J. I. I. ·00 
o. 15 JI 

01 14 RESET 
CLOCK DOWN J3 BORROW 

Applications: 

• Up/down difference counting 
• Multistage ripple counting 
• Synchronous frequency dividers 
• AID and D/ A conversion 
• Programmable binary or BCD counting 

CONTROL LOGIC I 

* ALL INPUTS PROTECTED BY 
COS/MOS PROTECTION NETWORK 

CLOCK UP I. EmiY 
0' PRESEt ENAOLE 

04 10 J3 

Vss J4 

TOP VIEW 

CD40192B, CD40193B 
TERMINAL ASSIGNMENT 

• SAME AS CONTROL LOGIC I 

R' 
54 

Fig. 1 - CD40192Blogic diagram (BCD). 



RESET 

* 14}-------------------~--------~----~------~--------~ 

CONTROL LOGIC I • SAME AS CONTROL LOGIC I 

* ALL INPUTS PROTECTED 8'1' 
COS IMOS PROTECTION NETWORK 

Fig. 2 - CD401g38 logic diagram (binarv). 

~- - - - - - - - - - - - ---: 
I IT CL EL I 
I I 
I 0 I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I L __________________ J 

Fig. 4 - Internallog;c of Flip-flop. 

TRUTH TABLE 

CLOCK CLOCK PRESET 
RESET ACTION 

UP DOWN ENABLE 

~ 1 1 0 COUNT UP 

"'"'- 1 1 0 NO COUNT 

R4 
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1 ~ 1 0 COUNT DOWN 

1 ~ 1 0 NO COUNT 

X X 0 0 PRESET 

X X X 1 RESET 

1 = HIGH LEVEL 0= LOW LEVEL x = DON'T CARE 

CD40192B, CD40193B Types 

CLR I 
_0 
PE 1 

? 
JI 0 

1 
J2 0 

1 

J3 0 

J41 
o 

Cb~ 6 
ClK I 

DN 0 

, 
010 , 

020 
, 

030 
, 

040 

CARRY I 
o 

BORROW I 
o 

h 

+--
-

-
-
-I-rr. 

r rr-
f-- I----
f--

I----
--r--

I--

COUNT -----to 0 7 8 9 0 1 2 1 0 9 8 7 

Fig. 3 - CD401928 timing diagram. 

I 
f--

r-

r---r-- - r-

-r--- I-- ~ 

, 
r--- --

, f-- I-- --
04 0 

CARRY b 
BORROW 6 

COUNT ---+ 0 I] 14 I~ 0 1 2 1 0 I~ 14 I~ 

Fig. 5 - CD401938 timing diagram. 

~ 10 

§ , 

AMBIENT TEMPERATURE (TA)" Z5"C 

GATE~TO-SOURCE VOLTAGE (VGS)oI5 V 

,ov 

, 10 

CRAIN-TO-SOURCE VOLTAGE (Vos)-V 

Fig. 6 - Typical output low (sink) 
current characteristics. 
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CD40192B, CD40193B Types 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) ................................................ -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................... -0.5 to VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ..................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (PD): 

For T A = -40 to +60' C (PACKAGE TYPE E) ............................................. , ... 500 mW 
For T A = +60 to +85'C (PACKAGE TYPE E) ........ ........... Derate Linearly at 12 mW/'C to 200 mW 
For T A = -55 to +100'C (PACKAGE TYPES D, F, K) .......................................... 500 mW 
For T A = +100 to +125'C (PACKAGE TYPES D, F, K) ••..•.•... Derate Linearly at 12 mW/'C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
For T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES D, F, K, H ........................................................ -55 to +125'C 
PACKAGE TYPE E .................................................................. -40 to +85'C 

STORAGE TEMPERATURE RANGE(T stg) ............................................. -65 to +150'C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. . ........................ +265'C 

RECOMMENDED OPERATING CONDITIONS at TA = 250 C (unless otherwise specified) 

For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges. 

CHARACTERISTIC VDD 
(VI 

Supply Voltage Range (For T A = Full Temp. Range) -

Removal Time: 

RESET or PE 

Pulse Width: 

RESET 

PE 

CLOCK 

Clock Input Frequency 

Clock Rise & Fall Time 

CLOCK 

r--'WH~IWL ....., 
I 1 I 

5 

10 

15 

5 

10 

15 

5 

10 

15 

5 

10 

15 

5 

10 

15 

5 

10 

15 

I I 

RESET i *(=::t:===== PRESET ENABLE I' * 
~Irrm 

* 

LIMITS 

Min. Max. 

3 18 

80 -
40 -
30 -

480 -
300 -
260 -
240 -
170 -
140 -
180 -
90 -

60 -

2 
DC 4 

5.5 

- 15 

- 15 

- 5 

RESET OR PRESET ENABLE 
REMOVAL TIME 

92CS-21562At 

Fig. 10 - Timing diagram defining trem. 
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UNITS 

V 

ns 

ns 

ns 

ns 

MHz 

/lS 

DRAIN-lO-SOURCE VOLTAGE lVosl-V 

Fig. 7 - Minimum output low (sink) 
current characteristics. 

DRAIN-lO-SOURCE VOLTAGE lVosl-V 

Fig. il- Typical output high (source) m5-lomQ) 

.- . . current characteristics. 

DRAIN-lO-SOURCE VOLTAGE (VOSI-V 

Fig. 9 - Minim,!ffl output high (source) .2CS-ZUll'" 

current characteristics. 

Fig. 11 - Typical transition time as a 
function of load capacitance. 



CD40192B, CD40193B Types 

STATIC ELECTRICAL CHARACTERISTICS 

CHARACTER· 
ISTIC 

Quiescent Device 
Current, 

100 Max. 

Output low 
(Sink) Current 

IOl Min. 

Output High 
(Source) 
Current, 

IOH Min. 

Output Voltage: 
Low·Level, 

VOL Max. 

Output Voltage: 
High·level, 
VOH Min. 

Input low 
Voltage, 

VIL Max. 

Input High 
Voltage, 

VIH Min. 

Input Current 
liN Max. 

CONDITIONS 

Vo VIN VDD 
(V) (V) (V) 

- 0,5 5 

- 0,10 10 

- 0,15 15 

- 0,20 20 

0.4 0,5 5 

0.5 0,10 10 

1.5 0,15 15 

4.6 D,S 5 

2.5 D,S 5 

9.5 0,10 10 

13.5 0,15 15 

- D,S 5 

- 0,10 10 

- 0,15 15 

- 0,5 5 

- 0,10 10 

- 0,15 15 

0.5,4.5 - 5 

1,9 - 10 

1.5,13.5 - 15 

LIMITS AT INDICATED TEMPERATURES (DC) 
Values at-55, +25, +125 Apply to 0, F, K, H Packages 
Values at -40, +25, +85 Apply to E Package 

+25 

-55 -40 +85 +125 Min. Typ. Max. 

5 5 150 150 - 0.04 5 

10 10 300 300 - 0.04 10 

20 20 600 600 - 0.04 20 

100 100 3000 3000 - 0.08 100 

0.64 0.61 0.42 .0.36 0.51 1 -

1.6 1.5 1.1 0.9 1.3 2.6 -
4.2 4 2.8 2.4 34 6.8 -

-0.64 -0.61 -0.42 -0.36 -0.51 -1 -

-2 -1.8 -1.3 -1.15 -1.6 -3.2 -
-1.6 -1.5 -1.1 -0.9 -1.3 -2.6 -

-4.2 -4 -2.8 -2.4 -3.4 -6.8 -

0.05 - 0 0.05 

0.05 - 0 0.05 

0.05 - 0 0.05 

4.95 4.95 5 -

9.95 9.95 10 -
14.95 14.95 15 -

1.5 - - 1.5 

3 - - 3 

4 - - 4 

UNITS 

IJA 

rnA 

V 

V 

LOAD CAPACITANCE (ell - pF 

Fig. 12 - Typical propagation delay time 
as a function of load capacitance. 

0.5,4.5 - 5 3.5 3.5 - - 'r-~~~~~t-t-HHt-t-HH+-+-t+H 
1,9 - 10 7 7 - -

10' 
24S9 

10 

1.5,13.5 - 15 11 11 - -
2 "6 ~02 2 "6 ~03 2 4 6 '0" 2 

INPUT FREQUENCY ('IN) -KHz 

- 0,18 18 ±0.1 ±0.1 ±1 ±1 - ±10-5 ±D. 1 IJA 
Fig. 13 - Dynamic power dissipation. 

80-1E;;:a~1I1 

l ~ 4-10 
~0.I02 - 0.254) 

• 111-119 
(2.819 - 3.022) 

,Dimensions and pad layout for the CD40192BH 
(dimensions and pad layout for the CD401938H 
are identical). 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in­
dicated. Grid graduations are in mils (10-3 inch). 

92C5.28930RI .1 

88-96 
(2.235- 2.438) 

The photographs and dimensions of each CMOS chip 
represent a Chip when it is part of the wafer. When the 
wafer Is separated into individual chips, the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actusl dimensions of the isolated 
chip, therefore, may differ slightly from the nominal 
dimensions shown. The ussr should consider B tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 
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CD401928, CD401938 Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 250 C 

Input t r, tf = 20 ns, CL = 50 pF, RL = 200 kn 

CHARACTERISTIC VDD 
'(V) 

Propagation Delay Time tpHL, tpLH: 
5 

10 
CLOCK UP or CLOCK DOWN to Q, RESET to Q 

15 

5 
PE to Q 10 

15 

5 
CLOCK UPto CARRY, CLOCK DOWN to BORROW 10 

15 

5 
RESETorPEtoBORROWorCARRY 10 

15 

5 
Transition Time, tTHL' tTLH 10 

15 

5 
Min. Removal Time, t rem * RESET or PE 10 

15 

5 
Min. Pulse Width, tw RESET 10 

15 

5 
PE 10 

15 

5 
CLOCK 10 

15 

5 
Max. Clock Input Frequency, fCl 10 

15 

5 
Clock Rise & Fall Time, t r, tf 10 

15 

Input Capacitance, CI N: 
RESET -
All Other Inputs -

Min. 

-
-

-

-

-
-

-
-
-

-

-

-

-

-

-

-

-

-

-
-

-

-
-

-
-
-
-

2 
4 

5.5 

-
-
-

-

-

LIMITS UNITS 
Typ. Max. 

250 500 
120 240 ns 
90 180 

200 400 
100 200 ns 
70 140 

160 320 
80 160 ns 
60 120 

300 600 
150 300 ns 
110 220 

100 200 
50 100 ns 
40 80 

40 80 
20 40 ns 
15 30 

240 480 
150 300 ns 
130 260 

120 240 
85 170 ns 
70 140 

90 180 
45 90 ns 
30 60 

4 -

8 - MHz 
11 -
- 15 
- 15 /JS 
- 5 

10 15 pF 

5 7.5 pF 

* The time required for RESET or PRESET ENABLE control to be removed before clocking (see timing 
diagram, Fig. 10. 

Jl J2 J] J4 JI J2 J3 J4 

CLOCK UP ~~_--.J;bQ!~~~~~;;-1 CARRY 

Fig. 14 - Dynamic power dissipation test circuit. 

o 
Vss 

vOO 

INPUTS r--~-, 

<JZCS-2740IRI 

Fig. 15 - Ouiescent-device-current test circuit. 

92CS-21441RI 

Fig. 16 - Input-voltage test circuit. 

Voo 1NPUO' VOO NOTE" 

~ ~i~~::,~~~~~S 
Vss TO BOTH Voo AND VsS' 

CONNECT ALL UNUSED. 
INPUTS TO EITHER 
Voo OR VSS' 

Vss 

Fig. 17 - Input current test circuit. 

CLOCK DOWN '-T-'--'--'--'---r'F'""'''--''''''''''''''I.,-:.~~=.-,J BORROW 

RESET ----~--t---

~~;~~------~------------~ 
92CS-27'56)RI 

Fig. 18 ~- Cascaded counter packages. 
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CMOS 4 x 4 Multiport 
Register 
High-Voltage Types 120-Volt Rating) 

The RCA-C040208B is a 4 x 4 multipart 
register containing four 4·bit registers, write 
address decoder, two separate read address 
decoders, and two 3-state output buses. 

When the ENABLE input is low, the cor­
responding output bus is switched, inde­
pendently of the clock, to a high-impedance 
state. The high-impedance third state pro­
vides the outputs with the capability of being 
connected to the bus lines in a bus·organized 
system without the need for interface or 
pull-up components. 

When the WR ITE ENABLE input is high, 
all data input lines are latched on the positive 
transition of the CLOCK and the data is 
entered into the word selected by the write 
address lines. When WRITE ENABLE is low, 
the CLOCK is inhibited and no new data is 
entered. In either case, the contents of any 
word may be accessed via the read address 
lines independent of the state of the CLOCK 
input. 

The C0402088 types are supplied in her­
metic 24-lead dual-in-line ceramic packages 
(0 and F suffixes), 24-lead dual-i n-line plas­
tic packages (E suffix), 24-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

ol. I· 2' VDD 

02. 2l 01. 

ENABLE A 22 aDa 

00 A 21 ENABLE B 

01 A 20 DO 

o2A 
" 

01 
O>A la 02 

WRITE 0 17 Dl 
WRITE I I. CLOCK 

READ 08 10 ,. WRI Tt ENABLE 
READ 18 " " 

READ IA 

V •• 12 ,. READ OA 

TOP VIEW 

92CS- 28550RI 

TERMINAL ASSIGNMENT 

Features: 
• Four 4-bit registers 
• One input and two output buses 
• Unlimited expansion in bit and word 

directions 
• Data lines have latched inputs 
• 3-state outputs 
• Separate control of each bus, allowing 

simultaneous independent reading of 
any of four registers on Bus A and 
Bus B and independent writing into 
any of the four registers 

• Standardized, symmetrical output 
characteristics 

• 100% tested for quiescent current at 20 V 
• Maximum input current of 1 /lA at 18 V 

over full package-temperature range; 
100 nA at 18 V and 250C 

• Noise margin (over full package­
temperature range): 

1 Vat VOO =5 V 
2VatVDD=10V 

2.5 V at VDO = 15 V 
• 5-V, 10-V, and 15-V parametric ratings 
• Meets all requirements of JEOEC 

Tentative Standard No. 13A, "Standard 
Specifications for Description of 'B' 
Series CMOS Devices" 

Applications: 
• Scratch-pad memories 
• Arithmetic units 
• Data storage 

TRUTH TABLE 

CLOCK WRITE WRITE WRITE READ READ READ READ ENABLE 
ENABLE 1 0 1A OA 1B OB 

~ 1 51 52 51 52 51 52 

-------
1 51 52 51 52 51 52 

X X X X X X X X 

~ 1 0 0 0 1 1 0 

-------
0 0 0 0 1 1 0 

X X X X 1 0 0 1 

~ X X X X X X X 

1 = HIGH LEVEL, o· lOW lEVEL. X - DON'T CARE. l= HIGH IMPEDANCE 
S1 <Jnd 52 refer to mpul slates ot {'Ither 1 no 0 

MAXIMUM RATINGS. Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

A 

1 

1 

0 

1 

1 

1 

1 

CD40208B Types 

WRln: 
ENABLE 

1" ~' 
0I.1A 01 
INPUTS O~ 111 

" , 

RUDla 

FlUOOIi 

. 
: .O} 

01 WORD A 
6 02 OUTPUT 

, " 

:: QO "}.,,, . 2 02 OUTPUT 

, " 

FUNCTIONAL DIAGRAM 

ENABLE B 

WOROA 
OUTPUT 

WORDB 
OUTPUT 

Fig. 1 - Block diagram. 

ENABLE On QnA °nB 
B 

1 1 1 1 

1 0 0 0 

0 X Z Z 

1 On to Word 1 Word 2 
word 0 oul oUI 

1 Word 0 Word 1 Word 2 
nOI altered Oul oUI 

1 X Word 2 Word 1 
oul oul 

1 X NC NC 

(Voltages referenced 10 VSS Terminal) ................................................ -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ........................................... -0.510 VDD +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ..................................................... ±10 mA 
POWER DISSIPATION PER PACKAGE (PO): 

For T A = -4010 +60°C (PACKAGE TYPE E) ................................................. 500 mW 
For T A = +60 10 +85'C (PACKAGE TYPE E) ... ................ Derate Linearly at 12 mW/oC 10 200 mW 
ForTA = -5510 +l00°C (PACKAGE TYPES 0, F, K) .......................................... 500 mW 
For T A = +100 to +125°C (PACKAGE TYPES 0, F, K) .....•.•.. Derale Linearly al12 mW/OC 10 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
ForTA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ...................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES 0, F, K, H ........................................................ -55 to +125°C 
PACKAGE TYPE E .................................................................. -40 to +85°C 

STORAGE TEMPERATURE RANGE (T stg) ............................ , ................ -8510 +l50°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. . .•...................... +265°C 
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CD40208B Types 

470 

D. 

WE 

PIN 24. VCD 

PIN 12 z \ISS 

* ALL INPUTS PROTECTED 
8'1' COS/MOS INPUT 
PROTECTION NETWORK 

'2CL·29n~ 

Fig. 2 - Logic diagram. 

* B ENABLE 
3-STATE 

r-----------------r--------------l 
I A I ENABLE dVDO I 
I I I 
I D QA I I 
I I I 
1 I ~ ...... our I 

1 I r-rvPUT 1 

I I 1 I I w 8 I I 
I .B I I 
I I Yss 1 
I I I 
I : I 
I DETAIL OF I DETAIL OF' I 
LM~~R~C~~ ___________ L3:.S~T..:~T~~ ______ -' 

92Cl-29222 

WA---+----____ ~-----J~------~--A-~-n------------
RA--_t.--~----~~~----------_t.----_t~~~fi~--"~-.. 

92CM-29221 

Fig. 3 - Timing diagram. 



RECOMMENDED OPERATING CONDITIONS at TA = 250 C. Except as Noted. 
For maximum reliability. nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTIC VDO 
(VI 

Supply Voltage Range 
(For T A ~ Full Package -
Temperature Rangel 

Set· Up Time: 5 
Data to Clock. tS(DI 10 

15 
Write Enable to Clock, 5 

tS(WEI 10 
15 

Write Address to Clock, 5 
tS(WA) 10 

15 
Hold Time: 5 

Data to Clock, tH(D) 10 
15 

Write Enable to Clock. 5 
tH(WE) 10 

15 
Write Address to Clock. 5 

tH(WA) 10 
15 

Clock Input Frequency. 5 
fCl 10 

15 
Clock Pulse Width, 5 

Clor WE 10 
tw 15 

5 
Clock Rise or Fall Time. 10 

trCl or tfCl 15 

DRAIN-lO-SOURCE VOLTAGE IlJesl-V 

." '10 

'."'.".'. 1.'.".N~I.v"'. ~ :~': 
'.'.~'.~~' : '.de'''''' 

il 

Fig. 7 - Minimum output high (source) 
current characteristics. 

LIMITS 
UNITS 

MIN. MAX. 

3 18 V 

0 -
0 - ns 
0 -

250 -
100 - ns 
70 -

250 -
100 - ns 
70 -

220 -
100 - ns 
80 -

270 -
130 - ns 
80 -

330 -
140 - ns 
90 -
- 1.5 
- 3.5 MHz 
- 4.5 

350 -
130 - ns 
90 -
- 15 
- 5 p.s 
- 5 

,zes·2tZI' 
Fig. B - Typical propagation delay time as a 

function of load capacitance (eL or 
WE to 0). 

CD402088 typeS 

DRAIN-lO-SOURCE VOLTAGE I'IOSI-V 

Fig. 4 - Typical output low (sink) 
current characteristics, 

"I 

::: 

DRAIN-lO-SOURCE VOl.TAGE 1\'051-\' 

Fig. 5 - Minimum output low (sink) 
current characteristics. 

DRAIN-lO-SOURCE VOLTAGE lVoSI-V 

Fig. 6 - Typical output high (source) 
current characteristics. 

1m 

Fig. 9 - Typical transition time as a function 
of load capacitance. 
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CD40208B Types 

STATIC ELECTRICAL CHARACTERISTICS 

CONDITIONS 
CHARACTER-

ISTIC 
Vo V,N VDD 
(V) (V) (V) 

Quiescent Device - 0,5 5 
Current, - 0,10 10 

100 Max. - 0,15 15 

- 0,20 20 

Output low 0.4 0.5 5 
(Sink) Current 0.5 0,10 10 

'OlMin. 1.5 0,15 15 

Output High 4.6 0,5 5 
(Source) 2.5 0,5 5 
Current, 9.5 0,10 10 

IOHMin. 
13.5 0,15 15 

Output Voltage: - 0,5 5 
low·level, - 0,10 10 

VOL Max. 
- 0,15 15 

Output Voltage: - D,S 5 
High-level. - 0,10 10 
VOH Min. - 0.15 15 

Input low 0.5,4.5 - 5 
Voltage, 1,9 - 10 

Vil Max. 15,13.5 15 -
Input High 0.5,4.5 - 5 

Voltage, 1,9 - 10 
VIH Min. 1.5,13.5 - 15 

Input Current - 0,18 18 liN Max. 

3-State Output 
leakage Current 0,18 0,18 18 
lOUT Max. 

472 

4-10 
102-0.254) 

126-134 
(3.200-3.403) 

LIMITS AT INDICATED TEMPERATURES (OC) 
Values at-56,+25, +125 Apply\oD,K,F,H PlckIges 
Values at -40, +2&, +85 Apply to E PIckage 

+25 

-56 -40 +85 +125 Min_ Typ. 

5 5 150 150 - 0.04 

10 10 300 300 - 0.04 

20 20 600 600 - 0.04 
100 100 3000 3000 - 0.08 

0.64 0.61 0.42 0.36 0.51 1 

1.6 1.5 1.1 0.9 1.3 2.6 

4.2 4 2.8 2.4 3.4 6.8 
-0.64 -0.61 -0.42 -0.36 -0.51 -1 

-2 -1.8 -1.3 -1.15 -1.6 -3.2 

1.6 1.5 -1.1 -0.9 -1.3 -2.6 

-4.2 -4 -2.8 -2.4 -3.4 -6.8 

0.05 - 0 

0.05 - 0 
0.05 - 0 
4.95 4.95 5 
9.95 9.95 10 
14.95 14.95 15 

1.5 - -
3 - -
4 - -

3.5 3.5 -
7 7 -

11 11 -
to. 1 to. 1 tl tl - tl0-5 

to.4 to.4 t12 t12 - ±10-4 

92CM-Z9234 

Max. 

5 
10 

20 
100 

-
-
-
-
-
-
-

0.05 

0.05 
0.05 

-
-
-

1.5 
3 
4 

-
~ 

-
to.l 

to.4 

UNITS 

IJA 

rnA 

V 

V 

IJA 

IJA 

2 ... 1 a .... 2 .. ,e 2.... 2 45 
10 oZ lOS 10" 

I"UT FREOUENCY (lI)-IIHI: 

I2CS- 29211 

Fig. 10 - Typical power di .. ipotion as a 
function Df input frequency. 

V~NPU(JS VDO ~~:~URE INPUTS 
o ~ SEQUENTIALLY. 
Vss TO BOTH Yoo AND Vss' 

CQHNECT ALL UNUSED 
INPUTS 10 EITHER 
Voc OR Vss' 

Vss 

Fig. 11 - Input leekag. current 
ten circuit. 

. 
vss 

INPUTS 

Fig. 12 - Ouiescent-device-current 
ten circuit. 

Dimensions and Pad Layout for CD4020BBH 

Dimension, in psrenthtnl!1$ are in millimeters and are 
derived from the basic inch dimensions B8 indicated. 
Grid graduation. are in mil. (10-3 inth}. 

The photographs and dimensions of sach CMOS chip 
represent a chip when it Is part 01 the wal.r. When the 
wafer Is separated into Individual chips. the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimensions of the Isolated 
chip, the/efore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
of -3 mils to +16 milS applicable to the nominal 
dimensions shown. 



DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C; Input tr.tt = 20 ns. 
Cl = 50 pF. Rl = 200 k!1 

CHARACTERISTIC 
VDD LIMITS 

UNITS (V) Min. Typ. Max. 

Propagation Delay Time: 5 - 360 720 

tpHl' tplH 10 - 140 2BO ns 
Clock or Write Enable to Q 15 - 100 200 

Read or Write Address to Q 5 - 300 600 
10 - 120 240 ns 
15 - B5 170 

3·State Disable Delay Time: 5 - 100 200 
10 - 50 100 ns 

tpZH. tpHZ 15 - 40 BO 

tpZl' tplZ 5 - 130 260 
10 - 60 120 ns 
15 - 50 100 

Output Transition Time: 5 - 100 200 

tTHl' tTlH 10 - 50 100 ns 
15 - 40 BO 

Minimum Setup Time: 5 - -95 0 

Data to Clock tS(D) 10 - -35 0 ns 
15 - -20 0 

5 - 125 250 
Write Enable to Clock tS(WE) 10 - 50 100 ns 

15 - 35 70 

5 - 125 250 
Write Address to Clock tS(WA) 10 - 50 100 ns 

15 - 35 70 

Clock Rise and Fall Time: 5 - - 15 

trCl. tfCl 10 - - 5 /ls 
15 - - 5 

Minimum Hold Time: 5 - 110 220 

Data to Clock tH(D) 10 - 50 100 ns 
15 - 40 BO 

5 - 135 270 

Write Enable to Clock tH(WE) 10 - 65 130 ns 
15 - 40 BO 

5 - 165 330 
Write Address to Clock tH(WA) 10 - 70 140 ns 

15 - 45 90 

Maximum Clock Input Frequency. 
5 1.5 3 -

10 3.5 7 - MHz 
fCl 15 4.5 9 -

Minimum Clock Pulse Width. 5 - 175 350 
Clock or Write Enable 10 - 65 130 ns 

tW(Cl) 15 - 45 90 

Write Address 5 - 150 300 

tW(WA) 10 - 75 150 ns 
15 - 45 90 

Average Input Capacitance. - - 5 7.5 pF 
(Any Input) CI 

CD40208B Types 

'NPUTOVOO OUTPUTS 

V'H 

'--- ~ 
v~ ~ 

NOTE: 

vss ~srN",~~~ONBINATION 

92CS-27441IAI 

Fig. 13 - Input-voltage test circuit. 

TO 
ANY 
OUT­
PUT 

to"" 

l'O" 

Voo 

PULSE GEN. 2 

.... LE VDD 
INPUT ~ .r,c;;. ...... 1\...-.....A_ .. _V'S 

'Pl.Z I:: ~PZL 
'IO,.,_Voo 

BuT-{ 10" VOL 
PUTS YOH 

1)% -Vss 
I-'PZH • PHZ 

TEST VOLTAGE 
CHAR 

•• D .'0 UCM-29217 

'PHZ VDD VSS 

tpZH V V 

'Pl.Z VS5 VOO 
Ipll VS5 VDD 

Fig. 14 - Output-enable·delay-times test 
circuit and waveforms. 

P.G.I 

P.G.2 

P.G.3 

O'A.8~ 

!--REPETITIVE WAVEFORMS----..j 

92.CN-29218RI 

,Fig. 15 - Power-dissipation test circuit 
and waveforms. 
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CD40257B Types 

CMOS Features: 
• lostate outputs OUTPUT 

Quad 2-Line-to-1-Line 
Data Selector/Multi 
plexer 

• Standardized, symmetrical output characteristics 
DISABLE 

'" 

High-Voltage Types (20-Volt Rating) 

The RCA·CD40257B is a Data Selector/Multi­
plexer featuring three-state outputs which 
can interface directly with and drive data 
lines of bus·oriented systems. 
The CD402578 types are supplied in 16-
lead hermetic dual-in-line ceramic packages 
(D and Fsuffixes), 16-lead dual-in-line plas­
tic packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

• 100% tested for quiescent current at 20 V 

• Maximum input current of 111-A at 18 V 
over full package-temperature range; 
100 nA at 18 V and 250 C 

• Noise margin (over full package­
temperature ·range): 

1 VatVDD = 5 V 
2 Vat VDD = 10 V 

2.5 Vat VDD = 15 V 

• 5-Y, 10-V, and 15-V parametric ratings 

• Meets all requirements of JEDEC 
Tentative Standard No, 13A, "Standard 
Specifications for Description of 'B' 
Series CMOS Devices" 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) ..•..•...•.••.••••.•.•.•••...••......••.•...•.•. -0.5 to +20 V 
INPUT VOLTAGE RANGE, ALL INPUTS ....•.•.•...•.. ____ . __ , ____ .... __ • __ . ____ .• -0.5 to VDO +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT .. ______ • __ . __ . ____ ' __ . ____ .... __ ' ____ •... ____ • __ ' __ . ±10 mA 
POWER DISSIPATION PER PACKAGE (PO): . 

ForTA = -40 to +6O'C (PACKAGE TYPE E) __ ' ____ . __ . ____ . __ . ____ ....... ____ • __ . ____ • ____ •. 500mW 

For T A = +60 to +85'C (PACKAGE TYPE E) •••...•••..•.•••... Derate Linearly at 12 mwrc to 200 mW 
For T A = -55 to +loo'C (PACKAGE TYPES 0, F, K) • __________ . __ • ____ ..• __ .. __ ... __ • ______ .• 500 mW 
For T A = +100 to +125'C (PACKAGE TYPES 0, F, K) __ . ____ ' __ Derate Linearly at 12 mW/'C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
ForTA = FULL PACKAGE-TEMPE~ATURE RANGE (All Package Types) ____ •.... __ .. __ . ____ •. 100 mW 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES 0, F, K, H __ . __ . __ ••. ____ •.. __ .. ______________ . __ ...... __ • __ . __ . __ -55 to +125'C 
PACKAGE TYPE E . __ .... __ ... __ ... __ ' __ c .. __ . ____ ...... __ . ____ . __ • ____ •.. ____ .. ____ -40 to +85'C 

STORAGE TEMPERATURE RANGE (Tstg) __ • __ .. __ • __ . ____ ' __ • ____ . __ •. __ .. __ ' __ . __ . __ -65 to +15O'C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116 ± 1132 inch (1.59 ± 0.79 mm) from case for 10 s max. __ "" ____ • __ . ____ .... __ ' +285'C 
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Fig. 1 - Logic diagram for CD40257B. 
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VOO'16 INPUT 

SELECT vss's 

FUNCTIONAL DIAGRAM 

Applications: 
• Digital Multiplexing 
• Shift-right/shift-Ieft registers 

• True/complement selection 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating 
conditions should be selected so that oper­
ation is always within the following ranges: 

LIMITS 
CHARACTERISTIC 

Min. Max. 
UNITS 

Supply· Voltage Range 
(ForTA=Full Package· 3 18 V 
Temperature Range) 

TRUTH TABLE 
INPUTS OUTPUT 

3-STATE 
OUTPUT SELECT A B D 
DISABLE 

1 X X X Z 
0 0 0 X 0 
0 .0 1 X 1 
0 1 X 0 0 
0 1 X 1 1 

X = DON'T CARE LOGIC 1 = HIGH 
LOGIC 0 = LOW Z = HIGH IMPEDANCE 

DFfAIN- TO-SOUflC£ VOLTAGE (VOS)·- V 

F;g.2 - Typical output low {sink J 
current cha;acteristics, 



STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES lOCI 
Values aI-55, +25, +125 Apply 10 D, F, K. H Packages 

CHARAC­
TERISTIC 

CONDITIONS V.lues at -40,+25 .. +85 Apply to E PkIP. UNITS 

Vo VIN VDD +25 

IVI IVI IVI -55 -40+-~ __ 5-+_+_125 __ ~M_I_'n_'1-_T~y~p_-r_~ __ X'+-__ ~ 
Quiescent 

Device 
Current 
100 Max. 

Output Low 
(Sink) 
Current, 
IOL Min. 

0.4 
0.5 
1.5 

0,5 5 
0,10 10 
0,15 15 
0,20 20 

0,5 5 
0,10 10 
0,15 15 

2 2 
4 4 

20 20 

0.64 0.61 
1.6 1.5 
4.2 4 

30 30 0.02 
60 60 0.02 
120 120 0.02 
600 600 0.04 

0.42 0.36 0.51 1 
1.1 0.9 1.3 2.6 
2.8 2.4 3.4 6.8 

Output High f--'-'~-+-==-i-::""'+---=-=";+-="-'--+-=~=+-""::';;~+-='-+-~ 
(Source) 

4.6 0,5 5 -0.64 -0.61 -0.42 -0.36 -0.51 -1 
2.5 0,5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 

Current, 

IOH Min. 

Output Volt· 
age: 
Low· Level, 

VOL Max. 

Output Volt· 
age: 
High- Level, 

VOH Min. 

Input Low 
Voltage, 

, VIL Max. 

Input High 
Voltage, 

VIH Min. 

Input 
Current, 
liN Max. 

9.5 
13.5 

-
-
-

-
-
-

0.5,4.5 
1,9 

1.5,13.5 

0.5,4.5 
1,9 

1.5,13.5 

-

0,10 10 -1.6 
0,15 15 -4.2 

0,5 5 
0,10 10 
0,15 15 

0,5 5 
0,10 10 
0,15 15 

- 5 
- 10 
- 15 

- 5 
- 10 
- 15 

0,18 18 ±0.1 

-1.5 -1.1 -0.9 -1.3 -2.6 
-4 -2.8 -2.4 -3.4 -6.8 

0.05 - 0 
0.05 - 0 
0.05 - 0 

4.95 4.95 5 
9.95 9.95 10 
14.95 14.95 15 

1.5 - -

3 - -
4 - -

3.5 3.5 -
7 7 -
11 11 -

±0.1 ±1 ±1 - ±10-5 

2 
IJA 

4 
20 

-
-
-

mA 
i-=--

-
-

0.05 
0.05 
0.05 

V 

-
-
-

1.5 
3 
4 

V 
-
-
-

±0.1 IJA 

3·State Output 
Leakage 
Current 
lOUT Max. 

0,18 18 ±0.4 ±0.4 ±12 ±12 ±10-4 ±0.4 IJA 

DYNAMIC ELECTRICAL CHARACTERISTICS al T A = 25°C; Input Ir' If = 20 ns, 
Cl = 50pF, Rl = 200 Kn 

CHARACTERISTIC TEST CONDITIONS liMITS UNITS 
VDDIVI Typ_ Max. 

Propagation Delay Time: 5 150 300 
Data Input to Output, 10 70 140 ns 

tPHl, tPlH 15 50 100 

Select to Output, 5 190 380 

tPHl, tplH 
10 85 170 ns 
15 65 130 

Output Disable to Output. 5 95 190 

tPHL. tPlH 
10 50 100 ns 
15 40 80 

Transition Time. 
5 100 200 

10 50 100 ns 
ITHl.lTlH 15 40 80 

Input Capacitance. CIN Any Input - 5 7.5 pF 

CD40257B Types 

~ 25 5V 

o s ~ ~ 

:~'.'~.'. 

DRAIN-lO-SOURCE VOL.TAGE CVosl-V 

Fig.3 - Minimum output low (sink) 
current characteristics. 

DRAIN-lO-SOURCE VOLTAGE (YoSI-V 
-IS I 

-TO-SOUR' . ,V,, 

.2CS-l.SZOII, 

Fig.4 - Tvpical output high (source) 
current characteristics. 

DRAIN-lO-SOURCE VOLTAGE (VDSJ-V 
-IS -10 

I~~~.~'. !.'.~~~'.~ ::~':~,': 

'-'" 

Fig.5 - Minimum output high (source) 
current characteristics. 

,:: ,;; P~fIW: Hfr~ i~ 
I if ~:iJpU::"''-TAGE ivool" v 

10V 

IOV 

~ 

'; , 

20 40 60 80 100 
LOAD CAPACITANCE (CLI- pF 

Fig. 6 - Typical propagation delay time as a 
function of load capacitance (DA TA 
INPUT to OUTPUT). 
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CD40257B Types 

Fig. 7 - Typical transition time as a function 
of load capacitance. 

92CS-Z744IRI 

Fig. to - Input voltage test circuit. 

""l AMBIENT TEMPERATURE CTAJ.U-C · LOAD RESISTANCE (RLJ-r=tr -- ~~ 

• INPUT RISE OR tifF- 11 V:;;· 11,,1,.-20 .. -+ ~ 

1 ,.104. i ~.~ 

e • 1t~<'v;. ~ , 
it * R • ~ . ~ to: 1).1 

I) II · LOAD CAPACITANCE ceLl-SO " · · -1 V 
CL -15 p'_ 

III I IIII I IIII I III 
10 

2 .... 
10 
. ... 1,01 2 .",OS2 ... ',0"246' 
INPUT FREQUENCY ('. I-11Hz 

"CS·2IT4, 

Fig.8 - Typical dynamic power dissipation as a 
function of input frequency (one 
INPUT to one OUTPUT). 

. 
Vss 

INPUTS 

Vss 

Fig. 11 - Ouiescent device 
'current test circuit. 

Dimensions and pad layout for CD40257BH. 

INP(JUS Y
oo 

Voo NOTE: 

~ MEASURE INPUTS 
: SEQUENTIALLY • 

SS TO BOTH Voo ANDVss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

VDD """ss' 
Vss 

Fig.9 - Input current test circuit. 

INPUT SELECT AI ., 
01 

A. 
8' 
D' VSS 

I. I. VDO 

• IS OUTPUT OIUILa 
3 

" A' 13 •• 
" 

D. 

" .. 
10 83 

9 03 

TOP VIEW 

9ZCSL Z7321 

TERMINAL ASSIGNMENT 

Dimensions In parentheses are In millimeters and are 
derived from the basic Inch dimensions as Indicated. 
Grid graduations are In mils (10-3 Inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when It Is part of the wafer. When the 
wafer Is separated Into Individual chips. the angle of 
cleavage may vary with respect to the chip face for 
different chips. The actual dimenSions of the Isolated 
chip. therefore. may diller slightly from the nominal 
dimensions shown. The ussr should consider a tolerance 
of -3 mils to +16 mils applicable to the nomina' 
dimensions shown. 
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CD4000A, CD4001A, CD4002A, CD4025A Types 

CMOS NOR Gates FUNCTIONAL DIAGRAMS 

Dual 3 Input 
plus Inverter-CD4000A 

Quad 2 Input-C04001 A 
Dual 4 Input-C04002A 
Triple 3 Input-CD4025A 

The RCA-C040ooA, C04001A, C04002A, 
and C04025A NOR gates provide the system 
designer with direct implementation of the 
NOR function and supplement the existing 

family of CMOS gates. 

These types are supplied in 14-lead her­
metic dual-in-line ceramic packages (0 and 
F suffixes), 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

Features: 

• Quiescent current specified to 15 V 

• Maximum input leakage of 1 J.lA at 15 V 
(full package·temperature rangel 

• 1-V noise margin (full package-tempera­
ture rangel 

RECOMMENDED OPERATING CONDITIONS 

Ne 

r-----, .. 
"."D'ii'+"F .. _Gtit VDO .. 

92CS-24757 92CS·2 .. 762 Vss 

C04000A 
CD4oo1A 

,----.-_Yoo 

92CS-Z47se 

CD4002A CD4025A 

n-...... -'\I'V'v .............. GATES 
IN 01 ALL INPUTS ARE PROTECTED 

Yss BY COS/MOS PROTECTION NETWORK 

MAXIMUM RATINGS, Absolute·Maximum Values: 
STORAGE.TEMPERATURE RANGE (Tslgl ........••.••..........•.. -66 to +150°C 
OPERATING·TEMPERATURE RANGE (TAl: 

PACKAGE TYPES 0, F, K, H . . • • • • . . . . • . • • • • • • • • • . . . . .• -55 to +125"C 
PACKAGE TYPE E . . . • • . • • • • • • . • • • . • . • . . . • • . • • . . .• -40 to +OS"C 

DC SUPPLY·VOLTAGE RANGE, (VDDI 
(Voltage. referenced 10 VSS Termlnan: . • . . . . . . . . • . . . . . . . . . • • . • . • . .. -0.610 +16 V 

POWER DISSIPATION PER PACKAGE (POl: 
FORTA=-40lo+50oC(PACKAGETYPE E'I ......................•• 500mW 
FOR T A = +50 to +85° P (PACKAGE TYPE E I ...... Derale Linearly al 12 mWi" C to 200 mW 
For T A = -55 to +100"C (PACKAGE TYPES 0, F, K) • • • • • • • • • • • • • • • 500 mW 
For T A = +100 to +125"C (PACKAGE TYPES 0, F, KI . • •• Derate Linearly at 12 mwrc to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPESI ....... 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS .......................... ..(1.510 VOO +0.5 V 
LEAD TEMPERATURE (DURING SOLDERINGI: 

AI dlslance 1I16± 1/32 inch (1.59 ± 0.79 mml!rom case for 10 s max. . .......•..•. +2SSoC 

For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

~11[NT.f£lIPE:"ATU"E ITA).25·C 

IS IW'PLY VOLTAGE: 1Voo)·.,v 

~D 
-iLrVD CHARACTERISTIC 

LIMITS 
UNITS 

MIN. MAX. 

Supply·Voltage Range (For TA = 

Full Package·Temperature 
Range) 3 12 V 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C, CL = 15pF, Input tr• tf= 20ns 

LIMITS 
TEST 

D,F,K,H E 
CHARACTERISTIC CONDI~ UNITS PACKAGES PACKAGE 

VDO 

(Volul TYP. MAX. TYP. MAX. 

Propagation Delay Time: 5 35/60 50195 35/60 SO/95 
High·to·Low Level, 10 25/35 40/60 25/35 55/60 ns 

tpHL 

Low·to·High Level, 5 35/S0 95/120 35/S0 120/120 

tpLH 10 25/40 45/65 25/40 65/65 
ns 

Transition Time: 5 65 125 65 200 
High·to·Low Level, ns 

10 35 70 35 115 
tTHL 

Low·to·High Level, 5 65 175 65 300 

tTLH 
ns 

10 35 75 35 125 

Input Capacitance, CI Any Input 5 - 5 - pF 

Note: Numbers to the rl9ht of slash mark are for C04025A:_ 
numbers to the left of slash mark are for 4OO0A, 4001 A, and 4002A. 
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Fig. 1 - Minimum & maximum voltage transfer 
characteristics. 
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Fig. 2 - Typical voltage transfer characteristics 
as a function of temperature. 



CD4000A, CD4001A, CD4002A, CD4025A Types 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES 1°c) 
CONDITIONS 

D, F, K, H PACKAGES E PACKAGE 
CHARACTERISTICS 

Vo V DD V IN -55 
(V) (V) (V) 

- - 5 0.05 
Quiescent Device 

10 0.1 
Current, IL Max. 

- -

- - 15 2 

Output Voltage: -
Low Level, 

0.5 5 

VOL - 0,10 10 

High Level - 0,5 5 

VOH - 0,10 10 

Noise Immunity: 3.6 - 5 
Inputs Low, 
VNL 7.2 - 10 

Inputs High 1.4 - 5 
V NH 2.8 - 10 

Noise Margin: 4.5 - 5 
Inputs Low, 
VNML 9 - 10 

Inputs High, 0.5 - 5 

V NMH 1 - 10 

Output Drive 
Current: 
N·Channel 
(Sink), 0.4 - 5 0.5 

ION Min. 0.5 - 10 1.1 

P-Channel 
(Source) : 2.5 - 5 -0.62 

lOP Min. 9.5 - 10 -0_62 

Input Leakage Any Input 
Current, 15 

IIL,IIH 

fE-fO-SOURCE VOLTAGE (YG )'I!.V 

~'" 
ffi 

'0 

~ 7.5 

2.' 

" 

'" 
CERAMIC PACKAGES 
P.o'-SlIC PACKAGES---

25 , 7.' 10 IZ.!I I' 
DRAIN - TO - SOURCE ¥OLTAGE tyos)-'1 

nCS-178" 

+25 +25 
+125 -40 +85 

TYP. LIMIT TYP. LIMIT 

0.001 0.05 3 0.5 0.005 0.5 15 

0.001 0.1 6 5 0.005 5 30 

0.02 2 40 50 0.5 50 500 

a Typ.; 0.05 Max 

a Typ.; 0.05 Max 

4.95 Min.; 5 Typ. 

9.95 Min.; 10 Typ. 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 

1 Min. 

1 Min. 

1 Min. 

1 Min. 

1 0.4 0.28 0.35 1 0.3 0.24 

2.5 0.9 0.65 0.72 2.5 0.6 0.48 

-2 -0.5 -0.35 -0.35 -2 -0.3 -0.24 

-1 -0.5 -0.35 -0.3 -1 -0.25 -0.2 

±10-5 Typ .• ±1 Max. 

DRAIN-fO-SOURCE VOlTS I"'OSI 

CERAMIC PACKAGES m 
PLASTIC PACKAGES___ -10 

-'0 

GATE -TO- SOURCE VOLTS. - 15 

UNITS 

~A 

V 

V 

V 

rnA 

~A 

. 
I 

Fig. 6 - Minimum n-channel drain characteristics. Fig . .7 - Minimum p-channel drain characteristics. 

'" ~ 
~ 10 

g 
~ 7.~ 

2' 

PftLy VOLTS IY 

7.~ 10 12.~ 

INPUT VOLTS (VI' 

Fig. 3 - Typical current & voltage transfer 
characteristics. 

AM80fT TUIPERAT\m (T ... ' • 2.~·e 
TYPICAl. TEWPERATUR£ COEFFICIENT FOR 100 -0.3 "4l"e 

GATE-TO-SOURCE ',(lLTAGE{VGS'ol,V 

ORAIN-TO-SOl.IACE VOLTAGE IVosl 

Fig. 4 - Typical n<hannel drain characteristics. 

NOR GATES 

DRAIN-TO-SOURCE VOLTS IVosl 

-IS. -12.S -10 -7.S 

V~.voo " 
IIGS ) ~ 

I VOS 

-- ' 
OTHER GATE 

INPUTS GROUNDED 

GATE TO SOURCE VOLTS ( , o-IS 

AMBIENT TEMP[RATURE ITA'o 2S"C 
TYPICAL TEMPERATURE COEFFICIENT FOR 100 -0.3% I·C 

-2.' 

. 
-1.' ~ 

-'0 ~ 
-12.5~ 

Fig. 5 - Typical p-channel drain characteristics. 

.0 
..... BIENT TEMPERATURE ITA' • 2.~·C 
LOAO CAPACITANCE (CL). "pF 

~ 

SIJPPLY VOLTSIVool 
20 

Fig. 8 - Typical propagation delay time vs. V DD. 
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CD4000A,CD4001A,CD4002A, CD4025A Types 

I ~~ lENT TEMII£RATUIIE IT"I- ZI'"C 
~~ TEMPE_TUIII! COEFfiCIENT FOR ALL "'WIS 

! 150 O.S"'''C 

II ..... '_T ...... · 

II 
tlCI-I71I' 

Fig. 9 - TVplcal propagation delav tims .... CL· 

YIID . 
Yss 

INPUTS ..--'--, 

II 

Vss 

Fig. 12 - Quiescent device current test circuit. 
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~ !!~.!.~ IT"I'Z5-t 
~O.~'- CCEFFICIENT FOR AU VALUES 

nCI-I77I. 

Fig. 10 - TVPical transition time or. CL. 

'N'UTOYIID OUTPUTS 
VOO-VNH 

"'- ~ V:L l 
NOTE: 

TEST ANY ONE INPUT, 
Vss WITH OTHER INPUTS AT 

'll2cs-,r .. oo Yeo OR Vss 

NOTE: 
C04000, (04oo2,CD4025-
TEST ANY ONE INPUT WITH 
OTHER INPUTS AT Voo OR \Iss' 

CD4ool- TEST ANY 
COMBINATION Of'INPUTS. 

Fig. 13 - Noise immunity test circuit. 

.05 =:TD~SEs,:!~~~~!}~~~I: ;POUlESC£NT [ 

~ 
I 104 
;e 
i 1()3 SUPf'LY VOL.T$I'" ,.1 

00 

LOAD CAP/lCLTANCE ICll'I!!,F 

111 CL"!iOpF---

,02 

Fig. 11 - Typical dissipation characteristics. 

V~NPUO' '. ;;:~:,:",:':':.' 
Vss TO BOTH VOD AND VsS' 

CONNECT ALL UNUSED 
INPUTS TO EITHER 
YOO OR VSS' 

Vss 

Fig. 14 - Input leakage current test circuit. 



CMOS 18-Stage 
Static Shift Register 
The RCA-CD4006A types are comprised of 
4 separate shift register sections: two sec­
tions of four stages and two sections of five 
stages with an output tap at the fourth 
stage_ Each section has an independent 
single-rail data path_ 
A common clock signal is used for all stages_ 
Data are shifted to the next stage on nega­
tive-going transitions of the clock_ Through 
appropriate connections of inputs and out­
puts, multiple register sections of 4, 5, 8, 
and 9 stages or single register sections of 10, 
12, 13, 14, 16, 17 and 18 stages can be 
implemented using one CD4006A package_ 
longer shift register sections can be assem­
bled by using more than one CD4006A_ 

Features: 

• Fully static operation 
• Shifting rates up to 5 MHz 
• Permanent register storage with clock line high or 

low - - no information recirculation required 
• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 J.IA. 

at 15 V (full package-temperature range) 
• 1-V noise margin (full package-temper-

ature range) 

These types are supplied in 14-lead her­
metic dual-in-line ceramic packages (D and 
F suffixes). 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix). and in chip form (H 
suffix)_ 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (TSlg ) .•.••.••.•••••..•.••..•••••.• -65 to +150oC 
OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE TYPES D, F, K, H ...•... _ •.• __ . . . . . . . .. _ . _ . _ -55 to +125°C 
PACKAGETYPEE .... ___ . _ .•........... ____ ...•.. -40to+85°C 

DC SUPPLY-VOLTAGE RANGE, (VDri) 
(Voltages referenced to VSS Terminal)' .............................. -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PO): 
FOR TA= -40 to +60oC (PACKAGE TYPE E) ............................ 500 mW 
FOR TA= +60 to +8SoC (PACKAGE TYPE E) ......... Derate Linearly at 12 mW/oC to 200 mW 
FOR T A = -55 to +100·C (PACKAGE TYPES D, F, K) •. __ • ___ • __ • _ .. _ . . . 500 mW 
FOR T A = +100 to +125·C (PACKAGE TYPES D, F, K) • _. Derate Linearly at 12 mW/oC to 200 mW 

DEV ICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ......... 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS ........................ _ . -0.5 to VDO +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max ................ +26SoC 

RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted_ 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

liMITS 

CHARACTERISTIC VDD D,F,K,H E 
(VI PACKAGES Package 

Min_ Max_ Min. Max. 

UNITS 

CD4006A Types 

01 1 

02 4 

CLOCK ~ 

D. • 

D. • 

L ___ -,.,! 0", 
CD4006A Vss 

i2CS-U049 

FUNCTIONAL DIAGRAM 

Applications: 

• Serial shift registers 
• Time delay circuits 
• Frequency division 

CL 

D" 

,0 -{>--D 
I... ___ OUT 

CL 
IF4'hOR 
51hSTAGE 

Supply-Voltage Range (For T A = Full 
3 12 3 12 V 

TRUTH TABLE FOR SHIFT REGISTER STAGE 

Package· Temperature Rangel 

Data Setup Time, ts 
5 80 - 100 - ns 
10 40 - 50 -

Clock Pulse Width, tw 
5 500 - 830 - ns 
10 200 - 250 -

Clock Input Frequency, fCl 5 dc 1 de 0.6 MHz 
10 dc 2.5 de 2 

Clock Rise and Fall Time, trCl, tfCl' 5 - 15 - 15 
j.IS 

10 - 5 - 5 

• If more than one unit is cascaded trCL should be made less than or aqual to the sum of the transition time 
and the fixed propagation delav of the output of the driving stage for the estimated capacitive load, 

0 

0 

, 
X 

CL' 0" 

'\. 0 

'\. I 

J NC 

I = HIGH 
0= LOW 

IIIC = 1110 CHANGE 
x = DON'T CARE 
... = LEvEL C~ANGE 

92C~· 17881RI 

Fig. 1 - Logic diagram and truth table 

lone register staga). 
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CD4006A Types 

STATIC ELECTRICAL CHARACTERISTICS 

Limits at Indicated Temperature. (oel 
Conditions 

D, F, K, H Packages E Package 
Units 

Characteristic Vo VIN VOO -55 
(VI (VI (VI 

Quiescent Device - - 5 0.5 

Current, I L Max. -. - 10 1 
- - 15 25 

Output Voltage: - 5 5 
Low-Level, 
VOL - 10 10 

High Level. - 0 5 
VOH - 0 10 

Noise Immunity: 
4_2 - 5 Inputs Low, 

VNL 9 - 10 

Inputs High, 0.8 - 5 
VNH 1 10 

Noise Margin: 
Inputs Low, 

4.5 - 5 

VNML 9 - 10 

Inputs High, 0.5 - 5 
VNMH 1 10 

Output Drive 
Current: 
n-Channel 0.5 - 5 0.155 
(Sinkl, 
ION Min. 

0.5 - 10 0.31 
p-Channel 
(Sourcel: 

4.5 - 5 -0.125 

lOP Min_ 9.5 - 10 -0.25 

I nput Leakage 
AnllnT Current. 

IIL,IIH 

482 

- - 15 

£\ 
\'ss 

• ALL INPUTS ARE PROTECTED 
BY COSIMOS PROTECTION 
NETWORK. 

. 

+25 
+125 -40 

+25 
+85 

Typ. Limit Typ. Limit 

0.01 0.5 30 5 0.03 5 70 
0.01 1 60 10 0.05 10 140 JJA 
0.5 25 1000 250 2.5 250 2500 

o Typ.; 0.05 Max. 

o Typ.; 0.05 Max. 
V 

4.95 Min.; 5 Typ. 

9.95 Min.; 10 Typ. 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ_ 
V 

1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 

1 Min. 

1 Min. 
V 

1 Min. 
1 Min. 

0.25 0.125 0.085 0.072 0.25 0.06 0.048 

0.5 0.25 0.175 0.15 0.5 0.125 0.1 
mA 

-0.15 -0.1 -0.07 -0.06 -0.15 -0.05 -0.04 

-0.3 ·0.2 -0.14 ·0.12 ·0.3 ·0.1 ·0.08 

±1O-5 Typ., ±1 Max. JJA 

J 
IJl ~t------<ouC? fUr-- IF' 4tnOR 
I v';;l 5th STAGE) 

Cl 

L 
~' FROM 
PREVIOUS i 

STAGE k 
(OR INPUT 

IF 1st CL 
STAGE) 

CL I VDO 

~r: 0 
1 f.-

ro;:- 'lvss 

~~ irs 
:I hss 92CS-17894R, 

Oil 

LOAD CAPACITANCE 

Fig. 2 - Typical propagation delay time vs. 

load capacitance. 

AM8.ENT TEUPERATUR[ tTA,oZ5"t 
TYPICAL TEUPEJIATUA[ C()[FFICI[NT 
FOR ALL VALUES OF VDD-o.:S"./ec 

20 30 40 50 60 
LOAD CAPACITANCE ICLI-pF 

Fig. 3 - Typical transition time vs. load 
capacitance. 

Fig. 5 - Typical output n·channel drain 
characteristics. 

Fig. 6 - Minimum output n-channel drain 
characttlri$tics. 



DYNAMIC ELECTRICAL CHARACTERISTICS at TA"" 25°C, Input tr, tt = 20 ns, 

Cl = 15 pF, Rl = 200 kn 

liMITS 

TEST D,F,K,H E 
CHARACTERISTIC CONDITIONS Packages Package UNITS 

VDD 
Min, Typ, ~ax. Min. Typ. Max. IV) 

Propagation Delay Time; 5 - 250 400 - 250 500 
ns 

tplH ,tpHl 
10 125 200 125 250 - -

Transition Time; 5 - 250 400 - 250 500 
tTHl' tTlH 

ns 
10 - 125 200 - 125 250 

Maximum Clock Input 5 1 2.5 - 0.6 2.5 -
Frequency, fCL MHz 

10 2.5 5 - 2 5 -
Minimum Clock Pulse 5 - 200 500 - 200 830 

Width, tw ns 
10 - 100 200 - 100 250 

Clock Rise & Fall Time; 5 - - 15 - - 15 
trCL, tfCl• 

/JS 
10 - - 5 - - 5 

Minimum Data Set Up 5 - 50 80 - 50 100 

Time, t8 
ns 

10 - 25 40 - 25 50 

Average Input Data Input - 5 - - 5 - pF 
Capacitance, C I 

Clock Input - 30 - - 30 - pF 

* If more than one unit is cascaded trCL should be made less than or equal to the sum of the transition time 
and tha fixad propagation delav of the output of tha driving stage for the estimated capacitive load. 

'''SIENT TEMPERATURE tT"Jo ZS"C 
., ALTUM",TING ·0· 
:t. ",.0"." PA 

~a04 

~ 103 

i 

,.' '.' 

CL.. I~"f 
---CL"50"F 

CD4006A Types 

Fig. 7 - Typical output p-channBI drain 
charactsristics. 

Fig. 8 - Minimum output p·oh.nnel drain 
characteristics. 

Sl.l'PU VOLTSIYooI 

INPUT FREQUEtCY u40I-Hz 

Fig. 9 - Typical dissipation characteristics. 
Fig. 10 - Typical clock input frequency vs. 

supply volraga. 

o 
Vss 

INPUTS 

Vss 

Fig. 11 - Qu;escent-de.,iclI-current test circuit. 

'NPUTOV'"' OUTPUTS VOO-VNH 

"'-- ~ 
Y~ ~ 

""YE: 
TEST ANY ONE INPUT, 

Vss WITH ontER INPUTS AT 
nCS.Z'400 Voo ORVss' 

Fig. 12 - Noise-immunity test circuit. 

) 

'----0--- MEASURE INPUTS 
o ~ SEQUENTIALLY, 

Voo INPUOS Voo NorE' 

Vss TO BOTH VDD AND Yss' 
CONNECT AU UNUSED 
INPUTS TO EITHER 
VDD ORVSS' 

V55 

92C5-2740. 

Fig. 13 - Input-leakage-current test circuit. 
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CD4007 A Types 

CMOS 
Dual Complementary 
Pair Plus Inverter 
The RCA-CD4007 A types are comprised of 
three n·channel and three p·channel enhance· 
ment·type MOS transistors. The transistor 
elements are accessible through the package 
terminals to provide a convenient means for 
constructing the various typical circuits as 
shown in Fig. 2. 

More complex functions are possible using 
multiple packages. Numbers shown in paren· 
theses indicate terminals that are connected 
together to form the various configurations 
listed. 

These types are supplied in 14-lead her­
metic dual-in-line ceramic packages (D and 
F suffixes). 14-lead dual-in-line plastic 
packages (E suffix). 14-lead ceramic flat 
packages (K suffix). and in chip form (H 
suffix). 

Features: 
• Medium-speed operation. 

tPHL = tPLH = 20 ns (typ.) at CL = 15 pF, 
+VDD = 10 V 

• Low "high" and "low" output impedance. 
500 n (typ.) at VDD - VSS = 10 V 

• Quiescent current specified to 15 V 

• Maximum input leakage current of 1/JA 
at 15 V (full package-temperature range) 

• 1-V noise margin (full package-temper­
ature range) 

MAXIMUM RATINGS, Absolute·Maximum Values: 

STORAGE·TEMPERATURE RANGE IT"gl 
OPERATING· TEMPERATURE RANGE ITAI 

PACKAGE TYPES D. F. K. H 
PACKAGE TYPE E 

DCSUPPLY·VOLTAGE RANGE. IVDDI 
(Voltages referenced to VSS Terminal) . 

POWER DISSIPATION PER PACKAGE IPDI 
FOR'TA= -4010 +SOoC IPACKAGE TYPE E I 
FOR TA = +6010 +850C (PACKAGE TYPE E I 
FOR TA= -5510 +IOOoe IPACKAGE TYPES D. F. K) 
FOR TA= +10010 +12SoC IPACKAGE TYPESD,F,K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

-55 to +125 0 C 
-40 to +850 C 

-0.5 to +15 V 

500mW 
Derate Linearly at 12 mW/oC to 200 mW 

500 mW 
Derate Linearly at 12 mW/oC to 200 mW 

FOR T A = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES) . 100 mW 
INPUT VOLTAGE' RANGE. ALL INPUTS --0.5 to VDD +0.5 V 
LEAD TEMPERATURE lOURING SOLDERING} 

At distance 1/16 f 1/32 Inch 1159 ± 0.79 mm) from case for 105 max +265 0 C 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

D. F. K. H E 
CHARACTERISTIC 

Packages Package 
UNITS 

Min. Max. Min. Max. 

Supply-Voltage Range (For TA = Full 
3 12 3 12 V 

Package Temperature Range) 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 250 C. Input t r, tf = 20 ns, CL = 15 pF, 

RL = 200 kH 

LIMITS 

CHARACTERISTIC TEST CONDITIONS D.F.K.H E UNITS 

rvoo Packages Package 

(V) Min. Typ. Max. Min. Typ. Max. 

Propagation Delay 
5 35 60 - 35 75 

Time; Il!' 

tPLH. tPHL 
10 20 40 20 50 

Transition Time; 5 - 50 75 50 100 
IlS 

tTHL. tTLH 10 30 40 30 50 

-Average Input 
AllY Illput 5 5 pF 

Capacitance, CI 
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'li!.CS- 2:503~ 

Terminal No.14 - VDD 
Terminal No. 7 - VSS 

CD4007A 
SCHEMATIC DIAGRAM 

ADD 
*A~IN~ 

PROTECTED BY Vss 
COSI MOS PROTECTION 
NETWORK 

Applications: 
• Extremely high-input impedance amplifiers 

• Shapers 
• Inverters 
• Threshold detector 
• Linear amplifiers 

..... IENT TfllJlt:ftATURE 

Y VOLTI(\Ioo'.I' 
IT .. l-ZS·C 

12.5 

f" 
, .• 

75 10 12: 5 15 
INPUT VOLTS lVI' 

Fig4 1 - Minimum and maximum voltage.transfer 
characteristics for inverter. 

.. AMBIENT T[MPfRATUA£ IT .. ,· 25-e 

,. 
PPLT VOLTS I ,. I 

,. 
Z 5 T.' 10 12:.5 15 

INPUT VOLTS lVI' 

Fig. 2 - Typical current and voltage-transfer 
characteristics for inverter. 



CD4007A Types 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
Limits at Indicated Temperatures (OC) 

Characterinic o,F,K,H Packages E Package 
Units 

Vo VIN VOO -55 +25 +125 --40 +25 +85 
(V) (V) (V) Typ. 

Quiescent Device - - 5 0.05 0.001 

Current: - - 10 0.1 0.001 

IL Max. 15 2 0.02 

Output Voltage 
- 5 5 

Low Level 

VOL 
- 10 10 

High Level - 0 5 

VOH - 0 10 

Noise Immunity: 
3.6 - 5 

Inputs Low 
7.2 - 10 

VNL 
Inputs High 1.4 - 5 

VNH 2.8 - 10 

Noise Margin: 
4.5 - 5 

Inputs Low 
9 10 

VNML 

Inputs High 0.5 - 5 

VNMH 1 - 10 

Output Drive 
Current: 
N·Channel g VI= 5 0.75 
(Sink) 

1 

IDN Min. 
0.5 VDD 10 1.6 2.5 

P·Channel 
(Source) : 2.5 t VI= 5 -1.75 -4 

lOP Min. '9.5 VDD 10 1.35 2.5 

I nput Leakage 
Any Input 

Current: 

IIL,IIH -I - 1 15 

Limit Typ. 

0.05 3 0.5 0.005 
0.1 6 1 0.005 
2 40 50 0.5 

o Typ.; 0.05 Max. 
o Typ.; 0.05 Max. 

4.95 Min.; 5 Typ. 

9.95 Min.; 10 Typ. 

1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 

1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 

1 Min. 
1 Min. 

1 Min. 
1 Min. 

0.6 0.4 0.35 1 
1.3 0.95 1.2 2.5 

-1.4 -1 -1.3 -4 
1.1 -0.75 -0.65 -2.5 

±1 0-5 Typ., ±1 Max. 

Limit 

0.5 
1 

50 

0.3 
1 

-1.1 
-0.55 

15 
30 

500 

0.24 
0.8 

-0.9 
-0.45 

J.1.A 

V 

V 

V 

rnA 

J.1.A 

Fig. 3 - Typical voltage-transfer characteristics 
for NAND gate. 

Fig. 4 - Tvpical voltage-transfer characteristics 
for NOR gate. 

*Maximum noise-free low-level bipolar output voltage. tMinimum noise-free high-level bipolar output voltage. 

Fig. 5 - Minimum output p·channel drain 
characteristics. 

AMSIENT TEMPERATliRE (TAl • 2~·C l! t ~ t rFH 
]0 TEMPERATURE COEFFICIENT FOR 10' - 0 3% I'C8+t~ 

+HJ:tIW-::::j i 1fT : pi:l: ;:l 
- HtIl;::11t1111 IUIII"' 
~ 25 GATE-TO-SOURCE VOLTS (\10.,1'15 :f4-fmn~:Hf 

~ '0 .j" "I - 1 10 

::I 15 10-+.. _ 5 I 
~ '0 uJ~ 'os 

, ~~~ 
TERIoIJ 7 TO GNO 
CONN ll4 TO 3 

DRAIN - TO - SOURCE VOLTS IVOS) 

Fig. 8 - Typical output n·channel drain 
characteristics. 

DRAIN - TO - sounCE VOLTS evos. 

}

DO 

to t 

'"I 
1,lJ~ Ves 

VGS-2iJ 
~-

TERM. [14 TO GND. 
CONN. 7 TO , 

-t5 -12.5 10 7.!I -!I -2.' 

-. 

OAll- TO - 5OLRC( VOLTS !Vasl • - I!I 

AMBIENT TEUP£RATUAt: IT"I • 2!1"'C 
TYPICM. TEMPE~"'T\JRE COEFFICIENT FOIl! IO • - 0.3'" I"'C 

-. 
-10 : 

Fig. 6 - Typical output p·channel drain 
characteristics. 

" 

AMBIENT TEr.lPERATURE ITA" 25'C 
TYPICAL TEIoFERATURE COEFFICIENT FOR 10' -03% /'C 

;), 

ATE-TO- sOURCE VOLTS 'YoS!'1 

CERAMIC PACKAGES 
PLASTIC PACKAGrs- -

llttltllW 
7,5 to 125 15 

DRAIN - TO - SOURCE VOLTS IVosl 

Fig. 7 - Minimum output n-channel drain 
characteristics_ 

.... 'lENT T[MP[ft"TUftf I T .. l • 25'C 

f IJ ~IC!!"L~EEs~"AV~~~ ~r:::~ClENT 'Oft 
! 1 

INPUT VOI..TAG( 1Vrl-V CAPACITANCE ICLI- pF 

Fig. 9 - Typical voltage-transfer characteristics as a Fig. 10 - Typical propagation·delay tima vs. load 
function of temperature. capacitance. 
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CD4007 A Types 

:; :::; lU H 
,I~: • 

::li 

20504050607010 
CA'ACITAMCE leL 1- pF 

Fig. 11 - Tvpical transition time VS. 

load capacitance. 

(14,2,11); (8,13); 
(1,5); (7.4,9) 

a) Triple Inverters 

(13,12,5); (4,9,8); 
(14,2); (1,11) 

t---+--+--<!!OU1s:'
eo 

c 

OUT 

A _. OUT Ivoo,oa.ii 
c~~---------1f----1 Y MIVsS'oC".ce 

• ALL "UNIT SUBSTRATES 
ARE COHN£C:TEO TO VOD 
AlL N-","IT SuBSTRATES 
ARE CONNECTED TO Vss 

~vss 

d) Tree (Relay) Logic 

III J~O 

""IENT T[WEftAruMIT"loU"C 
LOlD CAPACITANCE lel,o",' 

I 
" (D4OO,., 

HH I .". .... .. CD;oo;:r 

.. . .... fiiITiiil 
'0 " SUPPLY va.'s I\lDOI 

, 

II 
•• 

Fig. 12 - Maximum propagation-delay time 
VI. supply vo/rage. 

(13,2); (1,11); 
(12,5,8); (7.4,9) 

b) 3-lnput NOR Gate 

(6,3,10); (8.5,12); 
(11,14); (7,4,9) 

(OPTIONAL "DO PULL-UP) 

e) High Sink·Current Driver 

Fig. 13 - Typical dissipation characteristics. 

(1,12,13); (2,14,111; 
(4,8); (5,9) 

c) 3-lnput NAND Gate 

I-*-

~ 
Vss 

(6,3,10); (13,1,12); 
(14,2,11); (7,9) 

(OPTIONAL "SSPULL-DOWN) 

92CS-I!)!27 

f) High Source-Current Driver 

J-r:;:-~f-c-f---, JO 
1'-_ I~ II--

'~d~O-{>­
-¥--~---~ 

,riJ:,®-t-----1 
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(6,3,10); (14,2,11); v" 
(7.4,9); (13,8,1,5,12) 

g) High Sink- and Source-Current Driver 

(1,5,12);(2,9); 
(11,4); (8,13,10); 
(6,3) 

h) Dual Bi-Directional Transmission Gating 

Fig. 14 - Sample COS/MOS logic cirr:uit arrangements using type CD4007 A. 

"CS-2"'4! 

Fig. 15 - Noise-immunity test cirr:uit. 

• ..,un 

"DO 

"ss 
ne'-INO! 

Fig. 16 - Ouiescent-dtJvice-currenttestcirr:uit Fig. 17 - Input-leekage-current test circuit 



CMOS 4-Bit Full Adder 
With Parallel Carry Out 

The RCA-CD4008A types consist of four 
full-adder stages with fast look-ahead carry 
provision from stage to stage_ Circuitry is in­
cluded to provide a fast "parallel-carry-out" 
bit to permit high-speed operation in arith­
metic sections using several CD400SA's_ 
CD4008A inputs include the four sets of bits 
to be added, A1 to A4 and 61 to 64, in ad­
dition to the "Carry In" bit from a previous 
section_ CD400SA outputs include the four 
sum bits, 51 and 54, in addition to the high­
speed "parallel-carry-out" which may be 
utilized at a succeedin!l CD4008A section_ 

These types are supplied in 16-lead her­
metic dual-in-line ceramic packages (D and 
F suffixes), 16-lead dual-in-line plastic 
packages (E suffix). 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

STATIC ELECTRICAL CHARACTERISTICS 

Applications 

• 6inary addition/arithmetic units 

CD4008A Types 
Features: 

• 4 sum outputs plus parallel look-ahead carry-output 
• Quiescent current specified to 15 V 
• Maximum input leakage of 1 jJ.A at 15 V 

(full package-temperature range) 
• l-V. noise margin (full package-temperature 

range) 

MAXIMUM RATINGS, Absolut!l-Maximum Values: 

STORAGE·TEMPERATURE RANGE (T5Ig)' .......................... -65 to +150oC 
OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE TYPES D, F. K. H ................................. -55 to +125:C 
PACKAGE TYPE E .......•.............................. -40 to +85 C 

DC SUPPLY-VOLTAGE RANGE, (VDD) 
(Voltages referenced tD VSS Terminal): ............................ -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (POl: 

FOR T A = -40 to +60:C (PACKAGE TYPE E) ...... _ ... '.' ......... ;" .. 500 mW 

FOR TA = +60 to +85 C IPACKAGE TYPE E) ...... Derate Linearly at 12 mWI C to 200 mW 
FORTA =-5510+100·C(PACKAGETYPESD,F,K) .,. _ ..............•... 500mW 

FOR T A = +100 10 +125° (PACKAGE TYPES D. F. K) ., .Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ....... lOa mW 

INPUT VOLTAGE RANGE. ALL INPUTS ........................ -0.5 to VDD +0_5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1116 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max ..........•... +2650C 

Conditions 
Limits at Indicated Temperatures (oCI RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating 
conditions should be selected so that opera­
tion is always within the following ranges. 

I 
Characteristic 

Vo VIN VDD 
(V) (V) (VI 

Qu ieseent Device - - 5 

Current,1 L Max. - - 10 

- - 15 

Output Voltage: - 0,5 5 
low-level, 
VOL - 0,10 10 

High level, - 0,5 5 
VOH - 0,10 10 

Noise Immunity: 4.2 - 5 
Inputs low, 
VNl 9 - 10 

Inputs High, O.S - 5 
VNH 1 - 10 

Noise Margin: 4_5 - 5 
Inputs low, 
VNMl 9 - 10 

Inputs High, 0.5 - 5 
VNMH 1 - 10 

Output Drive · 0.5 - 5 

D, F, K. H Packages E Package 

-55 +25 +125 -40 +25 

Typ. Limit Typ. Limit 

5 0.3 5 300 50 0.5 50 

10 0.5 10 600 500 1 100 

50 1 50 2000 500 5 500 

o Typ.; 0.05 Max. 

o Typ.; 0.05 Max. 

4.95 Min.; 5 Typ. 

9.95 Min.; 10 Tvp. 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 TVp. 

1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 

1 Min_ 

1 Min. 

1 Min. 
1 Min. 

0.31 0.5 0.25 0.175 0.155 0_5 0.13 

Units 
+85 

700 

1400 jJ.A 

5000 

V 

V 

V 

0.105 

Characteristic Min_ Max. Units 

Supply-Voltage Range 
(T A; Full Package- 3 12 V 
Temp. Range) 

" 

"" rl'" 
()!.~-------' .~ ':~SS 

VDD"· PROTECTEO BY 
v •• ,. COS/MaS PROTECTION 

I 

Current: · 0.5 10 0.93 1.5 n-Channel - 0.75 0.53 0.6 1.5 0.5 0_4 
NETWORK 

92C5- 25077R2' 

Fig. 1 - CD400BA logic diBgram. 

(Sink), ... 3 - 5 0.012 0_2 0,01 0.007 0.009 0.2 0.007 0.005 
IDN Min. ... 0.25 0.175 0_24 0.5 0.2 0.16 3 - 10 0.31 0.5 mA 

TRUTH TABLE 

Ai Bi C1 Co SUM · 4_5 - 5 -0.31 -0.5 -0.25 -0.175 ·0.155 -0_5 -0.13 -0.105 p-Channel · 9_5 10 -0.93 -1.5 -0.75 -0.53 -0.6 -1.5 -0.5 -0.4 (Source), - a 0 0 0 a 
1 a 0 a 1 

IDPMin. ... 2 - 5 -0.01 -0.2 -0.01 -0.007 -0.008 -0.2 -0.007 -0_005 a 1 0 a 1 ... 7 - 10 -0.185 -0.3 -0.15 -0.105 -0.12 -0.3 -0.1 -O.OS 1 I a 1 a 
Input leakage Any ±10-5 Typ.; ±1 Max. Current, 15 jJ.A 
Ill, IIH Max. 

Input 

* Carry Output "'Sum Output 

a Q 1 a I 
1 a 1 I 0 

a 1 1 1 0 
1 1 I I I 
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CD4008A Types 

DYNAMIC ELECTRiCAL CHARACTERISTICS at TA = 25°C; Input t r• tf = 20 ns. CL = 15 pF. 

CHARACTERISTIC 

Propagation Delay Time: tpHL' tPLH 
Sum In to Sum Out 

Carry I n to Sum Out 

Sum In to Carry Out 

Carry In to Carry Out 

Transition Time: tTHL' tTLH 
At Sum Outputs 

At Carry Output 

Input Capacitance, CI 
(Any Input) 

.. ",tENT TEMPEftATURE (TAl. 2!5"C 
TYPICAL TEMP£RATUAE COEFFICIENT 
fOt! ALL VALUES OF VOo"O;'"4'"C 

30 40 50 60 
LOAD CAPACITA..a: ICLI-pF 

VDD 

(V) 

5 
10 

5 
10 

5 
10 
5 

10 

5 
10 

5 
10 

-

, I 

Fig. 4 - Typical carry-in to carry-out propagation 
deray time VS. CL, 

o 

'''' 

INPUTS ,--'---, 

Fig. 7 - Quiescent device current test circuit. 
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RL = 200 Kf! 

LIMITS 

D,F,-K,H E UNITS 
Packages Package 

Typ. 

900 
325 

900 
325 

320 
120 
100 
45 

1250 
550 

125 
45 

10 

Max. Typ. Max. 

1300 900 2000 
500 325 650 

1300 900 2000 
500 325 650 

600 320 800 
200 120 240 
175 100 200 
75 45 90 

2200 1250 2900 
900 550 1100 

225 125 290 
75 45 90 

- 10 -

"".fNT TEMPE"ATURE ITAI.2~·C 
L.OAO CAPACITANCE ICL)·'5 pF 

10 ., 
SUPPLY VOLTS {Voo ' 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

20 

Fig. 5 - Typical maximum propagation delay time 

vs. V DO for carry-in to carry-out. 

Fig. 8 - Noise immunity test circuit. 

'~"U~' J'OO :~~~u" ONM' o ~ SEQUENTIAllY, 

\Iss TO 80TH Vco lHOVSS 
CONNECT All UHUSro 

___ IHPI./TSTO[ITH(It 

vOD OR "ss 

'ss 

Fig. 9 - Input leakage current test circuit. 

AM81ENT TEMPERATURE ITAI02~'C 
I- TYPICAL TEMPERATURE COEFFICIENT 
?i! 600 FOR "'LL ...... LUES OF "'0000' "'·C ±=t:-:c±:-:ci 
~booo '1 :::: ::::\:: :: 1::: i· ,., .... I·':t:'· ,.;:::. 
~ + : tIP :i~~t:L~'''OL~~r::: 
-~ """ 'u' i" :::. :: 

~;;. 500 t.~ I;;: ~::: 
~~ 200 :-tP: ;::: 
eo'''' .... "'-I~"'" 

z .... tOO 

~ 
.. '~ ...... ' 

r t:E :::: ::H 
30 40 ~o 6Cl~10'0 

LOAOC ... PACITANCE ICLI-pF 

Fig. 2 - Typical sum-in to carry out propagation 
delay time vs. CL. 

~-o~06Cl 
LOAD CAl'lflCITANCE ICLI- pF 

Fig. 3 - Typical sum·in or carry-in to sum-out 

propagation delay time vs. CL' 

LOAD C ... PACITANCE tcLJol~pF 
--CL·~OpF 

I In 
102 10' '0' 

INPUT FREQUENCY tf",l-kHI 

Fig. 6 - Typical dissipation characteristics. 

813-16 A",. { 

A9_" { 
89-12 

As-a{ 
Bs-a } S,-a 

A,_. [ 
8.·4 }SH 

Vss 

Fig. 10 - Typical connection for a 16·bit adder. 



CMOS 
Hex Buffers/Converters 
Inverting Type: CD4009A 
Non-Inverting Type: CD4010A 

The RCA-Co4009A and Co4010A Hex 
Buffer/Converters may be used as CDS/MaS 
to TTL or oTL logic-level converters or 
CMOS high sink-current drivers. . 
The Co4049A and Co4050A are preferred 
hex buffer replacements for the Co4009A 
and Co4010A, respectively, in all applica­
tions except multiplexers. For applications 
not requiring high sink current or voltage 
conversion, the Co4069B Hex Inverter is 
recommended. 

These types are supplied In 16-lead hermetic 
dual-in-line ceramic packages (0 and F 
suffixes), 16-lead dual-in-line plastic pack­
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

CD4009A, CD4010A Types 

r--~-.VDO 

o-+-'VI!'V-""'.,..GATES I. ., 
"ss 

ALL INPUTS ARE PROTECTED BY 
COS/MOS PROTECTION NETWORK. 

92C5-22887AI 

Features: 

HCoJ] 
Vee: o--L 
vsso-.! 
\/DOo.1! 

~,~. 
(~"C 

~, f'...... 'U~ -
O~J.o 

CD4009A 

Ne~ 
Veeo--..!. 

Vsso--.! 

VDD~ 

~2~ 
A~G.A 

~6~ 
e~,.e 

~4 .. 
FL' F 

I2SS·4142"~ 

• Quiescent current specified to 15 V 
• Maximum input feakage of 1 p.A at 15 V 

CD4010A 
Fig. 1 - Logic diagrams. 

(full package-temperature range) 
• High sink current for driving 2 TTL loads 
• High-to-Iow level logic conversion A.a".T TE.PERAro. .,,-c MAX. 

Applications: 

• CMOS to DTLmL hex converter 
~ 

• CMOS current "sink" or "source" driver ~g~tTlD": "C~'5\ 

• CMOS hlgh-to-Iow logic-level converter 
• Multiplexer - 1 to 6 or 6 to 1 

RECOMMENDED OPERATING CONDITIONS at T A = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTIC LIMITS 
UNITS 

Min. Max. 

Supply-Voltage Range (For T A = Full Package-
3 12 V Temperature Range: Voo, Vce) 

Input Voltage Range (VI) Vec· 12 V 

• The C04009 and CD4010 have high-ta-Iow level voltage conversion capability but not low-ta-high level, 

therefore it is recommended that Vee;;;' VI ;;;. Vee. 

""SIUtTTEMP[RATUR£ tTAI'ii!~C ":t:"!f;~" 
COL.LECTOA SUPPL'W vOUAGE IVcd'SII .j.~:;f:::;fl!:: 
ORAIII SUPPLY ~OLT"GE I~D ,. 5y~, '>:1".11" r;Lf .~.T_'" 1,.1 

!~ 

, . , 
IN~UT VOLTS 1\\ I 

. .. .. 
1"' t' • 

Fig. 4 - Minimum & maximum voltage transfer 
characteristics (V DD = 5) - CD4010A. 

Fig. 5 - Minimum & maximum voltage transfer 
characteristics (V DD = 10) - CD4010A. 

Fig. 2 - Minimum & maximum voltage transfer 
characteristics - CD4009A. 

. . . 
INPUT VOUS t~11 

Fig. 3 - Typical voltage transfer characteristics 
as function of temp. - CD4009A. 

Fig. 6 - Minimum & maximum flo/tage transfer 
characteristics (V DD = 15) - CD4010A. 
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CD4009A, CD4010A Types 

STATIC ELECTRICAL CHARACTERISTICS 

Condition. Limits at Indicated Temperature. (oC) 

Characteristic 
0, F, K, H Packages E Psckage Units 

Vo VIN VCC· +25 +25 
(V) (VI (V) -55 

Typ. 
+125 -40 +85 

Limit Typ. Limit 

Quiescent Device - - 5 0.3 0.01 0.3 20 3 0.03 3 42 
Current,l L Max. - - 10 0.5 0.01 0.5 30 5 0.05 5 70 ~ 

- - 15 10 0.02 10 100 50 0.5 50 500 
Output Voltage: - 0,5 5 o Typ.; 0.05 Max. 

Low· Level , 
VOL - 0,10 10 o Typ.; 0.05 Max. 

V 
High Level - 0,5 5 4.95 Min.; 5 Typ. 
VOH - 0,10 10 9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 3.6 - 5 1.5 Min.; 2.25 Typ. 
VNL 
C04010A 7.2 - 10 3 Min.; 4.5 Typ. 

Inputs High 1.4 - 5 1.5 Min.; 2.25 Typ. 
VNH V 

All Types 2.8 - 10 3 Min.; 4.5 Typ. 

Inputs Low, 3.6 - 5 1 Min.; 1.5 Typ. 
VNL 
C04009A 7.2 - 10 2 Min.; 3 Typ. 

Noise Margin: 
Inputs Low, 4.5 - 5 1 Min. 
VNML 
C04010A 9 - 10 1 Min. 
Inputs High, 

V 

VNMH 
0.5 - 5 1 Min. 

C04010A 1 - 10 1 Min. 

Output Orive 
Current: 
N-Channel 0.4 - 5 3.75 4 3 2.1 3.6 4 3 2.4 

(Sink), 
ION Min. 0.5 - 10 10 10 8 5.6 9.6 10 8 6.4 mA 
P-Channel 4.6 - 5 -0.31 -0.5 -0.25 -0.175 ·0.3 ·0.5 -0.25 -0.2 
(Source), 2.5 - 5 -1.85 -1.75 -1.25 ·0.9 -1.5 ·1.75 -1.25 -1 
lOP Min. 9.5 - 10 ·0.9 -0.8 -0.6 ·0.4 ·0.72 -0.8 -0.6 -0.48 

I nput Leakage 
Any Input ±10-5 Typ.; ±1 Max. Current, 15 ~ 

IIL,IIH 

'Vcc=Voo 

,. 
ORAIN-TO-SOURCE VOLTS 1VosJ 

I2C5-1787. 

Fig. 10 - Minimum n"l:hannfll drain 
characteristics. 

Fig. 11 - Typical high·to·low 10 vel propagation 

dB/ay time vs. C L" 
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. 
IMP'UT¥CIlTl"'11 ..... _ 

Fig. 7 - Typical voltaga tran,"r characteri.tic. 

.. a' function of tlJmporatJJfB - C040 'OA. 

"'''.'T~ 

~. 
~. 

lil 

I.,e 
i ';P~I 

SUPPLY VOLTS Woo' Veel 

Fig. 8 - Maximum propagation dalay tim. v .. 

VOO - C040'OA. 

Fig. 9 - Typical n-channel drain characteristics. 

Fig. 12 - Typicallow·to-high I.vol propagation 

delay tima v .. CL' 



DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C; Input tr ,tf = 20 ns, CL = 15 pF, 

RL = 200 Kn 

CHARACTER ISTIC 

D, F, K; H Packages 

Propagation Delav Time: 
Low·to-High, tpLH 

High-to-Low, tpHL 

Transition Time: 
Low-to-High, ~LH 

High-to-Low, tTHL 

Input Capacitance, C, 
CD4009A 
CD4010A 

E Package 

Propagation Delay Time: 
Low-to-high, tpLH 

High-to-Low, tpHL 

Transition Time: 
Low-to-High, tpLH 

High-to-Low, tTHL 

Input Capacitance, C, 
CD4009A 
~D4010A 

ISO 10 100 
CAPl'CITANC[ ICll-pF 92(S-178'1 

Fig_ 16'- Typicallow-to-high level tranlition time 

VI. CL-

CONDITION LIMIT 
UNITS 

VDD V, Vee Typ. Max. 
(VI (VI (VI 

5 5 5 50 80 

10 10 10 25 55 

10 10 5 15 30 
ns 

5 5 5 15 55 

10 10 10 10 30 

10 10 5 10 25 

5 5 5 80 125 

10 10 10 50 100 ns 
5 5 5 20 45 

10 10 10 16 40 

- - - 15 - pF 

- - - 5 -

5 5 5 50 100 

10 10 10 25 70 

10 10 5 15 40 ns 
5 5 5 15 70 

10 10 10 10 40 

10 10 5 10 35 

5 5 5 80 160 

10 10 10 50 120 
ns 

5 5 5 20 60 

10 10 10 16 50 

- - - 15 - pF 

- - - 5 -

; ~~.:. ~~.!'!':~ ~ :';~ ~ ,,-

f 
' ,~L: I .~, 

i, ii,; 

,~ ,':<:':' 

I 
,,,"PLY I ;LTSI ).~~ 

Fig_ 17 - Maximum propagation dlJlay tims VI. 

VOO - C04009A. 

CD4009A, CD4010A Types 

Fig_ 13 - Typical high-to-Iow Isvel propagation 
delay time VI. CL (driving TTL, OTLI. 

LOAD CAPACITANCE ICLI-,F 

Fig_ 14 - Typical low-to-high level propagation 

delay time VI. CL (driving TTL. 0 TLI 

100 
LOAD CAPACITANCE ICL)- " 

tlCI· .. ,." 

Fig. 15 - Typical high-to-Iow "'vel transition titH 

VI. CL' 

4 '1 10 2 2 4' I,b, 2 ... 
<0 

INPUT FREQUENCY II., Uti 

Fig. 78 - Typical dissipation characteristics. 
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CD4011A, CD4012A, CD4023A Types 

CMOS NAND Gates 
Features: 

• Quiescent current specified to 15 V 

Quad 2 Input - CD4011A 
Dual 4 Input - CD4012A 
Triple 3 Input - CD4023A 

• Maximum input leakage of 1 J.IA at 15 V 
(full package-temperature range) 

The RCA-CD4011A. CD401.2A. and CD-
4023A NAND gates provide the system 
designer with direct implementation of the 
NAND function and supplement the existing 
family of CMOS gates. 

• 1-V noise margin (full package-temperature 
range) 

These types are supplied in 14-lead her­
metic dual-in-line ceramic packages (0 and 
F suffixes). 14-lead dual-in-line plastic 
packages (E suffix). 14-lead ceramic flat 
packages (K suffix). and in chip form (H 
suffix). 

RECOMMENDED OPERATING CONDITIONS 
For meximum reliability. nominal operating 
conditions should be selected so that opera­
tion is always within the following ranges: 

Characteristic Min_ Mex_ Units 

SupplV Voltage Range 
(over full package 3 12 
temperature range) 

MAXIMUM RATINGS. Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tstgl ....•...•••••.•...••..•••.• -65 to + 150°C 
OPERATING·TEMPERATURE RANGE (TAl: ° 

PACKAGE TYPES D. F. K. H .....•..••...••...•.••.•...• -55 to +125 C 

PACKAGE TYPE E ......••.•...........••..•....•..•.••. -40 to +850C 

DC SUPPLY-VOLTAGE RANGE. (VDDI 
(Voltages referenced to VSS Terminal!: ............................ -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PDI: 
FOR TA = -40 to +60oC (PACKAGE TYPE E I ...•.............•. 500 mW 

FOR TA = +60 to +850C (PACKAGE TYPE E I ....•. Derat. Linearly at 12 mW/C to 200 mW 

FOR TA= -55 to +l00'C (PACKAGE TYPES D. F. KI .....•••...•.•....•..• 5OOmW 
FOR T A = +100 to +1 25'C (PACKAGE TYPES D. F. K) ... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES) .•.•... 100 mW 

INPUT VOLTAGE RANGE_ ALL INPUTS ........................ -0.5 to VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING); 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mml.from case for 105 max ..........••.. +2650C 

SUPPLY VOl.TAGE 
.IYoD'-ISV 

.. " 
10 15 

INPUT VOLTAGE IVII-V 

V 

Fig. 2 - Minimum & moximum tlD/loge tran.for 
chBl7ICteristics. 

Fig_ 3 - Typical tlDltagtl t,an.fer eharactllri.tic. 

8$ a function of tempsrBtulll. 

ANIIENT TEMPERATURE (TA) • 2S-C 

"SUPPLY'OLTS""'-:", "It-
o ~ 

~125 b 

10 • c i 10 

7.5 a b 

' .. 
2.5 

2.' 

1'1 INPUT 
b'2 INPUTS 
C" INPUTS 
4-4 INPUTS 

'AU.., OTHE,!-}~~T~ ~o VaD 

1.5 10 12.S 15 
INPUT VOlTS (VII 

Fig. 4 - Typical multiple input switching transfer 
characteristics for CD4012A. 
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Fig. 5 - Typical eummt & IIOlt. trllTl.f" 
characteristics. 

'92CS-2476J 

CD4011A 

He 

'ss Nt 

'92CS-Z47S'J 

CD4012A 

CD4023AH 

Fig. 1 - Functional diagrams. 

o-+-'11',"""+j~ GATES 

'N 0' 

'55 

ALL INPUTS ARE PROTECTED BY 
COSI MOS PROTECTION NETWORK. 

92cs-22Se7i'f1 

TYPICAL TEMPERATURE COEFFIClENT 14 

, os 
AM81ENT TEMPERATUREITAI" ZS"C I~OO 

"~F~"'~'~O~.-~O·i'''I/~·CIIIII~VGS . I V ~ I 

Ilo~I~IA;T~."EI-~Tlo~:~ISO"i~u';R<~El,o~LTlsl"IGSI;ICI:·;;,!.t~~:~HE~R~~~:o;;:-'~l j ~~NSeE~ 
i ~ 
z 
Ci 10 

~. } C040IlAD,AE,AF,AK 
CD4023AO,AE,AF, AI( 

10 ~, 
5 m ~ ___ ~LCD4012AD,AE,AF.AK 

5 10 15 
DRAIN - TO -SOURCE VOLTS tVes} 

Fig. 6 - Typical n-channei drain characteristics. 



CD4011A, CD4012A, CD4023A Types 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
Limits at Indicatad Temperature. (oCI 

Chlractllriltic 
D,F,K,HPackages E PIICkage 

Units 
Vo VIN VDD -55 
(V) (V) (V) 

au iescent Dev ice - - 5 0.05 
Current. I L Max. - - 10 0.1 

- - 15 2 
Output Voltage: - 0,5 5 

Low· Level 
VOL - 0,10 10 

High Level, - 0,5 5 
VOH - 0,10 10 

Noise Immunity: 
Inputs Low, 

3.6 - 5 

VNL 7.2 - 10 

Inputs High, 1.4 - 5 
VNH 2.8 - 10 

Noise Margin: 4.5 - 5 
Inputs Low, 
VNML 9 - 10 

Inputs High, 0.5 - 5 
VNMH 1 - 10 

Output Drive 
Current: 
N·Channel 
(Sink) 
ION Min. 

0.5 - 5 0.31 
C04011A 
C04023A 0.5 - 10 0.62 

C04012A 0.5 - 5 0.15 

0.5 - 10 0.31 

P·Channel 
(Source), 4.5 
lOP Min. 

- 5 ·0.31 

All Types 9.5 - 10 ·0.75 

I nput Leakage Any 
Current, 15 
IIL,IIH 

Input 

DRAIN - TO-SOURCE VOlTAGE (Vosl-V 
-I!t -10 -~ 

"'''.IENT TUIP£RA'URl IT"I' 2S-C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR 10"·O.' .. ,'"C lOY 

lOY 

'OY -, 

GATE-TO-SOURCEVOLTAGEt I-I!! II 

-'0 

Fig. 10 - Minimum p-channel drain 
charactBristics. 

+25 +125 -40 +25 +85 
Typ. 

0.001 
0.001 

0.02 

0.5 

0.6 

0.25 

0.6 

·0.5 

·1.2 

Limit Typ. Limit 

0.05 3 0.5 0.005 0.5 
0.1 6 5 0.005 5 

2 40 50 0.5 50 

o Typ.; 0.05 Max. 

o Typ.; 0.05 Max. 

4.95 Min.; 5 Typ. 
9.95 Min.; 10 Typ. 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 

1.5 Min.; 2.25 Typ.; 
3 Min.; 4.5 Typ. 

1 Min. 

1 Min. 

1 Min. 

1 Min. 

0.25 0.175 0.145 0.5 0.12. 

0.5 0.35 0.3 0.6 0.25 

0.12 0.085 0.072 0.25 0.06 

0.25 0.175 0.155 0.6 0.13 

·0.25 ·0.175 ·0.145 ·0.5 ·0.12 

·0.6 ·0.4 ·0.35 ·1.2 ·0.3 

±lo-5 Typ.; ±1 Max. 

"M8IENT TEMPERATURE (TAl 0 2"C 
I TYPICAL TEMPERATURE COEFFICIENT = I~ FOR ALL VALUES OF "co" 0 3'1.t-c 

I 

:~ 
! 100 

SUPPLY VOLTS IYDO)O!! 

" 
10205040:1060 

15 
30 jlA 

500 

V 

V 

V 

0.095 

0.2 

0.05 
mA 

0.105 

0.095 

·0.24 

jlA 

LOAD CAPAClTAHCE ttl 1- pF !t2CS-171t4 

Fig. 11 - Typicallow-to·high level propagetion 
delay time vs. C L. 

DRAIN- TO- SCUIC[ VOLTAGE (Yos)-V 

OY 

y~.".'D 
I~ 

I VDS 10V 

-----~ 
OTHER WI: 

INPUTS GROUNDED 

.... [NT T[IIIP[RATUM IT ... I -zs-c .. 
TYPICAL. TE .. P. COEFFICIENT ... T "'1.1. VAl..UES Of VGS. ·o.l'Xo/-C 

Fig. 7 - Typical p-chann,1 drain charactsrl,ticl. 

Fig. 8 - Minimum n-chann,1 drain charactflristics 
-CD4011A & CD4023A. 

OR ... IN·TO-SOURCE VOLTS IVDS' 

Fig. 9 - Minimum n-channel drain character· 

istics. 

...... IENT TE .. PER"'TURE IT ... ). 2S-C 
TYPICAL TE .. PERATURE COEfFICIENT I 300 fOR ALL VALUES OF VOO ·O.:l'Ir./-c 

=1 
1100 

i 
SUPPLY VOLTS 'Y 

10 

1010504015015070150 

LOAD CAP ... CIT ... NCE: (CLI- pf ~2c5.nn5 

Fig. 12 - Typical high·to·/ow level propagation 
dalay tima vs. CL - CD4011A, & 
CD4023A. 
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CD4011A, CD4012A, CD4023A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA" 26°C, CL -16 pF,lnput tr, tf-20 nl, 

RL-ZOOKSl 

TEST LIMITS 

CONDITIONS D,F,k,H E 
CHARACTERISTICS Packages 

VDD Typ. MIX. IVI 

Propagation Delay Time: 6 60 75 
Low-to-High Level, tpLH 

10 26 40 

High-to-Low Level, tpHL 6 60 76 
CD4011 A and CD4023A 

10 25 40 

CD4012A 6 100 160 

10 50 75 

Transition Time: 5 75 100 
Low-ta-High Level, tyLH 

10 40 60 

High-to-Low Level, tyHL 5 76 125 
CD4011A and CD4023A 

10 50 75 

CD4012A 
5 250 375 

10 125 200 

Pack.,. 

Typ. MIX. 

50 100 

26 60 

60 100 

26 60 

100 200 

50 100 

75 125 

40 76 

76 150 

50 100 

250 500 

125 250 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

.0 TO 

Fig. 13 - Typical high-to-Iow le •• 1 propagation 
del.y time .s. CL - CD4012A. 

Input Capacitance, CI Any Input 5 - 6 - pF Fig. 14 - Typical low-to-hlgh transition tim • ... 

CL' 

20 40 50 10 10 10 
CAPACITANCf ICLI- II' 

9lCS-1771' 

Fig_ 15 - Typic.1 high-to-low I.vel transition 
tim" .B. CL - C0401 IA & CD4023A. 

SUPPl.Y VOLTSey '0' 

LOAD CAPACtT ANCE leL ,ol!>pF 

"T CL'~~F---

.02 
~PUT FREOl£MCY(lII-Hr 

~ig. " - Typical dissipation chaf8CfBristics. 
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VDO . ... 

I _N' TEIIHJtATURt IT"I' 25·C 
I TYPICAl. TEMH;RATUfI( COE'FICIENT FOR 

loq ILL VALlIU Of' VDO .0.,"'-<: 

% = 400 SUPPLY VOLTS 

.~ -"f ........... ·t·· ... 
+ .. + ........ ·t 

+"-1Ei~ 
':.: tti1f§f: 

1300 
~ 
~200 

~ 100 " 
_ ,' .. ~::: :::: ~mj 

t :m m: g~l ~i~~ ~~£1i 
1020)040 "'60 1080 

lOAD CAPACITANCE lell -p' 
Fig_ 16 - Typical high-to-low 1tJ",1 transition tim" 

.s. CL - CD4012A. 

Yco 
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Fig. 17 - Minimum ProPllfllltion _IllY 
time .s.VDlJo 

YDD~YNH INPUTavDO OUTPUTS v~NPu(Js Vco :~:~U ... NPUTS 
'-- ~ 0 ~ SEQUENTIALLY, 
o _ Vss TO BOTH "DO AND "ss' 

"Nl _ ~J;~CioAE~~=fJ) 
NOTE "DO CIt Vss 

TEST ANY ONE INPUT, VSS 
VSS WITH cmt£R INPUTS AT 

INPUTS 

'L 
Vss 9:CS-zr400 "DO ORYss' 

Fig. 19 - Quiescent device current 
test circuit. . 

Fig. 21 - Input.'ea~age current 
test CIrcUit. 



Dual 'D'-Type Flip-Flop 

The RCA·C04013A consists of two identical, 
independent data·type flip·flops. Each flip· 
flop has independent data, set, reset, and 
clock inputs, and Q and Q outputs. These 
devices can be used for shift register appli· 
cations, and by connecting Q output to the 
data input,dor counter and toggle applica· 
tions. The logic level present at the 0 input 
is transferred to the 0 output during the 
positive'going transition of the clock pulse. 

Setting or resetting is independent of the 
clock and is accomplished by a high level 
on the set (with low·level on reset) or reset 
(with low·level on set) line, respectively. 
These types are supplied in 14-lead her­
metic dual-in-line ceramic packages (0 and 
F suffixes). 14-lead dual-in-line plastic 
packages (E suffix), 14-lead ceramic flat 
packages (K suffix). and in chip form (H 
suffix). 

MAXIMUM RATINGS, Absolute·Maximum Values: 
STORAGE·TEMPERATURE RANGE ITstgl 

OPERATING· TEMPERATURE RANGE (TAl 

PACKAGE TYPES D, F, K, H 
PACKAGE TYPE: E 

DC SUPPLY·VOLTAGE RANGE. (VDDI 
(Voltages referenced to V SS Termmal) . 

POWER DISSIPATION PER PACKAGE (POl 

-55 to +12SoC 
-40 to +8SoC 

-0.5 to +15 V 

500 mW FOR T A = -40 10 +600 C (PACKAGE TYPE E I 

FOR T A = +60 to +85 0 C (PACKAGE TYPE E ) 

FOR T A = -55 to +100'C (PACKAGE TYPES D, F, K) 

Derate Linearly at 12 mW/oC to 200 mW 

500 mW 

FOR T A = +100 to +125'C (PACKAGE TYPES D, F, K) . . .. Derate Linearly at 12 mW/oC 10 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES). 100mW 

INPUT VOLTAGE RANGE. ALL INPUTS. 
LEAD TEMPERATURE (DURING SOLDERINGL 

At distance 1/16 ± 1/32 Inch (1.59 ± 0.79 mm) from case for 10 s max. 

'*6(81O----.--------~---___, 
SET 

"*5191 

* 41101O-------..... ~~--~ 
RESET 

140-\'00 

7 c:r \Iss 

BUFFERED OUTPuTS 

1(1)) 

-0.5 to V DD +0.5 V 

+2650 C 

" , 
./,',',' "j' f 1 ~ 0 I 0 

• I ,I 110 
""'- x' 0 0 Q 0 CHANG! x:x»>:' 

)( x 0 I I ~ 0 

)( 'X'I'l'I'~ 

LOGIC o· LOW 
LOGIC I' HIGH 

.... LEvEL CHANGE 

X' DON'T CARE 
N(Nl·FF,/FF2 TERMINAL 

ASSIGNMENTS 

~
DD 

*.LL INPUTS ARE 
PfIOTECTEO BY 
COSI MOS PROTEC TION Vss 
NETWOAI( 

Fig. 1 - Logic diagram and truth table for CD4013A (one of two identical flip flops). 

Features: 

CD4013A Types 

CD4013A 

FUNCTIONAL DIAGRAM 

• Set-Reset capability 
• Static flip·flop operation - retains state indefinitely 

with clock level either "high" or "low" 
• Medium-speed operation - 10 MHz (typ.) clock 

toggle rate at 10 V 
• Quiescent current specified to 15 V 
• Maximum input leakage of 1 fJ.A at 15 V 

(full package-temperature range) 
• 1-V noise margin (full package-temperature 

range) 

Applications: 
• Registers, counters, control circuits 

z 
~ 10 

ORAIN-TO-SOURCE VOLTS (Vas) '20;;$-11800 

Fig.2 - Typical n·channel drain characteristics. 

DRAIN - TO - SOURCE VOLTS (Vas) 
-15 -10 -5 

Fig.3 - Typical p·channel drain characteristics. 
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CD4013A Types 

RECOMMENDED OPERATING CONDITIONS at TA = 25°C, Except II Noted: 
For maximum reliability, nominal operating conditions shol!ld be selected so that 
operation is always within the following ranges -

LIMITS 

CHARACTERISTIC O,F,K,H E UNITS 
Packages Package VOD 

(VI Min. Max. Min. Max. 

Supply·Voltage Range 
(For T A = Full Package - 3 12 3 12 V 
Temperature Rangel 

5 40 - 50 -
Data Setup Time ts 10 20 - 25 - ns 

5 200 - 500 -Clock Pulse Width tw 10 80 100 
ns - -

Clock Input 5 2.5 1 
MHz 

Frequency fCL 10 dc 7 dc 5 

Clock Rise or Fall 5 - 15 - 15 
Time trCL *. tfCL 10 - 5 - 5 /.IS 

Set or Reset Pulse 5 250 - 500 -
Width 10 100 - 125 -

ns 

* If more than one unit is cascaded in a parallel clocked operation. trCL should 
be made less than or equal to the sum of the fixed propagation delay time at 
15 pF and the transition time of the output driving stage for the estimated 
capacitive load. 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C, Input tr.lf = 20 ns, 

Cl - 15 pF, Rl = 200 kn 

LIMITS 

CHARACTERISTIC D,F,K,H E 
UNITS 

VDD Packages Package 

(VI Min. Typ. Max. Min. Typ. Max. 

Propagation Delay Time: 5 - 150 300 - 150 350 
Clock to Q or Q Outputs 75 110 75 125 

ns 
10 - -

tpHl' tplH 

Set to Q or Reset to Q 5 - 175 300 - 175 350 
75 125 

ns 
tPLH 10 - 75 110 -

Set to Q or Reset to Q 5 - 175 300 - 175 350 

tpHL 10 - 75 110 - 75 125 ns 

Transition Time. 5 - 75 125 - 75 150 
ns 

ITHL·ITLH 10 - 50 70 - 50 75 

Maximum Clock Input 5 2.5 4 - 1 4 -
MHz 

Frequency. fCL 10 7 10 - 5 10 -
Minimum Clock 5 - 125 200 - 125 500 

Pulse Width, tw 10 - 50 80 - 50 100 ns 

Minimum Set or Reset 5 - 125 250 - 125 500 
Pulse Width. tw 10 50 100 50 125 

ns - -
Minimum Data Setup 5 - 20 40 - 20 50 

Time. 10 10 20 10 25 
ns 

ts - -
Clock Rise or Fall Time 5 - - 15 - - 15 

trCl. tfCl 10 - - 5 - - 5 /.Is 

Average Input Any 
5 5 - pF 

Capacitance. CI Input - - -
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Fig.4 - Minimum n-channel drain characteristics. 

DRAIN ~ TO - SOURCE VOLTS I\/OS' 

;E~~-;~c:~~~.::.~~hfitY"'!i'-:-::j'""::~·',-t.cT-f,'~·TTlir----, 

::':~"'~~"~~' ~:~~ FJittitb;} 
:H :; ~fmit~i1, . 

"' 
GATE'TO'!OURCE wtts .-15 

"MO'ENT TElllfI£JI.TUft£'T",-,,·C 
T'l"PICAL Tl:MI'ERATUflE COEFFICIENT 
FOR 10.-0.''Io,-t 

-7.5 

Fig.5 - Minimum p*Channel dr:ain characteristics. 

40 '0 

LOAD ' ..... cIT.NeE tCLI-pF 

Fig.6 - Typical propagation delay time VI- CL. 

" 
::'rt~: :::~ :::: 

o .... + tro' ...... +.- .... 
10 20 $0 

LOAD CAPACITANCE (CLI- pF 

Fig.7 - Typical transition time vs. CL. 



STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
Limits at Indicated Temperatures (OC) 

Characteristic D,F,K,HPackages E Package 

Vo VIN VOO -55 +25 +125 -40 +25 
(V) (V) (V) Typ. 

Quiescent Device - - 5 1 0.005 

Current, - - 10 2 0.005 

IL Max. - - 15 25 0.5 

Output Voltage: 
- 0.5 5 

Low.Level, 

VOL 
- 0.10 10 

High·Level - 0.5 5 

VOH - 0.10 10 

Noise Immunity: 

Inputs Low, 4.2 - 5 

VNL 9 - 10 

Inputs High 0.8 - 5 

VNH 1 - 10 

Noise Margin: 
Inputs Low, 4.5 - 5 

VNML 9 - 10 

Inputs High, 0.5 - 5 

VNMH 1 - 10 

Output Drive 
Current: 0.5 - 5 0.65 1 
N·Channel 
(Sink) 0.5 - 10 1.25 2.5 

ION Min. 

P·Channel 
4.5 - 5 -0.31 -0.5 

(Source) 
9.5 10 -0.8 -1.3 

lOP Min -

I nput Leakage 
Any Current, 15 

IIL,IIH 
Input 

INPUTOVto OUTPUTS 
YOO-YNH 

'- ~ 
Y~ J; 

NOTE: 
TEST IMY ONE INPUT, 

Vss WITH OTHER INPUTS AT 
92C$-21400 You DRYSS· 

Fig. 10 - Noise immunity test circuit. 

~ MEASURE INPUTS 
o ~ SEQUENTIALLY, 

Limit Typ. 

1 60 10 0.01 

2 120 20 0.02 

25 1000 250 2.5 

o Typ.; 0.05 Max. 
o Typ.; 0.05 Max. 

5 Typ.; 4.95 Min. 

10 Typ.; 9.95 Min. 

2.25 Typ.; 1.5 Min. 

4.5 Typ.; 3 Min. 

2.25 Typ.; 1.5 Min. 

4.5 Typ.; 3Min. 

1 Min. 

1 Min. 

1 Min. 

1 Min. 

0.5 0.35 0.35 1 

1 0.75 0.72 2.5 

-0.25 -0.175 -0.17 -0.5 

-0.65 -0.45 -0.4 -1.3 

±1 0-5 Typ.; ±1 Max. 

o 
v".. 

INPUTS 

Limit 

10 

20 

250 

0.3 

0.6 

-0.14 

-0.33 

Units 

+85 

140 

280 I1A 

2500 

V 

V 

V 

0.24 

0.5 

mA 

-0.12 

-0.27 

I1A 

Yeo 1NPOUS VDO NOTE' 

Vss TO 80TH Yao AND Yss· 
CONNECT AU. UNUSED 
INPUT'S TO EITHER 

Fig. 12 - Quiescent dev;ctH;urrent test circuit. 

Voo CRVSS ' 

Vss 

Fig.lt - Input leakage test circuit. 
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CD4013A Types 

I_a. NT T~"PERA URE r. ·2"C tltt j:"g-tIJTlTl 
LOAD C,uoIoCITANCE (CLl o l!5 pF - t..i:d!- t-t+itL:; 

llil: t. m 
:;1 l' 

10 20 
SI.ltPLT VOLTS!Yoo' 

Fig.8 - Tvpical maximum clock input 
frequency VI. V DD' 

AMIBIENT TEMTffr~ I? 

4.~ ,04. 

'0";;;[7 ~ -~.;. t;- -
,0'/ 

,is;; 1t\=t-
- CL.·ISpF--

I ~ Cl*SOpF----

,--t--t-

III I IIII 
2468 2 468 , ." , .60 , . 

I 

10 2 la' 104 10!! 10 6 
CLOCK FREQUENCY (tCll-Hz 

Fig.9 - Typical dissipation characteristics. 

Voo 

Fig. 13-Dynamic power dissipation test 
circuit. 
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CD4014A Types 

CMOS a-Stage 
Static Shift Register 
Synchronous Parallel or 
Sei-ial Input/Serial Output 

RECOMMENDED OPERATING CONDITIONS at TA = 25v C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

CHARACTERISTIC VDD D, F, K,H E UNITS 
Packages (VI Package 

Min. Max. Min. Max. 

Supply· Voltage Range (For T A= Full 
3 12 3 12 V Package· Temperature Rangel 

Data Setup Time, ts 
5 350 - 500 -
10 80 100 

ns 
- -

Clock Pulse Width, tw 5 500 - 830 - ns 
10 175 - 200 -

Clock Input Frequency, fCL 5 dc 1 dc 0.6 MHz 
10 dc 3 dc 2.5 

Clock Rise and Fall Time, trCL, tfCL * 5 - 15 - 15 
10 - 5 - 5 JlS . .. If more than one Unit IS cascaded trCL should be made less than or equal to the sum of the transition tlma and 

the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
Limits at Indicated Temperatures (OC) 

Characteristic 
D, F, _K, H Packages E Package Units 

Vo VIN VDD 
-55 

+25 
+125 -40 +25 +85 IV) (V) (V) Typ. Limit Typ. Limit 

Quiescent Device - - 5 5 0.5 5 300 50 0.5 50 700 

Currant I L Max, - - 10 10 1 10 600 100 1 100 1400 !lA 
- - 15 50 1 50 2000 500 5 500 5000 

Output Voltage: - 5 5 o Typ.; 0.05 Max. 
Low·Level, 
VOL - 10 10 o Typ:; 0.05 Max. V 
High Level - 0 5 4.95 Min.; 5 Typ, 

VOH - 0 10 9.95 Min.; 10 Typ. 

Noise Immunity: 4.2 - 5 1.5 Min.; 2.25 Typ. 
Inputs Low, 
VNL 9 - 10 3 Min.; 4.5 Typ. 

V 
Inputs High 0.8 - 5 1.5 Min.; 2.25 Typ. 

VNH 1 - 10 3 Min.; 4.5 Typ. 
Noise Margin: 4.5 - 5 1 Min. 

Inputs Low, 
VNML 9 - 10 1 Min. 

V 
Inputs High, 0.5 - 5 1 Min. 

VNMH 1 - 10 1 Min. 
Output Drive 

Current: 
n·Channel 0.5 - 5 0.15 0.3 0.12 0.085 0.072 0.3 0.06 0.05 
(Sink), 
IDNMin. 

0.5 - 10 0.31 0.5 0.25 0.175 0.12 0.5 0.1 0.08 
mA 

p·Channel 4.5 - 5 -0.1 -0.16 ·0.08 -0.055 ·0.06 ·0.16 ·0.05 -0.04 
(Source): 
IDPMin. 9.5 - 10 ·0.25 ·0.44 ·0.20 -0.14 -0.12 -0.44 ·0.1 -0.08 

Input Leakage 

ArlT
t Current, - - 15 ±10-5 Typ.; ±1 Max. !lA 

IIL,IIH 
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FUNCTIONAL DIAGRAM 

The RCA·CD4014A types are 8-stage parallel­
input/serial output registers having common 
CLOCK and PARALLEL/SERIAL CON­
TROL INPUTS, a single SERIAL DATA 
INPUT, and individual parallel "JAM" IN­
PUTS to each register stage. Each register 
stage is a D·type, master-slave flip-flop, In 
addition to an output from stage 8, "Q" out­
puts are also available from stages 6 and 7, 
Parallel as well as serial entry is made into 
the register synchronous with the positive 
clock line transition and under control of 
the PARALLEL/SERIAL CONTROL input, 
When the PARALLEL/SERIAL CONTROL 
input is low, data is serially shifted into the 
8-stage register synchronously with the pos­
itive transition of the clock line. When the 
PARALLEL/SERIAL CONTROL input is 
high, data is jammed into the 8-stage register 
via the parallel input lines and synchronous 
with the positive transition of the clock line. 
Register expansion using multiple CD4014A 
packages is permitted. 

These types are supplied in 16-lead her­
metic dual-in-line ceramic packages (0 and 
F suffixes), 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

CL .... 
SER. PAR SER PI-1 PI-n °1 
IN CONTROL !lNTER- On 

NALI 

./ X 1 0 0 0 0 

./ X 1 1 0 , 0 

./ X 1 0 1 0 1 

./ X 1 1 1 1 1 

/" 0 0 X X 0 °n-' 

./ 1 0 X X 1 °n-' 

" X X X X °1 On NC 

X = DON'T CARE CASE .... = LEVEL CHANGE 

NC = NO CHANGE 

Fig. 1 - Truth tabl., 



Features: 
- Medium speed operation ..... 5 MHz (typ.) clock _ Quiescent current specified to 15 V 

rate at VOO - VSS = 10 V - Maximum input leakage current of 1 pA 
- Fully static operation at 15 V (full package-temperature range) 
- 8 master-slave flip-flops plus output - 1-V noise margin (full package-temper-

buffering and control gating ature range) 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r, tt = 20 nl, CL = 15 pF, 

RL=200kn 

LIMITS 
TEST D,F, K, H E 

CHARACTERISTIC CONDITIONS Packages Package UNITS 

VDD 
(V) 

Min. Typ. Max. Min. Typ. Max. 

Propagation Delay Time; 5 - 300 750 - 300 1000 
ns 

tpLH,tpHL 
10 - 100 225 - 100 300 

Transition Time; 5 - 150 300 - 150 400 
tyHL' tTLH 

ns 
10 - 75 125 - 75 150 

Maximum Clock Input 5 1 2.5 - 0.6 2.5 - MHz 
Frequency, feL 

10 3 5 - 2.5 5 -
Minimum Clock Pulse 5 - 200 500 - 200 830 ns 
Width,tW 

10 - 100 175 - 100 200 

Clock Rise & Fall Time; 5 - - 15 - - 15 
trCL, ttcL' jlS 

10 - - 5 - - 5 

Minimum Data Set Up 5 - 100 350 - 100 500 
Time,ts 

ns 
10 - 50 80 - 50 100 

Average Input 
Any Input 5 5 pF Capacitance, CI - - - -

• If more than one unit is cascaded trCL should be made less than or equal to the sum of the transition time and 
the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 

PARALLEL 
SERIAL 
CONTROL 

SERIAL 
INPUT 

CLOCk 
10 

* 

* AU. LOGIC INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 

PARALLEL 
INPUT - 1 PI.2 PI.4 

VDD 

Fig. 5 - Logic block diagram. 

CD4014A Types 

Applications: 
- Synchronous parallel inputlserial output 

data queueing 
- Parallel to serial data conversion 
- General-purpose register 

Fig. 2 - Typica' dissipation chBracteri,ticl • 

r. 
L 
a 
d 1 

10 
Stl'PLY'VOLTSIVooi 

Fig. 3 - Typical clock input frequency 
VI. supply volt8ge . 

I 
I 

1 
1 
w 
~ 

w 

AM.'ENT TEMPERATURE IT"I-Z5-C 
TYPICAL TE .. ERATURE COEnlCIEHT n)R 
AU. VALUES Of VDD* o."",,·c 

10 

10 20 so 40 50 60 70 80 
LOAD CAPACITANCE tCl.I-p, 

Fig. 4 - Typical proPllfllltion dBlay time 
VL load CspscitBnC8. 

AMIIENT TEMPERATURE (TAl. 25-C: 
TYPICAL. TEMPERATURE CQt:FFICIENT FOR 
AL.L VAL.UES OF Voo. 0.3'" I ~ 

,. 
j: 300 

! 200 

= :: 100 

, ,. 

10 20 30 40 M) 60 70 80 
L.OAD CA,ACITMICE tCL.) - pF 

ncs-naoa 

Fig. 6 - Typk:al transition time VI. load 
clIPacitanCfl. 
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CD4015A Types 

CMOS Dual 4-Stage Static Shift Register 
With Serial Input/Parallel Output 

The RCA·CD4015A consists of two identical, 
independent, 4·stage serial·input/parallel· 
output registers. Each register has indepen' 
dent CLOCK and RESET inputs as well as 
a single serial DATA input. "a" outputs are 
available from each of the four stages on 
both registers. All register stages are D·type, 
master·slave flip·flops. The logic level pre· 
sent at the DATA input is transferred into 
the first register stage and shifted over one 
stage at each positive·going clock transition. 

Resetting of all stages is accomplished by a 
high level on the reset line. Register expan· 
sion to 8 stages using one CD4015A package, 
or to more than 8 stages using additional 
CD4015A's is possible. 

These types are supplied in 16-lead her­
metic dual'in-line ceramic packages (0 and 
F suffixes), 16-lead dual-in-line plastic 
packages (E suffix). 16-lead ceramic flat 
packages (K suffix), and in chip form (H 
suffix). 

MAXIMUM RATINGS,Absolute·Maximum Values: 
STORAGE·TEMPERATURE RANGE ITstgl .... 

OPERATING·TEMPERATURE RANGE (TAl: 

-65 to +150'C 

PACKAGE TYPES D, F, K, H -55 to +12SoC 

PACKAGE TYPE E ....... . 

OC SUPPLY·VOLTAGE RANGE, (VDDI 

(Voltages referenced to V 55 Terminal!. ...... . 

POWER OISSIPATION PER PACKAGE (PDI 

FOR T A = -40 to + 60'C (PACKAGE TYPE E I 

FOR T A = +60 to +B5'C (PACKAGE TYPE E I 

FOR T A = -55 to +100'C (PACKAGE TYPES D, F, K) 
FOR T A = +100 to +125'C (PACKAGE TYPES D, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

-40 to +B5'C 

-0.5 to +15 V 

500mW 

. Derate Linearly at 12mWfC to 200 mW 

" " " " " 500 mW 

.. Derate Linearly at 12 mWfC to 200 mW 

FOR T A = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES)' . . . 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS. . .-0.5 to VDD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERINGI: 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 105 max. 

RECOMMENDED OPERATING CONDITIONS at TA = 25"C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

CHARACTERISTIC VDD 0, F, K,H E 

(V) PACKAGES PACKAGE 

MIN. MAX. MIN. MAX, 

Supply·Voltage Range (For T A = Full 
3 12 3 12 

Package·Temperature Range) 

Data Setup Time, ts 
5 350 - 500 -

10 .80 100 - -

Clock Pulse Width, tw 
5 500 - 830 -

10 175 200 - -

Clock Input Frequency, fCl 
5 dc 1 dc 0.6 

10 dc 3 dc 2.5 

Clock Rise and Fall Time, trCl, tfCl' 
5 - 15 - 15 

10 - 5 - 5 

Clock Reset Pulse Width, tw 
5 500 - 830 -

10 175 200 - -

UNITS 

V 

ns 

ns 

MHz 

/-LS 

ns 

*If more than one unit is cascaded trCL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 

500 

'00 

OATAA '" 
CLOCIIA '" 
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C04015A 
FUNCTIONAL DIAGRAM 

Features: 
• Medium speed operation. , ..... , , . , , 

5 MHz (typ.) clock rate at VDD 
-VSS=10V 

• Fully static operation 
• 8 master-slave flip·flops plus output 

buffering 

• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 /-LA 

at 15 V (full package·temperature 
range) 

• 1·V noise margin (full package·tempera· 
ture range) 

Applications: 
• Serial·input!parallel·output data queueing 
• Serial to parallel data conversion 
• General·purpose register 

TRUTH TABLE 

Cl"" D R 01 On 

.../ 0 0 0 °n·l 

.../ 1 0 1 °n·l 

"""'- X 0 01 On (N 

X X 1 0 0 

""= LEVEL CHANGE 

X = DON'T CARE CASE 

Fig. 1 - Truth table. 

, 

~ , 
L 
g 
d , 

AM81ENT TEMPERATIJAE ITA) ·es·c 
LOAD CAPACITANCE ICL) • 10 JIoF 

,. 
SlPPLY \/OLTS1Vooi 

o CHANGE) 

Fig. 2 - Typical clock input frequency 
ys. supply yoltage. 



STATIC ELECTRICAL CHARACTERISTICS 

CHARACTERISTICS 

Quiescent Device 
Current. IL Max. 

Output Voltage: 
Low Level, 

VOL 

High Level 
VOH 

Noise Immunity: 
Inputs Low. 
VNL 

Inputs High 

VNH 

Noise Margin: 
Inputs Low, 
VNML 

Inputs High, 
VNMH 

Output Drive 
Current: 
N-<:hannel 
(Sink), 

ION Min. 

P-Channel 

(Source): 

lOP Min. 

Input Leakage 
Current, 

IIL,IIH 

.. . , 

. 
CL, . 
" 

£\-'" ': 
CL, 

v55 

* ALL. INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK 

CONDITIONS 

Vo VIN VDD 

(V) (V) (V) 

- - 5 

- - 10 

- - 15 

- 5 5 

- 10 10 

- 0 5 

- 0 10 

4.2 - 5 

9 - 10 

0.8 - 5 

1 - 10 

4.5 - 5 

9 - 10 

0.5 - 5 

1 - 10 

0.5 - 5 

0.5 - 10 

4.5 - 5 

9.5 - 10 

Any Input 

-1-115 

LIMITS AT INDICATED TEMPERATURES (OC) 

0, F, K, H PACKAGES E PACKAGE 

+25 +25 
-55 +125 -40 +85 

TYP. LIMIT TYP. LIMIT 

5 0.5 5 300 50 0.5 50 700 

10 1 10 600 100 1 100 1400 

50 1 50 2000 500 5 500 5000 

o Typ.; 0.05 Max 

o Typ.; 0.05 Max 

4.95 Min.; 5 Typ. 

9.95 Min.; 10 Typ. 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 

1 Min. 

1 Min. 

1 Min. 

1 Min. 

0.15 0.3 0.12 0.085 0.072 0.3 0.06 0.05 

0.31 0.5 0.25 0.175 0.12 0.5 0.1 0.08 

-0.1 -0.16 -0.08 -0.055 -0.06 -0.16 -0.05 -0.04 

-0.25 -0.44 -0.20 -0.14 -0.12 -0.44 -0.1 -0.08 

± 1 0-5 Typ., ± 1 Max. 

0" 0" 0 .. 

'" 

Fig. 6 - Logic diagram. 

UNITS 

/JA 

V 

V 

V 

mA 

/JA 

CD4015A Types 

AMBIENT TEMPERATURE ITA 1-25·C 
TYPICAL TEMPERATURE COEFflCIEHT FOR 
ALL. VALUES OF voo·a,s"",·c 

I. 

20 50 040 60 10 80 
LOAD CAPACITANCE CCLI- pF 

Fig. 3. - Typical propagation;ielay time 
vs. load capacitance. 

A"SIEHT TEMPERATURE ITAI' 2'"'C 
.. TYPICAL TEMPERATURE COEffiCIENT FOR i SOQ ALL VALUES OF Voo' 0.'''' I '0: -, 
S500 

I ~ 
';400 

! 
... 300 

~~ \-a~ .~ ;IF -g1 ff 
"/#., ... -4 ~o"" :::: g-£; ~i; ~ 

" l: 200 

: 
... 100 

,0 

" .~ .. ~ .... 

Fig. 4 - Typical transition time vs 
load capacitance. 

L.OAD C"""'ITANCE ICL'o"pf 
---- CL o!loOpf 

-'T TTT' -rrr 

Fig. 5 - Typical djlSiparion charBcfflr/,tiCi • 
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CD4015A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS 
st TA =2ftC, Input tT, t,=20nll, CL .. 15pF, RL = 200 kn 

TEST LIMITS 

CHARACTERISTIC CONDITIONS D,F,K,H E UNITS 
PACKAGES PACKAGE 

~ MIN. TYP. MAX. MIN. TYP. MAX. 
(V) 

CLOCKED OPERATION 

Propagation Delay 
5 - 300 750 - 300 1000 

Time; ns 
TpLH. TpHL 10 - 100 225 - 100 300 

Transition Time; 5 - 150 300 - 150 400 
tTHl,tTLH 

ns 
10 - 75 125 - 75 150 

Minimum Clock Pulse 5 - 200 500 - 200 830 
Width,tw ns 

10 - 100 175 - 100 200 

Clock Rise & Fall 5 - - 15 - - 15 
Time; trCl, tpL' 10 5 5 

jlS - - - -
Minimum Data Set· 5 - 100 350 - 100 500 

upTime, ts ns 
10 - 50 80 - 50 100 

Maximum Clock 5 1 2.5 - 0.6 2.5 -Input Frequency, MHz 

fCl 
10 3 5 - 2.5 5 -

Average Input 
5 5 pF Capacitance, CI - - - -

RESET OPERATION 

Propagation Delay 5 - 300 750 - 300 1000 
Time,. TpHL ns 

10 - 100 225 - 100 300 

Minimum 
5 200 500 200 830 Reset Pulse Width - -

ns 
\v 10 - 100 175 - 100 200 

*If more than one unit is cascaded trCL should be made less than or equal to the sum of the transition time and 
the fixed propagation delay of tho output of the driving stage for the estimated capecitve loed. 
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10V 

g;ZCS·11909 

Test parformed with the following 
sequence of "I's" and "O's" 

51 52 53 
Test 0 I 0 

Don', Tes' 0 0 1 
Don't Test 1 0 1 
Don't Test 0 0 0 
Don', Tes, I 0 0 
Don't Test 0 0 I 

Tes, 0 I 
Don" Tes, 0 0 0 

Test I 0 0 

Fig. 9 - OUiBlCtlnt.tJeV;otH:Ufrtlllt 
",st circuit. 

. 
VOD-VNH 

INPUTOVDO OUTPUTS 

~::- ~ 
NOTE: 

VSS TEST ANY CCIMIINATlGf 
OF INPUTS 

Fig. 7·- Nolltl-lmmunlrv I8$t circuit. 

v~'P(JU' '. i.~:::::, 
Vss TO 10TH voo AND yts. 

CONNECT IILLUNUSED 
, .. urs 10 EIT"ER 
YOOOllVSS' 

v55 

FIg. 8 - Input·leakage-current lB., 
circuit. 

TERMINAL DIAGRAM 
TopViaw 

CLOCK B ,. I. VDD 

0" • ,. DATA B 
03A 3 

" 
RESET B 

O'A 13 01. 
01 A 

" 
0.0 

RESET A " 0.0 
DATA A 10 OOA VSS 9 CLOCK A 

92C$·24451 



CMOS Quad 
Bilateral Switch 
For Transmission or Multiplexing 

of Analog or Digital Signals 

The RCA·CD4016A Series types are quad 
bilateral switches intended for the trans· 
mission or multiplexing of analog or digital 
signals. Each of the four independent bi· 
lateral switches has a single control signal 
input which simultaneously biases both the 
p and n device in a given switch ON or OFF. 
These types are supplied in 14-lead her­
metic dual-in-line ceramic packages (D and 
F suffixes), 14-lead dual-in-line plastic 
packages (E suffix). 14-lead ceramic flat 
packages (K suffix). and in chip form (H 
suffix). 

Features: 
- 15-V digital or ± 7.5-V peak·to·peak switching 
- 2BO·n typical ON resistance for 15·V operation 
- Switch ON resistance matched to within· 10 n 

typo over 15-V signal·input range 
• High ON/OFF output·voltage ratio: 

65 dB typo @fis= 10 kHz, RL = 10 kn 

RECOMMENDED OPERATING CONDITIONS 

_ High degree of linearity: <0.5% distortion 
typo @ fis = 1 kHz, Vis = 5 Vp•p, 
VDD-VSS ;;'10 V, RL = 10 kn 

- Extremely low OFF switch leakage result· 
ing in very low offset current and high ef· 
fective OFF resistance: 
100 pA typo @ VDD-VSS = 10 V, T A = 250 C 

- Extremely high control input impedance 
(control circuit isolated from signal circuit: 
1012 n typo 

- Low crosstalk between switches: 
-50 dB typo @ fis = 0.9 MHz, R L = 1 kn 

- Matched control-input to signal·output 
capacitance: 
Reduces output signal transients 

- Frequency response, switch ON = 40 MHz 
(typ.) 

- Quiescent current specified to 15 V 
- Maximum input leakage current of 1 p.A 

at 15 V (full package· temperature range) 

App/ications: 
- Analog signal switching/multiplexing 

Signal gating - Modulator 
Squelch control - Demodulator 
Chopper - Com mutating switch 

For maximum reliability. nominal operating conditions should be selected so that 
operation is always within the following range: 

CHARACTERISTIC 
LIMITS 

UNITS 
Min. Max. 

Supply Voltage Range (For T A = Full Package 
3 12 V Temperature Range) 

TYPICAL "ON" RESISTANCE CHARACTERISTICS 

CHARAC· SUPPLY LOAD 
TERISTIC' CONDITIONS CONDITIONS 

RL - lk!! RL - 10k!! RL = lOOk!! 
VDD VSS VALUE Vis VALUE Vis VALUE Vis 
IVI IVI I!!I IVI I!ll IVI I!!I IVI 

200 1]5 200 115 180 115 
RON +15 0 

200 0 200 0 200 0 

RONlmax I t15 0 300 111 300 19.3 320 19.2 

290 110 250 110 240 110 
RON +10 0 

290 0 250 0 300 0 

RONlmax.1 110 0 500 +7.4 560 15.6 610 15.5 

860 I 5 470 f 5 450 I 5 
RON + 5 0 

600 0 580 0 800 0 

RONlmax.1 + 5 0 1.7k +4.2 7k +2.9 33k 12.7 

200 + 7.5 200 17.5 180 17.5 
RON t75 -7.5 

200 -7.5 200 -7.5 180 -7.5 

RONlmax.1 +75 -7.5 290 '0.25 280 '25 400 '0.25 

, 260 + 5 250 I 5 240 +- 5 
,RON + 5 -5 

310 - 5 250 -5 240 -5 

·RONlmax.1 + 5 -5 600 '0.25 580 '0.25 760 .10.25 

590 +2.5 450 +2.5 490 t2.5 
.RON +2.5 -2.5 

720 -2.5 520 -2.5 520 -2.5 

RONlmax.1 +2.5 -2.5 232k ;:.0.25 300k .:.0.25 870k ..:.0.25 

tt Variation from a perfect switch, RON = on. 

CD4016A Types 

FUNCTIONAL DIAGRAM 

CONTROL 
vcO-.....,IN' ........... -1'-~ 

Fig. I-Schematic diagram - I of 4 
identical sections. 

- Digital signal SWitching/multiplexing 
- CMOS logic Implementation 
- Analog-to-digital & digital·to· 

analog conversIOn 
- Digital control of frequency, impedance, 

phase, and analog·signal gain 

I 
INPUT SIGNAL VOLTS IV,s, 

,itS-'tllo 

Fig.2 - Tvp. "ON" characteristics for 1 of 4 
switches with VOD = +15 V, Vss = 0 V. 

Fig.3 - Typ. NON" characteristics for 1 of 4 
switches with VDD = +10 V, VSS = 0 V. 
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CD4016A Types 

ELECTRICAL CHARACTERISTICS (All inputs. . . . . • . . . . . . Vss< VI": Vool 

Recommended OC Supply Voltage IVoo-VSSI .. 3 to 15 VI 

Test Conditions Limits 

All Voltage Values Values at -55'C. +25'C. +125'C Apply to D. F. K. H Package. 
Characteristic ilre in Volts Vailles at -4IPC, +2!)OC, +850 C Apply to E Pm:kage Unit 

VOO -55° -400 +S5° +125° 
+25oC 

(V) Typ, Max. 
Quiescent Device 
Current, I L max 
(All switches ON 
or all Switches 5 0,25 - - 10 0.01 0.25 
OFF) 10 0.5 - - 20 0.01 0.5 ~A 

O,F,.H Pkgs: 15 2 - - 40 0.01 2 
5 - 0.25 5 - - 0.25 

E,Y Pkgs. 10 - 0.5 10 - - 0.5 ~A 
15 - 2 20 - - 2 

Signal Input. (Vi.) and Outputs (Vo,) 

VC= 
VSS Vis 

VOO Typ/Max Typ/Max TyplMax Typ/Max 
RL = 10 kU-

+7.5 120/360 130/370 260/520 300/600 200 400 
+7.5 -7.5 -7,5 120/360 130/370 260/520 300/r.oO 200 400 

±0.25 130/775 160/790 400/1080 470/1230 280 850 

+5 130/600 150/610 3401840 400/960 250 660 
+5 -5 -5 130/600 150/610 340/840 400/960 250 660 

ON Resistance. 
±0.25 325/1870 370/1900 77012380 90012600 580 2000 

l! 
RON 

+15 120/360 130/370 2601520 300/600 200 400 

+15 0 +0.25 120/360 130/370 2601520 300/600 200 400 

+9.3 1501775 1801790 400/1080 49011230 300 850 
+10 130/600 150/610 340/840 400/960 250 660 

+10 0 +0.25 130/600 150/610 3401840 400/960 250 660 
+5.6 300/1870 350/1900 750/2380 880/2600 560 2000 

~ON Resistance RL = 10 kn-
Between Any +7.5 -7.5 ±7.5 - - - - 10 -
2 of 4 Swi tches +5 -5 ±5 - - - - 15 

!! -
lIRON 

Sine Wave 
+5 -5 5 

p.p" 
Response 

RL = 10k!! 
(Distortion) ,- - - - 0.4 - % 

fis -= 1 kHz 

Frequency Response IVOO=+5 1~5 
Switch ON V e=V SS=-5 pop 

(Sine-Wave RL=lkl! 
Input) 

Vas 
2010910-= - - - - 40 - MHi 

Vis 
-3dB 

+5 -5 -5 
pop 

Feedthrough RL=lk!! 
Switch OFF 

20 1091O Vas ~ - - - - 1.25 - MHz 

-50 d¥iS 

Input or Output 
Ve= 

leakage Current 
VOD VSS 

Switch OFF ±7.5 - - - - tl00 - pA 
(Effectiv. OFF +7.5 7.5 

Resistance) +5 -5 ±5 - - - - lOx 10-3 ±125· nA 
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INPUT SIGNAL VOlTS {VISI 

Fig. 4 - TVp. "ON" characteristics for 1 of 4 
switches with VOO = +5 V, VSS = 0 v. 

INPUT SIGNAL VOLTS IV.sl 

Fig.5 - Typ. nON" characteristics for 1 of 4 
switches with VOD = +7.5 V, VSS = '7.5 V. 

INPUT SIGNAL VOLTS {V,SI 

Fig. 6 - TVp. "ON" characteristics for 1 of 4 
switches with VOO = +5 V, Vss =·5 V. 

·2 

SUPPLY VOLTS: Voo. -+ 2.~V; Vss. -2.'-V 
AMIIENT TEMPERATURE {T ... J. 2S·C 

£ ,~~~fiO<jJ 
:t!t~'" 

-3 -2 o I 2 ;, 
INPUT SIGNAL VOLTS ''''51 

Fig.7 - Typ. uONu characteristics for 1 of 4 
switches with VOO = +2.5 V; VSS - ·2.5 V. 



ELECTRICAL CHARACTERISTICS ICont'dl . . . . . . . . . . . VSS ~ VI~ Vool 

Recommended OC Supply Voltage IVoo-Vssl .. 3 to 15 VI 

TIlt Condition. Limits 
All Voltage Values Values at -55' C, +25' C, + 125' C Apply to D, F, K, H Packages 

Characteristic are in Volts Values at -4iPC,+25"C,+85'?C Apply to E Package 

VDD -J,;5° 
(V) 

--40" +850 +1250 
+25oC 

Typ. Max. 

VCIAI=VDD=·5 

Crosstalk Between VCIBI=VSS=-5 

Any 2 of 4 VislA} = 5 pop 

Switches RL =1 kl! - - - - 0.9 -
If = -50dBI VoslBI 

2010910Vi IAI = 
-50 d~ 

.vC: ~JlO VDD 

Propagation 5 20 50 
VSS = GNO 

Delay ISignal CL = 50 pF 10 10 25 
Input to Vis = 10Sq. 
Signal Outputltpd Wave 

t r • tf = 20 ns 

Capacitance: 
Input,Cis VDD=+5 - - - - 4 -
Output,Cos VCC=VSS=-5 - - - - 4 -
Feedthrough,Cios - - - - 0.2 

Control (Velt 

Switch Threshold Vis';VDD,lis=10pA O.7min - - O.2min O.5min 
Voltage, VTH VDD-VSS= 15, 1 0,5 2.9max - - 2.4max 1.5 2.7 

Input Leakage 
Vis<VDD 

VOD 
'10-5 typ; ±1 max. Current,lt L max =15 

Crosstalk VC=10 ISq.Wavel 
(Control Input t r ,tf=20 ns VDD - - - - 50 -
to Signal Output) RL =10 kl! =10 

1"00 VSS-l0 VDD 
Turn-On Vc =10 5 - - - - 20 40 
Propagation Delay, ISee Fig.25} 10 - - - 10 20 

tp dc t(,tf=20 ns 
CL=15pF 
RL=1kll 

VDD=10, 
Maximum VSS=GNO 
Allowable Control RL =1 kl!, - - - - 10 -Input Repetition Cl =15 pF 

Rate VcC=10ISq.Wavel 

tr,tf -" 20 ns 

Av. Input - - - - 5 -Capacitance, C, 

* Limit determined by minimum feasible leakage current measurement for automatic testing . 
... Symmetrical about 0 volts. 

• For all test conditions. 
t All control inputs protected by COS/MOS protection network_ 

ALL UNUSED TERMIiIALS 
ARE CONNECTED TO Vas 

.zeS-21'.IO 

Fig, 12 - "OFF" switch input or output 
/BllktIgB current test circuit. 

Unit 

MHz 

ns 

pF 

V 

pA 

mV 

ns 

MHz 

pF. 

CD4016A Types 

INPUT SIGNAL VOLTS tVI.1 

Fig.8 - Typ. nON" characteristics as a function of 
temp. for 1 of 4 switches with V DD :a +5 Vi 
VSs=-5 V. 

Fig.9 - Typ. feedthru VI. frequency - switch 
"OFF'~ 

I 
l 
Ii 

, -

,orr 

t-
0-' 

Fig. 10 - Typical crosstalk between ,witch 
circuits in the 111mB package. 

ALL UNUSED TER"NALS ARE 
CONNECTED TO Vas 

v .. 

Fig. 13 - Test circuit for square'waWl 
re$fJonse. 

505 



CD4016A Types 

<, ~, 

/~'", / 
\~// 'v'/ 

\ I \ I 

SCALE: x-o.2tnS/OIV Y"2.0V/DIV 
~~~ ;5~l· +l.SV, v~ ... 7.SV. RL.- lOK~ 

fIS·' KHz VIS-5Vp-p 
DISTORTION = 0.2" . 

SCALE: X = 0.2 mslOIV y .. 2.0 V/DIV 
Voo· Vc • +2.5V, VSs" ·2.5V. RL" IOKn 
CL"15 pF ' 
'IS -1 KHz VIS" SV pop 
DISTORTION" 3 '" 

SCALE X ~ 100 ns DIV 
Y-SOVDIV 

92CS-27615 

92C5-27612 

Fig. 14 - Typi~1 line wsve nsponse of VOD = 
+7.5 V, VSS = -7.5 V. 

92C5-27614 

Fig. 15- Typical.ino we"" rtllPon .. of VDD = 
+2.5 V, Vss - -2.5 V. 

Fig. 16 - Typicalliquare wave rOlPonse at 
VOD = Vc = +15 V. Vss = Gnd. 

~CAlE X· 100 ns:Div 
V· 2V DIV 

92C5-21617 
ALL UNUSED TERMINALS ARE 
CONNECTED TO Vss 

lal 

Ves WITH TEST UNIT 
11 SWITCH OF CD4016A----.... 

PLUGGED IN TEST 
flXTUREl 

Vas fiXTURE ALONE /'" 
[NO UNIT TERM 
5 TO 3 OF SOCKET! Vc: IOV PER OIV 

Vos - O.:lV PER DIV 
I lOOns PER OIV 

Ib) 
92CS-27618 

Fig. 17 - TypiCBI SfI,!BrB wB~ rBsponSB lit VOD 
= VC= +5 V. Vss = Gnd. Fig. 18 - Crosstalk-control input to signal output. 

... IO;J"'""'\..VI, 
tr .tt-2OM 

ALL UNUSED TERMINALS 
ARE CONNECTEO TO Vas 

v .. 

Fig. 19 - Propagation delay time signal input 
(V,S) to signal output (Vas). 

RATE 
Vc ~

p 

Ir ·'f·20· 

.,.,,~ 
V ·0· 10" .. 2. 
"00 '" 20"1 

ALL UNUSED TERM.NALS ARE 
CONNECTED TO VIS 

Yo. 

Fig.20 - Max. alloWtlble control·input 
repetition ratfl. 

MAXIMUM RATINGS, Absolute·Maximum Values: 
STORAGE·TEMPERATURE RANGE ITstg ) 

OPERATING·TEMPERATURE RANGE (TA) 

PACKAGE TYPES D, F, K, H 
PACKAGE TYPE E 

DCSUPPLY·VOLTAGE RANGE. (V DD ) 

-66 to +1500 C 

-55 to +125oC 
-40 to +850 C 

(Voltages referenced to V SS Termonal) ............... , ..................... . -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE IPD ) 

FOR T A = -40 to +600 C (PACKAGE TYPE E) 

FOR T A = +60 to +850 C IPACKAGE TYPE E) 

FOR T A = -55 to +l00'C (PACKAGE TYPES D, F, K) 

500mW 

Derate LInearly at 12 mW/oC to 200 mW 

500mW 

FOR TA = +100 to +125'C (PACKAGE TYPES D. F, K) . Derate LInearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE·TEMPERATURE RANGE IALL PACKAGE TYPES).. ..... 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS -0.5 to V DD +0.5 V 
LEAD TEMPERATURE lOURING SOLDERING) 

At distance 1/16 ± 1/32 Inch 11.59 ± 0.79 mm) from case for 10 s max. 

506 

Fig.21- Switch threshold voltage. 

MEASURED ON 1000TON CAPACITANCE 
MtDGE fIiIOD£L 75A (llIftd 

Vc--sv 
vss--sv 
Voo-+sv 

ALL UNUSED TERMINALS 
ARE CONNECTED TO 'Iss 

Fig.22 - Capacitanco C,OS and COS. 



CMOS Decade 
Counter/Divider 
Plus 10 Decoded Decimal Outputs 

The RCA-CD4017A consists of a 5·stage 
Johnson decade counter and an output de· 
coder which converts the Johnson binary 
code to a decimal number. Inputs include a 
CLOCK, a RESET, and a CLOCK INHIBIT 
signal. 

The decade counter is advanced one count at 
the positive clock signal transition if the 
CLOCK INHIBIT signal is low. Counter ad· 
vancement via the clock line is inhibited 
when the clock INHIBIT signal is high. A 
high reset signal clears the decade counter to 

MAXIMUM RATINGS, Absolute-Maximum Values: 

its zero count. Use of the Johnson decade 
counter configuration permits high speed 
operation, 2·input decimal decode gating, 
and spike·free decoded outputs. Anti·lock 
gating is provided, thus assuring proper 
counting sequence. The 10 decoded outputs 
are normally low and go high only at their 
respective decimal time slot. Each decoded 
output remains high for one full clock cycle. 
A CARRY.()UT (COUT) signal completes 
one cycle every 10 clock input cycles and is 
used to clock the succeeding decade directly 
in a multi·decade counting chain. 

These types are supplied in 16-lead her­
metic dual-in-line ceramic packages (D and 
F suffixes). 16-lead dual-in-line plastic 
packages (E suffix), 16-lead ceramic flat 
packages (K suffix). and in chip form (H 
suffix). 

STORAGE·TEMPERATURE RANGE (T,tgl ••••.••.....•..•••..••.•••• ~5 to +150'C 

OPERATING·TEMPERATURE RANGE (TA): 

PACKAGE TYPES 0, F, K, H .................................. -55 to +125'C 

PACKAGE TYPE E . • • • • • • • • • • . • . . . • . • • . • . . • • • • • • • • . • • •• -40 to + 85'C 

DC SUPPLY·VOLTAGE RANGE (VDD) 

(Voltagesreferenced to VSS Terminal) ••••••.••••...••.••••••••••••• -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PD): 

FOR T A = -40 to +60'C (PACKAGE TYPE E) • . • . . • • . • • • • • • • • . . • • • • • • • 500 mW 

FOR TA = +60 to +85°C (PACKAGE TYPE E,l •..••• Derate Linearly at 12 mWfC to 200 mW 

FOR T A = -55 to +100°C (pACKAGE TYPES D, F, K) ••••••••.•..••••••••••. 500 mW 

FOR TA = +100 to +125°<:: (PACKAGE TYPES D, F, K) •.• Derate Linearly at 12 mWfC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR. T A = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES) •.••••• 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS ••••.•....••.••••••.•••.• -0.5 to VDD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. . . . . . . . . . • . . •• +265°C 

CD4017 A Types 

CLOCK 14 

CLOCI( 13 
INHI81T 

FlESET IS 

"0" 

-,-

10 "4" 

11"," 

" CARRY 
OUT 

92CS·25072 A2 

CD4017A 
FUNCTIONAL DIAGRAM 

Features: 

• Synchronous decade counter plus 10 de­
coded outputs 

• Fully static operation 
• Medium speed operation ... 

.•• 5MHz hyp.l at VDD-VSS = 10 V 

• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 !lA 

at 15 V (full package·temperature range 
range) 

• 1·V noise margin (full package·tempera· 
ture range) 

Applications: 

• Decade counter Idecimal decode display 
• Frequency division 
• Counter control/timers 
• Divide by N counting 

N = 2 - 10 with one CD4017A and one 
oneCD4001A 

N > 10 with multiple CD4017A's 
• For further application information, see 

ICAN-6166 "CMOS MSI Counter 
and Register Design & Applications" 

CLOCK 

CLOCK INHIBIT 

"0" 

* Au.. INPUTS ARE "I" 

tERIIINALIfQ I.GMOoVn 

TUIIlN4LNO ". '100 

Fig. 1 - Logic diagram. 

PROTECTED BY 
COSIMOS PROTECTION "2" 
NETWORK 

J ADD 
tss 

"r !:!HII!H 

"3" 

...... 

.. s .. 

"6" 

"7" 

"8" 

"9" 

________ -Jr.I~ __________________ __ 
__________ -Jr0~ ________________ __ 
____________ ~r.;~ ____________ ___ 
______________ --JGi~ ____________ _ 
________________ ~r.>~ ________ __ 

~~::::::::~L:=======r;;~.~:::::::::;, CARRY OUT 
j.'SS·ll~Rl 

Fig. 2 - Timing diagram. 
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CD4017 A Types 

STATIC ELECTRICAL CHARACTERISTICS 

CONDITIONS 

CHARACTERISTICS 
Vo VIN VDD 

IVI IVI IVI 

- - 5 
Quiescent Device 

10 
Current.IL Max, - -

- - 15 

Output Voltage: - 5 5 Low-Level. 

VOL - 10 10 

High Level - 0 5 

VOH - 0 10 

Noise Immunity: 4.2 - 5 
Inputs Low, 

VNL 9 - 10 

Inputs High 0.8 - 5 

VNH 1 - 10 

Noise Margin 4.5 - 5 
Inputs Low 

VNML 
9 - 10 

Inputs High. 0.5 - 5 

VNMH 1 - 10 

Output Drive 
Current: 
N-thannel (Sink) 

Decoded D.5 - 5 

ION 
Outputs 0.5 - 10 

Min 
Carry D.5 - 5 

Output 0.5 - 10 

P-Channel ISource) 

Decoded 4.5 - 5 

lOP 
Outputs 9.5 - '10 

Min 
Carry 4.5 - 5 

Outputl 9.5 - lD 

Input Leakage 
Any Inp( 

Current. - 1- 15 
IIL.IIH 

508 

LIMITS AT INDICATED TEMPERATURES I'CI 

D, F, K, H PACKAGES E PACKAGE 

+25 +25 
-56 

TYP. LIMIT 
+125 -40 

TYP. LIMIT 

5 0.3 5 300 50 0.5 50 

10 0.5 10 600 100 1 100 

50 1 5D 2000 500 5 500 

o Typ.; 0.05 Max. 

o Typ.; 0.05 Max. 

4.95 Min.: 5 Typ. 

9.95 Min.: 10Typ. 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 

1.5 Min.: 2.25 Typ. 

3 Min.; 4.5 Typ. 

1 Min. 

1 Min. 

1 Min. 

1 Min. 

D.06 D.l 0.D5 0.035 0.03 0.1 0.025 

0.12 0.4 0.1 0.07 0.085 0.4 0.07 

D.185 0.4 D.15 D.l05 0.095 0.4 D.08 

D.45 1 D.35 D.25 0.3 1 D.75 

f-o.D375 -D.D75 -0.D3 -D.D21 -0.018 -D.D75 -D.DI5 

f-o.12 -D.2 -0.1 -D.07 -D.D85 -D.2 -D.D7 

f-o.185 -0.4 -D.15 -D. 1 D!. 1-0.095 -D.4 -0.D8 

~.45 -1 -D.35 -D.25 -0.3 -1 -D.24 

±10·5 Typ •• ±1 Max. 

r-----I--------~g~TN 1e6 
f. CLOCK;. N 

~=='-+--'!J""''''''''''''-='-+-;~~ENR~~T~OC?~T 
" CLOCK ~ N 

9255·4537 R 1 

Fig. 12 - Divide by N counter IN .;;; 10J with N 
decoded outputs. 

UNITS 

+85 

700 

14DO 

5000 

~A 

V~NP(JU' .. =..~ 
Vss TO BOTH VDD AND 'Iss' 

CONNECT ALL UNUSED 
INPUTS TO EITHER 
VDD ORVSS' 

Vss 

V F;g. 10 - Input*/eakage-current test circuit. 

V 

V 

0.D2 

0.D55 

IOPUTQVIlO OUTPUTS 
VOo-t..- ~ 

, -VOL 
NOTE: 

Vss :''IN~U~~CMlIN'TICIN 
D.065 

D.2 
tzCS-Zf441 

rnA Fig. l' - Noise';mmunity ttl.t circuit. 

-D.DI2 

-D.D55 

-D.D65 

-D.2D 

~A 

When the Nth decoded output is reached 
(N th clock pulse) the S·R flip flop (con· 
structed from two NOR gates of the 
CD4001A) generates a reset pulse which 
clears the CD4017A to its zero count. At 
this time, if the Nth decoded output is 
greater than or equal to 6, the CoUT line 
goes high to clock the next CD4017A 
counter section. The "0" decoded output 
also goes high at this time. Coincidence of 
the clock low and decoded "0" output low 
resets the S·R flip flop to enable the 
CD4017A. If the Nth decoded output is 
less than 6, the COUT line will not go high 
and, therefore, cannot be used. In this case 
"0" decoded output may be used to perform 
the clocking function for the next counter. 



RECOMMENDED OPERATING CONDITIONS at TA = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the fol/owing ranges: 

CHARACTERISTIC 

Supply Voltage Range (For T A =Full 
Package·Temperature Range) 

Clock Inhibit 
Setup Time, ts 

Clock Pulse Width, tw 

Clock I nput Frequency, tCl 

Clock Rise or Fall Time, trCl, ttCl 

Reset Pulse Width, tw 

Reset Removal Time 

" .. alENT TEMPERATURE IT ... )· H"C 
TYPICAL TEMPERATURE COEFFICIENT FOR 
ALL VALUES OF VOO"O.3'1o'"C 

'0 so 40 so 
LOAD CAPACITANCE cell-II" 

70 

VDD 
(V) 

5 
10 

5 
10 

5 
10 

5 
10 

5 
10 

5 
10 

10 

Fig. 5 - Typical transition time lIS. CL for 
decoded outputs. 

. " 

10 10' .101 10· 
INPUT CLOCK FREOUENC" IICLI- ~HI 

LIMITS 

D,F,K,H E UNITS 
PACKAGES PACKAGE 

MIN. 

3 

500 
200 

500 
170 

de 
de 

-
-

500 
165 

750 
225 

MAX. MIN. MAX. 

12 3 12 

- 700 -
- 300 -

- 830 -
- 250 -

1 de 0.6 
3 de 2 

15 - 15 
15 - 15 

- 830 -
- 250 -

- 1000 -
- 275 -

BlENT TEMPERATURE ITAI· 2'"C 
PlCAL TEMPERATURE COEFflCIEN 

300 FOR ALL VALUES Of v ·0.3 ... '"C 

" 

V 

ns 

ns 

MHz 

JJS 

ns 

ns 

'0 30 40 3D 60 70 
LOolD CAPACITANCE ICLI- pF 

80 

Fig. 6 - Typical transition time vs. CL for 
ca"youtput. 

S1 
1 
0 
0 
0 
0 
0 

CD4017 A Types 

!OOO 

I '0 

IHi! 
I0203040~ 

LOAD (APAtITANCE tCLI-pf 

Fig. 3 - Typicarpropagation delay time VS. 

CL for decoded outputs. 

'0 
LOAD CAPAellA.NeE (CLI-PF 

Fig. 4 - Typical propagation delay time vs. CL 
for carry output. 

1~~~:'1\R.'~~ ... "': UllHm Il~ 
~ t! ~ ~; n 

I :;;; IT 
Ii:: g 

U 
fili , 
!W 

SlA'L Y \/OLTSlVoo' 

Fig. 7 - Typical clock input frequency iii. V DO. 

Test performed with the following 
soquence of "1'5 and "O's" at each switch . 

S2 S3 S1 S2 S3 

1 1 0 1 0 
0 0 0 0 0 
1 0 0 1 0 
0 0 0 0 0 
1 0 0 1 0 
0 0 0 0 0 

0 1 0 

Fig. 9 - Quiescent device current test circuit. 

Fig. 8 - Typica' dissipation characteristics. 
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CD4017 A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS 

At T A = 25°C, Input t"lf = 20 ns, CL = 15 pF, RL = 200 kn 
LIMITS 

TEST 
CHARACTERISTIC CONDITIONS D,F,K,H E 

UNITS 
PACKAGES PACKAGE 

~ {VI MIN. TYP. MAX. MIN. TYP. MAX. 

CLOCKED OPERATION 

Propagation Delav 
Time; tpHL tplH 

5 - 350 1000 - 350 1300 
Carry Out Line 

10 - 125 250 - 125 300 
nS 

5 - 500 1200 - 500 1600 
Decode Out Lines 

10 - 200 400 - 200 500 

Transition Time; 

tTHl, tTlH 
5 - 100 300 - 100 350 

Carry Out Line 
10 - 50 150 - 50 200 

ns 
5 - 300 900 - 300 1200 

Decode Out Lines 
10 - 125 350 - 125 450 

Maximum Clock I.nput 5 1 2.5 - 0.6 2.5 -
MHz 

Frequency, tCl 10 3 5 - 2 5 -
Minimum Clock Pulse 5 - 200 500 - 200 830 

ns 
Width, tw 10 - 100 170 - 100 250 

Clock Rise & Fan Time; 5 - - 15 - - 15 
trCl, ttCl I's 

10 - - 15 - - 15 

Minimum Clock Inhibit 5 - 175 500 - 175 700 
Set·Up Time, ts 

ns 
10 - 75 200 - 75 300 

Average Input 
Any Input - 5 - - 5 - pF Capacitance, C, 

RESET OPERATION 

Propagation Delay 
Time;tpHl 

5 
To Carry Out Li ne 

- 350 1000 - 350 1300 

10 - 125 250 - 125 300 
ns 

5 - 450 
To Decode Out Lines 

1200 - 450 1600 

10 - 200 400 - 200 500 

Minimum Reset Pulse 5 - 200 500 - 200 830 
Width, tw 

ns 
10 - 100 165 - 100 250 

Minimum Reset Removal 5 - 300 750 - 300 1000 
Time ns 

10 - 100 225 - 100 275 

Measured With respect to carry output line 
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CMOS Presettable Divide-By-'N' Counter 

The RCA·CD4018A types consist of 5 
Johnson·Counter stages, buffered 0 outputs 
from each stage, and counter preset control 
gating. CLOCK, RESET, DATA, PRESET 
ENABLE, and 5 individual JAM inputs are 
provided. Divide by 10,8,6,4, or 2 counter 
configurations can be implemented by 
feeding the OS, 04, 03, 02, 01 signals, 
respectively, back to the DATA input. 
Divide·by-9, 7, 5, or 3 counter configura­
tions can be implemented by the use of a 
CD4011 A gate package to properly gate the 
feedback connection to the DATA input. 
Divide·by functions greater than 10 can be 
achieved by use of multiple CD401BA 

RES!T 

TER».lHAL HO 8· GHO 

* ALL INPUTS ARE 
PROTECTED BY 
COS/Mas PROTECTION 
NETWORK 5 

units. The counter is advanced one count at 
the positive clock·signal transition. A high 
RESET signal clears the counter to an all· 
zero condition. A high PRESET·ENABLE 
signal allows information on the JAM inputs 
to preset the counter. Anti·lock gating is 
provided to assure the proper counting 
sequence. 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack­
age (E suffix), 16-lead ceramic flat package' 
(K suffix). and in chip form (H suffix), 

£\00 

vss Fig. 1 - Logic diagram. 

("DATA" INPUT TIED TO aS FOR DECADE COUNTER CONFIGURATION) 

CLOCK '\.rt rt~ r"lJ '\. "l ~ h-~ "\. "'\. "lrt ~ ru "'\. "\.rt "\.r'\.. r"\. '\.r-
RESET -1\ 

PRESET ri1 

I 
Jam3 DON'T CARE UNTIL "PRESET" GOES HIGH 

-I-
-I-

1-1-

'""" 
i-f-

r-I-r-
,...1-

.... 

Fig. 2 - Timing diagram. 92SS-4148R2 

CD4018A Types 

Features: 

lliiotl. Voo 

~ 
MI··S·OII" 

CLOCK 14 

CD401BA 
FUNCTIONAL DIAGRAM 

• Medium speed operation •..• 5 MHz (typ.) 
atVOO-VSS= 10V 

• Fully static operation 
• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 J.lA 

at 15 V (full package-temperature range) 
• l-V noisa margin (full package·temper­

ature range) 

App/ications: 

• Fixed and programmable divide-by-l0, 
9, 8, 7,6,5,4, 3, 2 counters 

• Fixed and programmable counters 
greater than 10 

• Programmable decade counters 
• Oivide-by-"N" counters/frequency 

synthesizers 
• Frequency division 
• Counter control/timers 

EXTERNAL CONNECTIONS FOR DIVIDE 
BY 10. 9,8,7, 6, !I, 4, 3 OPERATION 

DIVIDE BY 10 i)S] j 
DIVIDE BY 8 o. CONNECTED NO EXTERNAL 

DIVIDE BY 6 03 ~~;~iO ~~~~~:EEDNTS 
DIVIDE BY 4 O2 
DIVIDE BY 2 iii 

DIVIDE BY 9 
1/2 C0401lA 

~----Kl CONNECTED BACK TO "DATA" 
~ (SKIPS "ALL-I'," STATE) 

DIVIDE BY 7 
112 C0401lA 

~1. CONNECTED BACK TO "DATA" 
~ (SKIPS "ALL-I"" STATE) 

L ___________ J 

DIVIDE BY 5 
_ r ___ Yl_91..42.!!~ __ ., 

~' , 
I I CONNECTED BACK TO "OATA" 

_ I (SKIPS -ALL-I'." STATE) 
03 I I L ___________ .J 

DIVIDE BY 3 
1/2 C0401lA 

~
-, ,-----------"'1 

I I CONNECTED BACK TO "DATA" 
_ I (SKIPS "ALL-I"· STATE) 
Qz I I 

L __________ .J 92CS-17071RZ 

Fig. 3 - External connections for divide by 10, 
9, 8, 7, 6, 5, 4, 3, 2 operation. 
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CD4018A Types 

MAXIMUM RATINGS. Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tstg) ..•....•..•.••..•••••.•..•... -65 to +150oC 

OPERATING-TEIo.\PERATURE RANGE ITA): ° 
PACKAGE TYPES 0, F, K, H .•••.•.......•... '.' .•••.••.....• -55 to +1250C 
PACKAGE TYPE E ..••••••.•.••.....•...•..••.••.•••.•.•• -40 to +85 C 

DC SUPPLY-VOLTAGE RANGE, (VDD) 
(Voltages referenced to Vss Terminal): ...•..•.•.•..•......•.•.•••••• -0.5 to +16 V 

POWER DISSIPATION PER PACKAGE (PO) 
FOR TA'-40to+60oC (PACKAGE TYPE E) ..•.••••••••.••••...•..••••• 500mW 
FOR TA= +60 to +85°C;.(PACKAGE TYPE E) .. '.' •••.. Dorate Linearly at 12 mW/OCto 200mW 
FOR T A = -55 to +100·C (PACKAGE TYPES 0, F, K) •....•.••••••••••••••••• 500 mW 
FOR TA = +100 to +125·C (PACKAGE TYPES 0, F, K)· ..... Derate Linearly at 12 mW/oC to 200mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) ...•••.•• 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS ••.••..•.....•.•..•••.•••• -0.5 to VOO +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10. max •..•.•.•.••.•••. +2850C 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C. Input tr .tt = 20 ns. 
Cl = 15 pF. Rl - 200 ten 

LIMITS 
TEST D,F,K,H E 

CHARACTERISTIC 
CONDITIONS Packages Package UNITS 

VDD 
Min. Typ. Max. Min. Typ. Max. (V) 

CLOCKED OPERATION 

Propagation De(ay Time; 5 - 350 1000 - 350 1300 
tPlH. tpHL 

ToQ5 0utput 
10 - 125 250 - 125 300 

ns 

To Other Outputs 
5 - 500 1200 - 500 1600 

10 - 200 400 - 200 500 

Transition Time; 
tTHL·lyLH 

5 - 100 300 - 100 350 
ns 

To 05 Output 10 - 50 150 - 50 200 

To Other Outputs 
5 - 300 900 - 300 1200 ns 
10 - 125 350 - 125 450 

Maximum Clock Input 5 1 2.5 - 0.6 2.5 - MHz 
Frequency, tCL 10 3 5 - 2 5 -

Min. Clock Pulse Width. 5 - 200 500 - 200 830 

tw 
ns 

10 - 100 170 - 100 250 

Clock Rise & Fall Time; 5 - - 15 - - 15 
trCL, ttCL 10 15 15 

/JS - - - -
Min: Data Input Set-Up 5 - 175 500 - 175 700 
Time, ts 

ns 
10 - 75 200 - 75 300 

Average Input 
Any Input - 5 - - 5 - pF Capacitance, CI 

PRESET* OR RESET OPERATION 

Propagation Delay Time: 5 - 350 1000 - 350 1300 
tpLH, tpHL 

To 05 Output 10 - 125 250 - 125 300 
ns 

To Other Outputs 5 - 500 1200 - 500 1600 

10 - 200 400 - 200 500 

M in. Preset or Reset 5 - 200 500 - 200 830 
Pulse Width 
tw 10 - 100 165 - 100 250 ns 

Min. Preset or Reset 5 - 300 750 - 300 1000 
Removal Time 10 - 100 225 - 100 275 

• At PRESET ENABLE OR JAM Inputs. 
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Ii 
LOAD CAPACITANCE 1ClI- pF 

Fill- 4 - Typ/csl propagation dolay time VI. 

load capacitance for decoded outputs. 

AM81ENT TEMPERATURE ITAI- 25-C 
TYPICAL TEMPERATURE fOR ALL 
VALUES OF Vpo ·0.3""·C 

, .. 

'0 20 

,0 .. 

LOAD CAPACITANCE IC .. I- pF 
70 00 

Fig. 5 - Typical propagation delay time vs. 

load capacitance for 05 output. 

20 30 .0 
LOAD CAPACITANC[iCll-pr 

Fig. 6 - Typical transition time vs. load 
capacirance for decoded outputs. 

o 10 20 10 40 50 10 7 10 
LOAD CAPACITANCE ICLI-" 

Fig. 7- Typical tranlition time VI. losd 

capacitance for 0'5 output. 



RECOMMENDED OPERATING CONDITIONS at T A = 2SoC, Except as Noted. 
For maximum reliability. nominal operating conditions should be salected so that 
operation is always within the following ranges: 

liMITS 

CHARACTER ISTIC 
VDD D.F,K,H E UNITS 

(VI Packages Package 

Min. Max. Min. Max. 

Supply·Voltage Range (For T A = Full 3 12 3 12 V 
Package·Temperature Range) 

Data Setup Time. ts 5 500 - 700 - ns 
10 200 - 300 -

Clock Pulse Width. tw 
5 500 - 830 - ns 
10 170 - 250 -

Clock Input Frequency, fCl 
5 de 1 de 0.6 MHz 
10 de 3 de 2 

Clock Rise and Fall Time. trCl, tfCl 5 - 15 - 15 
JJS 10 - 15 - 15 

Preset or Reset Pulse 5 500 - 830 -
Width, tw ns 

10 165 - 250 -

Preset or Reset Removal Time 5 750 - 1000 - ns 
10 225 - 275 -

STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
Limits It IndlCltlld Tlmpo'IW'" lOCI 

D. F. K. H Packages E PlICbgtl 
Units Characteristic 

Vo VIN VOO 
-55 

+25 +125 -40 +25 -+65 
!VI IVI IVI Typ. limit Typ. Limit 

Quiescent Device - - 5 5 0.3 5 300 50 0.5 50 700 

Current I L Max. - - 10 10 0.5 10 600 100 1 100 1400 JJA 
- - 15 50 1 50 2000 500 5 500 5000 

Output Voltage: - 5 5 o Typ.; 0.05 Max. 
Low Level, 

VOL - 10 10 o Typ.; 0.05 Max. 
V 

High Level - 0 5 4.95 Min.; 5 Typ. 
VOH - 0 10 9.95 Min.; 10 Typ. 

Noise Immunity. 4.2 - 5 1.5 Min.; 2.25 Typ. 
Inputs Low, 
VNL 9 - 10 3 Min.; 4.5 Typ. 

V 
Inputs High 0.8 - 5 1.5 Min.; 2.25 Typ. 
VNH 1 - 10 3 Min.; 4.5 Typ. 

Noise Margin: 4.5 - 5 1 Min. 
Inputs Low, 

VNML 9 - 10 1 Min. 
V 

Inputs High. 0.5 - 5 1 Min. 

VNMH 1 - 10 1 Min. 

Output Drive 
05 0.5 - 5 0.18 0.4 0.15 0.105 0.095 0.4 0.08 0.065 

Current: 0.5 - 10 0.45 1 0.35 0.25 0.3 1 0.25 0.2 
n-Channel 

01.0 2 0.025 0.02 15ink) 0.5 - 5 0.06 0.1 0.05 0.035 0.03 0.1 

ION Min. ih11t 0.5 - 10 0.25 0.4 0.2 0.14 0.18 0.4 0.15 0.12 rnA 
0 5 

4.5 - 5 ·0.185 ·0.4 -0.15 ·0.105 ·0.095 ·0.4 ·0.08 ·0.065 
p·Channel 

·0.25 ·0.3 ·1 ·0.25 ·0.2 
(Source) 9.5 - 10 ·0.45 -1 ·0.35 

lOP Min. 01.0 2 4.5 - 5 ·0.075 ·0.15 ·0.06 ·0.04 ·0.035 ·0.15 ·0.03 ·0.024 
Ei3.~ 9.5 - 10 ·0.25 -0.4 ·0.2 -0.14 ·0.18 ·0.4 ·0.15 ·0.12 

Input Leakage 
AT I"!"' Current, - - 15 ±10-5 Typ .• ±1 Max. IJA. 

IlL. IIH Max. 

CD4018A Types 

! , 

L 
a 
d 1 

I. 
SUl'PLY \/OLTS(Vooi 92CS.IUI7 

Fig. 8 - Typical maximum input clock 

frequfJncy vs. supply voltage. 

10 AMBIENT TEMPERATURE (TA)'Z~'C 
INPUT I.' 1, • ZO nl 

LOAD CAPACITANCE iCLI'I~pF 
--CL '~OpF 

10 102 10' 104 

INPUT CLOCk FREQUENCY IfCL)-kHI 92CS-178l,)~' 

Fig. 9 - Typical dissipation characteristics 
Voo 

VDD-~UTOOUTP~ .. T: 
v~ ~ 

NOTE 

Vss ~srNApNU~~C»ofBINATI~ 

Fig_ 10 - Noise-immunity test circuit 

VDD 
Telt performed with 

the following sequence 

of "1'5" and "O's" at 

each switch. 

51 52 53 54 55 56 57 

'0 0 0 0 0 
0 0 

1 0 0 
0 0 0 0 0 

-=- 0 1 0 0 0 1 
g~CS - 11~ I 'RI 1 0 0 1 0 

0 0 0 1 0 0 0 
0 0 0 0 0 0 0 

0 0 0 0 0 
0 0 0 0 0 0 
0 0 0 0 0 0 0 

Fig. 11 - Quiescent-device-current tsst circuit. 

Voo 

"'(] Voo NOTE 

~ MEASURE INPUTS 
o SEQUENTIALLY, 

Vos TO BOTH voo AND VSS 
CONNECT ALL UNUSED 
INPUTS TO EITHER 

1100 OR IISS' 

vss 

Fig. 12 - Input-leakage-current test circuit. 
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CD4019A Types 

CMOS Quad ANDIOR Select Gate 

The RCA-CD4019A types are comprised of 
four AND/OR select gate configurations, 
each consisting of two 2-input AND gates 
driving a single 2-input OR gate_ Selection 
is accomplished by control bits Ka and Kb­
In addition to selection of either channel A 
or channel B information, the control bits 
can be applied simultaneously to accomplish 
the logical A + B function_ 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack-
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

CD4019A 
FUNCTIONAL DIAGRAM 

MAXIMUM RATINGS, AbsolulII-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tug) ...•........••.••.••••..••• -6510 +150oC 
OPERATING· TEMPERATURE RANGE ITA}: 

PACKAGE TYPES D, F, K, H •.•••.•.••...••...••.••.•..•.•••• -5510 +126oC 
PACKAGE TYPE E ..•....•..•....•..•.•.•.•.•.•••••••••• -4010 t86°C 

DC SUPPLY-VOLTAGE RANGE. (Vool 

(Vollage. referenced 10 Vss Terminall: .•......•..••.••••.••.••.••• -0.5 to +15 V 
POWER DISSIPATION PER PACKAGE (PO) 

FOR T A ~ -4010 +60oC (PACKAGE TYPE E' ....•.•..•..••.•..••••••• 500 mW 
FOR TA = +60 10 +850C (PACKAGE TYPE E' ...... Derate Linearlv al12 mW/oC to 200 mW 

FOR T A = -55 to +100°CJPA~AC3E TYPES D, F, KC .•.•.....••.••.••• ,,' •• 500 mW 
FOR T A = +100 to +125°C (PACKAGE TYPES 0, F, K) ..• Oerale Linearlv al 12 mWI C 10200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES' •.••••• 100 mW 
INPUT VOLTAGE RANGE. ALL INPUTS ....••..••..•••.••.••••. -0.510 VOD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

AI di'lance 1116 ± 1132 inch (1.59 ±0.79 mm) from case for 10. me •••••.••••..••. +266°C 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTER ISTIC 

Supply-Voltage Range (For TA = Full 
Package-Temperature Range) 

ADD 
fvss 

-ALL INPUTS ARE 
PROTECTED BY 
COSIMOS PROTECTION 
NETWORK 

* ., 

VOO 
(VI 

0>-----

LIMITS 

D,F,K,H E 
Packages Psckll(/ll 

Min_ Max. Min. Max, 

3 12 3 12 

Voo 

9255-4417 R 1 

Fig. I - Schematic diagram for I of 4 identical.taga •. 
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UNITS 

Features: 

• Medium-speed operation __ . _ • 
. - - tpHL = tpLH = 50 ns (typ.1 at CL = 15 pF, 

VDD= 10V 
• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 IJA 

at 15 V (full package-temperature rangel 
• l-V noise margin (full package-temper­

ature range I 

Applications: 

• AND-OR select gating 
• Shift-right!shift-Ieft registers 
• True/complement selection 
• AND/OR/Exclusive-OR selection 

Fig. 2 - Typical propagation delay tim. v£ . 
load cepecltstICtJ. 

10 lO40 50 60 70 
lO£O CAPACITANCE (Cll-pF 

Fig. 3 - Typical tran.ition time VI. load 
capacitance, 

~~'~IT"c! ceL' ;i... t!HI:...:t!:!E ::::: 

:::: 

;:: :Hit:" 

Fig. 4 -Maximum propagetion delay time v£ 
supply vo/tsge. 
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STATIC ELECTRICAL CHARACTERISTCS 

Conditlonl 
Limits at Indic:atad Temperatures (DC) 

ChlrlC18rlltic 
D, F, K, _H Packages E Package Units 

Vo VIN VDO +25 +25 
+85 -55 +125 -40 (VI (VI (V) Typ. Limit Typ. Limit 

Quiescent Device - - 5 5 0.03 5 300 50 0.1 50 700 

Currant,1 L Max. - - 10 10 0.05 10 600 100 0.2 100 1400 IJA 

- - 15 50 1 50 2000 500 5 500 5000 

Output Voltage: - 5 5 o Typ.; 0.05 Max. 
Low-Level, 

o Typ.; 0.05 Max. VOL - 10 10 V 
High Level - 0 5 4.95 Min.; 5 Typ. 
VOH - 0 10 9.95 Min.; 10 Typ. 

Noise Immunity: 3.6 - 5 1.5 Min.; 2.25 Typ. 
Inputs Low, 

3 Min.; 4.5 Typ. VNL 7.2 - 10 
V 

Inputs High 1.4 - 5 1.5 Min.; 2.25 Typ. 
VNH 2.8 - 10 3 Min.; 4.5 Typ. 

Noise Margin: 4.5 - 5 1 Min. 
Inputs Low, 

9 10 1 Min. VNML - V 
Inputs High, 0.5 - 5 1 Min. 
VNMH 1 10 1 Min. 

Output Drive 
Current: 
n·Channel 0.5 - 5 0.6 0.9 0.45 0.3 0.37 1 0.3 0.23 

(Sink) 
ION'Min. 

0.5 10 0.9 1.5 0.75 0.55 0.8 1.5 0.65 0.5 -
mA 

p·Channel 4.5 - 5 -0.31 -0.5 -0.25 -0.175 -0_145 -0.5 -0.12 -0_095 
(Source) : 
IDPMin. 9_5 - 10 -0.95 -1.5 -0.7 -0.5 -0_6 -1.5 -0.5 -0_4 

input Leakage Any Init 
Current, - 1- 16 ±10-5 Typ., ±1 Max. IJA 
IIL,IIH 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C, Inputtr, tf'" 20 nl, CL '" 15 pF, 

RL-200k!l 

LIMITS 

TEST D,F,K,H E 
CHARACTERISTIC CONDITIONS Packages Package UNITS 

VDD 
Min. Typ. (V) Max. Min. Typ_ Max_ 

Propagation Delay 5 - 100 225 - 100 300 
Time; ns 

tPLH. tpHL 10 - 50 100 - 50 125 

Transition Time; 5 - 100 200 - 100 275 

lTHL,tTLH 80 
ns 

10 - 40 65 - 40 

All AandB - 5 - - 5 - pF Average Input Inputs 
Capacitance, CI 

Ka and Kb - 12 - - 12 - pF 
Inputs 

'0' 

00' 

'0' 

CD4019A Types 

." 

LOAD CAPACITANCE ICLJ'I~pF 
- --Cl':iOpF 

102 103 IO~ 
INPUT FREQU€NCY 1'.1- kHz 

Fig. 5 - Typical dissipation charactIJri,tics. 
(per output). 

. .. INPUTS 

Fig. 6 - Ouiflrcent·dtlvice-current test circuit. 

INPurOv"!' ourpurs 
VOO-VNH . 

'- ~ 
v~ ~ 

NOTE: 
TEST ANY ONE INPUT, 

Vss WITH OTHER INPUTS AT 
9IlCS-l1400 Voo DRYsS' 

Fig. 7 - Noise-immunity test circuit. 

Voo NOTE: 
MEASUM INJiIUTS ~ SEQUENTIALLY, 

'NPUOVDO 
Va 10 ICn'N Voo ANDVss 

CCNfICT ALLl.INIaID 
M'Ul'S 10 EtT"ER 
YooCIIYss' 

Vss 

Fig. 8 - Input-le.kBgtJ·current tim circuit. 
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CD4020A Types 

CMOS 
14-Stage Ripple-Carry 
Binary Counter/Divider 

The RCA-CD4020 consists of a PU LSE 
INPUT shaping circuit, RESET line driver 
circuitry, and 14 ripple-carry binary counter 
stages. Buffered outputs are externally avail­
able from stages 1 and 4 through 14. The 

counter is reset to its all-zeroes state by a 
high level on the RESET inverter input line. 
Each counter stage is a static master-slave 
flip·flop. The counter is advanced one count 
on the negative-going transition of each 
INPUT PULSE. 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), l6-lead dual-in-line plastic pack­
age (E suffix). l6-lead ceramic flat package. 
(K suffix), and in chip form (H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tstgl _ ................................. . 
OPERATING-TEMPERATURE RANGE (TAl: 

PACKAGE TYPES D, F, K, H ........................................... . -5510 +1250C 
PACKAGE TYPE E -4010 +S50C 

DC SUPPLY-VOLTAGE RANGE, (VDDI 
(Voltages referenced to VSS Terminal) ...................................... -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (POl: 
FOR T A = -40 to +600C (PACKAGE TYPE E I . . . . . . . . . . . . . . . . . . . . . . . . . . . 500 mW 
FOR TA = +60 to +850C (PACKAGE TYPE E I ......... Derate Linearly a.12 mW/oC 10 200 mW 
FOR T A = -55 to +100'C (PACKAGE TYPES D, F, K) . . . . . . . . . . . . . . . . . . . . . • . . 500 mW 
FOR T A = +100 to +125'C (PACKAGE TYPES D, F, K) ..... Dera.e Linearly al12 mW/oC '0 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPESI.... 100 mW 

INPUT VOL TAGE RANGE, ALL INPUTS ...................... _ ........... -0.5 10 VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERINGI: 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 105 max. . ........ . 

RECOMMENDED OPERATING CONDITIONS at T A = 250 C, Except as Noted. 
For maximum reliabilitY, nominal operating conditions should be selected so that 
operation is always within the following ranges' 

CHARACTERISTIC 
VDD 
(V) 

Supply-Voltage Range (For T A = Full 
Package-Temperature Range) 

5 
Input Pulse Width, tw 

10 

Input Pulse Frequency, ftj; 
5 
10 

5 
Input Pulse Rise or Fall Time, trtj;,tftj; 

10 

Reset Pulse Width, tw 5 
10 

LIMITS 
D,F,K,H 
Packages 

Min. 

3 

335 
125 

dc 
dc 

-
-

2500 
475 

INPUT 
..... S< 
s ..... 

Max. 

12 

-
-

1.5 
4 

15 
15 

-
-

E 
Package 

Min. Max. 

3 12 

500 -

165 -
dc 1.5 
dc 4 

- 15 
- 15 

3000 -
550 

UNITS 

V 

ns 

MHz 

JlS 

ns 

10 
INPUT 

PULSES 

" RESET 

'DD 

16 

,40STAGE 
RIPPLE 

COUNTER 

9 
01 " 7 
0' 

~ 

• o. K 
~ 

, 06 " 0 
6 07 0 
13 Q8 .. 

" IZ Q9 .. 
I:: 14 010 ill IS 011 

'" 0" 
O'S 
0" 

Vss 92C$.25063A2 
CD4020A 

FUNCTIONAL DIAGRAM 

Features: 
• Medium speed operation ... 

7 MHz (typ.) at VDO-VSS = 10 V 
• Low output impedance 
• Common reset 
• Fully static operation 
• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 JlA 

at 15 V (full package-temperature range) 
• 1-V noise margin (full package-temperature 

range) 

Applications: 
• Frequency-dividing circuits 
• Time-delay circuits 
• Counter control 
• Counting functions 

0,] 

0, 

INPUTS TO 
2nd STAGE 

• R-HIGH DOMINATES (RESETS ALL STAGES I 

92CM-IIOI1112 
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• ACTION OCCURS ON NEGATIVE GOING TRANSITION OF INPUT 
PULSE. COUNTER ADVANCES ONE BINARY COUNT ON EACH 
NEGATIYE • TRANSITION 116.584 TOTAL BINARY COUNTSI. 

Fig. 1-Logic diagram for 1 of 14 binary stages. 



HOTE. SUBSTRATES FOR ALL "," UNITS AItt: COHNECl[O TO Voo 
SUBSTRATES FDA ALL " .. " UNITS. UNLESS OTHERWI$[ SHOWN. AM CONfrtECl[O TO GI'OUNO . 

• SUBSTRATES FOf' THESE " .. " UNITS ARE COHNfCT[O TOltfSlT llN[ 

Fig. 2 - Schematic diagram of pulse shapers and 1 of 14 binary stages. 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
limits at Indicated Temperatures (OC) 

Otaracteristic 
D, F, K, H Packages E Package 

Vo VIN VDD -55 +25 +125 -40 +25 +85 

(V) (V) (V) Typ. limit Typ. limit 

Cuiescent 
5 15 0.5 15 900 50 1 50 700 

Device 
- -

Current, 
- - 10 25 1 25 1500 100 2 100 1400 

Il Max. 
- - 15 50 2.5 50 2000 500 5 500 5000 

Output 
Voltage: 
low· level , - 5 5 o Typ.; 0.05 Max. 

VOL 10 10 o Typ.; 0.05 Max. 

High-level, - 0 5 4.95 Min.; 5 Typ. 

VOH - 0 10 9.95 Min.; 10 Typ. 

Noise 
Immunity: 
Inputs low, 4.2 - 5 1.5 Min.; 2.25 Typ. 

VNl 9 - 10 3 Min.; 4.5 Typ. 

Inputs High, 0.8 - 5 1.5 Min.; 2.25 Typ. 

VNH 1 - 10 3 Min.; 4.5 Typ. 

Noise 
Margin: 
Inputs low, 4.5 - 5 1 Min. 

VNMl 9 - 10 1 Min. 

Inputs High, 0.5 - 5 1 Min. 

VNMH 1 - 10 1 Min. 

Output 
Drive Cur-
rent: 
N-Channel 

0.5 5 0.09 0.2 0.075 0.05 0.09 0.33 0.08 0.065 (Sink). 
-

IDN Min. 
0.5 - 10 0.185 0.4 0.15 0.105 0.16 0.5 0.10 0.10 

P-Channel 
(Source) 4.5 - 5 -0.11 -0.25 -0.09 -0.065 -0.09 -0.25 -0.06 -0.05 

IDP Min. 9.5 - 10 -0.25 -0.5 -0.20 -0.14 -0.18 -0.5 -0.15 -0.12 

Input Any Input 

leakage 

-1-1 15 ±10-5 Typ., ±1 Max. 
Current, 

Ill,IIH 

Units 

/lA 

V 

V 

V 

rnA 

/lA 

CD4020A Types 

AMII(NT TtW'£lllATUM ITAI .. 2!1-C 
TYPICAL n .. I"f ..... TUIt[ COU1ICIon FOR 10" - 0.3'" rc 

10 

Fig. 3-Typical output n-channel drain charac­
teristics. 

GATE .. TO - SOURCE: VOLTS (Vo I" I~'+ 

10 

! C~ ... PACKAG S 
PLASTIC PACKAGES 

10 " 
[IWN-TO-SOURCE VOl.TS IVos) 

Fig. 4-Minimum output n-channel drain charac­
teristics. 

DRAIH-TO-SOURCE VOLTS (VIlIS) 
-IS -10 

-2 ~ 

J 
GATE-TO- SOURCE VOLTS t VGSI--I' 

AMBIENT TEM,.ERATUAE ITA)-2s·C 
TYPICAL T["'PERATURE COEFFICIENT FOR Io" -0.3111.'''C 

Fig. 5-Tvpical output p-channel drain charac­
teristics. 

DRAIN-TO- SOU'tCl VOlTS IVos I 
-10 

1 ~ 

J 

Fig. 6-Minimum output p-channe! drain charac­
teristics. 
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CD4020A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 250 C, Input tr,t, - 20 ns, 
Cl = 15 pF, Rl 200 kn 

LIMITS 

CHARACTER ISTIC 
TEST D,F,k,H E 

CONDITIONS Packages Package 

VDD 
(VI Min. Typ. Max. Min. Typ. Max. 

Clocked Operation 

Propagation Delay 
5 - 450 600 - 450 650 

Time.* 
150 225 150 250 10 - -

tpLH. tpHL 

UNITS 

ns 
LOAD CAPACITANCE 

Transition Time, 5 - 450 600 - 450 650 
ns 

Fig. 7-Typical propagation delay time vs. CL• 

tTHL' tTLH 10 - 200 300 - 200 350 

Maximum Input Pulse 5 1.5 2.5 - 1.5 2.5 - MHz Frequency, f I/l 10 4 6 - 4 6 

Minimum Input Pulse 5 - 200 335 - 200 500 
ns 

Width, tw 10 - 70 125 - 70 165 

Input Pulse Rise & 5 - - 15 - - 15 
Fall Time, tr<J>,tf<J> 10 - - 15 - - 15 

jJ.s 

Average Input 
Any Input - - 5 - - 5 pF 

Capacitance, CI 

Reset Operation 
Propagation Delay 

2000 3000 2000 3500 Time,' 5 - -
300 

ns 
tpHL 10 - 500 775 - 500 

Minimum Reset Pulse 
5 1800 2500 - 1800 3000 -

Width, 
300 475 300 550 

ns 
10 - -

tw 

Fig. B-Typical transition time va. CL-

* Propagation delay is from input pulse to 01 output. 

10 AMBIENT TEMPERATUR( (TAI'2~·C 

':. 10' 
I 
:i' 
~ 10· 

~ IOJ ~t-- -

r '0' 

'0' 

t--

LOAO CAPACITANCE tcLl.l~pF 
- --CL"SOpF 

IO~ 10' 10' '0' 
INPUT f'IiI[QU[M;Y U.,I-Hr 

YDO . 
Yss 

YDO 

INPUTS 

Yss 

Fig. 9-Typical clock input frequency .s. V DO' Fig. 10- Typical dissipation characteristics, Fig. 1 1-Quiescent-device-current test circuit. 
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VOO-VNH 

'NPUTQYDO OUTPUTS 

.......... ~ . -
VNL _ 

NOTE: 
Vss TEST ANY COMBINAnON 

OF INPUTS 

nCS-27441 

Fig. 12-Noise-immunity test circuit. 

'NP(JUS Y
DO 

YDD NOTE: 

'--"i"--- MEASURE INPUTS 
o ~ SEQUENTIALLY, 

Vss TO BOTH VDO AND Vas 
CONNECT ALL IMI..SED 
IfIIUI'S TO EfTH!" 
VDDCRYSS' 

V55 

Fig. 13-Input-leakage-current test circuit. 



CMOS a-Stage Static Shift Register 
Asynchronous Parallel Input/Serial Output, 

Synchronous Serial Input/Serial Output 

Features: 

CD4021 A Types 

~::.--2. 
CONT. 

The RCA·C04021A types are 8·stage paral· 
lei or serial·inputlserial·output shift registers 
having common CLOCK and PARALLEL/ 
SERIAL CONTROL inputs, a single SER· 
IAL OATA input, and individual parallel 
Jam inputs to each register stage. Each regis· 
ter stage is a O·type, master·slave flip·flop. 
Q outputs are available from the sixth, 
seventh, and eighth stages. 

• Asynchronous parallel or synchronous serial operation SER ... 
IN· 

When the PARALLEL/SERIAL CONTROL 
input is low, data are serially shifted into 
the 8·stage register synchronously with the 
positive·going transition of the CLOCK 
pulse. 

STATIC ELECTRICAL CHARACTERISTICS 

under control of parallel/serial control·input 
• Individual JAM inputs to each register stage 
• Master-slave flip·flop register stages 
• Fully static operation ...... DC to 5 MHz 
• Quiescent current specified to 15 V 
• Maximum input leakage .current of 1 p.A 

at 15 V (full package·temperature range) 
• 1·V noise margin Ifull package·temper· 

ature range) 

When the PARALLEl/SERIAL CONTROL 
input is high, data are jammed into the 8· 
stage register via the parallel input lines asyn· 
chronously with the clock line. 

Register expansion is possible using addi· 

LIMITS AT INDICATED TEMPERATURES (DCI 
CONDITIONS 

0, F, K, H PACKAGES E PACKAGE 
CHARACTERISTICS 

Vo V IN VDD +25 +25 
UNITS 

(V) (V) (V) -55 
TYP. LIMIT 

+125 -40 
TYP. LIMIT 

+85 

- - 5 5 0.5 5 300 50 0.5 50 700 
Quiescent Device 

10 10 1 10 600 100 1 100 1400 IlA 
Current IL Max. - -

- - 15 50 1 50 2000 500 5 500 5000 

Output Voltage: - 5 5 o Typ.; 0.05 Max. 
Low·Level, 

10 o Typ.; 0.05 Max. 
VOL 

- 10 

V 
High Level - 0 5 4.95 Min.; 5 typo 
VOH - 0 10 9.95 Min.; 10 Typ. 

Noise Immunity; 4.2 - 5 1.5 Min.; 2.25 Typ. 
Inputs Low, 
VNL 

9 - 10 3 Min.; 4.5 Typ. 

V 
Inputs High 0.8 - 5 1.5 Min.; 2.25 Typ. 
VNH 1 - 10 3 Min.; 4.5 Typ. 

Noise Margin: 4.5 - 5 1 Min. 
Inputs Low, 

9 VNML - 10 1 Min. 

V 
Inputs High, 0.5 - 5 1 Min. 
VNMH 1 - 10 1 Min. 

Output Drive 
Current: 
N·Channel 
(Sink), 0.5 - 5 0.15 0.3 0.12 0.085 0.072 0.3 0.06 0.05 

ION Miri. 0.5 - 10 0.31 0.5 0.25 0.175 0.12 0.5 0.1 0.08 
mA 

P·Channel 
(Source) 4.5 - 5 -0.1 -0.16 -0.08 -0.055 -0.06 -0.16 -0.05 -0.04 

lOP Min. 9.5 - 10 -0.25 -0.44 -0.20 -0.14 -0.12 -0.44 -0.1 -0.08 

Input Leakage 

TinT 
Current, 

IIL,IIH - - 15 ±1 0-5 Typ., ± 1 Max. 

CLOCK!Q. 

C04021A 

• Vss 

FUNCTIONAL DIAGRAM 

tional C04021A packages. 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (0 and F 
suffixes), 16-lead dual-in-line plastic pack­
age (Esuffix), 16-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 

Applications: 
• Parallel to serial data conversion 
• Asynchronous parallel input/serial output 

data queueing 
• General purpose register 

'0 
Sl.PPLY VOLTSIVooI 

Fig. 1 - Typical clock input frequency va. 
supply vo/rage. 

AMBIENT T[M'EAAruRE IT A J - 25-C: 
TYPICAL TEMPERATURE COEFFICIENT FOR 
ALL VALUES OF Voo - O.3~"·C 

" 
I-Il-t tll 

'0 50 10 70 110 
LOAO CAPACITANCE tCLI-" 

Fig. 2 - Typical propll/lBtion dO/BY timo v&. 
load capscitBnce. 
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CD4021 A Types 

MAXIMUM RATINGS, Absolute·Maximum Values: 
STORAGE·TEMPERATURE RANGE ITstgl •........•••........•.••••• -65 to +150°C 

OPERATlNG·TEMPERATURE RANGE (TA) 

PACKAGE TYPES D, F, K, H ., ...............•......••.•••..••. -65 to +125°C 

PACKAGE TYPE E -40 to +85°C 

DC SUPPLY·VOLTAGE RANGE, (VDDI 

(Voltages referenced to VSS Terminal) ..... -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PDI 

FOR T A = -40 to +60°C IPACKAGE TYPE E I ......................... 500mW 

FOR TA = +60 to +85°C IPACKAGE TYPE E I ....•. Derate Linearly at 12 mWfC to 200 mW 

FOR T A = -5510 .IOO°C (PACKAGE TYPES D, F, K) •........•..•.•...••.•• 500 mW 
FOR T A = +100 to +125°C (PACKAGE TYPES D, F, K) .•. Derate Linearly at '2 mWfC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR TA = FULL PACKAGE·TEMPERATURE RANGE IALL PACKAGE TYPESI ...•.•. 100 mW 

INPUT VOLTAGE RANGE, ALLINPUTS •..............•.....•.•• -0.5 to VDD +0.5 V 

- LEAD TEMPERATURE (DURING SOLDERINGI: 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mmt from case for 10 5 max. . . . . . . . . . . . . .. +265°C 

PARALLEL! 
SERIAL 

CONTROL 

CLOCK 

10* 

Voo =- TERMINAL 16 

Vss" TERMINAL 8 

PARALLEL 
INPUT-I 

7 

PI-2 

4 - STAGES 
SAME AS STAGE I 1 

I 
~ 

Fig. 5 - Logic diagram. 

PI-6 PI-1 PI-S 

PI 

Cl CL 
1i 

06 07 08 

92CM 

""'IEHT U:UPERArURE ITAI. uee 
TYPICAL TEMPERATURE COEFfiCIENT FOR 
ALL VALUES OF' Voo. 0,3"'" Ie\: 

" . 

70 .0 
LOAD CAPACITANCE lel' - pF 'lZcs.,reOI 

Fig. 3 - Typical transition time v.s. 
load capacitance. 

106 AMBIENT TEMP[l:IATUR[ ITA)'2$"' 
ALTERNATING '0' 

;r. AND -I' PATTERN . ~, 
~ -i 10· _ 

~KJ)~E 

:: 102 

~ 10 LOAD CAPACITANCE tCL,.t,pF 
----CL·~pF 

Fig. 4 - Typical dissipation 
characteristics. 

TRUTH TABLE 

RECOMMENDED OPERATING CONDITIONS at TA = 25·C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

Parallell 
Serial Serial 

CLA Input Control 

x x , 
X X , 
X X , 
X X , 

.r 0 0 

.r 1 0 

\.... X 0 

A" LEVEL CHANGE 

NO CHANGE 

0, 
PI·' PI·n (Internal) an 

0 0 0 0 

0 , 0 , 
I 0 1 0 

1 , 1 1 

X X 0 on-1 

X X 1 On,l 

X X 0, an 
X = DON'T CARE CASE 

92CS-17141R3 

Fig. 6 - Truth table. 
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LIMITS 

CHARACTERISTIC VDD D,F,K,H E UNITS 
(VI PACKAGES PACKAGE 

MIN. MAX. MIN. MAX. 

Supply·Voltage Range (For TA=Full 
3 12 3 12 V 

Package·Temperature Range) 

5 350 - 500 -
Data Setup Time, ts 10 80 100 ns - -

5 500 - 830 -
Clock Pulse Width, tw 10 175 200 ns - -

Clock Input Frequency, fCl 
5 de 1 de 0.6 

MHz 
10 de 3 de 2.5 

Clock Rise and F all Time, trCl, tfCl 
5 - 15 - 15 

10 - 5 - 5 
j.ls 

*'f more than one unit is cascaded trCL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 



DYNAMIC ELECTRICAL CHARACTERISTICS 

at TA = 2t;OC, Input t" tf= 20ns, CL = 15 pF, RL = 200kfJ. 

liMITS 
TEST 

CHARACTERISTIC CONDITIONS D,F,K,H E UNITS 
PACKAGES PACKAGE 

VDD 
(VI MIN. TYP. MAX. MIN. TYP. MAX. 

Propagation Delay 5 - 300 750 - 300 1000 
Time'" ns 

tPLH. tPHl 10 - 100 225 - 300 300 

Transition Time; 5 - 150 300 - 150 400 
ns 

~Hl,tTlH 10 - 75 125 - 75 150 

Maximum Clock Input 5 1 2.5 - 0.6 2.5 -
MHz 

Frequency, fCl 10 3 5 - 2.5 5 -

Minimum Clock Pulse 5 - 200 500 - 200 830 

Width, tw 
ns 

10 - 100 175 - 100 200 

Clock Rise & Fall 5 - - 15 - - 15 
/lS 

Time;trCl & ttcl' 10 - - 5 - - 5 

Minimum Data Set 5 - 100 350 - 100 500 

UpTime, ts 
ns 

10 - 50 80 - 50 100 

Minimum High·level 
ParallellSerial 5 - 200 500 - 200 830 

Control Pulse 
ns 

10 - 100 175 - 100 200 
Width 1W 

Input Capacitance CI Any Input - 5 - - 5 - pF 

-If more than one unit is cascaded treL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 

""From Clock or Parallel/Serial Control Input 

CL 

1i , 
I 

s:~q, I 

',7,.' 
ONLY 

Q 

PI Pi5* 

Fig. 10 - One typical srage and iU equivalent detailed circuit. 

CD4021 A Types 

t2CS-21441 

Fig. 7 - Noise-immunitv test circuit. 

Test performed with the following sequence 
of .. Ona· ... and .. Z.ro· .... 

SI 82838485 
00100 
1 0 1 1 
1 0 1 0 
o 1 1 
000 0 

VDD 

92CS 1792C'RI 

Fig. 8 - Quiescent device current test circuit. 

o ~ SEQUENTIALLY, 

V~fi\-~NP(JUS VDO :~:~U.[ 1.""T5 
Yss TO 80TH Yoa ANDVss· 

CONNECT All UNUSED 
IHP1JTS TO [ITH[R 
Vee ORVSS 

V55 

Fig. 9 - Input4eakage-current 
test circuit. 
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CD4022A Types 

CMOS Divide-By-8 
Counter/Divider 
With 8 Decoded Outputs 
The RCA-C04022A types consist of a 4-
stage divide-by-8 Johnson counter, associ­
ate decode output gating and a CARRY­
OUT BIT. The counter is cleared to its zero 
count by a high RESET signal. The counter 
is advanced on the positive CLOCK-signal 
transition provided the CLOCK INHIBIT 
signal is low. 
Use of the Johnson divide-by-8 counter 
configuration permits high-speed operation, 
2-input decode gating, and spike-free de­
coder outputs. Anti-lock gating is providpd, 
thus assuring proper counting sequence. The 
8 decode gating outputs are normally low 

and go high only at their respective decoded 
time slot. Each decode gate output remains 
high for one full clock cycle. The CARRY­
OUT signal completes one cycle every 8 
CLOCK-INPUT cycles and is used as 8 

ripple-carry signal to directly clock a suc­
ceeding counter package in a multi-packege 
counting system. 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (0 and F 
suffixes). 16-lead dual-in-line plastic pack­
age (E suffix). 16-lead ceramic flat package 
(K suffix). and in chip form (H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE·TEMPERATURE RANGE (Tstg) ............................. -65 to +150oC 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES D. F. K. H .........•......................... -55 to +1250 C 

PACKAGE TYPE E ..................•................•... -40 to +8SoC 

DC SUPPLY-VOLTAGE RANGE. (VDD) 

(Voltagesraloronced to VSS Torminol!: .•....•....................... -0.5 to +15 V 
POWER DISSIPATION PER PACKAGE (PO) 

FOR TA= -40 to +60oC (PACKAGE TYPE E) ............................ 500 mW 
FOR TA= +60 to +8SoC (PACKAGE TYPE E' ......... Dorato Linaarly at 12 mW/oC to 200 mW 
FOR T A = -55 to +100'C (PACKAGE TYPES D. F. K) ..................... 500 mW 
FOR T A = +100 to +125'C (PACKAGE TYPES D. F. K) ....• Dorato Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR TA= FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES) ......... 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS ...•.•..•................. -0.5 to VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distanco 1/16 ± 1132 inch (t .59 ±0.79 mm) Irom case lor 10 s max ................ +2650 C 

RECOMMENDED OPERATING E:ONDITIONS at T A = 25°C, Except 8S Notad. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

CHARACTERISTIC VOD D,F,K,H E 
(V) Packages Package 

Min. Max. Min. Max. 

Supply-Voltage Range (For T A = Full 
3 12 3 12 Package-Temperature Range) 

Clock Inhibit 5 175 - 175 -
Setup Time, ts 10 75 - 75 -

Clock Pulse Width, tw 5 500 - 830 -
10 170 - 250 -

Clock Input Frequency, fCl 
5 dc 1 dc 0.6 
10 dc 3 dc 2 

Clock Rise and Fall Time, trCl, 'tCl 5 - 15 - 15 
10 - 15 - 15 

I Reset Pulse Width 6 300 - 600 -
10 150 300 -

Reset Removal Time 
5 752 - 1000 -
10 225 - 275 -

522 

UNITS 

V 

ns 

ns 

MHz 

/-IS 

ns 

ns 

Features: 

• Madium speed operation ..•. 5 MHz (typ.) at 
VOO - VSS = 10 V 

• Divide by N counting; N = 2 to 8 with one 
C04022A plus one CD4001A package 

• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 [JA 

at 15 V (full package-temperature range) 
• I-V noise margin (full package-temper­

ature range) 

Applications: 

• Binary counting/decoding 
• Binary frequency division 
• Binary counter control/timers 



-ALL INPUTS ARE PROTECTED BY 
COSJMOS PROTECTION NETWORK 

Fig. 1 - Logic diBf/rsm. 

CD4022A Types 

CLOCK 
RESET .\.. _____________________ _ 

i~T ____________ -J,---,~ _______ _ 
"0" ---o\'--______ ..Jm'--_________ roL-
"," -fT1 m'-_________ -'rr 
·2" ---.fT\ r----2\'-_______ _ 
·3' ___ -Jf31'-________ --Jnnl..-_____ _ 

·4' f4I f4l'-_____ _ 

"5' __________ ~nn nn~ ____ _ 
"6" ____________ ~nn ~ 

:::::::::=L======~r7'~7J::::::::::::=L======~~~7 ~~y r--
"7" 

.SS-4~7R2 

Fig. 2 - Timing dlBf/rsm. 

AaeENT T[MPERATURE ITAI. 2~·C r TVPlCAL n:MP[AATUltE COEFFICIENT FOR 

} WLUfS CW VDD • O]~;·ln!tfm 

20 '0 60 .0 
LOAD CAPACITANCE eel 1- ,F 

STATIC ELECTRICAL CHARACTERtSTICS 
Fig. 3 - Typical pro_tJon dB/ay rimB .,. 

load capacitance for d.codsd outputr. 

Conditt.. 
a...-rlode 

Vo VIN VDD 
(V) IVi (VI 

- - & 
QulalCOnt Device - - 10 Currant I i. Max. - - 1& 
Output Voltage: - 6 & 

Low Level 
VOL - 10 10 

High Level - 0 & 
VOH - 0 10 

Noise Immunity: 4.2 - & 
Inputl Low, 
VNL 9 - 10 

InputlHlgh 0.8 - 5 
VNH 1 - 10 

Noise Mlrgin: 4.5 - 5 Inputs Low, 
VNML 9 - 10 
Inputs High, 0.& - & 
VNMH 1 - 10 

Output Drive Decoded 0.& - 5 
Current: OUtputl 0.5 - 10 
... Chlnnel 

Carry 0.5 5 (Sink) -
ION Min. Output 0.5 - 10 

Decoded 4.& - 5 
p-Chlnnol Outputs 9.& - 10 
(Source): Corry 4.5 - 6 lOP Min. OUtput 9.& - 10 

Input LeakBf/l 

~T ~rl& Current, 
IIL,IIH 

Limits. Indla8tM TIIIIIIIN\II .. (oC) 
D, F, K, H Packages E Pck.,. 

-&& 
+21 

+121 -40 
+21 

Typ. Umlt Typ. Umlt 
& 0.3 & 300 60 0.& &0 
10 0.& 10 800 100 1 100 
&0 1 &0 2000 &00 & 600 

o Typ.; 0.0& MIX. 

o Typ.; 0.0& MIX. 

4.96 Min.; & Typ. 
9.9& Min.; 10 Typ. 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 

1.5 Min.; 2.26 Typ. 
3 Min.; 4.5 Typ. 

1 Min. 

1 Min. 

1 Min. 
1 Min. 

0.082 0.1& 0.0& 0.03& 0.03 0.1& 0.02& 
0.12 0.3 0.1 0.07. 0.08 0.3 0.115 

0.186 0.5 0.1& 0.10& 0.119& 0.& 0.08 
0.37& 1 0.3 0.21 0.1&& 1 0.13 
-O.03B ·0.07& -0.03 -0.021 -0.018 -0.075 -0.01& 
-0.12 -0.15 -0.1 -0.07 ·0.08 -0.15 -0.0& 

·0.186 -0.4 -0.15 ·0.10& -0.096 ·0.4 ·0.08 
-0.375 -0.8 -0.3 ·0.21 -0.1&& ·0.8 -0.13 

±IO-& Typ., ±1 Max. 

... 
700 
1400 
&000 

0.02 
G.04 
O.llB& 
0.10& 
-0.012 
-0.04 

·0.086 
-0.10& 

Units 

pA 

V 

V 

\} 

mA 

pA 

I 

Fig. 4 - Typicel pr_etlon delay time ... 
load capacitance for carry output. 

Fig. 6 - Typical trBnlltlon tim • ... load 
capacitanea for dacodBd outputr. 
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CD4022A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS lit TA - aOc, Input Ir ,It - 20 n., 

TEST 

CHARACTERISTIC CONDITIONS 

Voo 
M 

CLOCKED OPERATION 

Propagation Delay Time: 5 
tpJlL' ~LH arry· ut Line 10 

Decode Out Lines 5 
10 

Transition Time: 
trHL, trLH 

5 

Carry·Out Line 10 

Decode·Out Lines 5 
10 

Min. Clock 5 
Pulse Width, tw 10 

Clock Rise and 5 Fall Time, 
trCL ,'tCL 10 

Min. Clock Inhibit 5 
Set·Up Time, 

ts 10 

Max. Clock Input 5 
Frequency, fCL' 10 

Input Capacitance, CI Any Input 

RESET OPERATION 
Propagation Delay Time: 5 
tPHL, tPLH 

Carry·Out Line 10 

Decode·Out Line 5 
10 

Min. Reset Pulse 5 
Width,tw 10 

Min. Reset 5 
Removal Time 10 

... Measured with respect to carry output line 

o 
Vss 

INPUTS 

VDD 

Vss 

Fig. 9 - Qui,scent-d,t/;ceacurrsnt re.t circuit. 
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Min. 

-
-
-
-
-
-
-
-
-
-
-
-

1 
3 

-

-
-
-
-
-
-
-
-

CL -15pF,RL -2ookn 

LIMITS 
D,F,K,H E 
Packages Psckllflll UNITS 

Typ. Mu. Min. Typ. Mu. 

325 1000 - 325 1:m 
ns 

125 250 - 125 500 

400 1200 - 400 1600 ns 
200 400 - 200 800 

85 300 - 85 340 
ns 

50 100 - 50 200 

300 900 - 300 1200 ns 
125 250 - 125 500 
250 500 - 250 830 ns 
85 171) - 85 250 

- 15 - - 15 
/J.S 

- 15 - - 15 

175 350 175 700 
ns 

75 150 75 300 

2.5 - 0.6 2.5 - MHz 
5 - 2 5 -
5 - - 5 - pF 

300 900 - 300 1200 
ns 

125 250 - 125 500 

500 1250 - 500 2500 ns 
200 400 - 200 800 
150 300 - 150 600 ns 
75 150 -. 75 300 

300 752 - 300 1000 ns 
100 225 - 100 275 

10PUTOVII> OUTPUTS 

vDO-:::'" -!@ 
V.:'L I:" 

NOTE: 

Yss ~N.,~~c.l".TION 

tzCS-ZT441 

F i9. to - Noilll-immunity test circuit. 

Fig. 6 - Typical tran.itlon time n. load 
capacitllnCII for carry output. 

Fig. 7 - Typical clock input frsqu.ncy VI. 

,upply voltage. 

10 .... IIIENT TEMPERATURE tT"I'25'C 
• INPUT t,'lt~201l' 

i 00' 
;p i 10· 

~ D' 

LOAD CAMeITANCE tCl"15pF 
---- CL '50pF 

10 102 lOS 10· 
INPUT CLOCK FI'IEOUEfrtCy IICLI- ktb 

Fig. 8 - Typical dissipstion characteristics . 

V~ ~NP(Jus VDO :~:~URE INPUTS 
o ~ S£QUENTIALLY, 

Vss TO BOTH Voo AND Yss' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
"00 OR Yss· 

V5S 

Fig_ 11 - Input-leakage-current telt circuit 



CD4024A Types 

CMOS 7-Stage Binary Counter 
With Buffered Reset 

The RCA-CD4024A consists of an INPUT 
PULSE shaping circuit, RESET line driver 
circuitry, and seven binary counter stages_ 
The counter is reset to "zero" by a high level 
on the RESET input_ Each counter stage is a 
static master-slave flip-flop_ The counter 
state is advanced one count on the negative­
going transition of each INPUT PUlSE_ 

*ALL INPUTS ARE 
PROTECTED ey 
CDSI MOS PROTEe nON 
NETWORK 

INPUT I 
PULlI!I 

.. !S[T 

These types are supplied in 14-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 14-lead dual-in-line plastic pack­
age (E suffix), 12-lead hermetic TO-5-style 
package (T suffix) 14-lead ceramic flat pack­
ages (K suffix). and in chip form (H suffix)_ 

Fig. 1 - Functiona'diag,am fo, C04024AO, 
AE,AF, 

Applications: 

• Frequency-dividing circuits 
• Time-delay circuiu 
• Counter control 
• D/A counter and switch on one chip RESET 400 

*AL.L INPUTS ARE --
PROTECTED BY 
COS I MOS PROTEC TION 
NETWORK 

Fig. 2 - Functional diagram 
fa, CD4024A T. 

MAXIMUM RATINGS,AbsoluIl1-MBximum VBlues: vss 

STORAGE-TEMPERATURE RANGE ITstgl . __ ... __ •.......••.• _ ......•. -65 to +150oC 

OPERATING-TEMPERATURE RANGE {TAl: 
PACKAGE TYPES (0, F, K, T, H) ..•..•. _ ..• _ ..•.....•.•...... _ .• -55 to + 125°C . ° PACKAGE TYPE E .. _ ..•.•... _ .•••..•.. __ ••••....•• _ ••.•. -40 to +85 C 

DC SUPPLY-VOLTAGE RANGE. {VDDI 
(Voltages ,efa,enced to Vss Ta,minat): ........•.•.....•.......•..•.. -0.5 to +15 V 

Features: 

INPUT I 
PlILSES 

RESET:S 

"00 

14 

VII '.tel-2150GIRI 

Q, ., 
., 

Q, 

'" 1l2CS-2!)OS2 

POWER DISSIPATION PER PACKAGE (PO) 
FOR TA=-4Oto+60oC {PACKAGE TYPE EI ..••..•....••.......•...•..• 5OOmW 

D Medium-speed operation .... 

FOR TA= +60 to +850C {PACKAGE TYPE E I ..•.•.... De,a .. Linaa,ly at 12 mW/oC to 200 mW 
.. 7-MHz (typ.) input pulsa rate at 
VOD - VSS = 10 V 

FOR T A = -55 to +100·C (PACKAGE TYPES 0, F, K ;T) .•.......••.•••....•.• 500 mW 
FOR TA = +100 to +125·C (PACKAGE TYPES 0, F, K,T) •... De,ate,Linea,lyat 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

• low high-and-Iow level output impedance 
__ 700n and 500n (typ.), respectively at 

FOR TA= FULL PACKAGE-TEMPERATURE RANGE IALL PACKAGE TYPESI .......•• 100 mW 
INPUT VOLTAGE RANGE. ALL INPUTS ....•••••....•..•...•..•.. -0.5 to VDD +0.5 V 
LEAD TEMPERATURE {DURING SOLDERINGI: 

At distanca 1/16 ±1/32 inch (1.59 ±0.79 mm) from case 1o, 10. max ...•.•......•.•. +2650 C 

RECOMMENDED OPERATING CONOITIONS at TA = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be salected so that 
operation is always within the following ranges. 

liMITS 

CHARACTE R ISTIC VOO D,F,K, T,H E 
(V) Packages Package 

Min. Max. Min, Max. 

Supply-Voltage Range (For T A = Full 
3 12 3 12 Package-Temperature Range) 

Clock Pulse Width, tw 5 330 - 500 -
10 125 165 - -

Clock Input Frequency, fCl 5 dc 1.5 dc 1 
10 dc 4 dc 3 

Clock Rise or Fall Time, trCl, tfCl 5 15 - 15 -
10 15 - 15 -

Reset Pulse Width, tw 5 500 - 600 -
10 300 - 350 -

UNITS 

V 

ns 

MHz 

j.IS 

ns 

VOO-VSS=10V 

• Fully static operation 
• Common reset 
• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 p.A 

at 15 V (full package-temperature range) 
• 1-V noise margin (full package-temper­

ature range I 

. 
DR .... N-TO-SOURCE VOLTS (VDsl 

Fig. 3 - Typical output n-channel drain 
characteristics. 
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CD4024A Types 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
Llmltlllt IndlCllted T.mpel'll ...... (DC) 

Ch.racterlstlc 
D, F, K, ~, H Packages E PlICkllflll 

Unltl 
Vo VIN VOO -6& +25 +125 +25 

CVI CVI (V) Typ. Limit 
-40 

Typ. Limit 
+86 

Quiescent Device - - 6 6 0.3 6 300 60 0.6 60 700 

Current ,IL Max - - 10 10 0.6 10 600 100 1 100 1400 pA 

- - 16 60 1 60 2000 600 6 600 5000 
Output Voltage: - 6 6 o Typ.; 0.05 Max. 

Low·Level, 
VOL - 10 10 o Typ.; 0.06 Max. 

V 
High Level, - 0 6 4.96 Min.; 6 Typ. 
VOH - 0 10 9.96 Min.; 10 Typ. 

Noise Immunity: 
4.2 - 5 1.5 Min.; 2.26 Typ. 

Inputs Low, 
VNL 9 - 10 3 Min.; 4.& Typ. 

V 
Inputs High, 0.8 - 5 1.6 Min.; 2.26 Typ. 
VNH 1 - 10 3 Min.; 4.6 Typ. 

Noise Margin: 4.6 
Inputs Low, - 6 1 Min. 

VNML 9 - 10 1 Min. V 
Inputs High, 0.6 - 6 1 Min. 
VNMH 1 - 10 1 Min. 

Output Drive 
Current: 
n·Channel 0.6 - 6 0.31 0.5 0.26 0.176 0.16 0.6 0.12 0.096 
(Sink), 

ION Min. 
0.6 - 10 0.62 1 0.6 0.36 0.31 1 0.26 0.2 

mA 
p·Channel 4.6 - 6 ·0.19 ·0.3. ·0.16 ·0.106 ·0.146 ·0.3 ·0.12 ·0.096 
(Source) 
lOP Min. 9.6 - 10 ·0.46 ·0.7 ·0.36 ·0.26 ·0.31 ·0.7 ·0.26 ·0.2 

Input Leakage 
Anr Inr Current, - - 15 ±10-6 Typ.; ±1 Max. pA 

IIL,IIH 

Q'}lNPl.!ts 10 

_ , .. ,'AGE 

'-~-~Q, 

••• NIGH DOMINions {lESETS ALL IT"IiEU 

-ACTION OCCUltS ON NIEGATIVI GOING ' .... NIITION Of IMPUT PULSE ~ 
f,~~~t:=~=:~'r'" COUNT ON EACH NfGATIVE • 'R"NSITION 

92(111-19071 
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EQUA TlOIIS FOR STAGES Z TO 7 

0ZOUT' (OZKOI)(iKII) 05Ol.lT· (QSKOIHOZM01IIO,Ki)(lh 
! • 

0lOUT = (O)MOIKOZK.)(II) 060UT' (0,)(0IKOZK01KO,KOSKiKIII 

0IOUT • (a,)(01)(OZK01K~(iil 0IOUT • (Q7KOIKOZK01KO.KOsK06K:)(Ii) 

Fig. 7 - Logic block dillflTBm Ipul.,h_r 
and 1 binary It/J(/fl). 

Fig. 4 - Typic" output p_1HI1 drain 
chareterl,rIt:& 

D 10 II 
DbIN·TO-~ VOLTS (YDI J 

Fig. 5 - Minimum output n-channel drain 
chllrtlClllrlltlcs. 

'ZCI-!907tR' 

Fig. 6 - Minimum output p-chllnn" drain 
chMIICtrlri,ticr. 

LOAD CAMCITANCE leL.-.... nCS-11IIO 

Fig. 8 - Typic" proPlIIJlltion dilley timtl ... CL• 



DYNAMIC ELECTRICAL CHARACTERISTICS 8t TA = 25°C, Input t" tt = 20 nl, 

CL = 15pF,RL =200kSl 

LIMITS 

TEST D,F,K, T,H 

CHARACTERISTIC CONDITIONS 

VDD Min. 
(V) 

If> INPUT OPERATION 

Propagation Delay Time;· 5 -
tpLH, tpHL 

10 -
Transition Time; 5 -

tTHL,tyLH 10 -
Maximum Pulse Input 5 1.5 

Frequency, fif/ 10 4 

Minimum Input Pulse 5 -
Width,tW 10 -

Input Pulse Rise & 5 -
Fail Time, trif/,tfif/ 10 -

Average Input Any Input -
Capacitance, CI 

RESET OPERATION 

Propagation Delay Time; 5 -
TpLH,TpHL 10 -
Minimum Reset Pulse 5 -
Width;tw 10 -
• Propagation delay time is from input pulse to Q 1 output. 

INPUTS 

Voo 

Vss 
.tc:S-I7401 

Packages 

Typ. Max. Min. 

175 350 -
80 125 -
175 225 -
80 125 -
2.5 - 1 

7 - 3 
200 330 -
140 125 -
- 15 -
- 10 -
5 - -

500 700 -
250 350 -
375 500 -
200 300 -

E 
Package UNITS 

Typ. Max. 

175 400 
ns 

80 150 

175 250 

80 150 
ns 

2.5 - MHz 
7 -

200 500 
ns 

140 165 

- 15 
lAS - 10 

5 - pF 

500 800 
ns 

250 400 

375 600 
ns 

200 350 

NCS-2M4' 

Fig. 12 - Qui.lCtJnt-d •• ice-current hilt 

circuit. Fig. 13 - Noise-immunity test circuit. 

V~NPU(JS vDO :~:~U.£ INPUTS 
o ~ SEOUENTIA"tt't, 

Vss TO BOTH Voo AND Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Voo OR VSS· 

V'S 
Fig. 14 - Input.f •• kags-current hilt circuit. 

CD4024A Types 

LOAD CAPACITANCI (eli-pi" 

Fig. 9 - Typic.1 trsnsition time ... CL• 

",' 

LOAD CAPACITANCE ICLlo"pf 
----cL·~QpF' 

TnfTTTT 
10" IO~ 10' 'o' 

'NPUT rAEQU£NCT I'.I-HI 

Fig. 10 - Typical diuipation charscteristics, 

.. T Wl:ItATUM: Ta -II-C 

LOAD CAMe'TAlICI (C I- II " 
;!.!! · i. 
~ 
~ 10 

~ 
· · . 
~ 

,. 10 

""",y VOlTSIVcoI 

Fig. 11 - Typical input pulse f",quency ... V DO' 
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CD4026A, CD4033A Types 

CMOS Decade Counters/Dividers 
Voo 

'DO 
II , 

With Decoded 7-Segmllnt Display Outputs and: 

"r 
CLOCK ' ~ 

12 II ~ CLOCK 
'2 • Display Enable - CD4026A 

Ripple Blanking - CD4033A 

The RCA-CD4026A and CD4033A each 
consist of a 5-stage Johnson decade counter 
and an output decoder which converts 
the Johnson code to a 7·segment decoded 
output for driving each stage in a numerical 
display. 
These devices are particularly advantageous 
in display applications where low power 
dissipation and/or low package count are 
important. 
Inputs common to both types are CLOCK, 
RESET, & CLOCK INHIBIT; common 
outputs are CAR RY OUT and the seven 
decoded outputs (a, b, c, d, e, f, g). Addi­
tional inputs and outputs for the CD4026A 
include DISPLAY ENABLE input and 
DISPLAY ENABLE and UNGATED "C­
SEGM ENT" outputs. Signals peculiar to the 
CD4033 are RIPPLE-BLANKING INPUT 
and LAMP TEST INPUT and a RIPPLE· 
BLANKING OUTPUT. 
A high RESET signal clears the decade 
counter to its zero count. The counter is 
advanced one count at the positive clock 
signal transistion if the CLOCK INHIBIT 
signal is low. Counter advancement via the 
clock line is inhibited when the CLOCK IN­
HIBIT signal is high. The CLOCK INHIBIT 
signal can be used as a negative·edge clock 
if the clock line is held high. Antilock gating 
is provided on the Johnson counter, thus 
assuring proper counting sequence. The CAR­
RY-OUT '(Cout) signal completes one cycle 
every ten CLOCK INPUT cycles and is used 
to clock the succeeding decade· directly in a 
multi-decade counting chain. 
The seven decoded outputs (a, b, c, d, e, f, g) 
illuminate the proper segments in a seven 
segment display device used for representing 
the decimal numbers 0 to 9. The 7-segment 
outputs go high on selection in the 
CD4033A; in the CD4026A theses outputs 
go high only when the DISPLAY ENABLE 
IN is high. 

CD4026A 
When the DISPLAY ENABLE IN is low the 
seven decoded· outputs are forced low re­
gardless of the state of the counter. Acti­
vation of the display only when required 
results in significant power savings. This 
system also facilitates implementation of 
display·character multiplexing. 
The CARRY OUT and UNGATED"C·SEG· 
MENT" signals are not gated by the 015-
PLAY ENAB LE and therefore are available 
continuously. This feature is a requireme{lt 
in implementation of certain divider func­
tions such as divide-by-60 and divide-by-12. 

CD4033A 

The CD4033A has provisions for automatic 
blanking of the non-significant zeros in a 
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mUlti-digit decimal number which results in 
an easily readable display consistent with 
normal writing practice. For example, the 
number 0050.07000 in an eight digit display 
would be displayed as 50.07. Zero suppres­
sion on the integer side is obtained by con­
necting the RBI terminal of the CD4033A 
associated with the most significant digit in 
the display to a low-level voltage and con­
necting the RBO terminal of that stage to 
the RBI terminal of the CD4033A in the 
next-lower significant position in the dis­
play. This procedure is continued for each 
succeeding CD4033A on the integer side of 
the display. 
On the fraction side of the display the RBI 
of the CD4033A associated with the least 
significant bit is connected to a low level 
voltage and the RBO of that CD4033A is 
connected to the RBI terminal of the 
CD4033A in the next more-significant-bit 
position. Again, this procedure is continued 
for all CD4033A's on the fraction side of the 
display. 
In a purely fractional number the zero 
immediately preceding the decimal point can 
be displayed by connecting the RBI of that 
stage to a high level voltage (instead of to the 
RBO of the next more-significant-stage). 
For Example: optional zero -+0.7346. 
tikewise, the zero in a number such as 763.0 
can be displayed by connecting the RBI of 
the CD4033A associated with it to a high­
level voltage. 
Ripple blanking of non-significant zeros 
provides an appreciable savings in display 
power. 
The CD4033A has a LAMP TEST input 
which, when connected to a high-level volt· 
age, overrides normal decoder operation and 
enables a check to be made on possible 
display malfunctions by putting the seven 
outputs in the high state. 

CL.OCK 
INHIBIT 

" AUU 

DISPLAY 
ENABLE ,. 

13 c ~ 
t d g CLOCK 

II • ~ INHIBIT ,. 
I , ~ 

RESET 7. 
5 CARRY OUT 

• , . 
DISPLAY LAMP 
ENABLE TEST 
OUT ,. 
UNGATEOwC· RIPPLE 5£0"[NT 

BlK. 

'" 1t2C"2!1078RI 
,. 

CD4026A 
V55 

CD4033A 

FUNCTIONAL DIAGRAMS 

Features: 

" , 

CARRY 
!II OUT 

RIPPL.E 
Bll<. 
OUT. 

• Counter and 7-segment decoding in one package 
• Easily interfaced with 7-segment display typas 
• Fully stetic counter operation: DC to 2.5 MHz 

(typ.) 
• Ideal fOr low·power displays 
• Display Enable Output (CD4026A) 
• "Ripple Blanking" and Lamp Test (CD4033A) 

• Quiescent current spacified to 15 V 
• Maximum input leakage current of 

1/lA at 15 V (full package-temparature 
range) 

• 1-V noise margin (full package-temper­
ature range) 

Applications: 

• Decade countingn·segment decimal 
display 

• Frequency divisionn-segment decimal 
displays 

• Clock/watches/timers 
(e.g. -:- 60,-:- 60, -:-12 counter/display) 

• Counter Idisplay driver for meter 
applications 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (0 and F 
suffixes), 16-lead dual-in-line plastic pack­
age (E suffix): 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE·TEMPERATURE RANGE (Tstg) .••...•••••••••...•••...•...• -65 to +150oC 

OPERATlNG·TEMPERATURE RANGE (TA): ° 
PACKAGE TYPES D, F, K, H •.••••..•••••••...••.•.•.•.••• -55 to +125 C 

PACKAGE TYPE E .••.•..••.•.•••.•.•••••••..••••••.•.•••. -40 to +850c 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltage. referenced to VSS Terminel): ••..•••.•.•..•.•..••..•......• -0.5 to +15 V 
POWER DISSIPATION PER PACKAGE (PD) 

FOR TA~ -40 to +5OoC (PACKAGE TYPE E I .••••••.••.•••••.••••••.•••• 500 mW 
FOR TA~ +50 to +65°C IPACKAGE TYPE E I •.....•.. Derate Linearly at 12 mW/oC to 200 mW 
For T A = -55 to +100'C (PACKAGE TYPES D, F. K) ....•••.•.•..••.....••.•••.....••.....• 500 mW 
For T A = +100 to +125'C (PACKAGE TYPES D. F, K) ••...•. Derate Linearly at 12 mW/'C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A- FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES) ••••••••• 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS •.••••••..••••••..••.••••• -0.5 to VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At dillance 1116 ± 1/32 inch (1.59 ±0.79 mml from ca .. for 10. max ••.••••••••••••• +265oC 



COUT 

r;:::::--;::::::r=;::=;=~::;===;::::;;8:1::!:::r~--------t>20 (CLOCK + 10) 

b 
UNGATED"C" 

~>-----''''-o SEGMENT 

CL~Kl 
* CLOCK ~2 "IL==~L)-rffi~)--i> INHIBIT 

IS * RESET 
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ENABLE 
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Fig. 1 - C04026A IOfIic di.gram. 
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* 1 CLOCK~" 

~~I~W 2 
15 

*RESET 
3 * RBIO-----------~L....I 

SEGMENT 
DESIGNATIONS 

VDD~ 
GNDO 8 

~~----1~~R~ 

*ALL INPUTS ARE PROTECTED~D 
BY COS/MOS PROTECTION __ _ 
NETWORK. 

Vss 
Fig. 3 - C04033A logic. .dlsgrsm. 

Fig. 6 - Minimum and typic" output p-chsnn.' 
""coded dreln ch'rsctlll".tic. III Voo-10 
& 15V. 

DltAIN-TO-IO.IRCIE VCLTl1Vao-VoMI 

FIg. 7 - Typlc.' output p-chsnn.' dtlcodtld 
dl1lln chlll7lCttlrI,t/c, lIS II function 
of temperature. 

CD4026A, CD4033A Types 

COUNT 010121' 4'" 01'101' 01 0 '"is 
Cl 

RESET 

CLOCK 

INHIBIT ~===~~==:t:===::t-;:==::j DISPLAY I-
ENABLE IN 

ENA~r~:hO~ f----+---+----i . 

• 
CARRYOUT r:::=;-::t==~:!:===:!=:::_:~ UNDATED ~ 

·C·SEG. 

Fig. 2 - C04026A timing disgrsm. 

RESET-,'-----------------_______________ _ 

CLOCK INHIBIT "L _________ _ 

L~P~TE~ST~ ______________ __'~~ __________ ___ 

RBO 

COUT (CLOCK + 10J 

r------------LrL-

Fig. 4 - C04033A timing disgrsm. 
DRAIN -TO-IOURCE VOLTS tVDO-VOH) 

-4 -3 -2 -I 

~~::~:[ ~=~=:~=I ~;F~~;~T 
'OR %0- -o.,,,,",-c 

~~:t 5.S S 

fTO 

92SM-44111U 

o 
o 

.z 

-0.4;: 

Fig. 5 - Minimum and typiC" output p-chsnnsl 
dtlcodsd drain charactllri.tic. 1# VOo-3.5 
&5V. 

Fig. 8 - Typical propagation diliay time w. 
CL for decod.d outpU". 
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CD4026A, CD4033A Types 

RECOMMENDED OPERATING CONDITIONS at T A· 25°C, Except .. Noted. 
For maximum .... I.blllty, nomln.1 operating condltionl should be _acted 10 that 
operation II alwayl within the following r'lIIIIl: 

LIMITS 

CHARACTERISTIC 
Voo D,F,K,H E 
IVI Packaf/es Pack.,. 

Min. Max. Min. MIX. 

Supply·Voltage RanllllFor TA - Full 
3 12 3 12 Package-Temperature Renllll 

Clock Inhibit 5 600 - 700 -
Setup Time, ts 10 200 - 300 -

Clock Pulll Width, tw 5 330 - 500 -
10 170 - 260 -

Clock Input Frequency, fCl 5 de 1.5 de 1 
10 de 3 de 2 

Clock Rill or Fall Time, trCl, lfCl 5 - 15 - 16 
10 - 15 - 15 

Relit Pulll Width, tw 5 330 - 550 -
10 165 - 250 -

Relit Removal Time 5 760 - 1000 -
10 225 - 276 -

STATIC ELECTRICAL CHARACTERISTICS 

UNITS 

V 

ns 

ns 

MHz 

/J.S 

ns 

ns 

Conditionl 
Limits at Indlcetlld TemperaturelloCI 

Ch_.rlltic 
D, 1=, K, H Packages E Packllflll 

Vo VIN Voo +25 
-40 

+25 
IV) IV) IV) 

-55 +125 
Typ. Limit Typ. Limit 

Caliescent Device - - 5 5 0.3 5 300 50 0.5 60 
Current IL Max. - - 10 10 0.5 10 600 100 1 100 

- - 15 50 1 50 2000 600 5 500 
Output Voltage: - 5 6 o Tvp.; 0.06 Max. 

Low·Leval, 
VOL - 10 10 o Tvp.; 0.05 Max. 

High Level, - 0 6 4.95 Min.; 5 Tvp. 
VOH - 0 10 9.95 Min.; 10 Tvp. 

Noise Immunity: - 5 1.5 Min.; 2.25 TVp. 
Inputs Low, 
VNl - 10 3 Min.; 4.5 TVp. 

Inputs High, - 5 1.5 Min.; 2.25 TVp. 
VNH 10 3 Min.; 4.5 Typ. 

Noise Margin: 4.5 - 5 1 Min. 
Inputs low. 
VNMl 9 - 10 1 Min. 
Inputs High. 0.5 - 5 1 Min. 
VNMH 1 - 10 1 Min. 

Output Drive Decoded 0.5 - 5 0.15 0.24 0.12 0.09 0.08 0.24 0.06 
Current Outputs 0.5 - 10 0.32 0.5 0.25 0.18 0.15 0.5 0.12 
n·Channel 

Carry 0.5 5 0.12 0.4 0.15 0.1 0.095 0.4 0.08 (Sinkl. -
IDNMin. Output 0.5 - 10 0.45 1 0.35 0.25 0.3 1 0.25 

p·Channel Decoded 4.5 - 5 ·0.21 -0.28 ·0.14 ·0.1 ·0.09 ·0.28 ·0.07 
(Sourcel. OutpUts 9.5 - 10 ·0.45 ·0.6 ·0.3 ·0.22 ·0.2 ·0.6 ·0.15 
lOP Carry 4.5 - 5 ·0.12 ·0.4 ·0.15 ·0.1 ·0.095 ·0.4 ·0.08 
Min. Output 9.5 10 ·0.45 ·1 ·0.35 ·0.25 ·0.3 ·1 ·0.24 -

Input Leakage 
-AT~nr~5 ±1o-5 Tvp .• ± 1 Max. Current. 

iIL.IIH 
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Units 

+86 

700 

1400 /AA 
5000 

V 

V 

V 

0.05 
0.1 

0.06 
0.2 mA 

·0.06 
·0.13 

·0.06 
·0.2 

/AA 

LOAD CAPACITANCE ceL) - p' 
ucs- .. ,,17 

Fig. 9 - Typical propagation dBlay rim. v .. 
CL for Cllrry output'-

AMBIENT TEMPfRATURE 1T",.a·c 
TYPICAL TEMPERATUItE COEFFICIENT '011 
ALL VALUES OF Yoo .O.311o'·C 

I. I. 
1020 5040!10 607010 

LOAD CAPACITANCE {CLI-pF 

Fig. 70 - Typical trBn.irion tim. v .. CL for 
decoded outputs. 



DYNAMIC ELECTRICAL CHARACTERISTICS at TA .. 25°C, Input t, 'It - 20 ns, CL = 15 pF, 

RL ~2ookSl 

TEST 
CONDITIONS 

CHARACTERISTIC 

Voo Min. M 
CLOCKED OPERATION 

Propagation Delay Time; 5 -
tPLH, tPHL 

Carry Out Line 10 -

Decode Out Lines 
5 -
10 -

Transition Time; 5 -
tTHL, tTLH 

Carry Out Line 10 -
Decode Out Lines S 

10 -
Maximum Clock Input 5 1.5 

Frequency, fCl • 
10 3 

Min. Clock Pulse Width, 5 -
tw 

10 -
Clock Rise & Fall Time; 5 -
trCl, tfCL 10 -

Min. Clock Inhibit Set 5 -
Up Time, ts 10 -
Average Input Any Input -

Capacitance, CI 

RESET OPERATION 

Propagation Delay Time: 5 -
tplH, tpHl 
To Carry Out Line 10 -
To Decode Out Lines 

5 -
10 -

Min. Reset Pulse Width 5 -
tw 10 -

Min. Reset Removal 5 -
Time 10 -
• Measured with respect to carry out line. 

92(3-2744' 

Fig. 14 - No;SII immunity .'t circuit. 

LIMITS 

D,F,-K,H E 
Packages PackBflB UNITS 

Typ. Max. Min. 

350 1000 -

125 250 -
600 1700 -
250 500 -
100 300 -
50 150 -

300 900 
125 350 -
2.5 - 1 

5 - 2 

200 330 -
100 170 -
- 15 -
- 15 -

175 500 -
75 200 -
5 - -

350 1000 -
125 250 -
550 1400 -
240 500 -
200 330 -
100 165 -
300 750 -
100 225 -

Typ. 

350 

125 

600 
250 

100 

50 

:lOn 
125 

2.5 

5 

200 

100 

-
-

175 
75 

5 

360 

125 

550 

240 
200 

100 
300 

100 

Max. 

1300 
ns 

300 

2200 
700 

ns 

350 
ns 

200 

11?nn ns 
450 

-
MHz 

-
500 

ns 
250 

15 
15 

p.s 

700 
300 

ns 

- pF 

1300 
ns 

300 

1900 ns 
600 

500 ns 
250 
1000 ns 
275 

5, 52 5S 54 5S 

I 0 000 
I 0 I 0 0 

o 0 I 0 I 

o I I I I 

* 015CONN(Cf PIN 14 
FOR CD40HA 

UCI-''ON'" 

Fig. 15 - Qu;escsnt-device-curnmt test circuit. 

CD4026A, CD4033A Types 

I[NT T!IIIP!RATUR! IT A'- ZS-C 
PlCAI. TEMPERATUIIf CCEfflC:1EN 

500 FOR AL.L VALUES Of v -0.3"11o'·C 

~ 
-izoo 
,r 

" 

10 20 30 40 !l0 60 70 80 
LOAD CAPACITANCE ICLI- pF 

Fig. 11 - Typical transition time VI. CL fOf 

carry output. 

10 " 
SUPPLY VOI.T5 1'1001 

'2es-18Oa1 

Fig. 12 - Maximum input clock frsquency vs. 

VDD· 

Fig. 13 - Typical dissipation ch8l7lCtBristics. 

V~NPU(J' ... :,,;:.-::-
Vss TO BOTH Yoo AND Yss' 

CCNlECT ALL LWUSID 
...uTS TO EITHER 
VDDOftySS' 

Vss 

Fig. 16 - ·/nput-!eBkalJll-CUrrent trllt circuit. 
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CD4027 A Types 

CMOS Dual J-K Master-Slave Flip-Flop 

The RCA-CD4027A is a single monolithic 
chip integrated circuit containing two iden­
tical cO,mplementary-symmetrv J-K master­
slave flip-flops_ Each flip-flop has provisions 
for individual J, K, Set, Reset, and Clock in­
put signals. Buffered Q and a signals are 
provided as outputs. This input-output ar­
rangement provides for compatible opera­
tion with the RCA-CD4013A dual D-type 
flip-flop. 

The CD4027 A is useful in performing con­
trol, register, and toggle functions. logic 
levels present at the J and K inputs along 
with internal self-steering control the state 
of each flip-flop; changes in the flip-flop 
state are synchronous with the positive-going 

transition of the clock pulse_ Set and reset 
functions are independent of the clock and 
are initiated when a high level signal is pres­
ent at either the Set or Reset input_ 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE {Tstgl ....... _ . . . . . . . . . . • . . • . . . . .. -65 to +15o"C 
OPERATING-TEMPERATURE RANGE {TAl: 

PACKAGE TYPES 0, F, K, H .•.....•............. _ . . . . . . . . • . .. -55 to +125·C 
PACKAGE TYPE E .......••.••.... _ ...•.•..•.•... _ . . . . . . • -40 to +85·C 

DC SUPPLY-VOLTAGE RANGE, {VDDI 
(Voltages referenced to VSS Terminal): ....... _ ...•..•.• ' •.•..•... _ ..• -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE {POl: 
FOR T A = -40 to +60·C {PACKAGE TYPE' E'I ...•..•....• _ . . • . . . • • • . . 500 mW 
FOR TA = +60 to +85·C (PACKAGE TYPEi E I •.....• Derate Linearlvat 12 mWfC to 200 mW 

For T A = -55 to +100·C (PACKAGE TYPES D. F, KI ....................... _ ............... 500 mW 
For T A = +100 to +125·C (PACKAGE TYPES 0, F, KI ........ Derate Linearly at 12 mWI"C to 200 mW 

DEVICE DISSIPATION PER OUTPUTTRIINSISTOR 
FORTA = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) • . • . . . 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS ...•...•.••.•.....•.. _ .... -0.5 toVDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16. 1/32 Inch {1.59' 0.79mm) from case for lOs max •.. _ ..••.. _ .• _ +265"C 

RECOMMENDED OPERATING CONDITIONS at TA = 25' C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges. 

LIMITS 

CHARACTERISTIC VDD D,F,K,H E 

(VI PACKAGES PACKAGE 

MIN. MAX. MIN. MAX. 

Supply-Voltage Range (For TA = Full 
3 12 3 12 

Package-Temperature Rangel 

5 150 - 200 -
Data Setu p Ti me, ts 

10 50 75 - -

Clock Pulse Width, tw 
5 330 - 500 -

10 110 165 - -
Clock Input Frequency (Toggle 5 1.5 

dc 
1 

Model fCl 10 
de 

4.5 3 

Clock Rise or Fall Time, trCl,' tfCl 
5 - 15 - 15 

10 - 5 - 5 

Set or Reset Pulse Width. tw 
5 200 - 300 -

10 80 120 - -

UNITS 

V 

ns 

ns 

MHz 

IlS 

ns 

*If more than one unit is cascaded in a parallel clocked operation, t,cL should be made less than or equal to 
the sum of the fixed propagation delay time at 15 pF and the transition time of the output driving stage 
for the estimated capacitive load. 
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CD4027A 
FUNCTIONAL DIAGRAM 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (0 and F 
suffixesl. 16-lead dual-in-line plastic pack­
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

Features: 
• Set-Reset capability 
• Static flip·flop operation-retains state 

indefinitely with clock level either 
"high" or "low" 

• Medium-speed operation-l0 MHz (typ.) 
clock toggle rate at 10V 

• Quiescent current specified to 15 V 
• Maximum input leakage of 1 IlA at 15 V 

(full package·temperature range) 

• I-V noise margin (full package-tempera­
ture range) 

Applications 
• Registers, counters, control circuits 

AMBIENT TEMPERATURE ITA)" Z!5'C 
TYPICAL TEMPERATURE COEffICIENT 

30 FOR loo-o.3'I"'C 

ATE - TO- SOURCE VOLTS IVeS) " I 

i 15 

z ! 10 

DRAIN-TO-SOURCE 'VOlTS 1VOSl 
92CS-I7Ioo 

Fig. 1 - Typical n-channel drain characteristics. 



STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES 1°C) 
CONDITIONS D, F, K, H PAC!<AGES E PACKAGE 

CHARACTERISTICS 
Vo VIN VDD +25 +25 

-55 +125 -40 
IV) IV) IV) TYP. LIMIT TYP. LIMIT 

5 1 0.005 1 60 10 0.01 10 
Quiescent Device 

10 2 0.005 2 120 20 0.05 20 
Current. 1 L Max. 

15 25 0.5 25 1000 250 2.5 250 

Output Voltage: - 0.5 5 o Typ.; 0.05 Max 
Low Level, 

VOL - O.H 10 o Typ.; 0.05 Max 

High Level - 0.5 5 5 Typ.; 4.95 Min. 
VOH - O.H 10 10 Typ.; 9.95 Min. 

Noise Immunity: 
4.2 5 2.25 Typ.; 1.5 Min. 

Inputs Low. -
VNL 9 - 10 4.5 Typ.; 3 Min. 

Inputs High 0.8 - 5 2.25 Typ.; 1.5 Min. 
VNH 1 - 10 4.5 Typ.; 3 Min. 

Noise Margin: 
4.5 - 5 1 Min. 

Inputs Low, 
VNML 9 - 10 1 Min. 

Inputs High, 0.5 - 5 1 Min. 
VNMH 1 - 10 1 Min. 

Output Drive 
Current: 
N Channel 0.5 - 5 O.SE 1 0.5 0.35 0.35 1 0.3 
(Sink). 0.5 - 10 1.2E 2.5 1 0.75 0.72 2.5 0.6 

ION Min. 

P·Channel 4.5 - 5 -0.31 -0.5 -0.25 -0.17f -0.17 ·0.5 -0.14 
(Source): 

lOP Min. 9.5 - 10 -0.8 -1.3 -0.S5 -0.45 -0.4 -1.3 -0.33 

Input Leakage 
Current, Any 

IIL·IIH 
Input 

15 ±10-5 Typ .• ±1 Max. 
I 

orr r-------------------------------------------------
71~_+--------------------~--------------------------_t-----

· 6"''''''.....,.~ __ / 

· ",'V----<L_~ 

CL. CL 

+85 

140 

280 

2500 

0.24 
0.5 

-0.12 

-0.27 

UNITS 

"A 

V 

V 

V 

rnA 

"A 

1(151 
a 

2 (141 

1i 

• CLaCk """- T """- T 
PRESENT STATE NEXT STATE 

3(13)~ 

ADD 
*ALL I.:::I .. PROTECTED BY 

COS/MOS PROTECTION 
NETWORK 

Fig. 2 -Logic diagram & truth table for CD4027A 
lone of two identical J·K flip flops!. 

INPUTS ""'''' J k S . 0 , , 0 a , a a a 

, , a a , a , , a , 
LOGIC '-HIGHLEV[l. 
LOIIC C'lOW LEVEL 

X -OOJol'tCIolif 

CL OUTPUTS 

o .. , a 

L , a 

J 
J 0 , 
"- _HOCHANGE , a 

a I 

92CM·'718BR4 

CD4027 A Types 
DRAIN - TO - SOURCE VOlTS lYos' 

-15 -10 -5 

-10 i 

~ 
GATE-TO-SOURCEVOLTStVGS' __ '~ -20~ 

AMBIENT TEMPERATURE ITAI' 25"'C 

TYPiCAL TEMPERATURE COEFFICIENT FOR 10'-0.3 To I'C 

~'2.5 

Fig. 3 - Typical p-channel drain 
characteristics_ 

AMBIENT TEMPERATURE. (TAl - z,-c 
TYPICAL TEMPERATURE COEFFICIENT FOR 10--0.3'11./-C 

GATE - TO -SOURCE VOLTS IVOS)- I~ 

,av 

'-, 12.5 

DRAIN-lO-SOURCE VOLTS (VOS' 

Fig. 4 - Minimum n-channel drain 
characteristics. 

r------- -I~ -IZ.5 -10 -7.5 -~ -Z.5 

CERAMIC PACKAGES 
PLASTIC PACKAGES--- flU -~ 

-" 
GATE-TO-SOURCE VOLTS! 1--11 

AMBIENT TEMPERATUREITAI_Z5-C 
TYPICAL TEMPERATURE COEFFICIENT 
FDA I --0.3 'II./"'C 

-7.5 

DRAIN - TO - SOURCE VOLTS IVoS' 

Fig. 5 - Minimum p-channel drain 
characteristics_ 

,. 
" 

IOZ0304oiSOlD 10 '0 100 
LOAD CAPACITANCE (CL)-pF 

Fig. 6 - Typical propagation delay 
time vs. CL' 
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CD4027A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS 
at7A=25'C,lnputt"t,=20ns,CL = 15pF, RL=200kSl 

LIMITS 

CHARACTERISTIC D,F,K,H VDD 
,PACKAGES 

(V) 
MIN. 

Propagation Delay 
Time: Clock to a 5 
or Q Outputs 

tPHL. tPLH 
10 

Set to a or Reset to a, 5 
tpLH 10 

Set to a or Reset to 0, 5 

tpHl 10 

Transition Time 5 

tTHL. trlH 10 

Maximum Clock Input 5 

Frequency (Toggle 10 
ModelfCl 

Minimum Clock Pulse 5 
Width,tW 10 

Minimum Set or 5 
Reset Pulse Width, 10 
tw 

Minimum Data Setup 5 
Time, ts 10 

Clock Rise or Fall 5 
Time, t rCl- tfCl 10 

Average Input Any 
Capacitance, CI Input 

VDO.~UTO'· '-:" 
VNL 1 

NOTE 
TEST ANY ONl: INPUT, 'Iss 
WITH OTHER ItrrUT5 AT 

'loa ORVss 

Fig. 10 - Noiss immunity telt circuit. 

'--~ MEASURE INPUTS 
o ~ SEQUENTIALLY, 

-

-

-

-

-
-

-

1.5 

4.5 

-
-
-

-

-

-

-

-

-

Yeo !NPUOS VDO NOTE' 

"'ss TO allM YDO AND Yss· 
CONNECT ALL UNUSED 
"',"5 TO EITHER 
YDOOftYss· 

Vss 

TYP. MAX. 

200 400 

100 200 

175 225 

75 110 

175 225 

75 110 

75 125 

50 70 

3 -

8 -

165 330 

65 110 

125 200 

50 80 

70 150 

25 50 

- 15 

- 5 

5 -

E 
PACKAGE 

MIN. TYP. 

- 150 

- 75 

- 175 

- 75 

- 175 

- 75 

- 75 

- 50 

1 3 

3 8 

- 165 

- 65 

- 125 

- 50 

- 70 

- 25 

- -
- -

- 5 

vDO 
INPUTS 

.:.. 

UNITS 

MAX. 

400 
ns 

150 

350 

150 
ns 

350 

150 
ns 

250 

140 
ns 

-
MHz -

500 

165 ns 

300 

120 ns 

200 

75 
ns 

15 

5 
us 

- pF 

VDO 

Vss 

Fig. 11 -Input lesksge current test circuit. Fig. 12 - OUiBICtlnt devlCtl currsnt rest circuit. 
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Fig.7 - Typical transition time VI. CL. 

SUPPLY vot.TS IVDoI 

Fig.S - Typical maximum clock input frequency 

VI. supply voltage. 

102 2 .. SlK)31 ... 8'042 ... "051 .... 10. 1 .... 

CLOCK FREQUENCY (tCLJ-Hz 9I:CS-,.OS6 

Fig.9 - Typicsl dissipation chsrscterinics. 

50 pF 

~50PF 
16 

(5°i 2 15 

1 
3 14 
4 13 50 PF1 = 

12 
6 II 

7 10 

8 9 

92CS-36061 

Fig. 13-Dynamic power dissipation test 
circuit. 



CMOS 
BCD-Io-Decimal Decoder 
The RCA-C04028A types are BCO-to-
decimal or binary-to-octal decoders consist­
ing of pulse-shaping circuits on all 4 inputs, 
decoding-logic gates, and 10 output buffers_ 
A BCD code applied to the four inputs, A to 
0, results in a high level at the selected one 
of 10 decimal decoded outputs_ Similarly, a 
3-bit binary code applied to inputs A 
through C is decoded in octal code at output 

o through 7 to go low_ If unused, the 0 
input must be connected to VSS_ High drive 
capability is provided at all outputs to en­
hance dc and dynamic performance in high 
fan-out applications_ 

These types are supplied in IS-lead hermetic 
dual-in-line ceramic packages (0 and F 
suffixes), IS-lead dual-in-line plastic pack­
age (E suffix), IS-lead ceramic flat package 
(K suffix), and in chip form (H suffix)_ o to 7_ A high-level signal at the 0 input 

inhibits octal decoding and causes outputs 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tstgl ___ ........ _ ........ _ .... _. -as 10 +150'C 
OPERATING-TEMPERATURE RANGE (TAl: 

PACKAGE TYPES D, F •. K •. H ....•..•....•.. _ .....•..... _ . •. --OS 10 +125'C 
PACKAGE TYPE E -4010 +85'C 

DC SUPPLY-VOLTAGE RANGE, (VDD) 
(Vollagesreferenc,s 10 VSS Terminal) ....... _ ..... _ ........ _ .. _ .... -0.5 10 +15 V 

POWER DISSIPATION PER PACKAGE (PDI: 
FOR TA =-40 to +60'C (PACKAGE TYPE E) _. _ ........ _. _ .•.....•.. _ 500mW 

FOR T A = +60 10 +85'C (PACKAGE TYPE E I Derate Linearly al 12 mW/'C 10 200 mW 
For T A = -55 to +100'C (PACKAGE TYPES D. F, K) . . . . ....... ___ . . . . .. 500 mW 
For T A = +100 to +125'C (PACKAGE TYPES 0, F, K). . .. Derate Linearly at 12 mW/'C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) _ ..... _ 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS .... _ ..... _ ......... ' ..... -0.5 to VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 105 max. . . . . • . . . . . . . .. +265'C 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTE R ISTIC 

Supply-Voltage Range (For T A=Full 
Package-Temperature Range) 

~ GATE -TO-sOURCE YOLTS IVasl." 

: 20 

i 

. 
o !5 10 IS 2. 

DRA'N-TO-SOURCE VOLTS 111001 

Fig_ 1 - Typical output n-channel drain 
characteristics. 

VDD 
(VI 

LIMITS 

D,F,K,H E UNITS 
PACKAGES PACKAGE 

MIN_ MAX_ MIN. MAX_ 

3 12 3 12 V 

DRAIN-lO-SOURCiE VOlTS1VOSI 

-20 -IS -~ -s 
~~:I~EA~l T~~~!:~~~:lcIOT::;~C~;;T ::: s 
FOR ALL VALUES 0' ""GS' -0 ''Io'*( 

-lD 

.aC'-I'Olllll 

'Fig. 2 - Typical output p-chsnnel drain 
characteristics. 

CD4028A Types 

YDD 
" , 

~
.U"'.'D o OCTAL 

'4 DECOO£O 

; Z ~J~1S 
, " 
4 ~ BU"ERED 
S DEC ..... \. 
, 7 DECDDED 

; : ~ci~J~ 
•• 

b~~~;~' .. 
" . 

BCD 
t~PUT5 t2 C 

" D 

Features: 
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CD4028A 
FUNCTIONAL DIAGRAM 

• BCD-to-decimal decoding or binary-to-octal 
decoding 

• High decoded output drive capability. __ 
•• _ 8 rnA !typ.) sink or source 

• "Positive logic" inputs and outputs •• _ 
.• _ decoded outputs go high on selection 

• Medium-speed operation _ •• 
___ tTHL. tTLH = 30 ns (typ.) @ VDD = 10 V 

• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 pA 

at 15 V (full package-temperature range) 
• 1-V noise margin (full package-temper­

ature range) 

Applications: 

• Code conversion 
• Address decoding-memory selection 

control 

• Indicator-tube decoder 

"Fig. 3 - Typical propagation de/ay time 
.s. CL_ 
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12* 
00--+--\ 

~_ "00 *AU. INPUTS ARE 
PROTECTED BY 
CDS/MOS PROTECTION 
NETWORK 

Vss 

" , 
I 

• 

• 
/O--.~--v8 

L-~======t=r--{>--4>---O'9 

Fig. 4 - Logic diagram. 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (DCI 
CONDITIONS 

D, F, K, H PACKAGES I E PACKAGE UNITS 

CHARACTERISTIC +25 +25 
Vo VIN VDD -55 125 -40 +85 
(VI (VI (Vi TYP. LIMIT TYP. LIMIT 

- - 5 5 0.5 5 300 50 5 50 700 
Quiescent Device 

Current. I L M ... - - 10 10 1 10 600 100 10 100 1400 IlA 

- - 15 50 1 50 2000 500 10 500 5000 

Output Voltage: - 5 5 o Typ.;·0.05 Max. 
Low·Level, 
VOL - 10 10 o Typ.; 0.05 Max. 

V 
High Level - 0 5 4.95 Min.; 5 Typ. 

VOH - 0 10 9.95 Min.; 10 Typ. 

Noi .. lmmunity: 4.2 - 5 1.5 Min.; 2.25 Typ. 
Inputs Low. 
VNL 9 - 10 3 Min.:4.6 Typ. 

V 
Inputs High 0.8 - 5 1.5 Min.; 2.25 Typ. 

VNH 1 - 10 3 Min.;4.5 Typ. 

Noi .. Margin: 4.5 - 5 1 Min. 
Inputs Low. 

9 VNML - 10 1 Min. 
V 

Inputs High. 0.5 - 5 1 Min. 

VNMH 1 - 10 1 Min. 

Output Drive 
Current 
N-Channel 
(Sinkl. 0.5 - 5 0.75 1.2 0.6 0.45 0.35 1.2 0.3 0.25 

ION Min. 0.5 - 10 1.5 2.4 1.2 0.9 0.7 2.4 0.6 0.5 

P·Channel \-0.22 
mA 

4.5 - 5 -0.7 -0.9 -0.45 -0.32 -0.32 -0.9 -0.18 
(Sourcel. 
IDPMin. 9 - 10 -1.4 -1.9 -0.95 -0.65 -0.65 -1.9 -0.48 -0.4 

I nput Leakage 

Tlnr Current, - - 15 ±10-' Typ .• ±1 Max. IlA 
IIL.IIH 
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TABLE I - TRUTH TABLE 

DCBA o 1 2 3 4 5 6 7 8 9 

o 0 0 0 1 o 0 0 0 0 o 0 0 0 
o 0 0 1 0 1 o 0 0 0 0 o 0 0 
o 0 1 0 o 0 1 o 0 0 0 o 0 0 
o 0 1 1 0 o 0 1 o 0 0 0 0 0 
o 1 0 0 0 000100 o 0 0 
0 1 o 1 0 0 0 o 0 1 0 o 0 0 
0 1 1 0 o 0 0 0 o 0 1 0 o 0 
0 111 0 o 0 0 0 0 0 1 0 0 
1 0 0 0 0 o 0 0 0 0 0 0 1 0 
1 0 0 1 0 o 0 0 0 0 0 0 0 1 

1 o 1 o 0 0 o 0 0 0 0 0 1 0 
1 o 1 1 0 0 o 0 o 0 0 0 0 1 
1 1 0 o 0 0 o 0 o 0 0 0 1 0 
1 1 o 1 o 0 0 o 0 0 0 o 0 1 
1 1 1 o 0 0 0 o 0 0 0 o 1 0 
1 1 1 1 0 0 0 o 0 0 0 o 0 1 

* WHERE I • HIGH LEVEL 
O· LOW LEVEL 

** EXTRAORDINARY 
STATES 

,0 

* 

** 

~ 100 

i 

1040.0.0100110140110 
UW) CANCIT"HCIIC"I-" 

Fig. 5 - Typical transition time vs. CL. 

SUPPLY VOLTSCVDDI 

Fig. 6 - Maximum propagation delay time .... 

VDD· 

10'; "'OO'IOV 

,.' rD' 10" 
FREQUENCY Ill-HI 

Fig. 7 - Dissipation VI. input frequency. 



DYNAMIC ELECTRICAL CHARACTERISTICS 
at TA = 2ff1C, Input tr, tf= 20ns, CL = 15pF, RL = 200kfl. 

CHARACTER ISTIC 

Propagation Delay 
Time; 
tPLH, tPHL 

Transition Time; 

trHL. trLH 

Average Input 
Capacitance, CI 

INPUTS 

LIMITS 
TEST 

CONDITIONS O,F,K,H E UNITS 
r--- PACKAGES PACKAGE 

VDO 
(VI MIN. 

5 -
10 -
5 -

10 -
Any Input -

1/6 CD40698 

TYP. MAX. MIN. TYP. MAX. 

250 480 - 250 700 
ns 

100 180 - 100 290 

60 150 - 60 300 
ns 

30 75 - 30 150 

5 - - 5 - pF 

The circuit shown in Fig. 9 converts any 4· 
bit code to a decimal or hexadecimal code. 
Table 2 shows a number of codes and the 
decimal or hexadecimal number in these 
codes which must be applied to the input 
terminals of the CD4028A to select a partie· 
ular output. For example: in order to get a 
high on output No. 8 the input must be 
either an 8 expressed in 4-Bit Binary code, a 
15 expressed in 4-BitGray code, or a 5 ex­
pressed in Excess-3 code. 

Fig. 8 - Code conl(8rsion circuit. 

TABLE II - CODE CONVERSION CHART 

INPUT CODES 

Hexa_ Decimal 
Decimal 

INPUTS M ":' OUTPUT NUMBER >- <h '" a: f->- '" ~~ z~ f-« w 
~r:. -z -« u 

DeB A ""- ""a: X xa: <~ 0 1 2 345 6 7 89101112131415 .... <Xl .... Cl w wCl 

000 0 0 0 0 o 1 o 0 0 0 0 0 0 o 0 000 000 

000 1 1 1 1 1 0 1 o 0 0 0 0 0 o 0 000 000 

0 0 1 0 2 3 0 2 2 o 0 1 0 0 0 0 0 o 0 0 o 0 0 0 0 

o 0 1 1 3 2 0 3 3 000 1 000 0 0 0 000 0 o 0 

0 1 0 0 4 7 1 4 4 0 0 o 0 1 o 0 0 0 o 0 0 000 0 

0 1 0 1 5 6 2 300 o 0 0 1 0 0 0 o 0 0 o 0 o 0 

0 1 1 0 6 4 3 1 4 o 0 o 0 0 0 1 0 0 0 000 000 

0 1 1 1 7 5 4 2 0 0 0 0 0 0 0 1 o 0 0 000 o 0 

1 0 0 0 8 15 5 0 0 0 o 0 o 0 o 1 0 0 0 0 0 0 0 

1 o 0 1 9 14 6 5 0 o 0 o 0 0 0 0 0 1 0 0 o 0 o 0 

1 0 1 0 10 12 7 9 6 0 o 0 o 0 0 0 0 0 0 1 0 o 0 o 0 
1 0 1 1 11 13 8 5 0 o 0 000 0 0 0 0 0 1 0 0 o 0 

1 1 0 0 12 8 9 5 6 0 o 0 o 0 0 0 0 0 0 0 010 0 0 

1 1 0 1 13 9 6 7 7 0 0 0 o 0 0 0 000 0 001 o 0 

1 1 1 0 14 11 8 8 8 o 0 000 000 0 0 0 o 0 0 1 0 

1 1'1 1 15 10 7 9 9 o 0 0 0 0 0 0 0 0 0 o 000 o 1 

CD4028A Types 

VT 

S9} o • 
7 

BCD C 6 

-.{ .~. 1 

• (Trademark) Burroughs Corp. 92tS ·17i!9~FI' 

VOO-VNH 

LAk ... wllh v_nor (UIOt! So 0 OSmA 

VIIAICIEO ~ 10Y 

Fig. 9 - Neon readout (Nixie Tub.") 
display application. 

VDO . 
VSS 

VDO 

INPUTS 

Vss 

Fig. 10 - Quiescent·dev;ce-current 
test circuit. 

'- ~ o _ 

vN!.. -=-

Non 

INPUTOVDO OUTPuTS 

\Iss TEST ANY COMaINATI"" 
Of INPUTS 

9ZCS-l 1"4' 

Fig. 11 - Noise-immunity test circuit. 

~ MEASURE INPUTS 

o ~ SEOUEN"ALLV. 

Voo 1NPUOS VDO NOTE 

Vss TO BOTH Voo AND Yss· 
CONNECT ALL UNUSED 
INPU1'S TO EITHER 
liDO OR Vss 

V.S 

Fig. 12 - Input-leakage-current test circuit. 
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CD4029A Types 

CMOS Presettable Up/Down Counter 
Binary or BCD-Decade 

The R CA-CD4029A consists of a four-stage 
binary or BCD-decade up/down counter with 
provisions for look-ahead carry in both 
counting modes. The inputs consist of a 
single CLOCK, CARRY-IN (CLOCK INHI­
BIT), BINARY/DECADE, UP/DOWN, PRE­
SET ENABLE, and four individual JAM sig­
nals and a CAR RY OUT signal are provided 
as outputs. 

A high PRESET ENABLE signal allows 
information on the JAM INPUTS to preset 
the counter to any state'asynchronously with 
the clock. A Iowan each JAM line, when the 
PRESET-ENABLE signal is high, resets the 
counter to its zero count. The counter is 
advanced one count at the positive transition 
of the clock when the CARRY-IN and PRE­
SET ENABLE signals are low. Advancement 
is inhibited when the CARRY-IN or PRESET 
ENABLE signals are high. The CARRY-OUT 
signal is normally high and goes low when 
the counter reaches its maximum count in 
the UP mode or the minimum count in the 
DOWN mode provided the CARRY-IN sig­
nal is low. The CARRY·IN signal in the high 
state can thus be considered a CLOCK 
INHIBIT. The CARRY-IN terminal must be 
connected to VSS when not in use. 

. Binary counting is accomplished when the 
BINARy/DECADE input ishigh;the counter 
counts in the decade mode '.'Vhen the BI­
NARY /DECADE input is low. The counter 
counts Up when the UP/DOWN INPUT is 
high, and Down when the UP/DOWN INPUT 

Features: 
• Medium speed operation ••• 5 MHz (typ.) 

@ Cl =15 pF and VDD-VSS=10 V 
• Multi·package parallel clocking for synchronous 

high speed output response or ripple clocking 
for slow clock input rise and fall times 

• "Preset Enable" and individual "Jam" irlputs provided 
• Binary or decade up/down counting 
• BCD outputs in decade mode 

• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 IJ.A 

at 15 V (full package-temperature range) 
• 1·V noise margin (full package­

temperature range) 

Applications: 
• Programmable binary and decade 

counting/frequency synthesizers·BCD output 
• Analog to digital and'digital to 

analog conversion 
• Up/Down binary counting 
• Magnitude and sign generation 
• Up/Down decade counting 
• Difference counting 

is low. Multiple packages can be connected 
in either a parallel-clocking or a ripple· 
clocking arrangement. 

Parallel clocking provides synchronous con­
trol and hence faster response from all 
counting outputs. Ripple·clocking allows for 
longer clock input rise' and fall times. 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack­
age (E suffix). 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

RECOMMENDED OPERATING CONDITIONS at TA=250 C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so 
that operation is always within the following ranges: 

LIMITS 

CHARACTERISTIC D,F,K,H E 
VOO Packages Package 

(V) Min. Max. Min. Max. 

Supply-Voltage Range (For T A=Full 
3 12 3 12 

Package· Temperature Range) 

Setup Time, tS' 
5 650 - 1300 -

10 230 460 - -

Clock Pulse Width. tw 
5 340 - 500 -

10 170 250 - -

Clock Input Frequency. fCl 
5 dc 1.5 dc 1 
10 dc 3 de 2 

Clock Rise or Fall Time, trCl.tfCl·· 
5 - 15 - 15 
10 - 15 - 15 

Preset Enable Pulse Width, tw 
5 330 ,- 660 -

10 160 320 - -

-From Up/Down, Binary/Decode, Carry In, or Preset Enable Control Inputs to Clock Edge. 
*·If more than one unit is cascaded in the parallel clocked application, trCL should he made 

less than or equal to the sum of the fixed propagation delay at ,15 pF and the transition 
time of the carry output drivmg stage for the estimated capacitive load. 
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UNITS 

V 

ns 

ns 

MHz 

IJ.s 

ns 

PRESET 
ENABLE 

CARRY IN 
(CLOCK 
INHIBIT) 5 

BINARY I 
DECADE 

UP/DOWN 10 

CLOCK 15 

~ 
, is 

Vss 
92CS·I7'190R2 

CD4029A 
Functional Diagram 

Fig. 1- Typical propagation delay time vs. 
CL for Q outputs. 

LOAD CAPACITANCE ICLI-~ 

Fig. 2- Typical propagation delay time vs. 
CL for carry output. 

LOAD CAPACITANCE tCL t - pF 

Fig. 3-· Typical transition time vs. CL 
for Q outputs. 
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MAXIMUM RATINGS. Absolute·Maximum Values: 

STORAGE·TEMPERATURE RANGE (T"g) ................................... . 
OPERATING·TEMPERATURE RANGE (T A): 

PACKAGE TYPES 0, F, K, H ............................................ . 
PACKAGE TYPE E ................................................. . 

DC SUPPLY·VOLTAGE RANGE, (VDD) 

·-55 to ; 125°C 
·-40 to +85 0 C 

IVoltages referenced to VSS Terminal! ...................................... --0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (P D): 
FOR TA=-40 to +600 C (PACKAGE TYPE E) ............... ............. 500 mW 
FOR TA=+60 to +85 0 C (PACKAGE TYPE E) .......... Derate Linearly at 12 mW/oC to 200 mW 

For T A = -55 to +100'C (PACKAGE TYPES 0, F, K) ........................................ 500 mW 
For T A = +100 to +l25'C (PACKAGE TYPES 0, F, K) ........ Derate Linearly at 12 mW/'C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR: 
FOR TA=FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TyPES).......... 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS ................................ . 0.5 to VDD '0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch 11.59 ± 0.79 mm) from case for 10 s max. ............... t2650C 

DVNAMIC ELECTRICAL CHARACTERISTICS at T A=250 C. Input t,.ft=20 ns. 

CL =15 pF. RL =200 k!2 

CHARACTERISTIC 
TEST LIMITS 

CONDITIONS D,F,K,H E 

~ Packages Package 
(VI Min.' Typ. Max.'Min.' Typ. Max. 

Clocked Operation 
Propagation Delay Time: 

tpHL. tpLH 5 - 325 650 - 325 1300 
Q Outputs 10 - 115 230 - 115 460 

5 425 850 425 1700 
Carry Output 

- -
10 - 150 300 - 150 600 

Transition Time: 

tTHL. tTLH 5 - 100 200 - 100 400 
Q Outputs 10 - 50 100 - 50 200 

5 200 400 200 800 
Carry Output 

- -
10 - 100 200 - 100 400 

Minimum Clock Pulse 5 - 200 340 - 200 500 

Width, tw 10 - 100 170 - 100 250 

Clock Rise & Fall Time, 5 - - 15 - - 15 

trCL. tfCL" 10 - - 15 - - 15 

Minimum Setup Times, 5 - 325 650 - 325 1300 

tS' 10 - 115 230 - 115 460 

Maximum Clock Input 5 1.5 2.5 - 1 2.5 -
Frequency. fCL 10 3 5 - 2 5 -

Input Capacitance, CI Any Input - 5 - - 5 -
Preset Enable 
Propagation Delay Time: 

tpHL. tPLH 5 - 325 650 - 325 1300 
Q Outputs 10 - 115 230 - 115 460 

5 425 850 425 1700 
Carry Output 

- -

10 - 150 300 - 150 600 
Minimum Preset Enable 5 - 115 330 - 115 660 

Pulse Width. tw 10 - 80 160 - 80 320 

Minimum Preset Enable 5 - 325 650 - 325 1300 
Removal Time 10 - 115 230 - 115 460 

Carry Input 
Propagation Delay Time: 

tpHL. tpLH 5 - 175 350 - 175 700 

Carry Output 10 - 50 100 - 50 200 

For footnotes, see Recommended Operating Conditions. 

UNITS 

ns 

ns 

ns 

I1S 

ns 

MHz 

pF 

ns 

ns 

ns 

ns 

CD4029A Types 

Fig. 4-Typical transition time VS. CL 
for carlY output. 

Fig. 5- ~ax;mum clock input frequency 

vs. VDD-

"DO 
"DO 

INPUTS 

Fig. 6 - Ouiescent-device-current 
test circuit. 

"~~~O'" -; 
NOTE: 

TEST ANY ON[ INPUT. Yss 
WITH 01'H[R INPUTS AT 

Voo ORVss· 

Fig. 7- Noise-immunity test circuit. 

V~ 
INPUO' "co 

"ss 
NOTE: 

M[ASURE INPUTS 
SEQUENTlAl.l.Y. Vss 
TO BOTH VDD AND Vss· 
CONNECT ALL UNUSED 
I~S 10 EITHER 
VDD OR Vss· 

Fig. 8- Input.Jeakage-current rest circuit. 
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CD4029A Types 

STATIC ELECTRICAL CHARACTERISTICS 

Limits .t Indic.ted Temperatures (OCI 
Conditions 

Ch.r.cteristicl-:-:,--,..-,,:--r:-:---+ _ __.-D.;...-",;... _K,;..' H--::-:P_B_C_k...;B9:;.9_S_=-t-_=,...:Ec-_P.,.",,=kage-=-_r-=:-i Unit. 
Vo VIN VOO -55 +25 +125 -40 +25 +85 

Quiescent 
Device 

Current, 
IL Max. 

Output 
Voltage: 

(VI (VI (VI 

5 
10 
15 

5 
10 
50 

Typ. Limit 

0.3 5 300 50 
0.5 10 600 100 

50 2000 500 

Low-Level, - 5 5 0 Typ.; 0.05 Max. 
VOL - 10 10 0 Typ.; O;OS Max. 

Typ. Limit 

0.5 50 700 
100 1400 

5 500 sooo 

High·Level. 1--_+-.;;0:-+-~S;;-j:-_______ ..,;.4~.9;:S:.;M;:.::in~.,-;; ;:;S.-:T~y:!:p:-. ________ ., 
VOH - 0 10 9.95 Min.; 10 Typ. 

Noise 
Immunity: 

InputsLow.~4..:.;2~_-_~~5~ ________ ..:1~.S~M~in..:.~;~2~.2~S=T..:y~p~.,-_______ , 
VNL 9 - 10 3 Min.; 4.S Typ. 

InputsHigh,~0~.~8~_-~~~S~ ________ ...;I~.S~M~i~n~.;~2~.2~5~T~Y~p,;... _______ ~ 
VNH 1 - 10 3 Min.; 4.5 Typ. 

Noise 

Margin: 
InputsLow.~..:4~.S~_-_~~5~ ___________ ~lMii..:n..:. __________ , 
VNML 9 - 10 1 Min. 

Inputs High. f-"0:::-.5~_-_~~S~ __________ --:-17Mii..:n..:. __________ , 
VNMH 1 - 10 1 Min. 

Output 
Drive Cur­
rent: 
N·Channel 
(Sink). ION 
Min. 

Q Outputs 

Carry Out· 
put 

P·Channel 
(Source). 
lOP Min. 

QOutputs 

Carry Out· 

put 

0.5 5 
0.5 10 
0.5 5 
0.5 10 

4.5 5 
9.5 10 
4.5 5 
9.5 - 10 

0.5 0.8 0.4 0.28 
0.74 1.2 0.6 0.42 
0.1 0.16 0.08 0.06 
0.4 0.64 0.32 0.22 

-0.18 -0.24 -0.12 -0.08 
-0.3 -0.4 -0.2 -0.14 

-0.09 -0.12 -0.06 -0.04 

-0.15 -0.2 -0.1 -0.07 

0.24 0.8 0.2 0.16 
0.36 1.2 0.3 0.24 
0.05 0.16 0.04 0.03 
0.19 0.64 0.16 0.13 

-0.07 -0.24 -0.06 -0.05 
-0.14 0.4 0.1 0.08 
-0.04 -0.12 -0.03 -0.02 

-0.07 -0.2 -0.05 -0.04 
Input 

Leakage 
Current. 

IIL.IIH 

- - 15 
An IY Inpult 

±10-5 Typ .. ±1 Max. 

"* BINARYI 
DECAOE r-.. . I"-

4 J, 

p.A 

V 

V 

V 

rnA 

p.A 

, I. 

I 10 102 10' 
INPUT CLOCK FREQUENCY UCL!- ~HI 

Fig. 9- Typical dissipation characteristics. 

"ClDCK up" ---~ 1j"~Mrl------+-"" I I "UP/DOWN" 

"ClDCK DOWN··.. I I 
---r: I 

vss·e 

I I CD401lA I 
L ~A'::.I~T~N~A~-.J 92CS-17'95AI 

Fig. to-Conversion 01 clock up, clock down 
input signals to clock and up/down 
input signals. 

The CD4029A CLOCK and UP/DOWN inputs 
are used directly in most applications. In 
applications where CLOCK UP and CLOCK 
DOWN inputs are provided. conversion to 
the CD4029A CLOCK and UP/DOWN inputs 
can easily be realized by use of the circuit 
shown below. 

CD4029A changes count on positive transi· 
tions of CLOCK UP or CLOCK DOWN 
inputs. For the gate configuration shown 
below. when counting up the CLOCK DOWN 
input must be maintained high and conversely 
when counting down the CLOCK UP input 
must be maintained high. 

~ 
CLOCKTEPEJ 

::-:-~PE J X X 0 0 

CL.1 TE 0.,, ~ Q Q 

l.-t-:Co+-HIc~*~ NC 

-cr x Q ONe 

Q • 

NC-NOCHANGE TE-TOGGLE ENABlE 

o • 
o 0 , 

CL TE Q x • Q 

I 0 
9 * v v 

PRESET 
ENABLE 

r-______ ~.._t~~===j::;===,------hVDD=16 
'---"-l 

fi'J 

• I X 0 Q Ne 

Q Q Ne 

• TRUTM TABLE FOR F-F No I •• TRUTH TABLE FOR F-F 5 2,3,4 

Fig. II-Logic diagram. 
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CMOS 
Quad Exclusive-OR Gate 
The RCA-CD4030A types consist of four in­
dependent Exclusive-OR gates integrated on 
a single monolithic silicon chip_ Each Ex­
clusive-OR gate consists of four n-channel and 
four p-channel enhancement-type transistors_ 
All inputs and outputs are protected against 
electrostatic effects_ 

These types are supplied in 14-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes). 14-lead dual-in-line plastic pack­
age (Esuffix). 14-lead ceramic flat package 
(K suffix). and in chip form (H suffix)_ 

MAXIMUM RATINGS, Absolute-Maximum Values 
STORAGE TEMPERATURE RANGE (Tstg) ____ .. _ ................. _ ....... __ .. _ ... -65to +150·C 
OPERATING TEMPERATURE RANGE (T A) 

PACKAGE TYPES D. F. K. H _ ••.••..••.••••••. _ •••••.•.•••..• _. _._ .• _ .•• _ ...... -55 to +125·C 
PACKAGE TYPE E ......... _ ............... _ ........ _ ....... _ ... __ ._ ... _. ___ ._ - 40 to +85·C 

DC SUPPLY VOLTAGE RANGE (VOO) 
(Voltages referenced to VSS Terminal ............... _ ....... _ ................ _ .... -0.5 to +15V 

POWER DISSIPATION PER PACKAGE (PO) 
FOR TA = -40 to+60'C (PACKAGE TYPE E) ......... _. _._ ........ _ ... _ ..... _._ ....... _.500 mW 
FOR T A = +60 to +85'C (PACKAGE TYPE E) ......... _. _. _ Derate Linearly at 12 mW'/C to 200 mW 
FOR TA = -55 to+l00·C (PACKAGE TYPES O. F. K) . _ .... _. _._ ... _ ... _ ..... _. ___ ....... 500 mW 
FOR T A = +100 to +125'C (PACKAGE TYPES D. F. K) ... _. Derate Linearly at 12 mW/·C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE TEMPERATURE RANGE (ALL PACKAGE TYPES) . _. ___ . _. _. _ 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS ........ __ ..... _. _ .............. _ ... _. _. -0.5 to VDO +0.5 
LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 inch (159 ± 0.79 mm) from case for lOs max .... _. _. _. _ .... _ ....... +265'C 

RECOMMENDED OPERATING CONDITIONS at TA = 250 C. 
For maximum reliability, nominal operating conditions should be selecteel so that 
operation is always within the following ranges: 

LIMITS 

E D.F,K.H 
CHARACTERISTIC Packages Package UNITS 

Min_ Max. 

Supply Voltage Range (For T A = Full 
Package Temperature Range) 3 12 

* ALL INPUTS ARE 
PROTECTEO BY 
COS/MOS PROTECTION 
NETWORK 

f=i00 

tss 
TRUTH TABLE FOR ONE OF 
FOUR IDENTICAL GATES 

A B J 
a 0 0 
1 0 1 
0 1 1 
1 1 0 

WHERE "I" = HIGH LEVEL 
"0" = LOW LEVEL 

* 
1(6 .•. ,,) 
8 O,E,H 

ALL P-CHANNEL SUBSTRATES 
ARE INTERNALLY CONNECTED TO VOO 
ALL N- CHANNEL SUBSTRATES 
ARE INTERNAllY CONNECTED TO Vss 

Min_ Max. 

3 12 

Fig. 1 - Schematic diagram for 1 of 4 identical exclusive-OR gates. 

V 

For quiscent device current, noise immunity. and input leakage current test circuits see "Rating and 
Characlerislics" al the beginning of the CMOS section. 
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FUNCTIONAL DIAGRAM 

Features: 

• Medium speed operation_ 

- - -tPHL = tPLH = 40 ns (tyP.) @ CL = 15 pF 
and VDD-VSS = 10 V 

• Low output impedance __ _ 

- - _500.n (typ_) @ VDD-VSS = 10 V 
• Quiescent current specified to 15 V 

• Maximum input leakage current of 1 I1A 
at 15 V (Full package-temperature range) 

• 1-V noise margin (full package-temper­
ature range) 

Applications: 
• Even and odd-parity generators 

and checkers 

• Logical comparators 
• Adderslsubtractors 

• General logic functions 

A.,BIENT TEIiPERATUREITA'oU-C 
TYPICAL TEMPERATURE COEFFICIENT 

30 FOR I 0-0.3 "",oC 

~ GATE-TO-SOURCE VOLTSevGS'o,' 

~ 
~20 
~ 
3 
i 
z ! 10 

• • 5 10 15 
CRAIN-TO-SOURCE VOLTS IVCS' 

Fig.2 - Typical output n-channel 
drain characteristics. 

CRAIN-TO-SOURCE VOLTSIVDS' 
-15 -10 -5 

-'0 
ATE-rO.;WURCE VOLTStVGS,0.15V 

AMBIENT TEMPERATURE e TAlol5-C 
TYPICAL TEMPERATURE COEFFICIENT 
fOR ALL VALUES OF VCCo·03%I·C 

Fig.3 - Typical output p-channel 
drain characteristics. 

2. 

• . 
-IO~ 

i 

-30 
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CD4030A Types 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
Limit. at Indicated Temperature. (OC) 

Characteristic 
D,. F, K, H Packages E Package 

Vo VIN VDD -55 +25 +125 -40 +25 
(V) (V) (V) Typ. Limit Typ. Limit 

Quiescent Device - - 5 0.5 0.005 0.5 30 5 0.05 5 

Current I L Max. - - 10 1 0.01 1 60 10 0.1 10 
- - 15 25 0.5 25 1000 250 2.5 250 

Output Voltage: - 5 5 o Typ.; 0.05 Max. 
Low Level. 

10 10 o Typ.; 0.05 Max. 
VOL 

High Level - 0 5 4.95 Min.; 5 Typ. 
VOH 0 10 9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low, 3.6 - 5 1.5 Min.; 2.25 Typ. 
VNL 7.2 10 3 Min.; 4.5 Typ. 
Inputs High 1.4 5 1.5 Min.; 2.25 Typ. 
VNH 2.8 - 10 3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low, 4.5 - 5 1 Min. 
VNML 9 - 10 1 Min. 
Inputs High, 0.5 - 5 1 Min. 
VNMH 1 - 10 1 Min. 

Output Drive 
Current: 
N Channel 
(Sink) 0.5 - 5 0.75 1.2 0.6 0.45 0.35 1.2 0.3 
ION Min. 0.5 10 1.5 2.4 1.2 0.9 0.7 2.4 0.6 

PChannel 
(Source): 4.5 - 5 -0.45 -0.6 -0.3 -0.21 -0.21 -0.6 -0.15 
lOP Min. 9.5 - 10 0.95 1.3 0.65 0.45 -0.45 -1.3 -0.32 

I nput Leakage :r ~nrl5 Current 

IIL,IIH ± 10-5 Typ., ± 1 Max. 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input t r• tf = 20 ns. 
CL = 1SpF, RL =200kH 

LIMITS 

Characteristic Test Conditions D,F,K,H E 

'VOD Packages Package 

(V) Min. Typ. Max. Min. Typ. Max. 

Propagation Delay 
5 - 100 200 - 100 300 

Time: 
10 40 100 40 150 

tPLH, tPHL 
- -

Transition Time: 

High·to·Low 
5 - 70 150 - 70 300 

Level, tTHL 
10 - 25 75 - 25 150 

Low·to·H igh 5 - 80 150 - 80 300 

Level, ITLH 10 - 30 75 - 30 150 

Average Input 

Capacitance, CI Any Input - 5 - - 5 -

542 

Units 
+85 

70 
140 /lA 

2500 

V 

V 

V 

0.25 
0.5 

mA 

-0.12 
-0.25 

IJA 

Units 

ns 

ns 

pF 

1200 

---:~ :::: ::;: :::: ,. 
Is~~g ~~;~ 

·:l iE~ 
• .. t· 

20 40 10 80 100 120 140 160 
LOAO CAPACITANCE lell - pF 

Fig.4 - Typical propagarion~elay 
rime vs. load capacitance. 

:;1 t::1AMI'UlT TEMP£RATUREITAloUOC 
r!: :LOIO CAPACITANCE ICL'. 1'&lF 

"" ....... . .... . .......... . 
!: :ii: ;::: .... :::: :::i 

il 'N .... ... , .... .... 
X" ri.n~ .... .... .. . .. .... .... . ... 

Fig.5 - Maximum propagation-delay 
time vs. supply voltage. 

i 1'03 t I i"~ I 

INPUTFIiIEQUENCY(fj!-H. 

Fig. 6 - Typical dynamic power dis­
sipation characteristics. 

fHHH8ii-!T!it!t::b.-:-:+ 

.... 

~ ,ooH,fH~~~~~~~~" 

~ rrtttffi:l~~f?17:¥*#~± 

Fig.7 - Typical transition time 
VS. load capacitance. 



CMOS 64-Stage Static Shift Register 
The RCA·CD4031A is a 64·stage static shift 
register in which each stage is a D·type, 
master·slave flip·flop. 

The logic level present at the DATA input is 
transferred into the first stage and shifted 
one stage at each positive·going clock transi· 
tion. Maximum clock frequencies up to 
4 Megahertz (typical) can be obtained. Be· 
cause fully static operation is allowed, 
information can be permanently stored with 
the clock line in either the low or high state. 
The CD4031A has a MODE CONTROL in· 
put that, when in the high state, allows 
operation in the recirculating mode. Register 
packages can be cascaded and the clock lines 
driven directly for high speed operation. 
Alternatively, a delayed clock output (ClD) 
is provided that enables cascading register 
packages while allowing reduced clock drive 
fan·out and rise· and fall·time requirements. 

Data (0) and Data (0) outputs are provided 
from the 64th register stage. The Data (0) 

output is capable of drving one TTL or DTl 
load. 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes), 16-lead dual-in-line plastic pack­
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

Features: 

• Fully static operation: DC to 4 MHz typo 
@VDD-VSS=10V 

• Operation from a single 3 to 15 V positive 
or negative power supply 

• High noise immunity 
• Microwatt quiescent power dissipation: 

10llW (typ.) for ceramic packages; 100 IlW 
(typ.) for plastic packages 

MAXIMUM RATINGS,Absolute·Maximum Values: 
STORAGE·TEMPERATURE RANGE (Tstgl ........•........... -65to+1500C 
OPERATING·TEMPERATURE RANGE (TAl: 

PACKAGE TYPES 0, F, K, H ......................... . -55 to +125° C 
PACKAGE TYPE E .............................. . -40 to +85°C 

DCSUPPLY·VOLTAGE RANGE, (VDDI 
Voltages referenced to VSS Terminal): ........................... . -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (Pol 
FOR T A = -40 to +60° C (PACKAGE TYPE E I 
FOR T A = +60 to +85° f (PACKAGE TYPE E I 

. . . . . . .. . . . . . . . . . . . . . . . 500mW 
Derate Linearlv at 12 mW/C to 200 mW 

FOR T A = -55 to +100'C (PACKAGE TYPES 0, F, K) 
FOR T A = +100 to +125'C (PACKAGE TYPES 0, F, K) 

.. . .. .. .. " .. " .. .. .. 500 mW 
Derate Linearly at 12 mW/o C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPESI 100mW 

INPUT VOLTAGE RANGE, ALL INPUTS .................. . -0.5 to VOD +0.5 V 
LEAD TEMPERATURE (DURING SOLOERINGI: 

At di'tanee 1/16 ± 1132 inch (1.59 ± 0.79 mml from ea,. for 10 , max. 

RECOMMENDED OPERATING CONDITIONS at TA = 25' C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

liMITS 
CHARACTERISTIC D,F,K,H E 

VDD PACKAGES PACKAGE 

(V) MIN. MAX. MIN. MAX. 

Supply·Voltage Range (For T A = Full 
Package·Temperature Range) 3 12 3 12 

5 100 - 100 -
Data Hold Time, tH 

10 200 - 200 -

5 2.5 - 2.6 -
Clock Pulse Width, tw 

10 1.3 1 - -

5 dc 0.8 dc 0.4 
Clock Input Frequency, fCl 

10 dc 2 dc 1 

Clock Rise and Fall Time, trCl, tfCl' 
5 - 2 - 2 

10 1 1 - -

+26S0C 

UNITS 

V 

ns 

IlS 

MHz 

IlS 

* If more than one unit is cascaded in the parallel clocked application. treL should be made less than or equal 
to the sum of the propagation delay at 15 pF and the transition time of the output driving stage. 

CD4031A Types 

CLOtK2 

1M L..,.;;r-'-'-LA-YE-'-r.! 
CLOCK 
OUT IISS 

Nt; 3, 4, 5,11,12,13.14 
92:CS- 2:'50'50RI 

CD4031A 
FUNCTIONAL DIAGRAM 

• Single phase clocking requirements 
• Recirculation capability 
• Data compatible with TTL-DTL 
• Two cascading modes: 

Direct clocking for high-speed opera· 
tion 
Delayed clocking for reduced clock 
drive requirements 

• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 IlA 

at 15 V (full package·temperature range) 
• 1·V noise margin (full package·tempera· 

ture range) 

Applications: 

• Serial shift registers 
• Time delay circuits 

~ 

AMBIENT TEMPERATuRE ITA,- 25"C 
TYPICAL TEMPERATuRE COEFFIC[NT FOR 
ALL VALUES 01' "'00'-0 , ... '''( 

'0 r t~J-l ~~~~ 

, 
° 

, 
MINIMUM"lt:m.m:f!lff.! 1 .. 

ORAIN-TO-SOURCE VOLTS lVOS' 

Fig. 1 - Typical an~ minimum output n-channel 
drain characteristics for Q output. 

DRAIN-TO-SOURCE VOLTSIVOSI 
-I§ -10 -§ 0 

:::: :::: :::: 

U;L~) lLLLU .tu tij.: ~:..r.;.~ ~:.:~.:.~ 1-:;':': ::..::+~:..:lI!+'1-I 
TYPICAL TEMP[RATURE COEFFICIENT rj 1::: It" 'j' lin 1 .,. 
FOR ALL VALUES OF" Vo '-O''''''C I~ .... H 

Fig. 2 - Typical output p·channel drain character­
istics for a output, 
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CD4031 A Types 

STATIC ELECTRICAL CHARACTERISTICS 

CHARACTERISTICS 

Quiescent Device 
Current, I L Max. 

Output Voltage: 
Low Level, 

VOL 

High Level 
VOH 

Noise Immunity: 
Inputs Low, 
VNL 

Inputs High 
VNH 

Noise Margi n: 

Inputs Low, 
VNML 

Inputs High. 
VNMH 

Output Drive 
Current: 
N·Channel 
(Sink), 

ION Min. 

I 
p. Channel 
(Source): 

lOP Min. 

Input Leakage 
Current, 

IIL,IIH 

MODE 
CONTROL; 

a 

Q 

CLO 

Q 

a 

CLO 

CONDITIONS 

Vo VIN VDD 
(VI (VI (VI 

- - 5 

- - 10 

- - 15 

- 5 5 

- 10 10 

- 0 5 

- 0 10 

4.2 - 5 

9 - 10 

0.8 - 5 

1 - 10 

4.5 - 5 

9 - 10 

0.5 - 5 

1 - 10 

0.4 - 4.5 

0.5 - 10 

0.5 5 

0.5 - 10 

0.5 - 5 

0.5 - 10 

4.5 - 5 

9.5 - 10 

4.5 - 5 

9.5 - 10 

4.5 - 5 

9.5 - 10 

Ar Input 

- -115 

AECIRCUL"A:.:.T",IO"N_-I.....-' 

CL t fi 

LIMITS AT INDICATED TEMPERATURES (OC) 

D, F, K, H PACKAGES E PACKAGE 
UNITS 

+25 +25 
-55 +125 -40 +85 

TYP. LIMIT TYP. LIMIT 

10 0.5 10 600 50 1 50 700 

25 1 25 1500 100 2 100 1400 Jl.A 

50 1 50 2000 500 5 500 5000 

o Typ.; 0.05 Mal< 

o Typ.; 0.05 Max 
V 

4.95 Min.; 5 Typ. 

9.95 Min.; 10Typ. 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 
V 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 

1 Min. 

1 Min. 
V 

1 Min. 

1 Min. 

1.6 2.6 1.3 0.91 1.6 2.6 1.3 1.05 

5 8 4 3.2 5 8 4 3.2 

0.11 0.18 0.09 0.06 0.05 0.18 0.045 0.037 

0.24 0.4 0.2 0.14 0.12 0.4 0.1 0.08 

0.48 0.8 0.4 0.28 0.24 0.8 0.2 0.16 

1.5 2.4 1.2 0.84 0.75 2.4 0.6 0.5 
rnA 

-0.4 -0.64 -0.32 -0.22 -0.20 -0.64 -0.16 -0.13 

-0.85 -1.4 -0.70 -0.49 -0.42 -1.4 -0.35 -0.29 

-0.11 -0.18 -0.09 -0.06 -0.05 -0.18 -0.045 f-o.037 

-0.24 -0.4 .0.20 -0.14 -0.12 -0.4 -0.10 f-o.08 

-0.48 -0.8 -0.40 -0.28 -0.24 -0.8 -0.20 -0.16 

-1 -1.6 -0.80 -0.56 -0.5 -1.6 -0.40 -0.32 

± 1 0-5 Typ., ± 1 Max. Jl.A 

DATA 
BIT INTO 

RECIRe. MODE STAGE I 
CL E L 

TYPICAL STAGE TRUTH TAeL[ 

~ ALL INPUTS ARE 
PROTECTED BY 

CLo 

COS/MOS PROTECTION --£\DD 

NETWORK 

vSS 

544 

0 ec 

0 ...r 
I ...r 
K \... 

N:' NO CHANGE 
X'DON'T CARE 

0., 

0 

I 

Ne 

X' DON'T CARE 

Input to Output is: 
(a) A Bidirectional Short Circuit when Control 

Input 1 is "Low" and Control Input 2 is 
"High" 

(b) An Open Circuit when Control Input 1 is 
"High" and Control Input 2 is "Low" 

92CS19019R2 

Fig. 7 - Logic diagram and truth tables. 

'" 

AMBIENT TEMPERATURE tTAI'2~'C 
TYPICAL TEMPERATURE CQ[FFICENT FOR 
ALL VALUES OF Voo' 0 3".. f*C 

SUPPLY VOLTS IVcol'~ ~ 

0" 

0" 

0" 

'0 

n! 
t,· .1 

0" 
,. 
"it u.i 

It: 
·LOAO CA~ACITANCE OF 0'15pF 

t:tHtii:! 
IrlliJi ... 

60 70 80 90 100 
, LOAD CAPACITANCE tCLI-pF 

_LGlO CAPACITAIfCE OF 1'J~15pF 

Fig. 3 - Typical propagation delay time VI. load 
capacitance for data outputs. 

10 30 50 
LOAD CAPACIYANCr ICtl-pF 

Fig. 4 - Typical propagation delay vs. load capaci· 
tance for delayed clock output. 

~ 
1/1 100 

~ 

,. .. 
LOAO CAPACITANCE tCLI- pF "C$-I,r4' 

NOTt: ITtLFOR a OU'n'UT rs SIGNIFICANTLY LESS THAN ITLH 

Fig. 5 - Typical transition time VI. load capaci~ 
ranee for data outputs. 

LOAO CAPACITANCE leL 1- pF 

Fig. 6 - Typical transition time vs. load capaci· 
tance for delayed clock output. 



DYNAMIC ELECTRICAL CHARACTERISTICS 
at TA=250 C. Input t r.t,=20 ns. CL =15 pF (unless otherwise specified I. RL =200 kU 

liMITS 
TEST 

CHARACTERISTIC CONDI~ D,F,K,H E UNITS. 

VDD 

Ivl MIN. TYP. MAX. MIN. TYP. MAX. 

Propagation Delay Time; 

tplH' tpHl 5 - 400 800 - 400 1600 

Clock to Data 10 
ns 

Output Q& Q* 
- 200 400 - 200 800 

5 - 400 800 - 400 1600 
Clock to ClD Cl = 60pF 10 - 200 400 - 200 800 

Transition Time; 

tTHL' tTLH 5 - 75 150 - 75 300 
QOutput 

10 - 30 60 - 30 120 

a Output 
5 - 300 600 - 300 1200 

ns 
10 - 150 300 - 150 600 

5 - 200 400 - 200 800 
CLD Output CL = 60pF 10 - 100 200 - 100 400 

Clock Rise and Fall Time; 5 - - 2 - - 2 

trCl. tfCl" 
j.!s 

10 - - 1 - - 1 

Minimum Data Set·Up 5 - 200 400 - 200 800 
Time. ts ns 

10 - 50 100 - 50 200 

Maximum Clock Input 5 0.8 2 - 0.4 2 -
Frequency,lcl MHz 

10 2 4 - 1 4 -
Minimum Data Hold 5 - 50 100 - 50 100 

Time,tH 10 
n. 

-. 100 200 - 100 250 

Minimum Clock Pulse 5 - 1.25 2.5 - 1.3 2.6 
Width,tW 10 0.5 1 0.62 1.3 

j.!s 
- -

Average Input Capaci· 
tance, Cl Clock - 60 - - 60 - pF 

All Others - 5 - - 5 -

... Capacitive loading on a: output affects propagation delay of Q output. These limits apply for C load 
CL"15 pF. 

** If more than one unit is cascaded in the parallel clocked application, t,CL should be made less than or 
equal to the sum of the propagation delay at 15 pF and the transition time of the output driving stage. 

*** Maximum Clock Frequency for Cascaded Units; 

a) Using Delayed Clock Feature -

f max = In-I) ClD prop. delay + Q prop. delay + set.up time where n = number 01 package. 

b) Not Using Delayed Clock _ 1 = 1 
max propa9,ation delay + set-up time 

~ *AU. INPUTS ARE VSS 
PROTECTED BY 
CDS/MDS PROTECTION 
NETWORK 

*1 
RECIRCULATION 

.N 

Fig. 12 - Functional diagram. 
92CS-191"SR2 

CD4031A Types 

A"SIENT TEMPERATURE ITA"iS'C EEffi ... 
TYPICAL TEMPERATURE COE:FFICENT FOR I., ... , •.• 
ALL VALUES OF VOO.Ol,..,-C • .:!: 

!.; ::~! .... 

C04031AE 

10 15 
SUPPLY VOLTS eVool RCS-II751 

Fig. 8 - Maximum clock input frequency V.I. 

supply voltage. 

Fig. 9 - Typical power dissipation vs. frequency. 

VOO-VNH 

'- ~ 
V':L :t 

NOTE: 

.NPUTOVDO ouTPUTS 

TEST ANY ONE INPUT, 
Vss WITH 0T14ER INPUTS AT 

92CS-27400 Voa ORVss' 

Fig. 10 - Noise-immunity test circuit. 

V~NPU(JS VDO :~:~u.[ 'HPUTS 

o ~ SEQU[NflALL,Y, 

\Iss TO BOTH Yoo AND IIss 
CONNECT ALL. UNUSED 
'HPlITS TO [ITNER 
Yoo OA Vss 

v55 

Fig. 11- Input-Ieakage-current test circuit. 

VDD 

WITH s, AT GROUND,CLOCI< UNIT 64 TIMES 
BY CONNECTING S2 TO PULSE GENERATOR. 
RETURN 52 TO GND AND MEASURE LEAKAGE 
CURRENT. REPEAT WITH 5, AT Voo. 

Fig. 13 - Quiescent·device-current test circuit. 
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CD4032A, CD4038A Types 

CMOS Triple Serial Adders 
Positive Logic Adder - CD4032A 

Negative Logic Adder - CD4038A 

Features: 

• Invert inputs on all adders for sum complementing 
applications 

• Fully static operation ...... dc to 5 MHz hyp.) 

• 2 ...... --J..u---, 

INVER:~ , 

• Buffered outputs 
• Single-phase clocking 

The RCA-CD4032A and C04038A types 
consist of three serial adder circuits with 
common CLOCK and CARRY-RESET in­
puts. Each adder has two provisions for two 
serial DATA INPUT signals and an INVERT 
command signal. When the command signal 
is a logical "1 ", the sum is complemented. 
Data words enter the adder with the least 
significant bit first; the sign bit trails. The 
output is the MOD 2 sum of the input bits 
plus the carry from the previous bit position. 
The carry is only added at the positive-going 
clock transition for the CD4032A or at the 
negative-going clock for the CD4038A, thus, 

• Microwatt quiescent power dissipation. . . . 5 /lW hyp.) I SUM 3 

for spike free operation the input data trans­
itions should occur as soon as possible after 
the triggering edge. 

The CAR RY is reset to a logical "0" at the 
end of each word by applying a logical "1" 

• Quiescent current specified to 15 V 

• Maximum input leakage current of 1 /lA 
at 15 V (full package-temperature range) 

• 1-V noise margin (full package-temper-
ature range) 

signal to a CARRY-RESET input one bit· 
position before the application of the first 
bit of the next word. Figs. 2 and 4 show 
definitive waveforms for all input and output 
signals. 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (0 and F 
suffixes), 16-lead dual-in-line plastic pack­
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE ITstgl 

OPERATINT GEMPERATURE RANGE ITA): 

PACKAGE TYPES D. F. K, H 

PACKAGE TYPE E 

DC SUPPLY-VOLTAGE RANGE. IV DD) 

(Voltages referenced to VSS Terminal) 

POWER DISSIPATION PER PACKAGE IPD) 

. -65 to +1500 C 

-55 to +125°C 

-40 to +8SoC 

-0.5 to +15 V 

FOR T A = -40 to +600 C IPACKAGE TYPE E I 

FOR T A = +60 to +85°C IPACKAGE TYPE E) 

FOR T A = -55 to +100"C (PACKAGE TYPES D. F, K) 

FOR T A = +100 to +125"C (PACKAGE TYPES D, F. K) 

500 rrNV 

Derate Linearlv at 12 mW/oC to 200 mW 

500r'nW 

Derate Linearly at 12 mwtC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR TA = FULL PACKAGE·TEMPERATURE RANGE IALL PACKAGE TYPESI 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS. ·0.510 VDD +0.5 V 

LEAD TEMPERATURE lOURING SOLDERINGI: 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. 

RECOMMENDED OPERATING CONDITIONS at TA = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

CHARACTERISTIC D,F,K,H E 

VDD Packages Package 

(VI Min. Max. Min. Max. 

Supply-Voltage Range (For TA = 

Full Package· Temperature Rangel 3 12 3 12 

Input Setup Time, ts 
5 

trCl trCl 
10 

- -

Clock Input Frequency, fCl 
5 de 1.5 de 2.5 
10 dc 3 de 5 

Clock Rise or Fall Time, trCl. tfCl 
5 - 15 - 15 
10 - 15 - 15 

546 

+ 265°C 

UNITS 

V 

ns 

MHz 

/lS 

VSS"e 
VOO·16 

'2CS·17M' 

FUNCTIONAL DIAGRAM 

Applications: 

• Serial arithmetic units 

• Digital correlators 

• Digital datalink computers 

• Flight control computers 

• Digital servo control systems 

LOAD CAPACITANCE:ICLI - pF 

Fig. 1 - Typical propagation delay time vs. load 
capacitance for A. 8, or INVERT inputs 
to sum outputs. 

Fig. 2 - Typical transition time vs.load capacitance 
for sum outputs. 



CD4032A, CD4038A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C. Input t r• tt = 20 ns. 

CL ~ 15 pF. RL = 200 kG 

LIMITS 

CHARACTERISTIC TEST CONDITIONS D,F,K,H E UNITS 

VDD Packages Package 

(VI Min. Typ. Max. Min. Typ. Max. 

Propagation Delay 
Time; ,I-I--
tpLH' tpHL .. 

A. B. or Invert CLOCk FREQuENCY ItCL)-~H. 

Inputs to Sum 5 - 400 1100 - 400 1400 ns Fig. 3 - Typical dissipation characteristics. 

Outputs 10 - 125 250 - 125 300 

Clock Input 5 - BOO 2200 - BOO 2400 
to Sum Outputs 10 - 250 500 - 250 600 

Transition Time; 
375 

tTHL' tTLH 
5 - 125 - 125 425 ns 

(Sum Outputs) 10 - 50 150 - 50 200 
CL 

INVERT ~H-l-l--+--+-+-J....fi"i"i"TTI11 
Maximum Clock Input 5 1.5 2.5 - 1 2.5 - MHz 

CAIIIY 
RESET 

SUM 
Frequency. fCl 10 3 5 - 2 5 -

Clock Rise & Fall 
TIme; 5 - - 15 - - 15 

jLS 

trCl. tfCl-- 10 - - 15 - - 15 

Minimum Input Set Up 5 
Time. tS· - - trCl - - trCl ns 

10 

Average Input - 5 - - 5 - pF 
Capacitance. CI 

*This characteristic refers to the minimum time required for the A, B. or Reset Inputs to change state 
following a positive clock transition (CD4032AJ or negative transition (CD4038A). 

"If more than one unit is cascaded trCL should be made less than or equal to the sum of the transition 
time and the fixed propagation delay of the output of the driving stage for the estimated capacitive 
load. 

WORD I 0.0111100. +6Q WORD 3 1.10110 II_ -37 
WORDZ 0.0110010 •• 50 WORD.~.-50 

0.1101110 ""0 1.0101001--87 

Fig. 4 - CD4032A timing diagram. 

WORD I+WORD2- WORD 3 + WORD 4 

CL 

INVERT -t-t-t-+-+-+-+­
CARRY 
RESET 

SUM 

~TRUESUM-­
WORD I LlOOOOII =-61 
WORD 2 1.100 II 01 =-51 

1.0010000 .. -112 

COMPl.EMENTED SUM 

WORD 3 0.0100100 -+38 
WORD 4 0.0110001 .. +49 

0.1010101 .. +85 
92CS-19121R1 

Fig. 5 - CD4038A timing diagram. 

I 
I 
I 
I 

_. _____ J 

.Bf 
* l~~oE.S :3-VDO 

ClOC"l~_H>-"""' __ -II-_ 2 as 
*Al.L INPUTS ARE PROTECTED 

V55 
*All.INPUTS ARE PROTECTED 

BY COS/MOS PROTECTION 
NETWORK 92CS-l7fifi1R2 

Fig. 6 - CD4032A logic diagram of one of three serial adders_ 

BY COS/NOS PROTECTION VSS 
NETWORK 

Fig. 7 - CD4038A logiC diagram of one of three 
ser;al adders. 
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CD4032A, CD4038A Types 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
Limits at Indicated Temperatures (oC) 

548 

D, F, K, H Packages E 
Characteristic 

Vo VIN VOO -55 +25 +125 -40 
(V) (V) (V) Typ. Limit 

- -
Ouiescent Device 

5 5 0.3 5 300 50 

Current I L Max. - - 10 10 0.5 10 600 100 

- - 15 50 1 50 2000 500 

Output Voltage: - 5 5 o Typ.; 0.05 Max. 
Low· Level - 10 10 o Typ.; 0.05 Max. 
VOL 

High Level - 0 5 4.95 Min.; 5 Typ. 

VOH - 0 10 9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low. 4.2 - 5 1.5 Min.; 2.25 Typ. 

VNL 9 - 10 3 Min.; 4.5 Typ. 

Inputs High 0.8 - 5 1.5 Min.; 2.25 Typ. 
VNH 1 - 10 3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low. 4.5 - 5 1 Min. 
VNML 9 - 10 1 Min. 

Inputs High, 0.5 - 5 1 Min. 

VNMH 1 - 10 1 Min. 

Output Drive 
Current 
N·Channel 
(Sink), 0.5 - 5 0.6 0.9 0.5 0.3 0.25 

ION Min. 0.5 - 10 0.75 2.4 0.7 0.6 0.6 

P·Channel 
(Source), 4.5 - 5 -0.21 -0.4 -0.15 -0.075 -0.14 

lOP Min. 9.5 - 10 -0.7 -7.2 -0.55 -0.35 -0.3 

Input Leakage 
Any Input 

Current, 

° Vss 

INPUTS 

IIL,IIH -

Voo 

Fig. 8 - Quiescent-device-current test circuit. 

-
±10-5 Typ., ±1 Max. 

15 

voo.::::UTO" .~:. 
v~ ~ 

NOTE: 

92CS-2'1"441 vss ~N~~~ONBINATICN 

Fig. 9 - Noise-immunity test circuit. 

Package 
Units 

+25 +85 
Typ. 

0.5 

1 

5 

0.9 

2.4 

-0.4 

-1.2 

Limit 

50 700 

100 1400 /JA 

500 5000 

V 

V 

V 

0.2 0.14 

0.5 0.4 
rnA 

-0.1 -0.095 

-0.27 -0.22 

/JA 

V~ ~NPu(Js Voo :~:~URE IN, PUTS 
o ~ SEQUENTIALLY. 

Yss TO BOTH Yoo AND Vss 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
VDO OR Vss 

Vss ,2C5-21402 

Fig. 10 - InpuNeakage-current test circuit. 



CD4034A Types 

CMOS a-Stage Static Bidirectional 
Paraliel/Seriallnput/Output Bus Register * -A· 

The R CA·CD4034A is a static eight·stage 
parallel·or serial·input parallel·output regis' 
ter. It can be used to: 

1) bidirectionally transfer parallel informa· 
tion between two buses, 2) convert serial 
data to parallel form and direct the parallel 
data to either of two buses, 3) store (recircu, 
late) parallel data, or 4) accept parallel data 
from either of two buses and convert that 
data to serial form. Inputs that control the 
operations include a single·phase CLOCK 
(CL), A DATA ENABLE (AE), ASYNCHRO· 
NOUS/SYNCHRONOUS (A/S), A·BUS·TO· 
B·BUS/2B·BUS·TO·A·BUS (A/B), and PAR· 
ALLEL/SERIAL (P/S). 

Data inputs include 16 bidirectional parallel 
data lines of which the eight A data lines are 
inputs (outputs) and the B data lines are out· 
puts (inputs) depending on the signal level 
on the A/Binput. In addition, an input for 
SERIAL DATA is also provided. 

All register stages are D·type master·slave 
flip· flops with separate master and slave 
clock inputs generated internally to allow 
synchronous or asynchronous data transfer 
from master to slave. Isolation from external 
noise and the effects of loading is provided 
by output buffering. 

PARALLEL OPERATION 

A high PIS input signal allows data transfer 
into the register via the parallel data lines 
synchronously with the positive transition 
of the clock provided the A/S input is low. 
If the A/S input is high the transfer is in· 
dependent of the clock. The direction of 
data flow is controlled by the A/B input. 
When this signal is high the A data lines are 
inputs (and B data lines are outputs); a low 
AlB signal reverses the direction of data flow. 

The AE input is an additional feature which 
allows many registers to feed data to a 
common bus. The A DATA lines are enabled 
only when this signal is high. 

Data storage through recirculation of data in 
each register stage is accomplished by mak· 
ing the AlB signal high and the AE signal 
low. 

SERIAL OPERATION 

A low PIS signal allows serial data to transfer 
into the register synchronously with the 
positive transition of the clock. The A/S in· 
put is internally disabled when the register is 
in the serial mode (asynchronous serial opera· 
tion is not allowed). 

The serial data appears as output data on 
either the B lines (when AlB is high) or the 
A lines (when AlB is low and the AE signal 
is high). 

Register expansion can be accomplished by 
simply cascading CD4034A packages. 

ENABLE * AlB 

* AIS 
.. PIS 

* CLOCK 

92CS-1920ZRl 

Fig. 1 - Functional diagram. 

The CD4034A-Series types are supplied in 
24-lead hermetic dual-in-line ceramic pack­
ages (0 and F suffixes), 24-lead dual-in-line 
plaslic packages (E suffix), 24-lead ceramic 
flal packages (K suffix), and in chip form (H 
suffix). 

nDD 

tss 
* ALL INPUTS ARE 

PROTECTED BY 
COSIMOS PROTECTION 
NETWORK 

MAXIMUM RATINGS, Absolute·Maximum Values: 
STORAGE·TEMPERATURE RANGE (Tstgl ............................. -65 to + 150"C 

OPERATING· TEMPERATURE RANGE (TAl: 

PACKAGE TYPES 0, F, K, H .................................... -55 to +125"C 

PACKAGE TYPE E .........•................................. -40 to +85°C 

DC SUPPLY·VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) ..............•................ -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (POl 

FOR T A = -40 to +60'C (PACKAGE TYPE EI. •....... , ...... , , . , ...... , 500 mW 

FOR T A = +60 to +85'C (PACKAGE TYPE EI. •......... Derate Linearly at 12 mWI'C to 200 mW 

FOR T A = -55 to +100'C (PACKAGE TYPES 0, F~ K) ............ , ..... , . . . 500 mW 

FOR T A = +100 to +125'C (PACKAGE TYPES 0, F, K) ..... ,Derate Linearly at 12 mWI'C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR TA = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPESI. . . . . . 100 mW 

INPUT VOLTAGE RANGE, ALLINPUTS , ..•......... , ....... , ..... -0,5 to VOD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from ca .. for 105 max ..... , .. , .. , ,. +265'C 

RECOMMENDED OPERATING CONDITIONS at TA = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

CHARACTERISTIC VDD D,F,K,H E 

(V) PACKAGES PACKAGE 

MIN. MAX. MIN. MAX. 

Supply.voltage Range (For T A = Full 
3 12 3 12 

Package·Temperature Range) 

Data Setup Ti me, ts 
5 500 - 500 -

200 200 10 - -

Clock Pulse Width, tw 
5 400 - 400 -

175 175 10 - -

Clock Input Frequency, fCl 
5 dc 1.5 dc 1.5 

10 dc J dc 3 

Clock Rise and Fall Time, trCL, tfCl' 5,10 - 15 - 15 

UNITS 

V 

ns 

ns 

MHz 

jlS 

.. 
"'If more than one Unit IS cascaded trCl should be made less than or equal to the sum of the tranSition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 
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CD4034A Types 

Table I - Truth Table for Register Input-Levels and the Resulting Register Operation (La Low 
Level, H = High Level, X = Don't Carel 

"A" 
Enable PIs AlB AIS Operation* 

L L L X 
Serial Mode; Synch. Serial Data Input, "A" Parallel Data Outputs 
Disabled 

L L H X Serial Mode; Synch. Serial Data Input, "B" Parallel Data Output 

L H L L 
Parallel Mode; "B" Synch. Parallel Data Inputs, "A" Parallel Data 
Outputs Disabled 

L H L H 
Parallel Mode; "B" Asynch. Parallel Data Inputs, "A" Parallel Data 
Outputs Disabled 

L H H L 
Parallel Mode; "A" Parallel Data Inputs Disabled, "B" Parallel Data 
Outputs, Synch. Data Recirculation 

L H H H 
Parallel Mode; "A" Parallel uata Inputs Disabled, "B" Parallel Data 
Outputs, Asynch. Data Recirculation 

H L L X Serial Mode; Synch. Serial Data Input, "A" Parallel Data Output 

H L H X Serial Mode; Synch: Serial Data Input, "B" Parallel Data Output 

H H L L 
Parallel Mode; "B" Synch. Parallel Data Input, "A" Parallel Data 
Output 

H H L H 
Parallel Mode; "B" Asynch. Parallel Data Input, "A" Parallel Data 
Output 

H H H L 
Parallel Mode; "A" Synch. Parallel Data Input, "B" Parallel Data 
Output 

H H H H 
Parallel Mode; "A" Asynch. Parallel Data Input, "B" Parallel Data 
Output 

.. ·Outputs change at positive transition of clock In the serial mode and when the AIS control Input IS "low" 
in the par~lIel mode. 

AE 
(A ENABLE 

'" ( PARALLEL 
SERIAL 

.... TC·TRANS.ISSIOMCAn 

INPUT TO OUTPUT IS 
.)"IIDlJlECTIOIIALLOWIIiPEOANCE 
IIMENCONlWOLINPUtIIS"LD'·· 
ANOCONTROLIJIPUTllS"HICH" 
.)AM Of'ENCIRCUIT IIHEN CONTROL V 

INf'UTIIS""Gt4"AHDCONTIlOLINPUT~""''''~_ DD 
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* ALL INPUTS ARE 
PROTECTED BY 
COS/MOS PROTECTION 
NETWORK V'S 

" 

6 STAGES 
SAME AS SToIIGE r 

;--rrs-&l 
82 83 !4 B!j 86 87 

'8 

~·'--~----t-.O tiM CL 5 0 Q 

Fig. 2 - LogiC diagl'8m. 

"\. '\. 00 
J '\. 00 

'\. J 0" 
f J II: Q 

'\. '\. I I 

f '\. I I 

'\. J ," 

92CM·,92QOR2 

II: DON'T CARE 

.. INVALID CONDITION 

Features: 

• Bidirectional parallel data input 
• Parallel or serial inputslparallel outputs 
• Asynchronous or synchronous 

parallel data loading 
• Parallel data-Input enable on 

"A" data lines 

• Data recirculation for re·gister expansion 
• Multipackage register expansion 

• Fully static operation DC-to-5 MHz (typ.1 
At VDD-VSS = 10 V 

• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 /lA 

at 15 V (full package-temperature 
range I 

• 1-V noise margin (full package-temper­
ature rangel 

Applications: 

• Parallel Input/Parallel Output, 
Parallel Input/Serial Output, 
Serial Input/Parallel Output, 
Serial InputlSerial Output Register 

• Shift right/shift left register 
• Shift right/shift left with parallel loading 
• Address register 
• Buffer register 
• Bus system register with enable parallel 

lines at bus side 
• Double bus register system 
• Up-Down Johnson or ring counter 
• Pseudo-random code generaton 
• Sample and hold register (storage, count­

ing, display I 
• Frequency and phase comparator 

a.0CIi~ 

~~ 

". rn:=======~==~---"'Ii" L--
Alan n r-

S~:L ~ 
,,~ 
.. ~~ __________ r-unL 

.. ~ 

... ~ r-unL 

... ~ 

.. ~ r-unL 
,,~ 

.. ~ r-unL 

.. r, -------,L _____ r-V"L .. ~ 
-I IL1lJ 
,,~ .. ~ 
L-8 DATA LiNtS lJI[ OUTPUTS ~LI~O:~E" 

OUTPUTS 

Fig. 3 - nming diagram. 



STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES IDC) 
CONDITIONS 0, F, K, H PACKAGES EPACKAGE 

UNITS CHARACTERISTICS 
Vo VIN VDD +25 +25 

+85 
IV) IV) (V) 

- - 5 
Quiescent Device 

10 
Current. I L Max. - -

- - 15 

Output Voltage: - 5 5 
Low Level. 

VOL - 10 10 

High Level - 0 5 
VOH - 0 10 

Noise Immunity: 
4.2 - 5 Inputs Low. 

VNL 9 - 10 

Inputs High 0.8 - 5 
VNH 1 - 10 

Noise Margin: 
4.5 - 5 Inputs Low, 

VNML 9 - 10 

Inputs High, 0.5 - 5 
VNMH 1 - 10 

Output Drive 
Current: 
N-Channel 
(Sink), 0.5 - 5 

ION Min. 0.5 - 10 

P-Channel 
(Sou;ce): 4.5 - 5 

lOP Min. 9.5 - 10 

Input Leakage 

_A"( :T15 

Current, 

IIL,IIH 

10' AWeOtT TEMPERATURE tTA1'Z~'C 
. At.TEAfrlATlNG '0' 

iI "''''0 '1" PATTER". t ro~t-~-'---rrT-' 
J> 
;: lo-I--r--+H-I---1,...-H 

a 
: 10 1 -.. • 

-55 
TYP. 

5 0.3 

10 0.5 

50 1 

0.124 0.2 

0.31 0.5 

-0.075 -0.1 

-0.188 -0.25 

i IOlb~o1"'H;I"",,""'-I4tt-+-+-ttt--t--~H-l 
i~~~Tt~~~~ 

10 10' 10J 10· 
INPUT (lOCM fREQUENCY tlCL)-kH, 12C5-"101_5 

Fig, 7 - Typical dissipation characteristics. 

+125 -40 
LIMIT TYP. LIMIT 

5 300 50 0.5 50 700 

10 600 100 1 100 1400 IlA 

50 2000 500 5 500 5000 

o Typ.; 0.05 Max 

o Typ.; 0.05 Max 
V 

4.95 Min.; 5 Typ. 

9.95 Min.; 10 Typ. 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 

V 
1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 

1 Min. 

1 Min. 
V 

1 Min. 

1 Min. 

0.1 0.07 0.124 0.2 0.1 0.07 

0.25 0.175 0.31 0.5 0.25 0.175 
rnA 

-0.05 -0.035 0.075 -0.1 -0.05 0.1l15 

-0.125 0.088 0.188 -0.25 -0.125 0.088 

±10-5 Typ., ±1 Max. IlA 

""'OR'B" 

I~=~~S 
Ioe-'THL -"'OC 

'B~;;A' """==,j:-,="--t-_-=-:==~~L 
":"":':'':';PU;:;'''--+_-'''t -- - - 10'110 0 

Fig. 8 - Asvnchronous operation propagation delay 
time and transition time. 

Fig. 9 - Clock pulse rise and fall timBS, 

CD4034A Types 

'00 
LOAD CAPACITANCE LCLI- ~f 

Fig. 4 - Typical propagation delay time 
vs. load capacitance. 

LOAD CAPACITANCE ICLI-pf 

Fig. 5 - Typical transition time vs. load 
capacitance. 

SUPPLY VOLTS 1VooI 

Fig. 6 - Typical clock input frequency VS. 

supply voltage. 

OUTPUT 

,"'00 
----=-9<).". 
-- ___ ':iO.". 

*INPUT AErEAS TO ANY Of THE "A"Qft'S' OAT4 INPuTS,"A"ENABLE, 
SEAIALINPUT,A/B,P/S,OAA/SINPUTS 

•• ISLH ANO 'SHL AIlE SET-UP TIMES 

Fig. 10 - Synchronous operation propagation 
delay times, transition times, and set,up 
times. 
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CD4034A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS 
At TA = 2!fC, Input tr , tf= 20ns, CL = 15 pF, RL = 200oH2 

TEST LIMITS 

CHARACTERISTIC CONDITIONS D,F,K,H E UNIT 
.-----

VDD 
PACKAGES PACKAGE 

(VI MIN. TYP. MAX. MIN. TYP. MAX. 

Propagation Delay 5 - 600 1200 - 600 1200 
Time; tPlH, tPHl 

ns 
10 - 240 480 - 240 480 

Transition Time; 5 - 250 750 - 250 750 
tTHl, tTlH 

ns 
10 - 100 300 - 100 300 

Maximum Clock Input 5 1.5 2.5 - 1.5 2.5 -
Frequency, fCl MHz 

10 3 5 - 3 5 -
Clock Pulse Width, 5 - 200 400 - 200 400 

tw 
ns 

10 - 100 175 - 100 175 

Min. High·Level 5 - 240 480 - 240 480 
AE, P/S,A/S ns 
Pulse Width 10 - 85 195 - 85 195 

Clock Rise& Fail Time 5 - - 15 - - 15 
trCL, tfCL * 10 - - 15 - - 15 

/-IS 

Data Set·Up Time, 5 - 250 500 - 250 500 
ts 

ns 
10 - 100 200 - 100 200 

Average Input 
Any Input pF Capacitance, CI - 5 - - 5 -

*If more than one unit is cascaded trCL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 

APPLICATIONS 

'" .. , 

Fig. 14 - 16·Bit parallelin/parallel out, parallel 
in/serial out, serial in/parallel out, serial 
in/seriill out register. 
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Fig. 15 - 16-Bit serial in/gated parallel out register. 

VDC-VNH 

INPUTOVCO OUTPUTS 

'-- ~ 
v~ ~ 

NOTE: 
TEST AM" ONE INPUT, 

;vss WI,... OTHER IWUTSAT 
92C5'27400 "00 ORVss· 

Fig. 11 - Noise-immunity test circuit. 

INPUTS 

Vss 

Fig. 12 - Ouiescent4ev;ce*current test circuit. 

"00 INPUC' Vco NOT[ 
'-----"t'--- M(ASURE INPUTS 
o ~ SEQUENTIALLY, 

Yss TO eoTM "DO AND Vss 
CONNICT ALL UNUSED 
INPUt'S 10 (ITH[" 
VDD DfIVss· 

V55 

Fig. 13 - Input·l .. kage.current tert circuit. 



CMOS 4-Stage 
Parallel In/Parallel Out 
Shift Register 
with J-K Serial Inputs and True/ 
Complement Outputs 

Features: 

• 4-Stage clocked shift operation 
• Synchronous parallel entry on all 4 stages 
• JR inputs on first stage 
• Asynchronous True/Complement control 

on all outputs 
• Static flip-flop operation; Master-slave 

configuration 

• Resat control 
• Buffered outputs 
• Low power dissipation - 51lW typ_ (ceramic) 
• High speed - to 5 MHz 
• Quiescent current specified to 15 V 
• Maximum input leakage current of lilA 

at 15 V (full package-temperature range) 
• l-V noisa margin (full package-temper-

ature range) 

The RCA-CD4035A is a four-stage clocked 
signal serial register with provision for 
SYNCHRONOUS PARALLEL inputs to 
each stage and SER IAL inputs to the first 
stage via JK logic. Register stages 2, 3. and 
4 are coupled in a serial D flip-flop config­
uration when the register is in the serial 
mode (PARALLEL/SERIAL control low). 

Parallel entry via the D line of each reg­
ister stage is permitted on Iy when the 
PARALLEL/SERIAL control is high. 

In the parallel or serial mode information 
is transferred on positive clock transitions. 

When the TRUE/COMPLEMENT control is 
high. the TRUE contents of the register are 
available at the output terminals. When the 
TRUE/COMPLEMENT control is low. the 
outputs are the complements of the data in 
the register. The TRU~/COMPLEMENT 

control functions asynchronously with re­
pect to the CLOCK signal. 

JK input logic is provided on the first stage 
SERIAL input to minimize logic require­
ments particularly in counting and sequence­
generation applications. With JK inputs 
connected together. the first stage becomes 
a D flip-flop. An asynchronous common 
RESET is also provided. 

I 
These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (0 and F 
suffixes). 16-lead dual-in-line plastic pack­
age (E suffix). 16-lead ceramic'flat gackag~s 
(K suffix). and in chip form (H suffix). 

App/ications 

• Counters, Registers 
Arithmetic-unit registers 
Shift left - shift right registers 
Serial-to-parallel/parallel-to-serial conversions 

• Sequence generation 
• Control circuits 
• Code conversion 

CD4035A Types 

PARALLEL IN 

:I' 1012 "I' 1214 \, 

f.L Sf~' RL 
cLlcL CD403~A 

p/sL 4-STAGE REGISTER 

TIeL 
RESET L 

VOO-16 , 
I'" r T' Vss z8 

, 01/0, 0tQz QyQ3 Q4/04 
TIC' OUT I 

92CS-19966A' 

CD4035A 

FUNCTIONAL DIAGRAM 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tstgl .....•.•...•.••.•..••••..... -66 to +150oC 

OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE TYPES D. F. K. H •..•..•........•...•........•..... -55 to +125°C 

PACKAGE TYPE E ......•....••..•..•..•.•......••••... ,. -40 to +85°C 

DC SUPPLY-VOLTAGE RANGE. (VDD) 

(Voltages referenced to V SS Terminal): • • . . . . • . • • • . . • . . . • • • • . • • . . . • . . -0.5 to +15V 

POWER DISSIPATION PER PACKAGE (PO): 
FOR T A = -40 to +60oC (PACKAGE TYPE E ) •••••.••••.....•••....•••. 500 mW 

FOR T A = +60 to +850 C (PACKAGE TYPE E) .•.. , ...•• Derate Linearly at 12mWfC to 200 mW 

FOR T A = -55 to +100·C (PACKAGE TYPES 0, F, K) , ....•....•.•.•.....••.. 500 mW 

FOR T A = +100 to +12S·C (PACKAGE TYPES 0, F, K). . . .• Derate Linearly at 12mWfC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T A = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES). . • • • . •. 100mW 

INPUT VOLTAGE RANGE, ALL INPUTS .•.•••..•••••...••••••.•.. -0.5 to VDD +0.5V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. . • • • • . . • . . • • .. +2SSoC 

RECOMMENDED OPERATING CONDITIONS at TA=250 C. except as noted. 
For maximum reliability. nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

CHARACTERISTIC VDD D,F,.K,H E UNITS 
(VI PACKAGES PACKAGE 

MIN. MAX. MIN. MAX. 

SupplV Voltage Range (For T A = Full 
3 12 3 12 V 

Package-Temperature Range 

Data Setup Time, tS: 

J/K Lines 
5 500 - 750 -

10 200 - 250 -
ns 

Parallel·ln Lines 
5 350 - 500 -

10 80 - 100 -

Clock Pulse Width. tw 5 335 - 500 -
10 165 250 

ns - -

Clock Rise and Fall'Time, trCL.tfCL 
5 - 15 - 15 

10 - 5 - 5 Ils 

Reset Pulse Duration. tw 
5 400 - 500 -

10 175 200 
ns - -
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CD4035A Types 

PARALLEL 
SERIAL 
CONTROllptS) 

PARALLEL 
INPUT-I , 

.7o-------~~--~~-.--~~----~~--~~--~~--~+_--~.___, 

•• 0:-:':'::"--., :;>o---------+-+----+---+.-+----+--____ -+----+----' 

&s RESET 

TRUE/tOMPL. 

62 !Tltl 

FIRST STAGE TRUTH TABLE 

I_,UNPUTS} 

CL J On-I 

...r 0 , o· 

...r ' , 

...r ' 0 

On-I 

...r ' 
Q~-I 

P/S'O'SERIAl MODE 
TIC' ,. TRuE OUTPUTS 

'ntOUTPUTS) 
0, 

On-I 

0, 0, 

V55 
ALL INPUTS PROTECTED BY 
COS/MDS PROTECTION NETWORK 

Fig. 1 - Logic block diagram. 

0, 
TERMINAL No.16·YOO 
TERMINAL No. e -GND 

04 

INPUT TO OUTPUT IS: 
olA BIDIRECTIONAL LOW '''PEDANCE 

WHEN COftTROI.. INPUT liS LOW 
AND CONTROL. INPUT 2 IS HIGH 

til AN OPEN CIRCUIT WHEN COftTROL 
INPUT I IS HIGH AND CONTROL 
'NPUT Z IS lOW 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES 1°C) 
CONDITIONS D, F, K, H PACKAGES E PACKAGE 

CHARACTERISTICS UNITS 
Vo VIN VDD +25 +25 

-55 +125 -40 +85 
IV) IV) IV) TYP. LIMIT TYP. LIMIT 

- - 5 5 0.3 5 300 50 0.5 50 700 
Quiescent Device 

10 10 0.5 10 600 100 1 100 1400 /J.A 
Current, I L Max. 

- -
- - 15 50 1 50 2000 500 5 500 5000 

Output Voltage: - 5 5 o Typ.; 0.05 Max 
Low Level. 

VOL - 10 10 o Typ.; 0.05 Max 
V 

High Level - 0 5 4.95 Min.; 5 Typ. 
VOH - 0 10 9.95 Min.; 10 Typ. 

Noise Immunity: 
4.2 - 5 1.5 Min.; 2.25 Typ. 

Inputs Low, 
VNL 9 - 10 3 Min.; 4.5 Typ. 

V 
Inputs High 0.8 - 5 1.5 Min.; 2.25 Typ. 
VNH 1 - 10 3 Min.; 4.5 Typ. 

Noise Margin: 
4.5 - 5 1 Min. 

Inputs Low, 
VNML 9 - 10 1 Min. 

V 
Inputs High. 0.5 - 5 1 Min. 
VNMH 1 - 10 1 Min. 

Output Drive 
Current: 
N-Channel 
ISink), 0.5 - 5 0.62 1 0.5 0.35 0,43 1 0.35 0.24 

ION Min. 0.5 - 10 1.55 2.5 1.25 0.87 1.05 2.5 0.85 0.59 

P-Channel 
mA 

(Source): 4.5 - 5 -0.31 -0.5 -0.25 -0.17 -0.2 -0.5 -0.18 -0.12 

lOP Min. 9.5 - 10 -0.81 -1.3 -0.65 -0,45 -0.56 -0.31 -0,45 -0.31 

Input Leakage :T ~nr5 Current, 

IIL,IIH ±10-5 Typ., ±1 Max. 
/J.A 
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f 
1 
~ = 400 

~ 
a 300 

! 
~ 200 

,0 

" 
: 
f 100 

10 20 ~ ~ 50 ~ ~ ~ ~ 
lOAD CAPACITANCE 1Cll-pf' 

Fig. 2 - Typical propagation delay time vs. 
load capacitance. 

AM81ENT TEMPERATURE (TA'"2'-C 
TYPICAL TEMPERATURE COEf'f'ICIENT FOR All VALUES 

Of' VDO "0. 3.,.' "C 
CLOCKlt! OPERATION 

w ~ ~ ~ ~ ~ w ~ ~ 
LOAD CAPACITANCE (Cll-pF 

Fig. 3 - Typical transition time vs. load 
capacitance. 

SUPPLY VOLTS IVooI 

Fig. 4 - Typical clock input frequency vs. 
supply voltage. 

LOAD CAPACITlIoNCE (CLI""pf' 
--Cl"50pf' 

10 102 Ie! 104 
INPUT CLOCK f'REQUENCY (fCll-kHZ 

nCS·17111oeA3 

Fig. 5 - Typical dynamic power dissipation 
charac teristics. 



CD4035A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS 

At TA = 250 C, Input tr,tt = 20 ns, CL = 15 pF, RL = 200 kG 

LIMITS 

CHARACTERISTICS 
TEST D,F,K,H E 

UNITS 
CONDITIONS PACKAGES PACKAGE 

VDD 
(V) Min. Typ. Max. Min. Typ. Max. 

CLOCKED OPERATION 

Propagation Delay 
5 - 250 500 - 250 700 

Time: ns 
tpLH , tpHL 10 - 100 200 - 100 300 

Transition Time: 5 - 100 200 - 100 300 

tTHL, tTLH 
ns 

10 - 50 100 - 50 150 

Minimum Clock 5 - 200 335 - 200 500 
Pulse Width, tw ns 

10 - 100 165 - 100 250 

Maximum Clock 
5 15 15 

Rise & Fall Time - - - -
ps 

trCL' t fCL * 10 - - 5 - - 5 

Minimum SetupTime: 5 - 250 500 - 250 750 - ns 
J/K Lines 10 - 100 200 - 100 250 

5 - 100 350 - 100 500 
Parallel-In Lines 

10 - 50 80 - 50 100 

Maximum Clock 5 1.5 2.5 - 1 2.5 -
Frequency, tCl 10 3 5 - 2 5 -

MHz 

Input Capacitance, CI Any Input - 5 - - 5 - pF 

RESET OPERATION 

Propagation Delay 
5 - 250 500 - 250 700 

Time: ns 
tpHL, tpLH 10 - 100 200 - 100 300 

Minimum Reset Pulse 5 - 200 400 - 200 500 
Width, \v ns 

10 - 100 175 - 100 200 

*If more than one unit is cascaded trCL should be made less than or equal to the sum of the transition time 
and the fixed propagation delay of the output of the driving stage for the estimated capacitive load. 

VDD-~UTO" '-:" 
V,:'L 1 

NOTE: Vss 
TEST ANY COMBINATION 
OF INPUTS 92CS-27441 

Fig. 6 - Noise-immunitv test circuit. 

'DO . 
Vss 

INPUTS 

'55 

Fig. 7 - Ouiescent·device-current 
test circuit. 

'DO 
INPUO' 'DO 

~ 
'55 

NOTE 

NEAS~R£ INPUTS 
SEQUENTlAL.LY, vss 
TO aoTH Voo AND 'Iss· 
CONNECT AL.L UNUSED 
INPUTS 10 [ITHEA 

Veo OR Vss 

Fig. 8 -Input-leakage-current 
test circuit. 
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CD4037 A Types 

CMOS Triple ANDIOR Bi-Phase Pairs 
The RCA·CD4037A consists of three AND/ 
OR pairs driven by common control signals 
A and B. HRZ DATA 

CONTROL 
SIGNALS Each circuit has adata input (C), and two out· 

put terminals (D and E) that provide outputs 
in accordance with the truth table shown in 
Fig. 1. The circuit is useful for coding or de· 
coding signals for split·phase (Bi·phase) com· 
munication systems, magnetic recording, and 
plated wire and core memory systems. A sep­
arate VCC terminal is provided to allow level 
conversion to any voltage from 3volts to VDD. 

These types are flupplled In 14-lead hermetic 
dual-in-line ceramic packages (0 and F 
suffixes). 14-lead dual-in-line plastic pack­
age (E suffix). 14-lead ceramic flat package 
(K suffix). and In chip form (H suffix). 

D~~PHASE 

CODING WAVEFORMS 

MOOULATED 
OUTPUTS 

PHASE 
MOCULATED 

DATA 

CONTROL 
SIGNALS 

5 r ---- --------,jfD2 
ci"i AND/OR PAIR 'II 

c ----I r --------J"'E2 
6r---- .L--------,.!03 
-I AND/OR PAIR 19 3'- ___________ .....r-E3 

CD 4037A 

O~~PL~:~NTARY 
FUNCTIONAL DIAGRAM 

E OUTPUTS TRUTH TABLE 

DECODING WAVEFORMS 

Fig. 1 - Coding and decoding walleforms. 

RECOMMENDED OPERATING CONDITIONS. For maximum reliability. nominal operating 
conditions· should be selected to that operation is always within the following ranges: 

LIMITS 

CHARACTE RISTIC VDD D,F,K,H E UNITS 

(V) PACKAGES PACKAGE 

MIN. MAX. MIN. MAX. 

Supply· Voltage Range (For T A = Full 3 12 3 12 V 
Package-Temperature Range) 

CAUTION: VCC VOLTAGE LEVEL MUST BE EQUAL TO OR LESS POSITIVE THAN VDD 

DYNAMIC ELECTRICAL CHARACTERISTICS 
at TA = 25·C. Input t r• tf= 20 ns, CL = 15 pF. RL = 200 kn 

TEST 
LIMITS 

CHARACTERISTIC CONDITIONS D,F,K,H E UNITS 
.--- PACKAGES PACKAGE 

VDD 
(V) MIN. TYP. MAX. MIN. TYP. MAX. 

Propagation Delay Time: 5 - 225 450 - 325 650 
A and B Inputs ns 

tpHL• tpLH 
10 - 75 150 - 100 200 

C Inputs 5 - 250 SOO - 350 700 

tpHL 10 - 75 150 - 100 200 ns 

tpLH 5 - 225 450 - 325 650 

10 - 90 180 - 125 250 

Transition Time: 5 - 40 80 - 60 120 
High·to· Low Level. 10 - 15 30 - 20 40 ns 

tTHL 

Low·to·High Level. 5 - 75 150 - 100 200 ns 

tTLH 10 - 60 120 - 90 180 

I nput Capacitance. CI Any Input 5 5 pF 
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INPUT 
A B 

0 0 

I 0 

0 I 

I I 

Features: 

OUTPUT 

0 E 

I I 

C C 

C C 

0 0 

o-...... "'fI-....,~GATES 
0' 

Vss 
ALL INPUTS ARE PROTECTED BY 
COS/MOS PROTECTION NETWORK 

• Outputs compatible with low-power TTL 
systems. 

• High sink and source current (1.6 mA typ.) 
capability at VDO = Vce= 10V and 

VDS =0.5V. 
• Microwatt quiescent power dissipation: 

Po = 0.5 J.lW/ceramic pkg. (typ.), Po = 
2 J.lW/plastic pkg. (typ.) at VOD = 10 V 

• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 J.lA at 

15 V (full package·temperature range) 
• l·V noise margin (full package·temperature 

range) 

Applications: 

• Split·phase (Si·Phase) communication sys· 
tems. 

• Disc, drum, and tape digital recording 
systems. 

• Plated wire and core memory systems. 
• High-ta-Iow logic level converter. 

A, B,OR C 
INPUT 

INVERTING 
OUTPUT 
o OR E 

NON-INVERTING 
OUTPUT 
o OR E 

____ -90% _Voo 

92C5-20079 

Fig. 2 - Waveforms for measurement of dynamic 

characteristics. 



MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE·TEMPERATURE RANGE (T,ty) ..•...•••.•.•..••.......• -65 to +150' C 

OPERATING·TEMPERATURE RANGE (TA): 

PACKAGE TYPES D. F, K, H • • • . • • • • • • • • . . • . • • • • • • • • • • • . • •• -55 to +125' C 

PACKAGE TYPE E -40 to +85' C' 

DC SUPPLY·VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) .•........... -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PD): 

FOR T A ~ -40 to +60' C (PACKAGE TYPE E) 500 mW 

FOR TA ~ +60 to +85' C (PACKAGE TYPE E) 

FOR T A; -55 to +100·C (PACKAGE TYPES D. F. K) 

FOR T A ; +100 to +125·C (PACKAGE TYPES D, F, K) 

Derate Linearly at 12 mW/' C to 200 mW 

• • . ••• . ••• •. • . . 500 mW 

Derate Linearly at 12 mW/' C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR TA; FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES) 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS -0.5 to V DD +0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max. • . • • • . . •• +265' C 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED TEMPERATURES (·C) 
CONDITIONS 

D, F, K, H PACKAGE~ E PACKAGE 
CHARACTERISTICS 

Vo VIN VDD +25 +25 
-55 +125 -40 

(V) (V) IV) TYP. LIMIT TYP. LIMIT 

- - 5 5 0.03 5 300 50 0.1 50 
Quiescent Device 

Current, I L Max. - - 10 10 0.05 10 600 100 0.2 100 

- - 15 50 1 50 2000 500 5 500 

Output Voltage: - 5 5 o Typ.; 0.05 Max 
Low Level, 

VOL - 10 10 o Typ.; 0.05 Max 

High Level - 0 5 4.95 Min.; 5 Typ. 
VOH - 0 10 9.95 Min.; 10 Typ. 

Noise Immunity: 
4.2 - 5 1.5 Min.; 2.25 Typ. 

Inputs Low. 
VNL 9 - 10 3 Min.; 4.5 Typ. 

Inputs High 0.8 - 5 1.5 Min.; 2.25 Typ. 
VNH 1 - 10 3 Min.; 4.5 Typ. 

Noise Margin: 
4.5 - 5 1 Min. 

Inputs Low, 
VNML 9 - 10 1 Min. 

Inputs High, 0.5 - 5 1 Min. 
VNMH 1 - 10 1 Min. 

Output Drive 
Current: 
N·Channel 
(Sink), 0.5 - 5 0.85 0.7 1.2 0.45 0.4 0.35 0.7 

IDN Min. 0.5 - 10 1.3 1.1 2 0.7 0.65 0.55 1.1 

P·Channel 
(Source): 4.5 - 5 -0.65 -0.55 -1 -0.35 -0.35 -0.3 -0.55 

IDPMin. 9.5 - 10 -0.9 -0.75 -1.6 -0.45 -0.5 -0.4 -0.75 

Input Leakage 

-T~T:5 Current, 

IIL,IIH ±1O-5 Typ., ±1 Max. 

For quiescent device current, noise immunity, and input leakage current test circuits see 
"Ratings and Characteristics" at the beginning of the CMOS section. 

+85 

700 

1400 

5000 

0.3 

0.45 

-0.2 

-0.3 

UNITS 

J.l.A 

V 

V 

V 

rnA 

J.l.A 

~ 

,~ 
5 
~ 
U 

~ 

CD4037A Types 
AMBIENT TEMPERATUREITA'.25-C 
COLLECTOR SUPPLY VDLTS(VCCr-s 
TEMPERATURE COEFFICIENT FOR ALL 

c: VALUES OF VOO-O.3 "I.'-C 

~200 

.. 
LOAD CAPACITANCECCLI-pF 

Fig. 3 - Typical transition time vs. 
load capacitance. 

, 
LOAD CAPACITANCE (CLI-pF 

Fig. 4 - Typical transition time vs. 
load capacitance. 

Fig. 5 - Typical propagation delay time vs. 
load capacitance. 

I.' 

(O-2'-__ ---1'7"" __ --'--,-__ .L __ ---' - ~ ~ ~ ~ 
INPUT FREQUENCY ttl - HI 

..PACtlAGE CONTAINS 6 AND-OR CIRCUITS 

Fig. 6 - Typical dissipation characteristics. 
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CD4040A Types 

CMOS 12-Stage 
Ripple-Carry 

Features: 
0'2 
as 

I. ,S vDD 
2 '5 all 

- Medium-speed operation • 5 MHz (typ.) input pulse Binary Counter/Divider 05 3 ,. 0'0 
07 '3 08 

rate at VDD - VSS = 10 V Q4 '2 09 

The RCA-C04040A consists of an input­
pulse-shaping circuit and 12 ripple-carry 
binary counter stages_ Resetting the counter 
to the all-O's state is accomplished by a 
high-level on the reset line. A master­
slave flip-flop configuration is utilized for 
each counter stage. The state of the counter 
is advanced one step in binary order on the 
negative-going transition of the input pulse. 
All inputs and outputs are fully buffered. 

- Low output impedance •. 750 n (typ.) at VDD - VSS 
03 
02 " R 

'0 • = 10 V and VDS= 0.5 V Vss a' 
- Common reset - Fully static operation 
- All 12 buffered outputs available 
- Low-power TTL compatible 
- -Quiescent current specified to 15 V 
- Maximum input leakage current of 1 p.A 

These.types.are supplied in l6-lead hermetic 
dua1-in-ltne ceramic packages (0 and F 
suffixes). le-Iead dual-in-line plastic pack­
age (E suffix). l6-lead ceramic flat package 
(K suffix). and in chip form (H suffix). 

at 15 V (full package-temperature range) 
- 1-V noise margin (full package-temper­

ature range) 

Applications: 
- Frequency-clividing circuits 
- Time-clelay circuits - Control counters 

RECOMMENDED OPERATING CONDITONS at TA = 250 C, Except as Noted: 
For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges : 

LIMITS 

D,F,K,H E 
CHARACTERISTIC Packagea Package VDD 

(V) Min. Max. Min. Max. 

Supply Voltage Range (For TA = Full 
3 12 3 12 

Package·Temperature Range) 

Input Pulse Width, tw 5 400 - 500 -
10 110 125 - -

Input-Pulse Frequency, ftjJ 
5 dc 1.5 dc 1.5 

10 dc 4 dc 4 

Input-Pulse Rise or Fall Timll, trtjJ,tftjJ 
5 15 15 
10 15 - 15 -

Reset Pulse Width, tw 

ROD 
tss * AU. INPUTS ARE 
PROTECTED BY 
COSI MOS PROTECTION 
NETWORK 

5 1000 - 1250 -
10 500 - 600 -

Q, OUT- (QIH6:.)(ih 
;>0----09 

• R-HiGH DOMINATES (RESETS ALL STAGES) 
AACTION OCCURS ON NEGATIVE GOING 

TRANSITION OF INPUT PULSE. COUNTER 
ADVANCES ONE BfNARY COl.WT ON EACH 
NEGATIVE f TRANSITION 14096 TOTAL 
BINARY COUNTS). 

'}'NPUTS TO 2nd 
_ STAGE 

92CM-2074BR3 

Fig. I - Logic diagram of CD4040A input pulse shaptlr and t of 12 srages. 
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UNITS 

V 

ns 

MHz 

p.s 

ns 

92CS-20747RI 

CD4040A 
TERMINAL DIAGRAM 

AMBIENT TEMPERATURE ITAI • 15·C 
TYPICAl.. TEMP. COEFFICIENT AT ALL VAWES OF VGS" -0.3%I·C 

r 12.5 

8 10 
~ 
~ 
~ 1.5 

, .. 

TE-TO-SOURCE VOLTAGE I '"I!! V 

•• 
2.!! 5 7.S 10 12.S IS 

CRAIN - TO - SOURCE VOLTAGE tVcsl-v 

Fig.2 - Typical output n-channel 
drain characteristics. 

DRAIN-TO-S(X.IIC£ YOLmGE (VosI-V -. 

GATE-TO-SOl.llCE YOLTAGE ( '"ISV 

AMBIENT TEMPERATURE ITAl -2S"C 
TYPICAL TEMP. COEFFICiENT ATALL VALUES OF VGS"-o.3"4/", 

Fig.3 - Typical output p-channel 
drain characteristics. 

-'0 ! 
-" 

I 
~ 

92CS-Z0522 

Fig.4 _. Functional diagram. 



MAXIMUM RATINGS, Absolute·Maximum Values: 
STORAGE·TEMPERATURE RANGE ITstgl 
OPERATING·TEMPERATURE RANGE ITAI: 

PACKAGE TYPES 0, F, K, H -55 to +1250 C 
PACKAGE TYPE E -40 to +8soC 

OCSUPPLY·VOLTAGE RANGE, IVOOI 
(Voltages referenced to VSS Terminal!...................................... -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE IPOI: 
FOR TA= -40 to +600 C IPACKAGE TYPE E) 

FOR T A = +60 to +850 C IPACKAGE TYPE Ell 

FOR T A = -55 to +loo·C (PACKAGE TYPES 0, F, K) 
FOR TA = +100 to +125·C (PACKAGE TYPES 0, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

500mW 

Derate Linearly at 12 mW/oC to 200 mW 

................ 500 mW 
, . Derate Linearly at 12 mW/oC to 200 mW 

FOR TA = FULL PACKAGE·TEMPERATURE RANGE IALL PACKAGE TYPESI. ...... 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS............. ................. ... -0.5 to VDO +0.5 V 
LEAD TEMPERATURE lOURING .~OLDERINGI: 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max ............. . 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
Limits at Indicated Temperatures (OC) 

Characteristic 0, F, K, H Packages E Package Units 

Vo VIN VOO -55 +25 +125 -40 +25 +85 
(V) (V) (V) Typ. Limit Typ. Limit 

Quiescent Device - - 5 15 0.5 15 900 50 1 50 700 
Current, - - 10 25 1 25 1500 100 2 100 1400 I1A 

IL Max. - - 15 50 2.5 50 2000 500 5 500 5000 

Output Voltage: 
Low·Level, - 5 5 a Typ.; 0.05 Max. 

VOL - 10 10 a Typ.; 0.05 Max. 

High·Level a 5 4.95 Min.; 5 Typ. 
V 

-

VOH - a 10 9.95 Min:; 10 Typ. 

Noise Immunity: 

Inputs Low, 4.2 - 5 1.5 Min.; 2.25 Typ. 

VNl 9 - 10 3 Min.; 4.5 Typ. 
V 

Inputs High, 0.8 - 5 1.5 Min.; 2.25 Typ. 

VNH 1 - 10 3 Min.; 4.5 Typ. 

Noise Margin: 
4.5 5 1 Min. -

Inputs low, 
9 10 1 Min. -

VNMl 
V 

Inputs High, 0.5 - 5 1 Min. 

VNMH 1 - 10 1 Min. 

Output Drive 
Current: 
N·Channel 
(Sink). 0.5 - 5 0.22 0.36 0.145 0.102 0.21 0.36 0.08 0.056 

ION Min. 0.5 - 10 0.44 0.75 0.4 0.250 0.42 0.75 0.2 0.14 
mA 

P·Channel 
(Source): 4.5 - 5 -0.15 -0.25 -0.1 -0.07 -0.15 -0.25 -0.06 -0.04 

lOP Min. 9.5 - 10 -0.03 -0.5 -0.25 -0.175 -0.29 -0.5 -0.15 -0.1 

Input Leakage 
Current, Any Input 

IIL.IIH - - 15 ±10-5 Typ., ±1 Max. p.A 

CD4040A Types 

AMBIENT TEMPERATURE (T"I. i;O"C 

TYPICAL TEMP. COEFFICIENT AT ALL VALUES OF vGS' -O'%I"C 

1.' 
TE-TO-SOURCE VOLTAGE l'tOV 

133.75 
Z JOV 

~ 2.5 

I." 
.v 

Z:I :I 1.5 10 12.5 .:1 
DRAIN - TO - SOURCE VOLTAGE 'Vosl-9~CS'21~12 

Fig.S - Minimum output n-channel 
drain characteristics. 

DRAIN-lO-SOlACE VOLTAGE 'VDsI-V 

-IS 

GAlE-TO-SOURCE VOLTAGE' I.I~V 

AMaENT TEMPERATURE 'TA J • 25·C 
TYPICAL TEMR COEFFICIENT AT ALL VALUES OF VGS. -0.3%/'"( 

Fig.6 - Minimpm output p·channel 
drain characteristics. 

LOAD CAPACITANCE 'CLI-pF 

Fig] - Typical propagation delay time vs. 
load capacitance (per stage). 

Fig.S _ Typical transition time vs. load 
capacitance. 
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CD4040A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C, Input tr, tt = 20 ns, 

Test Conditions 
Characteristic 

~ (V) Min. 
Input·Pulse Operation 

Propagation Delay 
5 Time, 

tPLH, tPHL· 10 

Transition Time, 5 

tTHL, tTLH· 10 

Maximum Input·Pulse 5 
Frequency, frp 10 

Minimum Input·Pulse 5 
Width, tw f=100 kHZ 10 

Input·Pulse Rise & 5 

Fall Time, trrp, tfl' 10 

Average Input 
Any Input Capacitance, CI 

Reset Operation 

Propagation Delay 5 
Time, tPHL' 10 

Minimum Reset 5 
Pulse Width, tw 10 

• Measured from the 50% level of the negative 
input pulse edge to the 50% level of either 
the positive or negative edge of the 01 out· 
put (pin 9); or measured from the nega· 
tive edge of 01 through all outputs to 
the positive or negative edge of the next 
higher output. 

INPUTOVDO OUTPurs 

voo':::'" ~ . . 
YNL _ 

NOTE: 
TEST ANY ONE INPUT, 

Yss WITH OTHER INPUTS AT 
92CS-27~OO Veo ORYSS· 

Fig. 11- Noise-immunity test circuit. 
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CL = 15 pF, RL = 200 k!2 

LIMITS 

D,F,K,H E 
Units 

Packages Package 

Typ. Max. Min. Typ. Max. 

450 900 - 450 950 
225 450 - 225 475 

ns 

150 300 - 150 350 

75 150 - 75 175 
ns 

2.5 - 1.5 2.5 -
MHz 

6 - 4 6 -
200 400 - 200 500 
75 110 - 75 125 ns 

- 15 - - 15 
7.5 7.5 

liS - - -

5 - - 5 - pF 

500 1000 - 500 1250 
250 500 250 600 

ns -
500 1000 - 500 1250 
250 500 250 600 

ns -

.. Maximum input rise or fall time for func· 
tional operation. 

• Measured from the positive edge of the re, 
set pulse to the negative edge of any output 
'(01 to 012). 

VDO . 
VIS 

INPUTS 

VDO 

Vss 

Fig. 12 - Quiescent-device-current test circuit. 

10 AMBIENT TEMPERATURE ITAJ·2~·C: 

LOAD CAPACITANCE ICL1-I!!ipF 
--CL-50pF 

10 102 103 10' 
INPUT FREQUENCY (f.t-kHz 

9ZCS-2i5I!1RI 

Fig.9 - Typical dissipation characteristics. 

AMIIENT TEMPERATURE ITA I-n·e 
LOAO CAPACITANCE Ie I. I!I pF 

10 15 
SUPPLY VOlTStVDDI 

9ZCS'Z~"4RI 

Fig. 10 - Typical input-pulse frequency 
VI. supply voltage. 

Yoo 1NPUOS VDO NOTE 

~ MEASURE INPUTS 
. ~ SEOUlNTiALLY. 

Yss TO BOTH Yoo ANDVss 
CONNECT ALL UfilUSm 
l .. lITS 10 EITH[R 
Voo OR VSS· 

VSS 

Fig. 13 - Input-Ieakage-current test circuit. 



CMOS Quad 
True/Complement 
Buffer 

The RCA·CD4041 A types are quad truel 
complement buffers consisting of n· and 
p·channel units having low channel resistance 
and hiQh current (sourcinQ and sinking)capa· 
bility. The CD4041A is intended for use as 
a buffer, line driver, or COS/MOS·to·TTL 
driver. It can be used as an ultra·low power 

resistor·network driver for AID and D/A 
conversion, as a transmission·line driver, and 
in other applications where high noise im· 
munity and low·power dissipation are pri· 

··mary design requirements. 

These types are supplied in 14-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes). 14-lead dual-in~line plastic pack­
age (E suffix), 14-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

MAXIMUM RATINGS, Absolute·Maximum Values: 
STORAGE·TEMPERATURE RANGE (Tstg) 

OPERATING·TEMPERATURE RANGE (TA ): 

PACKAGE TYPES 0, F, K, H 
PACKAGE TYPE E 

DC SUPPLY·VOL TAGE RANGE. (VDD). 

-66 to +lS00C 

-SS to +12SoC 
-40 to +8SoC 

(Voltages referenced to VSS Terminal)................... ................... -O.S to +15 V 

POWER DISSIPATION PER PACKAGE (PO): 

FOR TA = -40 to +SOoC (PACKAGE TYPE E) 

FOR T A = +60 to +8SoC (PACKAGE TYPE EI) 

FOR T A = -55 to +l00'C (PACKAGE TYPES 0, F, K) 

SOOmW 

Derate Linearly at 12 mW/oC to 200 mW 

.................. SOOmW 

FOR T A = +100 to +125'C (PACKAGE TYPES 0, F, K) ..... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TyPES)....... 100 mW 

INPUT VOL TAGE RANGE. ALL INPUTS. .. .... ....... -0.5 to V DD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): . 

At distance 1/16 ± 1/32 Inch 11.59 ± 0.79 mml from case for 10 s max. 

RECOMMENDEO OPERATING CC,lNOITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 

CHARACTERISTIC 
LIMITS 

UNITS 
Min. Max. 

Supply Voltage Range (For TA = Full Package 
3 12 V Temperature Range) 

VDD 

Vss 

* ALL. INPUTS PROTECTED 
BY COS/MOSPROTECTlQN 
NETWORK 

JD JD 
~L~TRUE 
~S--0UTPUT 

1 , 
Vss Vss 

VDD 

d 
} -------OOCOMPLEMENT 

OUTPUT 

! 
Vss 92CS-2003!!RI 

Fig.1- CD4041A schematic diagram. 

+266oC 

CD4041 A Types 

Features: 
True Output 
• High current source and sink capability 

8 mA (typ.) @ VOS =0.5 V, VOO = 10 V 
3.2 mA (typ.) @ VOS = 0.4 V, VOO = 5 V 

(two TTL loads) 

Complement Output 
• Medium current source and sink capability 

3.6 mA (typ.) @ VOS = 0.5 V, VOO = 10 V 
1.6 mA (typ.) @ VOS = 0.5 V, VOO = 5 V 

• Quiescent current specified to 15 V 
• Maximum input peakage of 1 IJ.A at 15 V 

(full package·temperature range) 
• l·V noise margin (full package temperature 

range) 

Applications: 
• High current source/sink driver 
• CMOS-to-DTL/TTL Converter 
• Oisplay driver 
• MOS clock driver 
• Resistor network driver 

(Ladder or weighted R) 

• Buffer 
• Transmission line driver 
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CD4041A Types 

DVNAMIC ELECTRICAL CHARACTERISTICS at TA = 2SOC and CL = 15 pF. RL = 200 kSl 

CHARACTERISTIC 

Propagation Delay Time: 

High·to-Low Level 

tpHL 

Low-to-High Level 

tpLH 

Transition Time: 
High-to-Low Level 

tTHL 

Low-to-High Level 

Input Capacitance 

.. 

.• 
> 

~ 10 

! 
... 
Yoo· .. 

tTLH 

CI 

'V "lOY 

TEST 
CONDITIONS 

VDD 
(VoIU) 

True 5 

Output 10 

Compo 5 
Output 10 

True 5 

Output 10 

Compo 5 

Output 10 

True 5 

Output 10 

Compo 5 
Output 10 

True 5 
Output 10 

Compo 5 
Output 10 

Any Input 

~o 
AMBIENT TEMPERATURE: 

IT"l-Z"e 

10 12 14 18 II 

92CS-20044 

Fig. to - Minimum and maximum transfer charac­
teristics - true output. 

LOAD CAPACITANCE ICLl-PF 
92CS-20041 

Fig. 73 - Typical high-to-Iow level transition 
time VS', CL - complement output. 

562 

LIMITS 

D.F,K,H E UNITS 
Packages Package 

TVP. MAX. TVP. MAX. 

65 115 65 140 

40 75 40 100 
ns 

55 100 55 125 

30 45 30 65 
ns 

75 125 75 150 

45 75 45 100 
ns 

45 100 45 125 

25 50 25 60 
ns 

20 40 20 60 

13 25 13 40 
ns 

40 60 40 80 

25 40 25 50 
ns 

20 40 20 60 ns 

13 25 13 40 

35 55 35 75 

25 40 25 50 
ns 

5 - 5 - pF 

Fig. t, - Minimum and maximum transfer charac­
teristics - complement output. 

0 

0 

0 

AMBIENT TEMPERATURE J. I, ,.~ 
IT.1·2.·C l"llll""--• "",",.G;';"';- I::::::: 

• 

suPP~ 

f-" J4: f----~ roo-- -- IVnn"I'"' 

L J 
o ~ ~ ~ ~ ~ ro ~ ~ 

LOAD CAPACITANCE {CLI-PF 
92CS-20048 

Fig. 74 - Typicallow-to-high level propagation 
delay time .... CL - true output_ 

Hes-2Q042 

Fig.S - Minimum output n-channel drain charac­
teristics -complement output. 

DRAI't'TO-$OURCE VCM,.TAGl:1YOSI-V 

Flg.S - Minimum output p-chsnnel drain charac­
reristics - complement output • 

''':''ENT I.TEM..kRAnlRE 

o 111• 21c .1_ 

o I ~.~" ;,./ 
----h 1 •• ~;:ft/ or--- -Jfio-' 
~ J, ~ 0 

0 

1" l'Illn""'" 
I---

J 

NOO,·\5" 

I I 
'0 2ll 50 40 SO 60 70 80 90 

L.OAD CAPACITANCE (CL.I-PF 
92CS-20046 

Fig. 12 - Typical transition time VI. 

CL - true output. 

AMBIENT TEM~R'T0RE I. V r- ITj' .... c. ,.~;'" 
I ... ~,.~ 

).fr"J r--;.--
f.- i-" 

lJ""'·""' ....... - ~ _ -:::! :..J.,-.--WOO,s\fiN 

I J 
.0 20 ~ 40 so 60 70 80 90 

L.OAD CAPACITANCE (CLl-PF 
92CS-20049 

Fig. 15 - Typicallow-to-high level propagation 
delay time vs. CL - complement output. 



STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
Limits at Indicated Temperatures (OC) 

Characteristic 
D, F, K, H Packages E; Package. 

Units 
Vo VIN VDD -55 
(V) (V) (V) 

Quiescent Device - - 5 1 
Current, I L - - 10 2 

Max. - - 15 25 

Output Voltage: - 0.5 5 Low·Level, 
0.10 10 

VOL 

H igh·Level, - 0.5 5 
VOH - 0.10 10 

Noise Immunity: 
3.6 5 

Inputs Low, -
VNL 

7.2 - 10 

Inputs High, 1.4 - 5 
VNH 2.8 - 10 

Noise Margin: 
4.5 5 

Inputs Low, -
VNML 

9 - 10 

Inputs High, 0.5 - 5 
VNMH 1 - 10 

Output Drive 

~ 5 2.1 Current: True 
N·Channel 0.5 10 6.25 

(Sink), ~ Compo 
5 1 

0.5 10 2.5 ION Min. 

P-Channel # True 
5 -1.75 

(Source) 9.5 10 -5 

lOP Min. # Compo 
5 -0.75 

9.5 10 -2.25 

I n put Leakage 
Current, Any Input 15 

IIL.IIH 

DRAIN-Ttl-SOURCE VOLTAGEIVDSI-V 

Fig.5 - Typical output p-channel drain charac­
ter/sties - complement output. 

+25 +125 -40 +25 +85 
Typ. 

0.005 
0.005 
0.25 

3.2 
10 
1.6 
4 

-2.8 
-8 

-1.2 
-3.6 

Limit Typ. Limit 

1 60 10 0.01 10 140 
2 120 20 0.02 20 280 p.A 

25 1000 250 2.5 250 2500 

o Typ.; 0.05 Max. 
o Typ.; 0.05 Max. 

V 
4.95 Min.; 5 Typ. 
9.95 Min.; 10 Typ. 

1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 

V 
1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 

1 Min. 
1 Min. 

V 
1 Min. 
1 Min. 

1.6 1.2 1 3.2 0.8 0.7 
5 3.5 3 10 2.5 2.2 

0.8 0.55 0.5 1.6 0.4 0.35 
2 1.4 1.2 4 1 0.9 

rnA 
-1.4 -1 -0.85 -2.8 -0.7 ~ 
-4 -2.8 -2.4 -8 -2- -1.8 

-0.6 -0.4 -0.35 -1.2 -0.3 -0.27 
-1.8 -1.25 -1.1 -3.6 -0.9 -0.8 

±10-5 Typ.; 1 Max. p.A 

UCS-Z0040 

Fig.6 - Minimum output n-channel drain charac­
teristics - true output. 

CD4041 A Types 

* nE FIG.17 FOR INPUT RISE ANO FALL 
TIME UMITATIONS 

Fig.2 - Typical output n-channel drain charac­
teristics - true output. 

ORAIN-TD-SOURCE \oOI...TAGE !Vosl-V 

Fig.3 - Typical output p--channel drain cherac­
reristies - true output. 

MAX. AVERAGE DISSIPATION 
PER OUTPUT (lOOmW) * 

*SEE FIG.17 FOR INPUT RISE AND FALL 
TIME LU.ttTATIONS 

Fig.4 - Typical output n-channel drain charac­
teristics - complement output. 

O~AlN-TO-SOUACE VOLTAGE tVosH/ 

Fig.7 - Minimum output p--channel drain charac· 
teristics - true output. 
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CD4041A Types 

Fig. 16 - Typical power dissipation vr. 
frequency per output pair. 

YOO-VNH 

INPUTOV'" OUTPUTS 

"--- ~ V:L J 
NOTE: 

TEST ANY ONE INPUT, 
Yss WITH OlHER INPUTS AT 

92C$- 21400 Voo DR Yss' 

Fig. 19 - Noise immunity test circuit. 
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, 
" 

Alllf.IY·" 

101 10" 105 10' 
INPUT fliSt. , .. ~~ TIIII;- .. 

Fig. 77 - Typical power dissipation vs. input 
rise & fall time per output pair. 

~ ;::~:I!~~~ 

.. 

Yeo ,NPuDs Voo NOTE' 

Yss TO BOTH Voo AND Vss' 
CONNECT ALl. UNUSED 
INPUTS 10 EITHER 
Yoo CRYss' 

Vss 

Fig.20 - Input le~kage current test circuit. 

. 
Vss 

INPUTS 

VOO 

Vss 

Fig. 18 - Quiescent device current test circuit. 



CMOS Quad Clocked "0" Latch 
The RCA-CD4042A types contain four latch 
circuits, each strobed by a common clock_ 
Complementary buffered outputs are availa­
ble from each circuit_ The impedance of the 
n- and p-channel output devices is balanced 
an~ all outputs are electrically identical_ 
Information present at the data input is 
transferred to outputs Q and IT during the 
CLOCK level which is programmed by the 
POLARITY input_ For POLARITY = 0 the 
transfer occurs during the 0 CLOCK level 
and for PO LAR ITY = 1 the transfer occu rs 
during the 1 CLOCK level_ The outputs 

and POLARITY levels defined above are 
present_ When a CLOCK transition occurs 
(positive for PO LAR ITY = 0 and negative 
for POLARITY = 1) the information present 
at the input during the CLOCK transition is 
retained at the outputs until an opposite 
CLOCK transition occurs_ 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes). 16-lead dual-in-line plastic pack­
age (E suffix), 16-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 

follow the data input providing the CLOCK 
MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (Tstgl ..•••• , •. , •.•.•••.•••. _ •... -65 to +150oC 
OPERATING-TEMPERATURE RANGE (TAl: 

PACKAGE TYPES D, F, K, H ••••••.•••.•••• ,. _ •.•••••••••••.. -55 to +1250 C 

PACKAGE TYPE E .••.•..•.••.•.••..• , ••••.•••••••••.•••• -40 to +850 C 
DC SUPPLY-VOLTAGE RANGE, (VDDI 

(Voltages referenced to VSS Terminall: .• _ .. _ •••• _ ...••••.••..••••• -0.5 to +15 V 
POWER DISSIPATION PER PACKAGE (PDI: 

FOR T A = -40 to +60oC IPACKAGE TYPE E) .•.•.... _ ...••••.•••••••• 500 mW 

FOR T A = +60 to +85°~ (PACKAGE TYPE E I .••••. Derate Linearly at 12 mW/C to 200 mW 
FOR TA = -55 to +100'C (PACKAGE TYPES D, F, K) .•.•••••.•••••• , , ••••• 500 mW 

FOR TA = +100 to +125'C (pACKAGE TYPES D, F, K) .•• Derate Linearly at 12 mW/oC to 200 mW 
DEVICE DISSIPATIO!'l PER OUTPUT TRANSISTOR 

FOR TA = FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) .•••••• 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS •.••••.••• .- •.•••.• , ••. , . -0.5 to VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ±0.79 mm) from case for 10 s max •••.•••.•••••• +2650 C 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C, Input t r , If= 20 ns, CL = 15 pF, 

RL = 200 Kil 

LIMITS 

VOO D,F,K,H E UNITS CHARACTERISTIC (V) PackaJJ.es Packags 

Typ, Max. Typ. Max. 

Propagation Delay 5 150 300 150 400 
Time: tPHL, tpLH ns 

Data In to Q 
10 75 150 75 200 

Data In to Q 5 250 500 250 600 ns 
10 100 200 100 250 

Clock to Q 
5 300 600 300 750 ns 
10 125 250 125 300 

Clock to 6 5 400 800 400 1000 ns 
10 175 350 175 400 

Transition Time: 5 100 200 100 300 ns 
tTHL, tTLH 10 50 100 50 150 

Minimum Clock 5 175 250 175 350 ns 
Pulse Width, tw 10 60 120 60 175 

Minimum Hold 5 150 300 150 350 ns 
Time, tH 10 60 120 60 150 

Minimum Setup 5 0 50 0 50 ns 
Time, ts 10 0 30 0 30 

Minimum Clock Rise 5 Not rise or fall time sensitive. ps 
or Fall Time: tr , tf 10 

Input Capacitance, CI - 5 
(Any Input) 

- 5 - pF 

CD4042A Types 

D, 0, 

o-D'_-IH r----.:°:.e.'-o 'D 
0, D, 

D. t-LJI--:-:Q,:.-o " 
"O---t-fr-----""-Q 

CLOCK ~~~" • 
POLARITY 
.O-,........'--l..J 
VDD~ 
V5S~ 

UCS-ZOItI 

CD4042A 
FUNCTIONAL DIAGRAM 

Features: 

• Clock polarity control 
• Q and IT outputs 
• Common clock 
• Low power TTL compatible 
• Quiescent current specified to 15 V 
• Maximum input leakage of 1 fJA at 15 V 

{.full package-temperature range) 
• 1-V noise margin (full package-temperature 

range) 

Applications: 

• Buffer storage 
• Holding register 
• General digital logic 

D, 

fCONTROi- ---p- - - ----l 

"CCK~" CL I • I I 
I P 

I " " I 

: ' : 
POLARITV~P I 

6 I v ~_ I 
L ________ -" ___ -.J 

~DD 

tss 
*AIJ. INPV1'S ARE 

PROTECTED BY 
COS/IIOS PADTEC TION 
NETWORK 

CLOCK POLARITY Q 

0 0 D 

....r 0 LATCH 

1 1 D 
~ 1 LATCH 

Fig. 1 - Logic block diagram & truth table. 
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CD4042A Types 

RECOMMENOEO OPERATING CONOITIONS at TA = 25°C. Except as Notad. 
For maximum reliability. nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

CHARACTERISTIC 
VOO D.F.K.H E 
(V) Packages Package 

Min. Max. Min. Max. 

Supply·Voltage Range 
(For T A = Full Package - 3 12 3 12 
Temperature Range) 

Clock Pulse 5 350 - 250 ~ 

Width. tw 10 175 - 120 -
5 50 - 50 -

Setup Time. ts 10 30 - 30 -
5 350 - 300 -

Hold Time. tH 10 150 - 120 -
Clock Rise or Fall 5 

Not rise or fall time sensitive. 
Time: t r• tt 10 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions Limits at Indicatad Temperaturas (oC) 

Characteristic 
D. F. K. H Packages E Package 

Vo ~IN VOO -65 
+25 

+125 -40 
+25 

IV) (V) (V) Typ. Limit Typ. Limit 

Quiescent Device - - 5 1 0.005 1 60 10 0.01 10 

Current. IL Max. - - 10 2 0.005 2 120 20 0.02 20 

- - 15 25 0.25 25 1000 250 2.5 250 

Output Voltage: - 0.5 5 o Typ.; 0.05 Max. 
Low· Level. 
VOL - 0.10 10 o Typ.; 0.0s Max. 

High Level. - 0.5 5 4.95 Min.; 5 Typ. 
VOH - 10.10 10 9.95 Min.; 10 Typ. 

Noise Immunity: 4.2 - 5 1.5 Min.; 2.25 Typ. 
Inputs Low. 
VNL 9 - 10 3 Min.; 4.5 Typ. 

Inputs High. 0.8 - 5 1.5 Min.; 2.25 Typ. 
VNH 1 -' 10 3 Min.; 4.5 Typ. 

Noise Margin: 4.5 - 5 1 Min. 
Inputs Low. 
VNML 9 - 10 1 Min. 
Inputs High. 0.5 - 5 1 Min. 
VNMH 1 - 10 1 Min. 

Output Drive 
Current: 

0.5 5 0.5 1 0.4 0.27 0.24 1 0.2 n·Channel -
(Sink). 
ION Min. 

0.5 10 1.25 2 1 0.7 0.6 2 0.5 -
p·Channel 4.5 - 5 ·0.45 ·1 ·0.35 ·0.25 ·0.2 ·1 0.17~ 
(Source). 

10 ·1.15 ·2 ·0.9 ·0.6 ·0.34 ·2 ·0.45 lOP Min. 9.5 -
Input Leakage Any 

±1O-5 Typ.; 1 Max. Current. 15 
IIL.IIH Max. 

Input 

566 

UNITS 

V 

ns 

ns 

ns 

IJ$ 

Units 

+85 

140 
280 p.A 

2500 

V 

V 

V 

0.18 

0.45 
mA 

·0.15 

·0.4 

p.A 

AMBIENT TEMPERATURE CTA' .215-C 
TYPICAL. TEMPERATURE COEFFICIENT FOR Io··o.3"re'·C 

~.. ..TE·'.·' .... CE ""'AGE 1'10"., .. ... 
115 
• i ,. 

,.v 

ov 

U 1.5 10 12.5 15 

DRAIN-TO-SCUI:l VOLTAGI: (VDSI-V 

Fig. 2 - T"pical output n-chsnn.1 drain 
chsractBristics. 

DRAII-TO-SOUU 'IOL1IGE 'Vos'-V 
-I -to 

ov 

IOV 

u.'E-TO-S~TAGlI ,a"" 

, . 

Fig. 3 - T"pical output p-chsnn.1 drain 
characterisrics, 

.. 

... : 
···1 

CD404ZAD.CD4042AIC, ~­
CD4042AF 

2.' 

'----c 
C040" ___ }:'-: 

".S IS 
DRAIN - TQ - SOURCE YCK.TAGE IVosl 

Fig. 4 - Minimum n--channel drain characterilties. 

DRAIN - TO- SOURCE 'IOLlAGE (Vnsl-V -, 

Fig. 5 - Minimum p--channs/ drain charactsrlstics. 



1 NOTE I 

CLgLCK ~'-----------l'----­
NOTE 2 I 

I 

t~ : I DATA I .1 
DATA I I 

IN~UT f-tsttl:l-I 
LATCH HIGHI I 

~ I L-__ ~ ____ __ 

o {t~~C~~bA i 
OUTPUT I 

• f 

NOTES: 

I 
HIGH DATA 
LATCHED 

tpHL' tpLH 
CLTOQOR~ 

I. FOR POSInVE CLOCIC EDGE,INPUT DATA IS LATCHED WHEN 
POLARITY IS LOW. 

2. FOR NEGATIVE CL.OCK EDGE, INPUT DATA IS LATCHED WHEN 
POLARITY 19 HIGH. 

92CS'Z7630 

~ 10 
a 
~ 
~ 10 LOAD CAPACITANCE CL '15 pF 

CL"!50pF---

Fig. 17 - Typical dissipation characteristics. 

LOAD CAPACITANCE ttl) - pF 
gZCS-2J'&31 

Fig. 1- Typical propagation delay tima VI. 

load capacitance- datB to Q. 

LOAD CAPACITANC£ ICl) - pF 

92CS-27633 

Fig. 9 - Typical propagation delay tima v .. load 
capac/tanes - clock to Q • 

·00 . 
·ss 

INPUTS 

·ss 

Fig. 12 - Qu/escent device current test circuit. 

INPU(JS .", 
Voo NOTE: 

~ ::~i:;I~~~~~S 
Vss TO aoTH Voo ANO VSS' 

CONNECT ALL UNUSED INPUTS TO EITHER 
VDO OR Vss' 

Vss 

Fig. 14 - Input leakage current test circuit. 

CD4042A Types 

92CS-Z7632 

Fig. 8 - Typical propagation dalay tima VI. load 
capacitanes - data to Q. 

LOAD CAPACITANCE ICl) - pF 
92CS·27.3~ 

Fig. 10 - Typical propagation dalay tima VI. load 
capacitance - clock to Q. 

9Zt'S-27441 

Fig. 13 - Noise immunity tost circuit. 
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CD4043A, CD4044A Types 

-------CMOS Quad 3-State 
RIS Latches 

Quad NOR R/S Latch - CD4043A 
Quad NAND R/S Latch - CD4044A 

5, 

"I 
52 O. 
"2 

5, 
0, ". 

s. 
Q. -. 

ENABLE Ne 

The RCA-CD4043A types are quad cross­
coupled 3-state CMOS NOR latches and the 
C04044A types are quad cross-coupled 
3-state CMOS NAND latches. Each latch 
has a separate Q output and individual SET 
and RESET inputs. The Q outputs are can· 
trolled by a common ENABLE input. A log­
ic "1" or high on the ENABLE input can· 
nects the latch states to the Q outputs. A 
logic "0" or low on the ENABLE input 
disconnects the latch states from the Q out­
puts, resulting in an open circuit condition 
on the Q outputs. The open circuit feature 
allows common busing of the outputs. The 
logic operation of the latches is summarized 
in the truth table shown in Fig. 1. 

CD4043A Vss 92CS-2022IRI 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (0 and F 
suffixes), 16-lead dual-in-line plastic pack­
age (E suffix), 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

FUNCTIONAL DIAGRAM 

Applications: 

• Holding register in multi· . 
register system 

• Four bits of independent 
storage with output ENABLE 

• Strobed register 
• General digitellogic 

MAXIMUM RATINGS, AbsolullI·Maximum Valutls: 

STORAGE·TEMPERATURE RANGE (Totgl ....•.••••..•..•••.•..••... -65 to +150oC 
OPERATING·TEMPERATURE RANGE (TAl: ° 

PACKAGE TYPES D, F, K, H ••••.•..•••..•••••.••..•••.•. -55 to +125 C 
PACKAGE TYPE E ..•.•.••••..•.•.••••.•••.•.••...••.•..• -40 to +S50C 

DC SUPPLY·VOLTAGE RANGE, (VDDI 
(Voltages referenced to Vss TermlnaU: .•.••..••••.••.•.•.•••...•.• -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (POl: 
FOR TA = -40 to +sooc (PACKAGE TYPE EI .•••..•.••••.•• , •.•••••.• 500 mW 
FOR T A = +60 to +S50C (PACKAGE TYPE E I .••••. Der.", Linearlv at 12 mW/oC to 200 mW 
FOR T A = -55 to +100·C· (PACKAGE TYPES D, F, K) .•••.•.••..•••.••••••• 500 mW 
FOR r A = +100 to +125·0 (PACKAGE TYPES D. F, K) ... Derate Linearlv at 12 mWlC to 200 mW 

DEV ICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES) •.••••. 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS .•.••.••••..•••..•..•••• -0.5 to VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1I32 inch 11.59 ±0.79 mm) from case for 10 sma •.••.••.••.•.•. +2650C 

RECOMMENDED OPERATING CONDITIONS at TA = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should ba selected so that 
operation is always within the following ranges: 

LIMITS 
YDD D.F,K.H E CHARACTERISTIC 
!VI Packages Package 

Min. Max. Min. Max. 

Supply·Voltage Range 
(For T A = Full Package - 3 12 3 12 
Temperature Range 

Set or Reset Pulse 5 200 - 225 -
Width, tw 10 100 - 110 -

568 

UNITS 

Y 

ns 

ENABLE 

FUNCTIONAL DIAGRAM 
12C5·20222 

Features: 

• 3-Level outputs with common 
output ENABLE 

• Separate SET and RESET inputs 
for each latch 

• NOR and NAND configuretions 
• Quiescent current specified to 15 Y 

• Maximum input leakage of 11JA at 15 Y 
(full package-temperature range) 

• 1·Y noise margin (full peckage-temperature 
range I 

CD4043A- NOR 

EN~~ 
5 _ 0 

x x OC· 
o a NC+ 
I 0 I 
o I 0 
I I I> 

·OPEN CIRCUIT 
+ NO CHANGE 
A DOMINATED By S. IINPUT 

~: .. 
IN - ·A Y -f~ 

ALL INPUTS ARE PROTECTED 8Y 
COS/MaS PROTECTION NETWORK. 

CD4044A-NAND 

I IiNEo'FOU. LAitH~l 
I E I 

• 
E~~ 

S REO 

X X DC· 
I I NC+ 
o I I 
I 0 0 
o 0 ft.!!. 

·OPEN CIRCUIT 
+ NO CHANGE 
t:..11 DOMINATED BY RaO INPUT 

92CS-20212 

Fig. , - Logic diagram. end truth ttlble .. 



CD4043A, CD4044A Types 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
Limits at Indicated Temperatures (oC) 

Characteristic 
D, F, K, H Packages E Package Units 

Vo VIN VDD +25 +25 
(V) (V) IV) -55 

Typ. Limit 
+125 -40 

Typ. Limit 
+85 

Quiescent Device - - 5 1 0.005 1 60 10 0.01 10 140 

Current, I L Max. - - 10 2 0.005 2 120 20 0.02 20 280 pA 

- - 15 25 0.25 25 1000 250 2.5 250 2500 

Output Voltage: -
Low-Level, 

0,5 5 o Typ.; Q.05 Max. 

VOL - 0,10 10 o Typ.; 0.05 Max. 
4.95 Min.; 5 Typ. 

V 
High Level, - 0,5 5 
VOH - 0,10 10 9.95 Min.; 10 Typ. 

Noise Immunity: 
4.2 - 5 1.5 Min.; 2.25 Typ. 

Inputs Low, 
VNL 9 - 10 3 Min.; 4.5 Typ. 

V 
Inputs High, 0.8 - 5 1.5 Min.; 2.25 Typ.; 
VNH 1 - 10 3 Min.; 4.5 Typ. 

Noise Margin: 4.5 - 5 1 Min. 
Inputs Low, 
VNML 9 - 10 1 Min. 

V 
Inputs High, 0.5 - 5 1 Min. 
VNMH 1 - 10 1 Min. 

Output Drive 
Current: 
n-Channel 0.5 - 5 0.25 0.5 0.2 0.19 0.12 0.5 0.1 0.09 
(Sink), 
IDNMin. 

0.5 10 0.61 1 0.5 Cl.35 0.3 1 0.25 0.22 -
mA 

p-Channel 4.5 - 5 -0.22 -0.5 -0.175 -0.12 0.11 -0.5 0.09 -0.08 
(Source), 
IDPMin. 9.5 - 10 -0.5 -1 -0.4 -0.28 0.24 -1 ·0.2 -0.18 

I nput Leakage 
Any ±10-5 Typ.; ±1 Max. Current, 15 pA 

IIL,IIH 
Input 

DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C; Input tr, tt = 20 ns, CL -15 pF, 

RL=200kO 

LIMITS 
VDD D,F,K,H E 

CHARACTERISTIC 
IYl Packages Package UNITS 

Typ. Max. Typ. Max. 
Propagation Delay 

5 175 350 175 400 
Time: tPHL, tpLH ns 
SET or RESET to Q 10 75 175 75 200 

3-State Propagation Delay 
5 100 200 1.00 200 Time: ENABLE to Q ns 

tpHZ,tPZH 
10 50 100 50 100 

5 80 160 80 160 ns tpLZ, tpZL 10 40 80 40 80 

Transition Time: 5 100 200 100 250 
tTHL' tpLH 10 50 100 50 125 

ns 

Minimum SET or RESET 5 80 200 80 225 ns 
Pulse Width, tw 10 40 100 40 110 

Average Input Capacitance, CI 
(Any Input) - 5 - 5 - pF 

« 
i 2!r1 

P 20 

~ 
" 
'0 

,< 
'0 , 

ORAI"-TO-SOURCE VOLTAGE 1"'051-V 

Fig.2 _ Typical output n-channel drain 
characteristics. 

DRAIH-TO-SOURCE VOLTAGE 1V051-V 
-15 -10 -5 o. 

,.< tt .,< :;--4 

, mrr. 
AMBIENT TEMPERATURE (TAl· 25'C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR Io,-D.' '"4,"e 

Fig. 3 - Typica' output p-channe/ drain 
characteristics. 

.. 

." 
-20 

... 

92CS'ZOZI7 

Fig. 4 _ Minimum n-.channel drain characteristics. 

Fig. 5 - Minimum p-channel drain charllCtrlri,tIc .. 
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CD4043A, CD4044A Types 

3~O AMBtE~T TEMPERATURE (1A)-25·C • 
TYPICAL TEMPERATURE COEFFICIENT f 300 FOR Io' 03"4 ,"e 

-:. • ; 2~O 

~ 
;: 200 · 

AMBIENT tEMPERATURE (TA"2S"C 
TYPICAL TEMPERATURE COEFFICIENT 
FOR 10" 0.3 "4/"C 

• 
~ 150 = 150 

~ ~ 
i§ 100 

~ 
! '0 
~ 

10 W ~ ~ 50 ~ ro ~ 00 

LOAD CAPACITANCE (CL.I-pF 92CS-20219 

10 20 40 50 60 70 
LOAD CAPACITANCE leL.l-pF 

92GS-20220 

10' 10' 

LOAD CAPACITANC 
CL"IS pF 
CL·~pF 

10' 
INPUT FREQUENCY-Hr 

Fig. 6 - Typical propagation delay time vs. CL. Fig. 7 - Typical transition time vs. CL• Fig. 8 - Typical dissipation characteristics. 

o 
Vss 

INPUTS 

Vss 

Fig. 9 - Quiescent device current test circuit. 

ENABLE 

I. 
IS 
I. 
13 

Voo 

12 IN 
II iN IKn 

EST 

IpHZ 

~PLZ 
tpZH 

'PlL 

IN 

VOD 

Vss 

VOD 

Vss 

INPIITOVDO OUTPUTS 

VDO-VNH 

'-- ~ V:L 1 
NOTE: 

TEST ANY ONE: INPUT, 
Vss WITH OTHER INPUTS AT 

92C5-27400 Voo DRYsS' 

Fig. 10 - Noise immunity test circuit. 

IN • 
Vss VSS 
VDO vDO 

Vss Vss 

VOO VOO 
LOi"i)"A 

V~NPU(J' '. ::~ •• ~ 
o ~ SEQUENTIALLY, 

Vss TO BOTH YOO AND VSS' 
CONNECT ALL UNUSED 
INPUTS 10 EITHER 
Yoo OR YSS ' 

Vss 

'J2CS-27402 

Fig. 11 - Input leakage current test circuit. 

3 04043 10 

1 

" 

10t--t-<o-'IN\~ Z· HIGH IMPEDANCE 
ENABLE A 0---------1-1---' 

VSS 

ENABLE 

IIN~;:'*.VSS) 
POINT A--;-,-"I.­

IIN-Vss,m.voo' 
tpZL ...... 

Vss 

.213 Yeo 

BUsJ[1-~--~\ 
12 I 

" I L _____ J 

LOAiiB' 

12 

" 3 CD4043 

" " 
ENABLE 80----------1----' 

Fig. 12 - ENABLE propagation delay time test circuit and waveforms. 
" " 

2/3 C04009 

APPLICATIONS 

V DO 
1/4 CD4043 

IMQ IMQ 

VOO 

Fig. 13 - Switch bounce eliminator. 
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COAOC 

3 C04043 10 

" " 
ENABLE C 0----------1--

L"OA01i 

12 
14 

3 C04043 10 

I 

" 
ENABLE Do-----------1-~ 

RESET 

Fig. 14 - Multiple bus storage. 



CMOS 21-Stage Counter 
The RCA-C04045A is a timing circuit con­
sisting of 21 counter stages, two output­
shaping fl ip-flops, two inverter output 
drivers, three 5_5-V zener diodes (providing 
transient protection at 16_5 V), and input 
inverters for use in a crystal oscillator_The 
C04045A configuration provides 21 flip­
flop counting stages, and two flip-flops for 
shaping the output waveform for a 3_ 125% 
duty cycle_ Push-pull operation is provided 
by the inverter output drivers_ 
The first inverter is intended for use as a 
crystal oscillator/amplifier_ However, it may 
be used as a normal logic inverter if desired_ 
A crystal oscillator circuit can be made less 
sensitive to voltage-supply variations by the 
use of source resistors_ In this device, the 
sources of the p and n transistors have been 
brought out to package terminals_ If external 
resistors are not required, the sources must 
be shorted to their respective substrates (Sp 
to VOO' Sn to VSS)- See Fig_ 3_ 

These types are supplied in l6-lead hermetic 
dual-in-line ceramic packages (0 and F 
suffixes), l6-lead dual-in-line plastic pack­
age (E suffix), l6-lead ceramic flat packages 
(K suffix), and in chip form (H suffix)_ 

Applications: 

• Digital equipment in which ultra-low 
dissipation andlor operation using a 
battery source are primary design 
requirements. 

• Accurate timing from 8 crystal 
oscillator for timing applications 
such as wall clocks, table clocks, 
automobile clocks, and digital 
timing references in any circuit 
requiring accurately timed outputs 
at various intervals in the counting 
sequence_ 

• Driving miniature synchronous motors, 
stepping motors, or external bipolar 
transiston in push-pull fashion_ 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tstg) __________ . _ ••.•••...•....•.• -6510 +150oC 

OPERATING-TEMPERATURE RANGE (TA): ° 
PACKAGE TYPES D, F, K, H _ •..••••. _ •••• _ ...•••.• _ .••••••••.• -55 to +125 C 
PACKAGE TYPE E ..•. ' •.•.• " ••••...••••..•••••..•.•••••..• -40 to +8SoC 

DC SUPPLY·VOLTAGE RANGE, (VDD) 
(Voltages referenced to Vss Terminal): ..•.••• _ ••.• _ ••••• _ • _ .••..•.•• -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PDI: 
FOR TA= -40 to +60oC (PACKAGE TYPE E) .•...• _ ••••• _ ................ 500 mW 

FOR TA= +60 to +850 C (PACKAGE TYPE E) ••. _ ••.•• Derate Linearly at 12 mW/oC to 200 mW 
FOR T A = -55 to +100·C (PACKAGE TYPES D, F, K) ••...... _ •••. - .•••.. " •. 500 mW 
FOR T A = +100 to +125·C (PACKAGE TYPES D, F, K) ..... Derate Linearly at 12 mWI C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) • _ ...••.. 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS .•.••.••.•••••• -•..•.•.•... -0.5 to VDD+0.5 V 

LEAD TEMPERATURE (DURING SOLDERING): 
At dislance 1/16 ± 1/32 inch 11.59 ±0.79 mm)from ca.e for 10 s max •.......•.•....• +26SoC 

RECOMMENDED OPERATING CONDITIONS at TA = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

CHARACTERISTIC VDD 
D, F. K, H E 
Packages Package 

IV) 
Min. Max. Min. Max. 

Supply-Voltage Range (For T A=Full 3 12 3 12 
Package-Temperature Range) 

Input-Pulse Width, tw 5 115 - 140 -
10 60 75 - -

Input-Pulse Frequency, ft/! 5 dc 4_4 dc 3.5 
10 dc 8.5 dc 6.5 

Input-Pulse Rise or Fall Time, trt/!, ttt/! 5 - 15 - 15 
10 - 10 - 10 

UNITS 

V 

ns 

MHz 

/IS 

CD4045A Types 

Sp 

I~~---,:" '--"­
,~ 

SN 1!5 

VDDJ 
" Vss 

4,5,6,9,10,11,12,13· 

NO CONNECTION 
92CS-l0943 

CD4045A 

FUNCTIONAL DIAGRAM 

Features: 
• Microwatt quiescent dissipation ..... . 

2.5 j.l.W (typ_) @ VDD = 5 V; 

10 IN'I (typ.) @ VDD = 10 V 
• Very low operating dissipation .....• 

1 mW (typ.);@ VDD = 5 V, ft/! = 1 MHz 

• Output driven with sink or source 
capability •. _ ... 

7 mA !typ.) @VO=0.5 V, 
VDO = 5 V (sinkl 
5 mA !tYP_)@VO=4.5V, 
VDD = 5 V (source) 

• Medium speed (typ.) ... _ . 
ft/!= 5 MHz@VDD=5V 
ft/!= 10 MHz@VDO= 10 V 

• 16.5 V zener diode transient protectior. 
on chip for automotive use 

• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 pA 

at 15 V (full package-temperature range) 
• 1-V noise margin (full package-temper­

ature range) 

NOTE 1: To minimize power diSSipation in the 
zener diodes, and to ensure device 
dissipation less than 200 mW, a ISO on 
current·llmiting resistor must be placed 
in series with the power supply for 
VOD>13V. 

NOTE 2: Observe power-supply terminal connec­
tion., VDD is terminal No.3 and Vss I. 
terminal No. 14 (not 16 and 8 respec­
tively, as in all other CD4000A Sarie. 
16-lead devleas). 
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CD4045A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input tr ,tt = 20 n~, 

CL = 15pF, RL = 200 k!2 

CHARACTERISTIC 

Propagation Delay Time: 
q, to y or y+d out 
tpLH ,tPHL 

Transition Time: 
tTHL ,tTLH 

Maximum Input·Pulse 
Frequency, fmq, 

Minimum Input-Pulse 
Width,tW 

Input-P\llse Rile & Fall 
Time; titfl, tf'/J 

Average Input 
Capacitance, CI 

REFER TO APPLICATlONr 
NOTES ICAN 60B6 I OR 

T~~ C~~I~E6~F9 FOR I 
gg~~oLN~1°: VALUES L 
AND T'I'PICAL OSCILLATOR 
CURRENTS 

2.097152 
MH, 

L EXTERNAL ---.J 
COMPONENTS 

TEST 
CONDITIONS 

VDD 
(V) 

5 

10 

5 

10 

5 

10 

5 

10 

5 
10 

Any Input 

LIMITS 

D,F,K,H E UNITS Packages Package 

Min. Typ. Max. Min. Typ. Max. 

- 2.2 4.4 - 2.2 5.5 
IJ$ 

- 1.2 2.4 - 1.2 3.3 

- 450 800 - 450 900 
ns 

- 375 650 - 375 750 

4.4 5 - 3.5 5 -
MHz 

8.5 10 - 6.5 10 -
- 100 115 - 100 140 

ns 
- 50 60 - 50 75 

- - 15 - - 15 
IJ$ - - 10 - - 10 

- 5 - - 5 - pF 

92CM'208'J~ 

Fig. 3 - CD4045A and outboard components in a typical 21-,tage counter application_ 
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DRAIN TO SOURCE VOLTAGE IVDSI-v 

Fig. 5 - Minimum output p-channel drain 
characteristics. 

AM81ENT TEMPERATURE ITAJ·25·(: 

104 105 10· 

INPUT FflEQUENCY U+I-HI 
92I;S-201ISII 

Fig. 6 - Typical dissipation VI input frequency 
(21 counting ,tages). 

DRAIN-TO-50URCE VOL.TAGE Ivcs\-V 
92CS·20B96RI 

Fig. I - Typical output n-channel drain 
characteristics. 

DRAIN TO SOURCE VOLTAGE IV05I-V 
92CS-20B97AI 

Fig. 2 - Minimum output n-channel drain 
characteristcs. 

DRAIN TO SOURCE VOLTAGE IVosI-v 
I 

-,0 

"'" Fig. 4 - Typical output p-channei drain 
characteristics. 

Fig. 7 - Typical zener diode characteristics. 



STATIC ELECTRICAL CHARACTERISTICS 

Characteristic 

Quiescent Oevice 
Current I L Max. 

Output Voltage: 
Low· Level, 
VOL 

High Level 
VOH 

Noise Immunity: 
Inputs Low, 
VNL 

Inputs High 
VNH 

Noise Margin: 
Inputs Low, 
VNML 
Inputs High, 
VNMH 

Output Orive 
Current: 
n·Channel 
(Sink) 
ION Min. 

p-Channel 
(Source): 
lOP Min. 

I nput Leakage 
Current, 
IlL ,IIH 

Zener Breakdown 
Voltage, V(BR)Z 

o 
Vss 

INPUTS 

Conditions 

Vo VIN VOO 
(V) (V) (V) 

- - 5 
- - 10 
- - 15 

- 5 5 

- 10 10 

- 0 5 

- 0 10 

4.2 - 5 

9 - 10 

0.8 - 5 

1 - 10 

4.5 - 5 

9 - 10 

0.5 - 5 

1 - 10 

0.5 - 5 

0.5 - 10 

4.5 - 5 

9.5 - 10 
Any Input - 1- 15 

Min. 
1-100pA Typ. 

Max. 

Fig. 11 - Ouiescent-device-current 
test circuit. 

Limits at Indicated Temperatures (oC) 
D, F, K, H Packages E Package 

+25 
Units 

+25 
-55 +125 -40 +85 

Typ. Limit Typ. Limit 

15 0.5 15 900 50 1 50 700 
25 1 25 1500 100 2 100 1400 pA 
50 1 50 2000 500 5 500 5000 

o Typ.; 0.05 Max. 

o Typ.; 0.05 Max. V 
4.95 Min.; 5 Typ. 
9.95 Min.; 10 Typ. 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 
V 

1.5 Min.; 2.25 Typ. 
3 Min.; 4.5 Typ. 

1 Min. 

1 Min. 
V 

1 Min. 
1 Min. 

4.4 7 3.5 2.5 2.2 7 1.8 1.3 

6.9 11 5.5 3.9 3.5 11 2.8 2 
mA 

-3.1 -5 -2.5 -1.8 -1.6 -5 -1.3 -0.9 

-5.6 -9 -4.5 -3.2 -2.8 -9 -2.3 -1.6 

±10-5 Typ., ±1 Max. pA 

13.3 - 13.5 13.7 13.3 - 13.5 13.6 

- 16.5 - - - 16.5 - - V 

17.8 - 18 18.2 17.8 - 18 18.1 

Fig. 12 - Noise-immunity testc;rcuit. 

CD4045A Types 

SUPPL.Y VOLTAGE IVool-\1 
92CS'209~5 

Fig. 8 - Typical propagation delay (CPt to 
y or y+d out) vs VDD • 

'0 
LOAD CAPACITANCE ICLI-pF 

Fig. 9 - Typical transition time vs CL-

I 
SUPPL.Y VOLTAGE [Voo J-\1 

Fig. 10 - Typical maximum input-pulse 
frequency. 

~ ~::~~:;I~~~~ 

Veo INP(JUS Voo NOTE' 

Vss TO BOTH Voo AND Vss' 
CONNECT AL.L UNUSED 
INPUTS TO EITHER 
Voo ORVSS' VSS 

Fig. 13 - Input-Ieakage-current test circuit. 
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CD4046A Types 

CMOS Micropower Phase-Locked Loop 
Features: 
• Very low power consumption: 

The RCA-CD4046A CMOS Micropower 
Phase-Locked Loop (PLL) consists of a low­
power, linear voltage-controlled oscillator 
(VCO) and two different phase comparators 
having a common signal-input amplifier and 
a common comparator input. A 5.2-V zener 
diode is provided for supply regulation if 
necessary. 

70 JJW (typ.) at veo fa = 10 kHz, VDD = 5 V 
• Operating frequency range up to 1_2 MHz (typ.) 

atVDD=10V 

These types are supplied in 16-lead hermetic 
dual-in-line ceramic packages (D and F 
suffixes). 16-lead dual-in-line plastic pack­
age (E suffix). 16-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

• Wide supply-voltage range: VDD - VSS = 5 
to 15 V 

• Low frequency drift: 0.06%/Oe (typ_) 
at VDD = 10V 

veo Section 
The VCO requires one external capacitor Cl 
and one or two external resistors (R 1 or R 1 
and R2). Resistor R 1 and capacitor Cl 
determine the frequency range of the VCO 
and resistor R2 enables the VCO to have a 
frequency offset if required. The high input 
impedance (1012Q) of the VCO simplifies 
the design of low-pass filters by permitting co 
the designer a wide choice of resistor-to­
capacitor ratios. I n order not to load the 
low-pass filter, a source-follower output of 
the veo input voltage is provided at terminal 

,-----,-+Voo 

U-+-VY'v-<'":!:_GATES 
IN 01 

ALL INPUTS ARE PROTECTED BY 
COS/MOS PROTECTION NETWORK. 

92CS-2000iRI 

• Choice of two phase comparators: 
1. Exclusive-OR network 
2_ Edge-controlled memory network with 

phase-pulse output for lock indication 
• High veo linearity: 1% (typ_) 
• veo inhibit control for ON-OFF Ieeying 

and ultra-low standby power consumption 
• Source-follower output of veo control input 

(Demod_ output) 
• Zener diode to assist supply regulation 
• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 JJA 

at 15 V (full package-temperature range) 

Applications: 
• FM demodulator and modulator 
• Frequency synthesis and multiplication 
• Frequency discriminator 
• Data synchronization 
• Voltage-to-frequency conversion 
• Tone decoding 
• FSK - Modems 
• Signal conditioning 
• (See ICAN-610t) "RCA CMOS 

Phase-Locked Loop - A Versatile 
Building Block for Micropower 
Digital and Analog Applications" 

Fig_t - COS/MaS phase-locked loop block diagram. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE-TEMPERATURE RANGE (Tstgl 

OPERATING-TEMPERATURE RANGE (TA ): 

PACKAGE TYPES D, F. K, H __ 
PACKAGE TYPE E -

DC SUPPLY-VOLTAGE RANGE. (VOD ' 

-55 to + 125°C 
-40 to +850 C 

10 (DEMODULATED OUTPUT). If this 
terminal is used, a load resistor (RS) of 10 
kQ or more should be connected from this 
terminal to VSS. I f unused this terminal 
should be left open. The VCO can be con­
nected either directly or through frequency 
dividers to the comparator input of the 
phase comparators. A full CMOS logic 
swing is available at the output of the VCO 
and allows direct coupling to CMOS 
frequency dividers such as the RCA-CD4024, 
CD4018, CD4020, CD4022, CD4029, and 
CD4059. One or more CD4018 (Preset­
table Divide:by:N Counter) or CD4029 (Pre­
settable Up/Down Counter), or CD4059A 
(Programmable Divide-by-"N" Counter), to­
gether with the CD4046A (Phase-Locked 
Loop) can be used to build a micropower 
low-frequency synthesizer_ A logic 0 on the 
INHIBIT input "enables"the VCO and the 
source follower, while a logic 1 "turns off" 
both to minimize stand-by power consump­
tion. 

(Voltages referenced to V 55 Termmal) ................. , .......... " ........ . -0.5 to +15 V 

Phase Comparators 
The phase-comparator signal input (terminal 
14) can be direct-coupled provided the signal 
swing is within CMOS "logic levels [logic 
"0" ';;;30% (VDD-VSS), logic "1" ;;;, 70% 
(VDD-VSS) J. For smaller swings the signal 
must be capacitively coupled to the self­
biasing amplifier at the signal input. 
Phase comparator I is an exclusive-OR net­
work; it operates analagously to an over­
driven balanced mixer. To maximize the lock 
range, the signal- and comparator-input fre­
quencies must have a 50% duty cycle. With 
no signal or noise on the signal input, this 
phase comparator has an average output 
voltage equal to VDD12. The low-pass filter 
connected to the output of phase comparator 
I supplies the averaged voltage to the VCO 
input. and causes the VCO to oscillate at the 
center frequency (fo)' 
The frequency range of input signals on 
which the PLL will lock if it was initially 
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POWER DISSIPATION PER PACKAGE (PO': 

FOR TA" -40 to +600 C (PACKAGE TYPE El 

FOR T A" +60 to +85 0 C (PACKAGE TYPE E"I 

FOR TA = -55 to +100'C (PACKAGE TYPES D, F, K) 

FOR T A = +100 to +125'C (PACKAGE TYPES D, F, K) 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

500mW 

Derate Linearly at 12 mW/oC to 200 mW 

500mW 

'. Derate Linearly at 12 mW/oC to 200 mW 

FOR TA = FUll PACKAGE-TEMPERATURE RANGE (All PACKAGE TYPES)_ l00mW 

INPUT VOL TAGE RANGE. All INPUTS -0.5 to V DD +0.5 V 
lEAD TEMPERATURE lOURING SOLDERING): 

At distance 1116 ± 1/32 Inch 0.59 ± 0.79 mm) from case for 10 s max. 

out of lock is defined as the frequency cap­
ture range (2fd. 
The frequency range of input signals on 
which the loop will stay locked if it was 
initially in- lock is defined as the frequency 
lock range (2fU. The capture range is';;; the 
lock range. 
With phase comparator I the range of fre­
quencies over which the PLL can acquire 
lock (capture range) is dependent on the 
low-pass-filter characteristics, and can be 
made as large as the lock range_ Phase-com-

parator I enables a PLL system to remain 
in lock in spite of high amounts of noise 
in the input signal. 
One characteristic of this type of phase com­
parator is that it may lock onto input fre­
quencies that are close to harmonics of the 
VCO center-frequency. A second charac­
teristic is that the phase angle between the 
signal and the comparator input varies be­
tween 00 and 1800 , and is 900 at the center 
frequency. Fig_ 2 shows the typical, trian­
gular, phase-to-output response characteristic 



LZ VDD 

O~ "'" VOD/Z 

o 90- 80-

SIGNAL-TO- COMPARATOR 
INPUTS PHASE DFFERENCE 

92CS-20009 

Fig.2 - Phase-comparator I characteristics 
at low-pass filter output. 

of phase-comparator I. Typical waveforms 
for a CMOS phase-locked-loop employing 
phase comparator I in locked condition of fo 
is shown in Fig. 3. 

SIGNAL INPUT CTERM. 14) 

veo OUTPUT ITERM 41. 
COMPARATOR INPUT 
(TERM 31 

PHASE COMPARATOR I 
OUTPUT ITER". 2) 

veo JNPUT (TERM. 91-
-LOW-PASS FILTER 

OUTPUT 

IL-rL 
~ 

J'lJL..f1..r 
-Veo ............... 
-vss 

92CS-20010RI 

Fig. 3 - Typical waveforms for COS/MaS phase· 
locked loop employing phase comparator 
I in locked condition of f o' 

Phase-comparator II 'is an edge-controlled 
digital memory network. I t consists of four 
flip-flop stages. control gating. and a three­
state output circuit comprising p- and n-type 
drivers having a common output node. When 
the p-MOS or noMOS drivers are ON they 
pull the output up to VDD or down to 
VSS. respectively. This type of phase com­
parator acts only on the positive edges of 
the signal and comparator inputs. The duty 
cycles of the signal and comparator inputs 
are not important since positive transitions 
control the PLL system utilizing this type 
of comparator. If the signal-input fre­
quency is higher than the comparator-input 
frequency. the p-type output driver 'is maIn­
tained ON most of the time. and both the 
nand p drivers OFF (3 state) the remainder 
of the time. If the signal-input frequency 
is lower than the comparator-input frequen­
cy. the n-type output driver is maintained 
ON most of the time, and both the nand 
p drivers OFF (3 state) the remainder of 
the time. If the signal- and comparator­
input frequencies are the same. but the 
signal input lags the comparator input in 
phase. the n-type output driver is main­
tained ON for a time corresponding to the 
phase difference. If the signal- and com­
parator-input frequencies are the same. but 
the comparator input lags the signal in phase. 
the p-type output driver is maintained ON 
for a time corresponding to the phase dif­
ference. Subsequently. the capacitor voltage 
of the low-pass filter connected to this phase 
comparator is adjusted until the signal and 
comparator inputs are equal in both phase 
and frequency. At this stable point both p­
and n-type output drivers remain OFF and 
thus the phase comparator output becomes 
an open circuit and holds the voltage on the 
capacitor of the low-pass filter constant. 

CD4046A Types 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following range: 

CHARACTERISTIC 
LIMITS 

UNITS 
Min. Max. 

Supply Voltage Range (For T A = Full Package 
3 12 V Temperature Range 

ELECTRICAL CHARACTERISTICS at TA = 250 C 

Limits 

Test Conditions 
Characteristic 

Vo VOO 
All Package Types 

Volts Vails Min. I Typ. I Max. 

Phase Comparator Section 

Operating Supply Voltage. VOO-VSS 
VCO Operation - 5 -

Comoarators on Iv - 3 -
Total Quiescent Device Current, IL: 5 - 25 

Term. 14 Open Term. 15 open 10 - 200 

Term. 5 at VOO 5 5 -
Term. 14 at VSS or VOO 

Terms. 3 & 9 at VSS 10 25 -
15 - 50 

Term. 14 (SIGNAL IN) 
5 1 2 

Input Impedance, Z14 
10 0.2 0.4 

15 - 0.2 

AC·Coupled Signal Input 5 - 200 

Voltage Sensitivity* See Fig.7 10 - 400 
(peak-to·peak) 15 - 700 

DC·Coupled Signal Input 
5 1.5 2.25 and Comparator Input 

Voltage Sensitivity 10 3 4.5 

Low Level 15 4.5 6.75 

- 5 - 2.75 

High Level Vo 10 - 5.5 
Volts 15 - 8.25 

Output Drive Current: Phase Comparator 0.5 5 0.43 0.86 

I & II Term. 2 & 13 0.5 10 1.3 2.5 
n·Channel (Sink). ION 

0.5 5 0.23 0.47 
Phase Pulses 

0.5 10 0.7 1.4 

Phase Comparator 4.5 5 -0.3 -0.6 

I & II Term. 2 & 13 9.5 10 -0.9 -1.8 
p·Channel (Source!. lOP 

4.5 5 -0.08 -0.16 
Phase Pulses 

9.5 10 0.25 0.5 

Input Leakage Current. IIL,IIH Max. Any Input 15 - ±10-5 

• For sine wave, the frequency must be greater than 1 kHz for Phase Comparator II. 

SIGNAL INPUT CTERM. 141 

veo OUTPUT ITERM 4'. 
COMPARATOR INPUT 
ITER" 31 
PHASE COMPARATOR D 
OUTPUT ITERM.I!) 

veo INPUT (TERM. 91-
• LOW-'"Ss FILTER 

OUTPUT 

PHASE PULSE ITERM. I) 

• .1- - - +- - - - __ "..~~: 
• • ..yDD 

-VSS 

11 • 
NOTE: DASHED LINE IS AN OPEN·CIRCUIT CONDITION 

Fig.4 - Typical waveforms for CMOS phase-locked loop 
employing phase comparator /lIn locked condition. 
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ELECTRICAL CHARACTER ISTICS at T A = 25°C 

Limits 
Test Conditions 

Characteristic All Package Types 
Vo VOO 
Volts Volts Min. I Typ. I Max. 

VCO Section 

Operating Supply Voltage As fixed oscillator only 3 - 15 
VOO-VSS Phase·lock·loop operation 5 - 15 

fo=10kHz Rl = 1 MO 5 -[ 70 -
Operating Power 

R2=- VOO 10 - 606 -Dissipation, Po VCOIN=-2- 15 - 2400 -
Rl = 10kO Cl = 100pF 5 0.25 0.5 -

Maximum Operating 
R2=- 10 0.6 1.2 -

Frequency, fmax 
VeOIN = VOO 

Cl = 50 pF 
15 - 1.5 -

Center Frequency (f 0) and 
Frequency Range, Programmable with external components R 1. R2, and Cl 

fmax-fmin See Design Information 

VCOIN = 2.5 V ± 0.3 V. Rl > 10 kO 5 - 1 -
Linearity = 5 V ± 2.5 V, Rl > 400 kO 10 - 1 -

=7.5V±5V,Rl =1 MO 15 - 1 -

T emperature-F requency %/oC<x __ 1_ 
5 - 0.12-0.24 -

Stability-: f·VOO 10 - 0.04-0.08 -

No Frequency Offset 15 - 0.015-0.0 -
fMIN =0 R2=-

5 - 0.06-0.12 -
Frequency Offset %/oC<x_l_ 

10 - 0.05-0.1 
fMIN*O f.VOO -

15 - 0.03-0.06 -
Input Resistance of 

5,10,15 - 1012 -VCOIN (Term g), RI 

VCO Output Voltage 
(Term 4) 5,10,15 - - 0.01 
Low Level, VOL 

Oriving CMOS-Type 5 4.99 - -
High .Level, VOH Load (e.g. Term 3 10 9.99 - -

Phase Comparator Input) 15 14.99 - -
veo Output Outy Cycle 5,10,15 - 50 -

- 5 - 75 150 
VCO Output Transition Va 

10 - 50 100 
Times, tTHL,lTLH Volts 

15 - 40 -
veo Output Drive 

0.5 5 0.43 0.86 Current: -

n·Channel (Sink), ION 0.5 10 1.3 2.6 -
4.5 5 -0.3 -0.6 -

p·Channel (Source), lOP 
9.5 10 -0.9 -1.8 -

Source-Follower Output 
(Demodulated Output): 5,10 - 1.5 2.2 

RS> 10kO Offset Voltage 15 - 1.5 -
(VeOIN-VDEM) 

VeOIN = 2.5!0.3 V 5 - 0.1 -
Linearity RS>50kO = 5±2.5 V 10 - 0.6 -

= 7.5±5 V 15 - 0.8 -
Zener Diode Voltage (V z) IZ = 5O/lA 4.5 5.2 6.1 

Zener Dynamic 
IZ= 1 rnA Resistance, RZ - 100 -

.. . . 
• Positive coeffiCient . 
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Moreover the signal at the "phase pu(ses" 
output is a high level which can be used for 
indicating a locked condition. Thus, for 
phase comparator II, no phase difference 
exists between signal and comparator input 
over the full veo frequency range. More· 
over, the power dissipation due to the low· 
pass filter is reduced when this type of phase 
comparator is used because both the p- and 
n-type output drivers are OFF for most of 
the signal input cycle. (t should be noted 
thatthe PLL (ock range for this type of phase 
comparator is equal to the capture range, 
independent of the (ow-pass filter. With no 
signal present at the signal input, the veo 
is adj usted to its lowest frequency for phase 
comparator II. Fig. 4 shows typical wave­
forms for a CMOS PLL employing phase 
comparator II in a locked condition. 



DESIGN INFORMATION 10 kn ",Rl, R2, RS '" 1 Mn 
Cl ",100 pF at VDD '" 5 V; 
Cl",50pFatVDD'" 10V 

This information is a guide for approximating 
the values of external components for the 
CD4046A in a Phase·Locked·Loop system. 
The selected external components must be 
within the following ranges: 

In addition to the given design information 
refer to Fig.5for Rl, R2, and Cl component 
selections. 

Characteristics 

VCO Frequency 

For No Signal Input 

Frequency Lock 

Range, 2 fL 

Frequency Capture 
Range,2 fC 

Loop Filter 
Component 

Selection 

Phase Angle Between 
Signal and Comparator 

Phase 
Comparator Design Information 

Used 

VCO WITHOUT OFFSET VCO WITH OFFSET 
R2=oo 

·_tzr t:L - _ 21L 

fO --
I 12tL I 

I I 
'MIN 

"uolZ VOl) -- Voo 
yeo INPUT VOLTAGE yeo INPUT VOI.TAGE 

92eS-ZOOll'" 

2 Same as for No.1 

1 VCO will adjust to center frequency, fo 

2 VCO will adjust to lowest operating frequency, fmin 

1 
2 fL = full VCO frequency range 

2 fL = fmax-fmin 

2 Same as for No.1 

IN •• OUT 
(1), (2) 

~ l~L 2 f C "'"; -;:J 
1 

IN •• OUT 

t For 2 fC, see Ref. (2) 

*C_ \ , 
92tS-21901 \ 

2 fC = fL 

1 
900 at center frequency (fo) approximating 00 
and 1800 at ends of lock range (2 fL) 

2 Always 00 in lock 

TYPICAL CENTER FREOUENC., 
UNIT-tO-UNIT VARIATION 

061110-"4 

(61111-% 

92CS-218B.!RI 
VCO TIMING CAPACITOR \CI}-,.F 

Fig.5(a) - Typical center frequency vs CI for 
RI = 10 kr!, and 1 Mr! and fo "'1/RI CI. 

Fig.5(b) - Typical frequency offset vs CI for 
R2= 10kr!, l00kr!,and 1 Mr!. 

NOTE: Lower frequency values are obtainable if larger values of C1 
than shown in Figs. 5(a) and 5(b) are used. 

z 
_i 

j 
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AMalu,T TEMPERATURE (TA j·25·C 

• '101"11' WHEN VCOIN"VOD,INHIBITo..,SS 
'IoI'N '!VHEN veolNo..,SS 

I 
'00 · TYPICAL 

' ...... " .. IN · UNIT-TO-UNIT VARIATION 

"'00 DyE :K~;S 

" !so.,. 
'0 lOY :!:I,.,. · 13Y t 10 .. · 

Fig.5(c) - Typical 'max/fmin vs R2/RI. 

AI-KO 

Fig.6(a) - Typical VCO power dissipation at center 
frequency vs R 1. 

"M8IENT TEMPERATURE (T,,1_2'-C 

veO'N""SS 

6 'IO Z 2 4 6 'IOl 

R2-KO 

Fig.6(b) - Typical VCO power dissipation at 
'min vsR2. 

AMBIENT TEMPERATURE IT"I-25-C 
VCOIN -""00/2, RI_R2·CD 

'v 

.. 6 "0 2 2 .. 6 '103 

',,-KO 

Fig.6(c) - Typical source follower power dissipation 
vsRS· 

NOTE: To obtain approximate total power dissipation of PLL system for no-signal input 
Po (Totali = Po (fo) + Po (fMIN) + Po (RSl - Phase Comparator I 

Po (Totali = Po (fMIN) - Phase Comparator II 
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DESIGN INFORMATION (Cont'dl: 

Pha .. 
Characteristics Comparator Oeiign Information 

U .. d 
Locks On Harmonic 01 I-_....;.I __ f-_________ -'Y..:e.:.s __________ ., 
Center Frequency 2 No 

Signal I nput I High 
Noise Rejection 1---:2--f----------.,-L""0"'w"'----------; 

VCO 
Component 
Selection 

For further information, see 

2 

veo WITHOUT OFFSET 
R2=oo 

- Given: 10 
- Use 10 with Fig.5a to 

determine R I and CI 

- Given: Imax 

- Calculate 10 Irom 
the equation 

Imax 
10 =-2-

-Use 10 with Fig.5a to 
determine R I and C I 

veo WITH OFFSET 

- Given: 10 and IL 
- Calculate Imin lrom 

the equation 
Imin = fo-IL 

- Use Imin with Fig.5b 
to determine R2 and CI 

Imax 
- Calculate Imin 

Irom the equation 

Imax = 10+IL 

Imin 10 - IL 

Imax 
- Use Imin with 

Fig.5c to determine 
ratio R2/R I to obtain 
RI 

- Given: Imin & fmax 
- Use Imin with Fig.5b 

to determine R2 and CI 

_ Calculate Imax 
Imin 

Imax. . 
- Use Imin With Flg.5c 

to determine 
ratio R 2/R 1 to 
obtain Rl 

(11 F. Gardner, "Phase-Lock Techniques" John Wiley and Sons, New York, 1966 
(21 G. S. Moschytz, "Miniaturized RC Filters Using Phase-Locked Loop", BSTJ, May, 1965. 

AMaiENT TEMPERATUR~ IT~I.,25·C _.1 1 .. J. 
SUPPLY VQt.TAGE "00"5\1,'0-250 KHI 

10: AMe'ENT TEMPERATURE IT,,'025.C 
oil VDD.,5\1.vIOIN.7.~V!5\1.R2.CD 

AMBIENT TEMPERATURE lTA1'25~C 

"DO'IOV,VCO'N'!!V:!:2.!!V • R2.a) 

~ 2 

/ 
.,..-

I 
I 

I .• 

I I'O~.'O·"J KH. ! .1. 
~ . 

g I.' I / ~ 15V,fO"950KHI 

0 I I 
~ 14 

I ~ I 
~ 1.2r--- .. 

I 1 I . 100 6 8'000 
, . . . 

P[AK ·TO·,£"I( SIGNAL INPUT VOLTAGE IVII-IIIV 

Fig.7 - TVPicallock range vs signal input amplitude. 
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CI-SOpF 

10.t:----+---""'~c--+------1 · 
I · · I~ .=-=,;;-,,=-'-

. ,O-tl7.5Vl 
"'-LINEARITY' --.--

'0 

Fig.8Ia) and Ib) - Typical VCO linearity vs R 1 and CT. 



CMOS Low-Power 
Monostablel Astable 
Multivibrator 
The RCA·C04047 A consists of a gatable 
astable multivibrator with logic techniques 
incorporated to perm it positive or negative 
edge·triggered monostable multivibrator 
action with retriggering and external count· 
ing options. 
Inputs include +TRIGGER, -TRIGGER, 
ASTABLE, ASTABLE, RETRIGGER, and 
EXTERNAL RESET. Buffered outputs are 
a, a, and OSCILLATOR. In all modes of 
operation an external capacitor must be can· 
nected between C·Timing and RC·Common 
terminals, and an external resistor must be 
connected between the R·Timing and RC­
Common terminals. 
Astable operation is enabled by a high level 
on the ASTABLE input. The period of the 
square wave at the a and a Outputs in this 
mode of operation is a fl,lnction of the ex· 
ternal components employed. "True" input 
pulses on the ASTABLE input or "Com· 
plement" pulses on the ASTABLE input 
allow the circuit to be used as a gatable 
multivibrator. The OSCILLATOR output 
period will be half of the a terminal output 
in the astable mode. However, a 50% duty 
cycle is not guaranteed at this output. 

In the monostable mode, positive·edge 
triggering is accomplished by application of 
a leading·edge pulse to the +TRIGGER 
input and a low level to the -TRIGGER 
input. For negative-edge triggering, a trailing· 
edge pulse is applied to the -TRIGGER and 
a high level is applied to the +TRIGGER. 
Input pulses may be of any duration relative 
to the output pulse. The multivibrator can 
be retriggered (on the leading edge only) by 
applying a common pulse to both the 
RETRIGGER and +TRIGGER inputs. In 
this mode the output pulse remains high as 
long as the RETRIGGER input is high, with or 
without transitions. 

An external countdown option can be imple· 
mented by coupl ing "a" to an external 
"N" counter and resetting the counter with 
the trigger pulse. The counter output pulse is 
fed back to the ASTAB LE input and has a 
duration equal to N times the period of the 
multivibrator. 
A high level on the EXTERNAL RESET 
input assures no output pulse. during an 
"ON" power condition. This input can also 
be activated to terminate the output pulse at 
any time. In the monostable mode. a high· 
level or power·on reset pulse. must be 
applied to the EXTERNAL RESET when· 
ever VOO is applied. 

These types are supplied in 14-lead hermetic 
dual-in-line ceramic packages (0 and F 
suffixes). 14-lead dual-in-line plastic pack­
ages (E suffix). 14-lead ceramic flat pack­
ages (K suffix). and in chip form (H suffix). 

Features: 

• Low power consumption: special 
COS/MOS oscillator configuration 

• Monostable (one·shot) or astable 
(free·running) operation 

• True and complemented buffered 
outputs 

• Only one external Rand C required 
• Ouiescent current specified to 15 V 
• Maximum input leakage current of 

1 !lA at 15 V (full package·temperature 
range) 

• 1-V noise margin (full package·temper­
ature range) 

Monostable Multivibrator Features: 

• Positive- or negative·edge trigger 
• Output pulse width independent of 

trigger pulse duration 
• Retriggerable option for pulse width 

expansion 
• Long pulse widths possible using small 

RC components by means of external 
counter provision 

• Fast recovery time essentially independent 
of pulse width 

• Pulse·width accuracy maintained at duty 
cycles approaching 100% 

Fig. 1 - C;D4041A logiC block diagram. 

CD404 7 A Types 

R I 

....c COMUON ~ 

-TRIGGER 

Vss 

9ZCS-ZI"l3IRI 

CD4047A 
Terminal Diagram 

Astable Multivibrator Features: 
• Free·running or gatable operating modes 
• 50% duty cycle 
• Oscillator output available 
• Good astable frequency stability: 

Frequency deviation: 
=±2% + 0.03%loC @ 100 kHz 
=±o.5% + 0.015%loC @ 10 kHz 
(circuits "trimmed" to frequency 
VDD = 10 V ± 10%) 

Applications: 
Digital equipment where'low·power dissipa­
tion and/or high noise immunity are primary 
design requirements: 
• Envelope detection 
• Frequency multiplication 
• Frequency division 
• Frequency discriminators 
• Timing circuits 
• Time-delay applications 

92CS-20026R2 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE·TEMPERATURE RANGE (Tstgl •••••••••••••••.••••••••••••• -65 to +l50oC 
OPERATlNG·TEMPERATURE RANGE (TAl: 

PACKAGE TYPES D, F, K, H . • • • . • . • • • . • • . • • • • • •• .. •.•• -55 to +125·C 
PACKAGE TYPE E • . . • • • • • • • • • • • • . • • . . . . . • • -40 to +85·C 

DC SUPPLY·VOLTAGE RANGE, (VDDI 
(Voltages referenCed to VSS Termlnail: ••••••••••••••••.•••••••..•.•. -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PDI 
FOR TA= -40 to +60oC (PACKAGE TYPE E I •••••••.••••••••.•.•.••.•••• 500 mW 
FOR T A= +60 to +850C (PACKAGE TYPE E I .•••••••. Derate Linearly at 12 mWloC to 200 mW 
FOR T A = -55 to +l00·C·(PACKAGE TYPES 0, F, KI • ... • • • . • • • • • • • • • . . . • 500 mW 
FOR TA = +100 to +125·C (PACKAGE TYPES 0, F, KI •.••. Derate Linearly at 12 mW/·C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA= FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPESI ..••••••• 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS ••••.••••••••••••.•.•.•..• -0.5 to Vee +0.5 v 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ±1/32 inch (1.59 ±0.79 mml from case for 10 s max .••..••.•.•••.•• +2650 C 
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RECOMMENDED OPERATING CONDITIONS at TA= 25°C, Except as Noted. 
For maximum reliability; nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

D,F,K,H E UNITS 
CHARACTERISTIC VDD Packages Package 

Min. Max. Min. Max. 

Supply·Voltage Range (For T A=Full 3 12 3 12 V 
Package· Temperature Range) 

Input Pulse Width, tW 5 1000 - 1300 - ns (Any Input) 10 400 - 600 -
Trigger, Retrigger 5 - 15 - 15 ps 

Rise or Fall Time, tr ' tf 10 - 5 - 5 

STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
Limits at Indicated Temperatures (OC) 

D, F, K, H Packages E Package 
Characteristics Units 

Vo ViN VDD -55 
+25 

+125 - 40 
+25 

(V) (V) (V) Typ. Limit Typ. Limit 
+85 

Ouiescent Oevice - - 5 5 0.03 5 300 50 0.1 50 700 

Current I L Max. - - 10 10 0.05 10 600 100 0.2 100 1400 IJA 
- - 15 50 1 50 2000 500 5 500 5000 

Output Voltage: - 5 5 o Typ.; 0.05 Max. 
Low·Level, o Typ.; 0.05 Max. VOL - 10 10 

0 5 4.95 Min.; 5 Typ. 
V 

High Level -
VOH - 0 10 9.95 Min., 10 Typ. 

Noise Immunity: 4.2 - 5 1.5 Min.; 2.25 Typ. 
Inputs Low, 

3 Min.; 4.5 Typ. VNL 9 - 10 
V 

Inputs High 0.8 - 5 1.5 Min.; 2.25 Typ. 
VNH 1 - 10 3 Min.; 4.5 Typ. 

Noise Margin: 4.5 5 1 Min. 
Inputs Low, 
VNML 9 10 1 Min. 

Inputs High, 0.5 5 1 Min. 
V 

VNMH 1 10 1 Min. 

Output Orive 
Current: 

(O,n Outputs) 
n·channel 

0.5 - 5 0.5 0.8 0.4 0.28 0.34 0.8 0.28 0.23 

(Sink), 
ION Min. 

0.5 10 1.25 2 1 0.7 0.85 2 0.7 0'.6 
mA -

p·Channel 4.5 - 5 ·0.5 ·0.8 
(Source): 

·0.4 ·0.28 ·0.34 ·0.8 -0.28 -0.23 

lOP Min. 9.5 - 10 1.2E -2 -1 -0.7 -0.85 -2 -0.7 -0.6 

I nput Leakage -AT ~nr~5 ±10-5 Typ.', ±1 Max. Current, IJA IIL,IIH 

580 

~8ii:ENT TEMPERATURE IT41-25-C 
c TYPICAL TEMPERATURE COEFFICIENT AT ALL VALUES 

i ~~O~FYiGls.~-~o.~,~~~,,~c~~~~~~~~~~ ~ 
~ .. 
g GATE-fO-SOURCE VOLTAGE tVGSI-,5 v 
~40 
a 
z 
~50 

DRAIN-YO-SOURCE VOLTAGE (VDSI-V 

Fig. 2 - Typical output n-channel drain 

characteristics for a and '0 buff en. 

r 'Y 
'Y 

'0 
DRAIN-fO-SOURCE VOLTAGE 1VOSI-V 

Fig. 3 - Minimum output n-channel drain 

characteristics for a and a buffers. 

DRAIN-TQ-SOURCE VOLTAGE tVDsl-V 

-15 -10 
AMBIENT TEMPERATURE ITAI.·2~-C 
TYPICAL TEMPERATURE COEFFICIENT 
AT ALL VALUES 01" YGS·-O.3 "-C 

'OY 

UTf-TO-SOURCE VOLTAGE IVes'> 1'5 V 

Fig. 4. - Typical output p-channel drain 
characteristics for Q and Q buffers. 

ORAIN-TO-SOURCE VOLTAGE IYDSI-V 
~15 ~IO ~5 

AMBIENT .TEMP~.!f_ATURE ITA '25'C!g 5V 

~ 
CD4047~:(.t: \0" 

.. ~ 
i --- CD .. 04l1" AE 

"y 

~ATE-TO-SOURCE VOLTAGE (VGSI. 15 V 

a 
-10 ~ 

z . 
v 

-15 I 

Fig. 5 - Minimum output p-channel drain 

characteristics for Q and Q buffeTS. 



DYNAMIC ELECTRICAL CHARACTERISTICS at TA = 25°C, Input tr ,tt = 20 ns, CL = 15 pF, 

RL = 200 kn 

LIMITS 
TEST D,F, K,H E 

CHARACTERISTICS CONDITIONS Packages Package UNITS 

VDD 
Min. TYP. MAX. MIN. TYP. MAX. 

(Volts) 

Propagation Delay Time: 
tpHL' tpLH 5 - 200 400 - 200 550 

Astable, Astable 
to Osc. Out 10 - 100 200 - 100 275 

Astable, Astable 
5 - 550 900 - 550 1200 

toO,a 10 - 250 500 - 250 650 

5 - 700 1200 - 700 1600 + Trigger, -Trigger ns 
toO,a 10 - 300 600 - 300 800 

+ Trigger, Retrigger 5 - 300 600 - 300 800 

toO,a 10 - 175 300 - 175 400 

External Reset 5 - 300 600 - 300 800 

toO,a 10 - 125 250 - 125 350 

Transition Time: 5 - 75 125 - 75 150 
tTHL ,tTLH 
o,a 10 - 45 75 - 45 100 

ns 
5 - 75 150 - 75 180 

Osc. Out 
10 - 45 100 - 45 130 

Minimum Input Pulse 5 - 500 1000 - 500 1300 
ns 

Width (any input), tw " 10 - 200 400 - 200 600 

+ Trigger, Retrigger 5 - - 15 - - 15 
ps 

Rise & Fall Time, tr , tf 10 - - 5 - - 5 

Average Input Any 
- 5 - - 5 - pF 

Capacitance, CI Input -
" Input pulse widths below the minimum specified may cause malfunction of the Unit. 

See Application Note ICAN· 6230 

CD4047A FUNCTIONAL TERMINAL CONNECTIONS 
NOTE: IN ALL CASES EXTERNAL RESISTOR BETWEEN TERMINALS 2 AND 3A 

EXTERNAL CAPACITOR BETWEEN TERMINALS 1 AND 3A 

TERMINAL CONNECTIONS OUTPUT OUTPUT PERIOD 
FUNCTION INPUT PULSE OR 

TOVDD TOVSS PULSE FROM PULSE WIDTH 
TO 

Astable Multivibrator: 
Free Running 4,5,6,14 7,8,9,12 - 10,11,13 tA{10,ll)=4.40 RC 
True Gating 4,6,14 7,8,9,12 5 10,11,13 tA(13)=2.20 RC 
Complement Gating 6,14 5,7,8,9,12 4 10,11,13 

Monostable Multivibrator: 
Positive-Edge Trigger 4,14 5,6,7,9,12 8 10,11 
Negative-Edge Trigger 4,8,14 5,7,9,12 6 10,11 tM{10,ll)=2.48 RC 
Retriggerable 4,14 5,6,7,9 8,12 10,11 
External Countdown" 14 5,6,7,8,9,12 - 10,11 

~ Input Pulse to Reset of External Counting Chip External Counting Chip Output To Terminal 4 ... See Text. 
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AMBIENT TEMPERATURE IT,,'-25·C 
TYPICAL TEMP. COEFFICIENT AT ALL VAlUES OF Voo·a.] "I./-C 

SuPPLY VOLTAGE lVool°sV 

pc­
~". 
.. IOV 

'" 

20 so 40 50 60 70 80 90 

LOAD CAPACITANCE ICL.J-pf 

Fig. 6 - Tvpicallow-to-high level propagation 

delay time vs load capacitance for Q 

and Q buffers. 

r 
~ 
~200 

! 150 

~ 100 

~ 

AMBIENT TEMPERATURE ITA}-Z5'C 
TYPICAl TEMP. COEffiCIENT AT ALL VAlUES Of Voo-O,] "1./"C 

+0. :.,::ttlliJ"j' ;:;: ... C.::.. .. .. 
t •• - +-!- -f"~ • 

tti: $t#~:tij:j'j +~ 

IOV 

"V 

\0 W ~ ~ ~ ~ • ~ ~ 

LOAD CAPACITANCE ICt.I-pf 

Fig. 7 - Typical transition time vs load capa­
citance for Q and a buffers. 

I. Astable Mode Design Information 
A_ Unit-to-Unit Transfer-Voltage 

Variations. 
The following analysis presents worst­
case variations from unit to unit as a 
function of transfer-voltage (VTR) 
shift (33%-67% VDO) for free­
running (astable) operation. 

TERMINAL.IS~ 

TERMINALIO~ 
~tA---1 

92CS-20027 

Fig. 8 - Astable mode waveforms. 

VTR 
tl = -RC In --__ _ 

VDD+VTR 

t2 = -RC In V DO - VTR 
2VDD-VTR 

Typ: 

Min: 

Max: 

VTR=O.5VDO 

VTR = 0.33 VDD 

VTR = 0.67 VDO 

tA =4.40 RC 

tA = 4.62 RC 

tA =4.62 RC 

thus if ItA = 4.40 Rci is u~ed,the lTIa~~mum 
variation will be (+5.0%,-0.0%). 
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ASTABLE (!,j)":.----------, 

~(.4~r>-----_, 

* INPUTS PROTECTED BY 
COSIMOS 
RESISTOR- DIODE NETWORK 

Bf[ 

* ~~~J-+--~----~12 
RETR GOER 

Vss CAUTION' TERMINAL 31S MORE SENSITIVE EXTERNAL 
RESET ** NOD,FIEO INPUT PROTECTION 

CIRCUIT TOP[RMIT LARGER 
INPUT-VOLTAGE SWINGS 

TO STAT Ie ELECTRICAL DISCHARGE; 
EXTRA HANDLING PRECAUTIONS 
ARE RECOMMENDED 

Fig. 9- CD4047A logic diagram. 

B. Variations Due to VDD and Temperature 
Changes 
In addition to variations from unit to 
unit, the astable period may vary as a 
function of frequency with respect to 
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SUPPLY VOLTAGE IVool-V 92CS.21~45 

Fig. 12 - Typical O-and·O-period accuracy 

VB supply voltage (low frequency). 

SUPPLY VOLTAGE !Vool-V 

Fig. 15 - Typicaloscillator-output-period 

accuracy VB supply voltage (high 

frequency). 

Voo and temperature. Typical variations 
are presented in graphical form in Figs. 
10 to 20 with 10 V as reference for 
voltage variation curves and 25°C as 
reference for temperature variation curves. 

SUPPLY VOLTAGE (Ygo)-V 

Fig. ·13 - Typical O-and-(j. period accuracy 
VB supply voltage (very low frequency). 

SUPPLY VOLTAGE 11100)-11 92CS-21446 

Fig. 16 - Typicalosclllator-output-period 

accuracy VB supply voltage 
(medium freqUtlncy) • 

SUPPLT VOLTAGE (VOOI-V 

Fig. 10 - Typical O-and-(j·period accuracy 

VB supply voltage (high frequency). 

SUPPlY II'OLTAGE Wool-V 

Fig. 11 - Typical O-and·(j·period accuracy 
VB supply voltage (medium frequency) 

, 
AMBIENT TEMPERATURE IrA '0 25°C 
ASTABLE MOD£ , 

z 

" ffi J I 
i •• 
~ 

SUPPLY ~OLTAGEIIVDD I"V!IO% 7J I .. I I / If g 

~ t2 
lovt 10% 

10 
r7 ~ ! il l...--" ~",l!IO' 0 

0 ., , , , 
10 10 103 104 10' 10& 

FREQUENCY ttl-HI 
9ZCS-l1390 

Fig. 14 - Typical O-and a·period accuracy 

VI frequency for V DO variation 
of ± 10% from value indicated. 

~ e +4 ASTABLE MOOE 

I ., 

I .2 

! 
§ 
~ 

I 
~ r 

., 
0 

I e . YoO ., 0 
.,. ,F Kn v 

A '0 100 47 , . 50 100 47 '0 .. .> e '0 100 220 5 
D '0 , 220 10 ., E , '0 220 5,10 

-5' -35 -15 + 5 +25 +45 +60 +85 +105 +125 

AMBIENT TEMPERATURE ITAI-eC 

Fig- '7 - Typical 0- and O-period accu';;;;l!447 
.. tempersture (medium frequency). 



A'-IBIENT TE'-IPERATURE (TA1-'C 

Fig. 18 - Typical Q- and a-period accuracy 

vs temperature (high frequency). 

II. Monostable Mode Oesign Information 
The following analysis presents worst­
case variations from unit to unit as a 
function of transfer-voltage (VTR) shift 
(33% - 67% V OO ) for one-shot (mono­
stable) operation. 

TERM1NA1.8~ 

TERMINALI3~ 

TERMINAL 10 JfMLS~ 
nCS-2002B 

Fig. 21 - Monostable waveforms. 

(VTR) (VOO - VTR) 
tM = -RC In 

(2VOO - VTR ) (2VOO) 

where tM = Monostable mode pulse width. 
Values for tM are as follows: 

Typ: VTR = 0.5 VOO 

Min: VTR = 0.33 VOO 

Max. VTR = 0.67 VOO 

tM = 2.48 RC 

tM = 2.71 RC 

tM = 2.48 RC 

Thus if ItM = 2.48 RC I is used, the maximum 

variation will be (+9.3%, -0.0%). 

Note: 
In the astable mode, the first positive half 
cycle has a duration of TM; succeeding 
durations are tA/2. 

In addition to variations from unit to unit, 
the monostable pulse width may vary as a 
function of frequency with respect to VOO 
and temperature. These variations are 
presented in graphical form in Fig. 22 to 27 
with 10 V as reference for voltage-variation 
curves and 25°C as reference for temper­
ature-variation curves. 

~ 
~ 
~ 0 

ET 

1-' ~ KrZ"';F :n veo 
A 100 100 
B 100 47 10 

g -2 

~ 

20 100 220 5 

20 :~~O' ~¥o :t. 
"65 +85 +105 +125 

A'-IBIENT TE'-IPERATURE (TA1-'C 

Fig. 19 - Typical oscillator-period accuracy 

vs temperature (medium frequency). 

SUPPLY VOLTAGE (\1001-\1 

Fig. 22 - Typical Q- and O-pulse·width 

accuracy vs supply voltage 

(tM = 15,60, 120 /lsi. 

SUPPLY VOLTAGE 1Vool-V 
'.I2CS-21430 

Fig. 24 - Typical Q- and o.pu/se·width 

accuracy vs supply voltage 

(tM~ lOOms). 

IroIONOSTABLE 1roI0DE 

47 5.10 

, 
>' , " 

o 60 100 220 5,10 

+25 +45 

AMBIENT TEMPERATURE (TA1-'C 

Fig. 26 - Typical Q and Q pulse-width 

accuracy vs temperature 

(high frequency). 

CD4047 A Types 

ASTABLE 1roI00E 

~§ 
1+15 

~ 
§ +10 

~ 
\O~ B 

~B , c , 
'-IHI pF Kfi , , 

B 0.2 100 
o -10 ~~~~ 
~ 
:t -15 

." 
AMBIENT TEIroIPERATURE (TAI-'C 

Fig. 20 - Typical oscillator-period accuracy 

vs temperature (high frequency). 

I 
SUPPLY \lOLTAGE NODI-II 

Fig. 23 - Typical Q- and ii·pulse·width 

accuracy vs supply voltage 

(tM = 0.5, 1, 10 ms). 

~-,~,U"'~'~'N~"'~'"""~E"",m,"~,<,",,~,T.I'~2",·~c--T--- ---­
'-IONOSTABLE MODE 

"I----t----t---+--+---t----f----i 

"r---j----+---+--+---j----f----l 

:!:2 5 V ± 10 'fo --j----+---+---+---+---j 

"IVt'lo 
10 5 10 4 10} 10 2 10 I 100 101 

Q AND ll-PULSE WIDTH- SECONDS 
92CS-2n91 

Fig. 25 - Typical Q. and lJ pulse· width 

accuracy vs Q and ii pulse width 

for a variation of ± 10% from 

value indicated. 

l~ iNOSTABLE ~ODE I HI-lH-i 
~~O-~ ++ - ~': *H*r:tmnj~ 
~ B. . IAI\O~s S:IM.:!ilm$ 

~ 0-2 IBlt~~~O':~IOII 
:i 1100'5,1011 
o 

AMBIENT TEIroIPERATURE (TA)-'C 

Fig. 27 - Typical Q and Q pUlse-width 

accuracy range vs temperature. 
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III. Retrigger Mode Operation 
The C04047A can be used in the 
retrigger mode to extend. the output­
pulse duration, or to compare the fre­
quency of an input signal with that of 
the internal oscillator. In the retrigger 
mode the input pulse is applied to 
terminals 8 and 12, and the output is 
taken from terminal 10 or 11. As shown 
in Fig. 28, normal monostable action is 
obtained when one retrigger pulse is 
applied. Extended pulse duration is 
obtained when more than one pulse is 
applied. For two input pulses, tRE=t1' 
+ t1 + 2t2' For more than two pulses, 
tRE (a OUTPUT), terminates at some 
variable time, to, after the termination 
of the last retrigger pulse, to is variable 
because tRE (a OUTPUT) terminates 
after the second positive edge of the 
oscillator output appears at flip-flop 4 
(see Fig. 8)_ 

IV. External Counter Option 
Time tM can be extended by any a­
mount with the use of external counting 
circuitry. Advantages include digitally 
controlled pulse duration, small timing 
capacitors for long time periods, and 
extremely fast recovery time. A typical 
implementation is shown in Fig. 29. 
The pulse duration at the output is 

text = (N-1)(tA) + (tM + tA/2) 
where text= pulse duration of the cir­
cuitry, and N is the number of counts 
used. 

V. Timing·Component Limitations 
The capacitor used in the circuit should 
be non-polarized and have low leakage(i.e. 
the parallel resistance of the capacitor 
should be an order of magnitude greater 
than the external resistor used)_ There is 
no upper or lower limit for either R or C 
value to maintain oscillation. 
However, in consideration of accuracy, C 
must be much larger than the inherent 
stray capacitance in the system (unless 
this capacitance can be measured and 
taken into account). R must be much 
larger than the CMOS "ON" resistance in 
series with it. which typically is hundreds 
of ohms. In addition, with very large 
values of R, some short-term instability 
with respect to time may be noted. 
The recommended values for these 
components to maintain agreement with 
previously calculated formulas without 
trimming should be: 

C;;;'100 pF, up to any practical value, for 
astable modes; 
C ;;;. 1000 pF, up to any practical value 
for monostable modes. 

10kU';;;R';;;1 MU 
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VI. Power Consumption 
In the standby mode (Monostable or 
Astable), power dissipation will be a 
function of leakage current in the 
circuit, as shown in the static electrical 
characteristics. For dynamic operation, 
the power needed to charge the external 
timing capacitor C is given by the 
follOWing formulae: 

Astable Mode: P = 2CV2f. (Output at 
terminal No. 13) 
P = 4CV2f. (Output at 
terminal Nos. 10 and 11) 

Monostable Mode: 

(2.9CV2) (Duty Cycle) 
P = 

(Output at term i nal 
Nos. 10 and 11) 

T 

The circuit is designed so that most of 
the total power is consumed in the 
external components. In pr~ctice, the 
lower the values of frequency and 
voltage used, the closer the actual power 
dissipation will be to the calculated 
value. 
Because the power dissipation does not 
depend on R, a design for minimum 
power dissipation would be a small 
value of C~ The value of R would 
depend on the desired period (within 
the limitations discussed above). See 
Figs. 30-32 for typical power con­
sumption in astable mode. 

'ZCS-Z0030R2 

Fig. 28 - Implementation of external 
counter option. 

10 ASTABLE MODE 
SUPPLY 'VOLTAGE IYogl-'", 

10' 

Fig. 30 - Power di .. /pation .. output 

frequency (V DO C 5 V). 

to ASTABLE MOOE 
SUPPLY VOLTAGE CVOO'.IOV 

'0' 

~I+---+---+---+---f---+---f---1 

,o"-e---+---+---+----t----t--

10' 

,o"-F--f--t-"'::"f--=---I--t--t--! 

'0' 

'0 

10 I .00 $01 102 10' 104 10' 
OOR'O FREQUENCY III-Hz 

Fig. 31 - Power diu/pat/on .. output 

frequency (V DO - 10 V). 

ASTAILI MODE 
SUPPLY VOLTAGII {Vool-ISV 

! ,~W 

'0' 

'0' f ~~'. • ~~ ~'--~.\' 

'0' 

10' 

'0 
0 , , . . 

10 _10 10 .0 10 '0 
, 

QDR 0 FREQUENCY IO-H, 
9ZCS-Z1414 

Fig. 32 - PoWtlr dillipation .. output 
frequency (V DO = 15 Vi. 

' . 
'0 

1UUl:-:.:.::.-.lL 

7 ~ 
92C:5-20029 

Fig. 29 - Retrigger-mode WtI""form •• 



CMOS MUlti-Function 
Expandable a-Input Gate 
The RCA- CD4048A is an 8-input gate 
having four control inputs. Three binary 
control inputs - Ka, Kb, and Kc - provide 
the implementation of eight· different logic 
functions. These functions are OR, NOR, 
AND, NAND, OR/AND, OR/NAND, AND/ 
OR, and AND/NOR. 

A fourth control input -Kd - provides the 
user with 3-state outputs. When control 
input Kd is high the. output is either a logic 
1 or a logic 0 depending on the input states. 
When control input Kd is low, the output is 

an open circuit. This feature enables the 
user to connect this device to a common 
bus line. 

In addition to the eight input lines, an 
EXPAND input is provided that permits the 
user to increase the number of inputs to one 
CD4048A, (see Fig. 6). For example, two 
CD4048A's can be cascaded to provide a 
16-input multifunction gate. When the 
EXPAND input is not used, it should be 
connected to VSS_ 

MAXIMUM RATINGS, Absolute-Maximum Values: 

STORAGE-TEMPERATURE RANGE (T.tg) ••••••••••••.••••••••..•••••• -65 to +150oC 

OPERATING-TEMPERATURE RANGE (TA): ° 
PACKAGE TYPES D, F, K, H ., .................................. -55 to +1250C 
PACKAGE TYPE E .••.•••••.•••••.••••••••••••.•••••.••••• -40 to +85 C 

DC SUPPLY-VOLTAGE RANGE, (VDD) 
(Voltage. referenced to VSS Terminal): ••••••••••••••.•.••••••••••.•• -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PD) 
FOR TA=-40to+60oC (PACKAGE TYPE E) .•••••••••••••..•.•.••••.••• 500mW 
FOR TA=+60 to +850 C (PACKAGE TYPE E) ••••••••• Darate Linearly at 12 mW/oC to 200 mW 
FOR T A = -55 to +100·C (PACKAGE TYPES D, F, K) .•.•••••.••••.••••..•.••• 500 mW 
FOR TA = +100 to +l25·C (PACKAGE TYPES D, F, K) ••••. Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA= FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) .•.•••... 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS •••••••••••••••••••••.•••• -0.5 to VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At di.tance 1/16 ±1/32 inch (1.59 ±0.79 mm) from ca •• for 10. max •••..••••.....•• +26SoC 

NOR 

A~ C D 
E F 
G H 

EX. 

OR NAND Ay-e D 
E F 
G H 

EX. 

AND 

.~ C D 
E F 

• H 
EX. 

OR/AND OR/HAND ANDIOR ANO/NOR 

iD-ni~~~J~ 

~~ ~~ ~~-.--~ ~~ 
Fig. 1 - Basic logic configurations. 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

CHARACTERISTIC VOO D,F,K,H E UNITS 
(VI Packages Package 

Min. Max. Min. Max_ 

Supply-Vo(tage Range (For T A = Full 
Package-Temperature Range) 

3 12 3 12 V 

CD4048A Types 

Thesetypesaresupplied in 16-lead hermetic 
dual-in-line ceramic packages (0 and F 
suffixes), 16-lead dual-in-line plastic pack­
age (Esuffix), l6-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 

BINARY CON!ROL INPUTS 

'FUNCTION CONTROL' 

------- 3-STATE 

"I· " i' "V CONTROL r- ,. 10 7 • • 
INPUTS B- 13 

e-l' 
0-11 

EXPAND- 15 
I rau~PUT r--INPUTS F- 5 

0-' 
H-3 

vss·a 
VOO·16 

92CS-22249 

CD4048A 
Functional Diagram 

Features: 

• Medium-power TTL drive capability 

• Three-state output 
• High ·current source and sink capability 

9 mA (typ.) @VDS=0.5V, VDD = 10 V 

• Many logic functions available in one 
package 

• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 pA 

at 15 V (full package-temperature range) 

• l-V noise margin (full package­
temperature range) 

Applications: 

• Selection of up to 8 logic functions 
• Digital control of logic 
• General-purpose gating logic 

Decoding 
- Encoding 

MBIENT TEMPERATURE IT"I-25-C 

TYPICAL TEMP. COEFFICIENT AT ALL VAL.UES OF VGS.-Q3.,.ftt:, 

10V 

!5 10 15 
DRAIN-TO~SOURCE VOLTAGE (Vosl-V 

.ZCS-ZOI4SfU 

Fig. 2- Tvp(cal output·n~channel drain 
characteristics. 
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STATIC ELECTRICAL CHARACTERISTICS 

Conditions 
Limits at Indicated Temperatures (oC) 

D. F. K~ H Packages E Package 
Characteristic 

Va VIN Voo -5 +25 +125 -40 
+25 

+85 
(V) IV) (V) 

Typ. Limit Typ. Limit 

Quiescent Device - - 5 1 p.005 1 60 10 0.01 10 140 

Current I L Max. - - 10 2 0.01 2 120 20 0.02 20 280 

- - 15 25 0.5 25 1000 250 2.5 250 2500 

Output Voltage: 
5 5 o Typ.; 0.05 Max. Low Level. -

VOL - 10 10 o Typ.; 0.05 Max. 

High Level - 0 5 4.95 Min.; 5 Typ. 

VOH - 0 10 9.95 Min.; 10 Typ. 

Noise Immunity: 
Inputs Low. 4.2 - 5 1.5 Min.; 2.25 Typ. 

VNL 
9 - 10 3 Min.; 4.5 Typ. 

Inputs High 0.8 - 5 1.5 Min.; 2.25 Typ. 
VNH 

1 - 10 3 Min.; 4.5 Typ. 

Noise Margin: 
Inputs Low. 4.5 - 5 1 Min. 
VNML 

9 - 10 1 Min. 

Inputs High. 0.5 - 5 1 Min. 

VNMH 1 - 10 1 Min. 

Output Drive 
Current: 0.4 - 4.5 2 3.2 1.6 1.1 1.9 3.2 1.6 1.3 
n·Channel(Sink) 
IDN Min .. 0.5 - 10 5.6 9 4.5 3.1 5.4 9 4.5 3.7 

p·channel 
(Source). 4.6 - 5 -2 -3.2 -1.6 -1.1 -1.9 -3.2 -1.6 -1.3 
IDPMin. 

9.5 10 -5.6 -9 -4.5 -3.1 -3.8 -9 -3.15 -2.6 -

I nput Leakage 
Any Input 

Current. - - 15 ± 10-5 Typ .• ± 1 Max. 
IIL.IIH 

3·State Output Forced 
Leakage Current (Output Disabled) 
IOL.IOH -I - 115 ±10-4 Typ .• ±2 Max. 
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Units 

p.A 

V 

V 

V 

mA 

JlA 

JlA 

AM81ENT TEMPERATURE ITA)-25-C 
TYPICAL TEMP. COEFFICIENT AT ALL VALUES OF 'YGS-·D.3 .. J-c 

CD4048AO, Ak 
CD404IAE 

GATE-TO-SOURCE VOLTAGE {Vasl-ISV 

ov .. 

lOY 

lOY 

lOY 

10 IO 

MAIN-TO-SOURCE VOLTAGE IVosl-V tzCS-tlilMIn 

Fig. 3- Minimum output n-channel drain 
characteristics 

DRAIN-lO-SOURCE VOLTAGE (yost-v 
-15 -10 -So 

-'Y 

-IOV 

-20 

~ 
-40 I 

6: 

" -60 -

~ 

AMIBIENT TEMPERATURE ITAI'25·C 
TYPICAL TEMP. COffFICIfNT AT ALL VALUES OF .- 0.3.,. -C 

"CI-101441, 

Fig. 4- Typical output p-channe' drain 
characteristics. 

DRAIN-TO-SOURCE \IOLTAGE ,IVo51-V 
-15 -10 -

~~:~:~ ;:MM:~~~~~~!~I.~~5~L ++F-sv 
1 
I 

6: 

VALUES OF VGS··0,3 %/-C 

~OY ~ 

GATE·TO-SOURCE VOLTAGE l\foslo-ISV 

. 
i 

CI)4I04BAD,AK 
C0404UE ... ...­

Fig. 5- Minimum outputp-channefdrain 

characteristics. 

?I~~----~-------+ 

~ I05f------l--.,...~~~~=--+-----____l 
! 
ffi loz'~."..£"...4c,..~~4------.L------I 

~ 

~. 

INPUT FREQUENCY "II-Hz 

Fig. 6- Typical power dissipation as a 
function of input frequency. 



DYNAMIC ELECTRICAL CHARACTERISTCS at TA = 25°C and CL = 15 pF·and 50 pF, 

Typical Temperature Coefficient for all values of VDD = 0.3%fOC RL = 200 kil 

CL=15pF 

LIMITS 

TEST D,F,K,H E 
UNITS CHARACTERISTIC CONDITIONS Packages Package 

VDIl (Vo tsl 
TYP. MAX.* TYP. MAX.* 

Propagation Delay Time 5 750 1300 750 1600 

tpHL 10 225 400 225 500 
ns 

Transition Time: 5 90 140 90 170 
High-to-Low Level tTHL 10 30 50 

ns 
30 65 

Low-to-High Level tTLH 
5 130 250 130 300 ns 
10 40 60 40 75 

Input Capacitance CI Any Input 5 - 5 - pF 

CL = 50pF 

Propagation Delay Time 5 775 1350 775 1650 
ns 

tPLH,tpHL 10 240 430 240 530 

Transition Time: 5 105 170 105 200 
High-to-Low Level tTHL 10 40 70 40 85 

ns 

Low-to-High Level tTLH 
5 145 280 145 330 ns 
10 50 80 50 95 

Input Capacitance GI Any Input 5 - 5 - pF 
. . . . • Max. Limits represent worst-case limits for worst-case modes of operation shown In Figs. 15, 16, and 17 . 

AMBIENT TEMPERATURE: ITA'-2S-C 
.TYPICAl. TEMP. COEFFICIENT AT ALL YAIJIE5 OF 'IDOoO.l"'l.'-c 

~ "0 suPp1.1 '4'O\.1»E \~0I.''1 

~ 100 
~ 

.0 
lOY 

LOAD CAPACITANCE tCll-IlF 

Fig. 9- Tvpical high-to-Iow level transition 
time as a function of load capacitance. 

Voo INPu(Js VDO NOTE' 

~ MEASURE INPUTS 
o ~ SEQUENTIALLY, 

Yss TO BOTH Voo AND 'Iss' 
CONNECT ALL UNUSED 
INPUTS TO EITHER 
Veo OR Yss' Vss 

o 
Vss 

INPUTS 

Vss 

Fig. 10- Quiescent-device~urrent 

te't circuit. 

Vss 

16 

IS 

" 13 

" " 10 

VOO 

INPUT 

CD4048A Types 

AMBIENT TEMPERATURE IT""25-C 

.. TYPICAL TEMP. COEFFICIENT AT ALL VALUES OF Voo·0.3 %/-c 
i 1200 

" t 
~800 

SuPPLY VOLTAGE lVool-sv 

60 80 100 120 

LOAD CAPACITANCE ICL'- pF 

,Oy ,,. 

160 ISO 

Fig, 7- Typical propagation delay time as a 
function of load capacitance. 

AM ... NT 

LOAD CAPACITANCE ICLI-pf 

Fig. 8- Tvpicallow-to-high level transition 
time as a function of load capacitance. 

VOO-VNH 

INPUTOVCO OUTPUTS 

"-- ~ 
VNOL I 

NOTE: 
TEST ANY ONE INPUT, 

Vss WITH OTHER INPUTS AT 
'2C5- 27400 Voo OR Vss' 

Fig. 11- Noi$~immunity 

test circuit. 

INPUT~~'" 

OUTPUTH-----90% 
- -- --10% 

tTHL tTLH 

92C5-22265 

Fig. 12- Input-Ieakage-current 
test circuit. Fig. 13- tTHL' tTLH - ANO/NOR. 
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NOR 

"~ " 13 

" IS 

i Ko -Kb-I(c 
0-0-0 

ANO 

OR 

J (OUTPUT) 
Voo 

12- INPUT ORlAND GATE 

Voo 

J. (A+B+C+O)' (E+F+G+H)' (XI +X2+X3+X4) 

Fig. 14(a) . 12·input OR/AND gate. 

IS-INPUT NOR GATE 

Fig. 14(b) 16·input NOR gate. 

Applications of Expand Input 

92CS-20240 

92CS-20Z'" 

NAND IMPLEMENTATION OF EXPAND INPUT FOR 9 OR MORE INPUTS 

OUTPUT FUNCTION OUTPUT BOOLEAN 
FUNCTION NEEDED AT EXPRESSION 

EXPAND INPUT 

NOR OR J-(A+B+C+D+E+F+G+H)+(EXP) 

OR OR J=(A+B+C+D+E+F+G+H)+(EXP) 

AND NAND J=(ABCDEFGH)·(EXP) 

ANDIOR NAND NAND J-(ABCDEFGH)·(~) 

OR/AND NOR J=(A+B+C+D)·(E+F+G+H)·(EXP) 

OR/NAND NOR J=(A+B+C+D)·(E+F+G+H)·(r:5<P) 

AND/NOR AND J=(ABCD)+(EFGH)+(EXP) 

AND/OR AND J=(ABCD)+(EFGH)+(EXP) 

Note: (EXP) designates the EXPAND function (j.e .• X,+X2+ . .. XN). 

ANDINOR ORINAND ORlAND 

92CS-22252" 

Fig. 14(c) Actual·dq;uit logic configurations. 

Fig. 14- Expansion logic and truth table. 
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INPUT 

OUTPUT 

I. 
IS 

" 13 

" 

" 10 

Voo 

50% 

92CS-2226) 

INPUT 

Fig. 15- tpLH - NAND. 

OUTPUT 

V5S 

I. 
IS 

" 13 

12 

10 

9 

Voo 

INPUT~O-t. 

OUTPUT ~SO" 
-'~PHL~ f 

92CS-22264 

Fig. 16- tpHL - AND. 

INPUT 
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K. 

". r---------
B~ 3 CONFIGURATIONS 
C I SAME AS FOR INPUT "A" I 
a~ _______ ...J 

,..---_p---. Vaa 

EXP--~~~~~--------------------i 

Vss 
E---j--------

F I 4 CONFIGURATIONS 
~ ---L SAME AS FOR INPUT ~AH 

---------

,~ ~-
Vss ~KO "0---1--------- ~O 

Kc---1 '3 CONFIGURATIONS Kc 
Kd--l SAME AS FOR "K~'INPUT ~~c 

L ____ --- --J---L::~: Transmission Gate Definition 

OUTPUT 
FUNCTION 

NOR 
OR 
OR/AND 
OR/NAND 
AND 
NAND 
AND/NOR 
AND/OR 

TG = Transmission Gate 
Input to Output is: 

al A bidirectianallow impedance when 
control input 1 is low and control 
2 is high. 

b) An open circuit when control input 1 
is high and control input 2 is low. 

t2CM-222!SIRI 

FUNCTION TRUTH TABLE 

BOOLEAN EXPRESSION Ka Kb Kc 
UNUSED 
INPUT* 

J=A+B+C+D+E+F+G+H 0 0 0 VSS 
J=A+B+C+D+E+F+G+H 0 0 1 VSS 
J=(A+B+C+DI-(E+F+G+HI 0 1 0 VSS 
J=(A+B+C+DI-(E+F+G+HI 0 1 1 Vss 
J=ABCDEFGH 1 0 0 VDD 
J=ABCDEFGH 1 0 1 VDD 
J-ABCD+EFGH 1 1 0 VDD 
J=ABCD+EFGH 1 1 1 VDD 

Kd=l Normal I nverter Action 

Kd=O High Impedance Output 

EXPAND InjJut=O *See Figs. 1 and 7. 

Fig. 17- Logic diagram and truth table. 
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CD4049A, CD40S0A Types 

CMOS Hex Buffer/Converters 
CD4049A-lnverting Type 
CD4050A-Non-1 nverting Type 

The C04049A and CD4050A are inverting 
and .non-inverting hex buffers, respectively, 
and feature logic-level conversion using only 
one supply voltage (VCC)- The input-signal 
high level (VIH) can exceed the VCC supply 
voltage when these devices are used for logic­
level conversions. These devices are intended 
for use as CMOS to OTL/TTL converters 
and can drive directly two OTL/TTL loads. 
(VCC=5 V, VOL ;;'0.4 V, and ION;;'3.2 mA.) 

The CD4049A and C04050A are designated 
as replacements for C04009A and C04010A, 
respectively. Because the C04049A and 
C04050A require only one power supply, 
they are preferred over the C04009A and 
C04010A and should be used in place of the 
C04009A and C04010A in all inverter, cur­
rent driver, or logic-level conversion appli­
cations. In these applications the C04049A 
and C04050A are pin compatible with the 
C04009A and C04010A respectively, and 
can be substituted for these devices in 
existing as well as in new designs. Terminal 
No. 16 is not connected internally on the 
C04049A or CD4050A, therefore, connection 
to this terminal is of no consequence to cir­
cuit operation. For applications not re­
quiring high sink-current or voltage conver­
sion, the C04069 Hex Inverter is recom­
mended. 

These types are supplied in l6-lead hermetic 
dual-in-line ceramic packages (0 and F 
suffixes), l6-lead dual-in-line plastic pack­
age (E suffix), l6-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

Features: 
• High sink current for driving 2 TTL loads 
• High-ta-Iow level logic conversion 
• Quiescent current specified to 15 V 
• Maximum input leakage of 1 j.lA at 15 V 

(full package-temperature range) 

Applications: 
• CMOS to DTL/TTL hex converter 
• CMOS current ·slnk" or ·source" 

driver 
• CMOS hlgh-ta-Iow logic-level 

converter 

A ~ G.i A ~ G-' 

e~ Hoe 8~HaB 

e ~ I=C C !{>-! I-e 

o~ JoB ~ J=D 

E 1(0E ~- E~ "E 

F ~-L'F F~ L=F 

vee_'_ vee_'_ 
vss _8_ vss-8-
Ne -13 Ne "I! 
Ne 016 Ne sl6 

CD4049A CD4050A 
Fig. 1 - Functional diagrams. 
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RECOMMENDED OPERATING CONDITIONS at TA=250 C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTIC 
LIMITS 

UNITS 
Min. Max. 

Supply·Voltage Range (Vee) (For T A=Full Package· 
3 12 

Temperature Range) 

Input Vol tage Range (V I) Vce 
. 12 

"The CD4049 and CD4050 have high-to-Iow-Ievel voltage conversion capability but not 
low-to-high·level; therefore it is recommended that V I "? vec. 

STATIC ELECTRICAL CHARACTERISTICS 

Characteristic Conditions 
Limits at Indicated Temperatures (OC) 

D, F, K, H Packages E Package 
Vo VIN Vce -55 +25 +125 -40 +25 
(VI (VI (VI Typ. Limit Typ. Limit 

Quiescent 
5 0.3 0.01 0.3 20 3 0.03 3 

Device - -
Current, - - 10 0.5 0.01 0.5 30 5 0.05 5 

'LMax. 
- - 15 10 0.02 10 100 50 0.05 50 

Output 
Voltage: 
Low· Level, - 0,5 5 o Typ.; 0.05 Max. 
VOL - 0,10 10 o Typ.; 0.05 Max. 
High·Level, - 0,5 5 4.95 Min.; 5 Typ. 

VOH - 0,10 10 9.95 Min.; 10 Typ. 

Noise 
Immunity: 
Inputs Low, 3.6 - 5 1.5 Min.; 2.25 Typ. 

VNL 7.2 - 10 3 Min.; 4.5 Typ. 
CD4050A 
Inputs High, 1.4 - 5 1.5 Min.; 2.25 Typ. 

VNH 2.8 - 10 3 Min.; 4.5 Typ. 
All Types 
Inputs Low, 3.6 - 5 1 Min.; 1.5 Typ. 

VNL 7.2 - 10 2 Min.; 3 Typ. 
CD4049A 

Noise 
Margin: 
Inputs Low, 4.5 - 5 1 Min. 

VNML Min. 9 - 10 1 Min. 
C04050A 
Inputs High, 0.5 - 5 1 Min. 

VNMH Min. 1 - 10 1 Min. 

C04050A 
Output Dri ve 
Current: 
N·Channel 0.4 - 4.5 3.3 5.2 2.6 1.8 3.1 5.2 2.6 
(Sink), 0.4 - 5 3.75 6 3 2.1 3.6 6 3 
ION Min. 0.5 - 10 10 16 8 5.6 9.6 16 8 
P·Channel 4.5 5 0.62 -1 -0.5 -0.35 -0.6 -1 -0.5 
(Source), 2.5 - 5 -1.85 -2.5 -1.25 -0.9 -1.5 -2.5 -1.25 
lOP Min. 9.5 - 10 -1.85 -2.5 -1.25 -0.9 -1.5 -2.5 -1.25 

Input 
Leakage 
Current, Any Input 15 ±10-5 Typ., ±1 Max. 

ilL,IIH 
Max. 

V 

V 

-+65 

42 
70 

500 

2.1 
2.5 
6.6 

-0.4 
-1 
-1 

Units 

j.lA 

V 

V 

V 

rnA 

j.lA 



CD4049A, CD4050A Types 

MAXIMUM RATINGS, Absolute·Maximum Values: 
STORAGE·TEMPERATURE RANGE (Tstg ) 

OPERATlNG·TEMPERATURE .RANGE (TA ): 

PACKAGE TYPES D, F, K, H ........... . 
PACKAGE TYPE E 

DC SUPPLY·VOL TAGE RANGE. (V CC) 

-SS to +12SoC 
-40 to +8SoC 

(Voltages referenced to VSS Termlnal)....... ......................... ...... -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PO): 

FOR T A = -40 to +600 C (PACKAGE TYPE E) 

FOR T A = +60 to +850 C (PACKAGE TYPE E ) 

SOOmW 

Derate Linearly at 12 mW/oC to 200 mW 

SOOmW FOR T A = -55 to +100°(; (PACKAGE TYPES D, F, K) 
FOR T A = +100 to +125°C (PACKAGE TYPES D, F, K). ..... Derate Lonearlv at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR TA = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES). 100 mW 

INPUT VOL TAGE RANGE. ALL INPUTS. -0.5 to V DO +O.S V 
LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 Inch 11.59 079 mml from case for 10 s max. 

> 

AMBIENT TEMPE.RATURE (TAJ-2S·C 
SUPPL.Y VOLTAGE {lIccl.S II 

I , 

~ 
w , MIN'MUM MAXIMUM 

~ 
~ 2 

S 
~ I 

, 2 , 

INPUT VOLTAGE I \Ix I-V 

Fig. 3-Minimum and maximum voltage 
transfer characteristics for 
CD4050A. 

: : 

I} t : : ISU~LYV?"'G"V" .)-'0 

,,,,,~. ".PERATURE IT, .~ 

I~ IT 
. ,,:.~' 
'v : .... 

I~ 
, 

I 
INPUT VOLTAGE (VI J-V 

'ICS-lO.8:S 

Fig. 6- Typical voltage transfer charac­
teristics as a function of tempera­
ture for CD4049A. 

DRAIN-to-SOURCE VOLTAGE lVosI-V 

Fig. 9-Typical and minimum p-channel drain 
characteristics as a function of gate-to­
source voltage IV GSI for CD4049A, 
CD4050A. 

INPUT VOLTAGE IVZI-V 

Fig. 4-Minimum and maximum voltage 
transfer characteristics for 
CD4049A. 

.2CS-20 ..... 

Fig. 7-Typical voltage transfercharac­
teristics as a function of tempera­
ture for CD4050A. 

LOAD CAPACITANCE ICLJ-pF ~2CS-20~2~ 

Fig. 10- Typical high-to-Iow level propagation delay 
time vs. CL for CD4049A. 

AMBIENT TEMPERATURE ITAlo2S·C 

SUPPl..Y VOLTAGE I Vccl· , v 

MINIMUM 

I 2 , 
INPUT VOLTAGE 1VIJ-V 

MAXIMUM 

Fig. 2-Minimum and maximum voltage 
transfer characteristics for 
CD4049A. 

Fig. 5-Minimum and maximum voltage 
transfer characteristics for 
CD4050A. 

Fig. 8-Tvpical and minimum n-channel drain 
characteristics as a function of gate-to-
source voltage IV GSI for CD4049A, CD4050A. 

LOAD CAPACITANCE (CLI-pF 

Fig. 11-Typical high-to-/ow level propagation delay 
time vs. CL for CD4050A. 
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CD4049A, CD4050A Types 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A=250 C; Input t r,tr=20 ns, 
CL =15 pF, R.:=200 kn 

CHARACTERISTIC CONDITIONS 

VCC 

Propagation Delay Time: 

Low·to-High, tpLH 

CD4049A 
5 5 
10 10 

CD4050A 
5 5 
10 10 

High-to-Low. tpHL 

CD4049A 
5 5 
10 10 

CD4050A 
5 5 
10 10 

Transition Time: 

Low-to-High, tTLH 
5 5 
10 10 

High-to-Low, tTHL 
5 5 
10 10 

Input Capacitance, CI 
CD4049A 

LIMITS 
ALL PKGS. 
Typ. Max. 

50 80 
25 55 
75 140 
35 85 

15 55 
10 30 
55 110 
25 55 

50 100 
30 60 
20 45 
16 40 

15 

UNITS 

ns 

ns 

ns 

pF 

9ZCS-20526 

Fig. 14-Typical high-to-Iow level transition time 
vs_ C L for CD4049A. CD4050A. 

Fig. 15-Typicallow-to-high level transition time 
vs. CL for CD4049A, CD4050A. 

• 10 AMBIENT T£.MPERA1lJRE ITA I -FUI.L Pd. TEU " RANGE,=I= 

~IO' 
I. 

+' .. ' 
ffi"~ ~~ .," 

~ 
,,, ..... ' " ., 

[}f-~" ,,' 
m~ 

.,. 
~ ,.- ~~ .:i.tc.,ft; ~ 10' .' ,. 
~ ~"~ ~(l~ " . 
! 10' ~ ... ~ ... 
~ \~,,;\.,."l is .<$' 

i 
10 ~ .. 

~ 10' AMBIENT TEMPERATURE ITA 1- FULL "G. TlMP. ft.. IE 

llo!! 
~ . 
~ 10" 

~ 

Fig. 12-Typicallow-to-high level propagation delay 
time .... CL for CD4049A. 

Fig. 13-Typicallow-to-high level propagation delay 
time .... CL for CD4050A. 

10 4 • '10' 2 4. 'Ita 2 ... 
10 

INPUT FREQUENCY Iff' kHz 9ICS-2~21" 

Fig. 16-Typical dissipation characteristics for 
CD4049A, CD4050A. 

I . . , . 10 IO~ 10' 10 ~ ~ ~ ~ ~ IO!l 10 10 10 .n. 
INPUT RISE ANO FALL. TI"E It,.t, 1 

9lCS-Z04'JOA 
INPUT RISE ANO FALL TIM' '1,,111 

Fig. 17-Typical power dissipation VB. transition 
time per inverter CD4049A. 

Fig. 18-Typical power dissipation vs. transition 
time per inverter CD4050A. Vgo 

INPUTOVDO OUTPUTS avDO 
NOTE ~ V -V, INPuTS MEASURE INPUTS 

00 ~H + Yeo SEQUENTIALLY. 
~ ~ ~ TOIOTHVOOINDYsS· 

V.:'l 1: • ~ CONNECT ALLUNUS .. 
= Vss NlUTS 1"0 EITHER 

Yoo ORVSS 
NOT[: 

TEST ANY ONE INPUT, 
Vss WITH OTHER INPUTS AT 

92CS-27400 Yeo OR Vss· Yss 'ICS-Z7401 

,NPUTS 

'!CS-I"r401 

IN 

VSS Vss ,.) (0) 

Fig. 22 - (a)Schematic diagram of CD4049A, 1 of 
6 identical units. 

Fig_ 19-Noise.immunitv test circuit. Fig. 20-lnput leakage current test circuit. 

(b) Schematic diagram of CD4050A, 1 of 
6 identical units. 

Fig. 21~-ouiescent device current test circuit. 
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CMOS LSI 4-Bit Arithmetic Logic Unit 
Applications: 

• Parallel Arithmetic UniU 

CD405 7 A Types 

RIGHT SERIAL 

DATA LINE 

The RCA·CD4057A is a low·power arithme· 
tic logic unit (AlU) designed for use in LSI 
computers. An arithmetic system of virtually 
any size can be constructed by wiring to· • Process Controllers FUNCTION 1 ..... -----, 

gether a number of CD4057 A A lU's. The 
CD4057 A provides 4·bit arithmetic opera· 
tions, time sharing of data terminals, and full 
functional decoding for all control lines. The 
distributed control system of this device 
provides great flexibility in system designs 
by allowing hard·wired connection of N 
units in 4N unique ·combinations. Four 
control lines provide 16 instructions which 
include Addition, Subtraction, Bidirectional 
and Cycle Shifts, Up·Down Counting, AND, 
OR, and Exclusive·OR logic operations. 

• Remote Data Sets 
SELECT -, 

Two mode control lines allow the CD4057 A 
to function as any 4·bit section of a larger 
arithmetic unit by controlling the bidirec· 
tional serial transfer of data to adjacent 
arithmetic arrays. By means of three "Con' 
ditional Control" lines Overflow, All Zeros, 
and Negative State conditions may be 

• Graphic Display Terminals 

detected and used to establish a conditional 
operation. Predetermined operation of the 
CD4057A on a conditional basis allows 
greater ALU flexibility. Although especially 
applicable as a parallel arithmetic unit. the 
CD4057 A also finds use in virtually any 
application requiring one or more of its 16 
basic instructions. The CD4057 A is supplied 
in a hermetically sealed 2B-lead dual-in-line 
ceramic package (CD4057 AD). 2B-lead cer­
amic flat package (CD4057AK). and in chip 
form (CD4057AH). 

MAXIMUM RATINGS, Absolure·Maximum Values: 
STORAGE·TEMPERATURE RANGE (Tstg ) 

OPERATING·TEMPERATURE RANGE (TA ): 

PACKAGE TYPES D. K. H 

DC SUPPLY·VOL TAGE RANGE. (VOO' 

-55 to +125oC 

(Voltages referenced to VSS Terminal)...................................... -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (POl: 

ForTA = -5510 +100·C (PACKAGE TYPES D. K) ..................................... 500mW 
For T A = +100 10 +125·C (PACKAGE TYPES D. K) ......... Derale Linearly al12 mwrc 10 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR T A = FULL PACKAGE·TEMPERATURE RANGE (ALL PACKAGE TYPES) . . . . . . . 100 mW 

INPUT VOLTAGE RANGE. ALL INPUTS. -0.5 to V OD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 Inch (1.59 ± 0.79 mm) from case for 105 max. 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected' so that 
operation is always within the following ranges: 

VDD liMITS 
CHARACTERISTIC (V) Min. Max. 

UNITS 

Supply·Voltage Range (For T A = Full 3 
Package·Temperature Range) 

12 V 

Setup Time, ts 5 40 -
DATA 10 20 -
OPCODE 

ns 
5 4590 -
10 1320 -

Clock Pulse Width, tw 5 1200 - ns 
10 375 -

Clock Input Frequency, fCL 5 0.13 -
Count Mode 10 0.46 -
Shift Mode 5 0.33 

MHz -
-

VOO' 26 
Yss -25 

TO 
REGISTER 

Fig. 1 - Block diagram - CD4057A. 

Features: 

• LSI Complexity on a Single Chip 
• 16-lnstruction Capability 

·Add, Subtract, Count 
·AND, OR, Exclusive·OR 
·Right, Left, or Cyclic ShifU 

• Bidirectional Data Busses 
• Instruction Decoding on Chip 
• Fully Static Operation 
• Single·Phase Clocking 
• Easily Expandable to 8,12,16,. 

... Bit Operation 

UCS-202~eRZ 

• low Quiescent Device Dissipation .. 
.... 10 pW (typ.) 

• Conditional·Operation Controls on Chip 
• Add Time (Data In·To Sum Out) 

=375 ns (typ) at 10V 
• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 JlA 

at 15 V (full package·temperature range) 

• l·V noise margin (full package·temperature 
range) 

tpo (01 - Col + 3 tpD leI - Col = 790 ns 

I 013-16 
tpo (D:t - Col + 2 tpo reI - Col + tpo lei - Sol = 925 ns 

513-16 

tpo lot - Col + 2 tpD leI - Col'" 615 ns 

I 09-12 , 
tpo (01- Col + tpo leI - Col. tpo Ie] - Sol = 150 os 

59-12 

tpo (OJ: - Col t Ipo leI - Col" 440 ns 

I 05·8 IpO (01 - Col + tpo leI - Sol = 575 ns .5-. 
tpo U)x - Col· 2&5 01 

101.4 tpOID:t-SoI;315ns 
51·4 

10 1.4 
Vss 92CS -2 1875 

Clock Rise or Fall Time, trCl, tfCl 5 - 15 
IJS 10 - 15 

Fig. 2 - Typicsl.pStldch6fBCteriniCl ofs 16·bit ALU st VDD - 10 V. 
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CD405 7 A Types 

STATIC ELECTRICAL CHARACTERISTICS 

CONDITIONS 

CHARACTERISTIC 
Vo VIN VDD 

(VI (VI (VI 

Quiescent Device - - 5 

Current IL - - 10 

- - 15 

Output Voltage; - 5 5 
Low-Level ,VOL - 10 10 

- 0 5 
High Level, VOH 

- 0 10 

Noise Immunity 0.8 - 5 

(Allinputsl 1 - 10 
VNL' VNH 

4.2 - 5 

9 .- 10 

Noise Margin: 4.5 - 5 
Inputs Low, 
VNML 9 - 10 

Inputs High, 0.5 - 5 

VNMH 1 - 10 

Output Drive Current: 0.5 - 5 
ION,IOP 
Zero Indicator 

n·channel 0.5 - 10 

p-channel 3 - 5 

7 - 10 

Negative Indicator 0.5 - 5 

n-channel 0.5 - 10 

p-channel 4.5 - 5 

9.5 - 10 

Overflow Indicator 0.5 - 5 

n-channel 0.5 - 10 

p-channel 4.5 - 5 

9.5 - 10 

All Other Outputs 0.5 - 5 

n-channel 0.5 - 10 

p-channel 4.5 - 5 

9.5 - 10 

I nput Lea kage 
-AT ~nr~5 Current 

IIL,IIH, 

594 

Limits at Indicated Temperatures (oCI 

.~D4057AD, CD4057AK, C.D~OS7AH 

-S5°C 2SoC 12SoC 

Min. Max Min. Typ. Max. Min. Max. 

- 5 - 0.5 5 - 150 

- 10 - 1 10 - 300 

- 50 - 1 50 - 2000 

o Typ.; 0.05 Max. 

o Typ.; 0.05 Max_ 

4.95 Min.; 5 Typ. 

9.95 Min.; 10 Typ. 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 

1.5 Min.; 2.25 Typ. 

3'Min.; 4.5 Typ. 

1 Min. 

1 Min. 

1 Min. 

1 Min. 

0.11 - 0.09 0.16 - 0.06 -

0.12 - 0.10 0.16 - 0.07 -
0.04 - 0.03 0.06 - 0.02 -

0.08 - 0_07 0.13 - 0.05 -

0.11 - 0.09 0.30 - 0.06 -

0.12 - 0.10 0.40 - 0.07 -

0.07 - 0.06 0.19 - 0.04 -
0_12 - 0.10 0.30 - 0.07 -
0.25 - 0.20 0.50 - 0.14 -

0.37 - 0.30 0.90 - 0.21 -

0.08 - 0.07 0.21 - 0.05 -
0.12 - 0.10 0.38 - 0.07 -

0.11 - 0.09 0.10 - 0.06 -

0.06 - 0.05 0.12 - 0.03 -
0.02 - 0.02 0.05 - 0.01 -

0.06 - 0.05 0.08 - 0.03 -

± 10-5 Typ., ± 1 Max. 

UNITS 

IJA 

V 

V 

V 

V 

rnA 

IJA 

MiX. COUNTING flll£QUENCY " .. }-IIIHz IlQ-2IUO 

Fig. 3 - Maximum counting frequency VI. 

supplV voltage for a typical C04057 A. 

Fig. 4 - Transition time VI. load capacitance 
for data outputs (01-04). 

CLOCK PULSE RISE AHI) tALL TlMIES 

Fig. 5 - Clock pulse rise and fall times. 

Fig_ 6 - Oars setup time. 

~---Voo 

Voo 

92CS-2187" 

Fig_ 7 - Oars hold time. 

VDD 
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DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C and CL = 15 pF, R L = 200 kil, 

Typical Temperature Coefficient at all values of V DO = 0.3%fC 
tptf = 20 ns 

TEST LIMITS 
CHARACTERISTICS CONDITIONS CD4057AD, CD4057AK 

UNITS 
VDD Min. Typ. Max. 

Propagation Delay Time: 
tpLH,tpHL 5 - 1430 3900 
DATA IN-to- 10 - 375 720 SUM OUT 

CARRY IN-to- 5 - 915 2550 

SUM OUT 10 - 310 840 

DATA IN-to-
5 - 950 2580 ns 

CARRY OUT 10 - 265 720 

CARRY IN-to- 5 - 485 1320 
CARRY OUT 

10 - 175 480 

5 - 1980 5400 
ZI Input 

10 750 2040 -to- -
ZIOutput 5 - 265 720 

10 - 110 300 

Transition Time: 5 - 3700 10350 

tTLH,tTHL 10 - 1650 4500 
ZIOutput-

5 - 420 1140 

10 - 220 600 
ns 

Negative Indicator and 5 - 300 825 
Overflow Indicator 10 - 165 450 

All Other 5 - 1000 2775 
Outputs 10 - 475 1275 

Minimum Clock Pulse 5 - 400 1200 
Width,tW ns 

10 - 125 375 

Clock Rise and Fall Time, 5 - - 15 
trCL,tfCL fJS 

10 - - 15 

Minimum Set Up Time: tSLH,tSHL 5 - 20 40 
ns 

DATA 10 - 10 20 

OPCODE 5 - 1675 4590 
ns 

10 - 485 1320 

5 - 20 40 
Minimum Data Hold Time, tHLH, tHHL ns 

10 - 10 20 

Maximum Clock Frequency: fCL 5 0.13 0.36 -
Count Mode 10 0.46 1.35 -

MHz 

Shift Mode 5 0.33 0.90 -
10 1.4 3.8 -

Input Capacitance, CI ANY INPUT - 5 - pF 

CD4057 A Types 

LOGIC DESCRIPTION 

OPERATIONAL MODES 

The CD4057 A arithmetic 10!lic unit operates 
in one of four possible modes. These modes 
control the transfer of information, either 
serial data or arithmetic operation carries, to 
and from the serial-data lines. Fig. 8 shows 
the manner in -which the four modes control 
the data on the serial-data lines. 
r--------, 

LEFT 0 :'1S"...."M~OOE~Of-o.." "1': .RIGHT ~ etJ: : : r:'J: 
L - ----lBYPASS _..J 

,..----------, 
LEFT ~s: RIGHT ~ 
DATA _ ! ~~~DATA ~ 
LINE ~ __________ J LINE 

BYPASS 

r---·-----.., 
LEFT :~RIGHT 
DATA~~~OATA 
L.INE ~ _________ ~ LINE 

BYPASS 

~ 
92C$-20252.RI 

Fig. 8 - Schematic of "Mode" concept. 

In MODE 0, data can enter or leave from 
either the left or the right 
serial-data line. 

In MODE 1, data can enter or leave only on 
the left serial-data line. 

In MODE 2, data can enter or leave only 
on the right serial-data line. 

In MODE 3, serial data can neither enter 
nor leave the register ,re!lardless 
of the nature of the operation. 
Furthermore, the register is 
by-passed electrically, i.e., 
there is an electrical bidirec· 
tional path between the right 
and left serial' data terminals. 

The two input lines labeled C1 and C2 in 
the terminal assignment diagram define one 
pf four possible modes shown in Table I. 
Through the use of mode control, individual 
arithmetic arrays can be cascaded to form 
one large processor or many processors of 
various lengths_ 

TABLE I - MODE DEFINITION 

C2 C1 MODE 

0 0 0 

0 1 1 

1 0 2 

1 1 3 

Examples of how one .. hard·wired .. 
combination of three ALU's can form (a) a 
12-bit parallel processor, (b) one 8-bit and 
one 4-bit parallel processor, or (c) three 
4·bit parallel processors. merely by changes 
in the modes of each ALO are shown in 
Fig. 10. 
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CD405 7 A Types 

FUNCTION {: I 
SELECT * c 6 

, 7 

CLOCK 

{
A' 

CONDITIONAL B 
INPUTS * 

C 

OVERFLOW 
110 

17 

OVERFLOW 
INO 

PARAlLEL DATA 
INIOUT LINES . 

ROTATE-2 
(Roll 

4 

LEFT NEG 
SERIAL INO 
DATA 
LINE J3fDD 

*ALL INPUTS PROTECTED BY 
COS/Mas PROTECTION NETWORK 

V55 

Fig. 9 - Simplified logic diagram. 

Data-flow interruptions are shown by shaded abc d 
areas. With these three ALU's and the four 0 0 0 0 
available modes, 61 more system combina- 0 0 0 1 

NO·OP (Operational Inhibit) 
AND 

tions can be formed. If 4 ALU's are used, 0 0 1 0 
44 combinations (256) are possible. Fig.TT 0 0 1 1 

Countdown 
Count up shows a diagram of 4 CD4057 A's inter-

connected to form a 16-bit parallel processor. 0 1 0 0 Subtract Stored number 
from zero (SMZ) 

,.~ 
Fig. TO - "Mode" connections for parallel 

processor: 
(a) T2-bit unit. 
(b) one B·bit and one 4·bit unit 
(c) three 4·bit units. 

NOTE: The BYPASS terminal of the "most 
significant" CD4057 A is connected to the 
bypass terminal of the "least significant" 
CD4057 A. The bypass terminals on all other 
CD4057A's are left floating. This inter­
connection is performed whenever more 
than one CD4057 A are used to form a 
processor. 

INSTRUCTION REPERTOIRE 

Four encoded lines are used to represent 
16 instructions. Encoded instructions are as 
follows: . 
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Subtract from parallel data 
lines (SM) (stored number from 
parallel data lines) 
Add (AD) 
Subtract (SUB) (Parallel data 
lines from stored number) 
Set to all ones (SET) 
Clear to all zeroes (CLEAR) 
Exclusive-OR 
OR 
Input Data (From parallel 
data lines) 
Left shift 
Right shift 
Rotate (cycle) right 

All instructions are executed on the positive 
edge of the clock. 

PARALLEL COMMANDS 

a. CLEAR - sets register to zero. 
b. SET -sets register to all ones. 
c. OR -processes contents of register 

with value on parallel-data lines in 
a logical OR function. 

d. AND -processes contents of register 
with value on parallel·data lines in 
a logical AND function. 

e. Exclusive;OR - processes contents 
of register with data on parallel-data 
lines in a logical Exclusive·OR function. 

f. IN -loads data on parallel-data lines 
into register. 

g. DATA OUT CONTROL - unloads 
contents of register and overflow 
flip-flop onto parallel data lines and 
overflow 110 independent of all other 
controls. 

h. SUB: 
In Mooe 0, adds to the contents of 

the register the one's com· 
plement of the data on the 
parallel-data lines. Carries 
can enter on the right 
serial data line and can 
leave on the left serial 
data line. The overflow 
indicator does not change 
state. 

In Mode 1, adds to the contents of the 
register the two's comple­
ment of the data on the 
parallel-data lines. Gener­
ated carries can leave on 
the left serial line. The 
CARRY IN is set to zero. 
The overflow indicator 
does not change state. 

In Mode 2, same as Mode D, except 
carries cannot leave on the 
right serial-data line.The 
absence or presence of an 
overflow is registered. 

I n Mode 3, same as Mode 1, except 
carries· cannot leave on the 
left serial-date line. The 
absence or presence of an 
overflow is registered. 

i. COUNT UP: 
In Mode D, adds to the contents of the 

register the data on the 
right serial-data line and 
permits any resulting carry 
to leave on the left serial­
data line. No data enters 
the parallel-data lines. 

In Mode 1, internally adds a one to 
the contents of the register 
and permits any resulting 
carry to leave on the left 
serial-data line. No data 
enters or leaves the right 
serial-data line. 

In Mode 2, adds to the contents of the 
register the· data on the 
right serial-data line. No 
data enters or leaves the 
left serial-data line. 

In Mode 3, internally adds a one to 
the contents of the register 
No data enters or leaves 
the register on any serial­
data or parallel·data line. 
In all modes, with the 
DATA OUT control high 



LEFT SERIAL 
DATA LINE 
(CARRY OUT) 

ZEROIND 

BYPASS .. , 
* R02 

ZERO IND 

BYPASS 

.01 
•• 2 

ZERO IND 

• BYPASS 

• Rol 

• R02 

ZERO IND 

BYPASS .. , 
•• 2 

RIGHT SERIAL 
DATA LINE 

(CARRY IH) 

L--+_+ __ VDD 

VDD • TERMINAL INTENTIONALLY LEFT FLOATING VDD VS$ 

92CS- 202" 

Fig. 11 - Connection for 16-bir arirh!peric logic unit. 

the count is presented on 
the parallel data lines (01-
04)_ 

i- COUNT DOWN: 

In Mode 0, subtracts a one (2's comple­
ment forml from the con­
tents of the register and 
adds to this result the data 
on the right serial-data line 
and permits any resulting 
carry to leave on the left 
serial-data line_ No data 
enter& on the parallel-data 
lines_ 

I n Mode 1, internally subtracts a one 
from the contents of the 
register and permits any 
resulting carry to leave on 
the left serial-data line_ No 
data enters or leaves the 
right serial-data line_ 

I n Mode 2, subtracts a one from the 
contents of the register and 
adds to this result the data 
on the right serial-data line. 
No data enters or leaves on 
the left serial-data line. 

In Mode 3, internally subtracts a one 
from the contents of the 
register. No data enters or 
leaves on the serial-data 
lines. 

In all modes, with the DATA OUT control 
high the count is presented on the parallel 

data lines (01-041. 

. k. ADD(AD): 
In Mode 0, adds the contents of the 

register to the data on the 
parallel-data lines and the 
right serial-data line. Any 
resulting carry can leave on 
the left serial-data line. The 
overflow indicator does not 
change state. 

In Mode 1, adds the contents of the 
register to the data on the 
parallel-data lines and allows 
any resulting carry to leave 
on the left serial-data line. 
The right serial-data line is 

open-circuited. The over­
flow indicator does not 
change state. The CARRY­
I N is set to zero. 

In Mode 2, adds. the contents of the 
register to the data on the 
parallel data lines and the 
right serial-data line. Any 
overflow sets the overflow 
indicator. The left serial­
data line is open-circuited. 
The absence or presence of 
an overflow is registered. 

I n Mode 3, adds contents of the register 
to the data on the parallel­
data lines. Any resulting 
carry sets the overflow indi­
cator. The two serial-data 
lines are open circuited. The 
absence or presence of an 
overflow is registered. The 
CARRY-IN is set to zero. 

I. SM - same operation as AD except the 
contents of the register are two's comple­
mented during addition in Mode 1 and 
Mode 3. I n Mode 0 or Mode 2, the con­
tents of the register are one's comple­
mented and added to the data on the 
right serial-data line and the parallel­
data lines. Overflows occurring in Mode 
1 or Mode 0 do not alter the overflow 
indicator. The presence or absence of 
overflows is registered on the overflow 
indicator in Mode 2 or Mode 3_ 

m_ SMZ: 
In Mode 0, one's complements the 

contents of the register 
and adds the data on the 
right serial-data line to the 
contents of the register_ 
Any resulting carry can 
leave on the left serial­
data line. The overflow 
indicator does not change 
state. 

In Mode 1, two's complements the 
contents of the register 
and permits any carry to 
leave on the left serial­
data line. No data can 
enter the right serial-data 
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line. The overflow indi­
cator does not change 
state. The CARRY-IN is 
set to zero. 

In Mode 2, one's complements the 
contents of the register 
and adds the data on the 
right serial-data line to the 
contents of the register. 
Carries cannot leave the 
left serial data line. The 
absence or presence of an 
overflow alters the 
overflow indicator. 

In Mode 3, two's complements the 
contents of the register. 
Serial data can neither 
enter the right serial­
data line nor leave the 
left serial-data line. The 
overflow indicator is at 
zero. The CARRY-IN is 
set to zero. 

n. NO-OP - no operation takes place, 
The clock input is inhib­
ited and the state of all 
registers and indicators 
remains unchanged. 

SERIAL-SHIFT OPERATIONS 
a_ ROTATE (cycle) RIGHT - This opera­

tion is internal. The contents of the 
register shift to the right, cyclic fashion 
with the leftmost stage accepting data 
from the rightmost stage regardless of 
the mode. Data can leave the register 
serially on the right data line only while 
the register is in Mode 1 or Mode O. 
Data can enter the left data line serially 
while the register is in Mode 1 or Mode 
O. The Rol terminal of the "Most 
Significant" C04057 A must be connect­
ed to the R02 terminal of the "Least 
Significant" C04057A. All other R01 
and R02 terminals must be left floating. 
When only one CD4057A is used, R01 
must be connected to R02. 

b_ RIGHT SHIFT - The contents of the 
register shift to the right and serial opera­
tions are as follows: 

In Mode 0, data can enter serially on 
the left data line, shift 
through the register, and 
leave on the 'right data 
line. 

In Mode 1, data can enter serially on 
the left data line. The 
right data line effectively 
is open - circuited. 

In Mode 2, data can leave serially on 
the right data line. The left 
data line effectively is open­
circuited. Vacant spaces are 
filled with zeros. 

In Mode 3, serial data can neither en­
ter nor leave the register; 
however, the contents sh ift 
to the right and vacated 
places are filled with zeros. 
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In all modes, with the DATA OUT 
control high the data is presented 
on the parallel data lines (01·04). 

c. LEFT SHIFT - The contents of the 
register shift to the left and serial 
operations are as follows; 

In Mode 0, data can enter the right 
data line, shift through the 
register, and leave on the 
left data line. 

In Mode 1, data can leave serially on 
the left data line. The right 
data line effectively is 
open-circuited. All vacant 
positions are filled with 
zeros. 

In Mode 2, data can enter serially· on 
the right data line. The 
left data line effectively is 
open·circuited. 

I n Mode 3, data can neither enter nor 
leave the register; however, 
the contents sh ift to the 
left, and vacated places 
are filled with zeros. 

In all modes, with the DATA OUT 
control high the data is presented on 
the parallel data lines (01·04). 

Because the "DATA OUT" control instruc­
tion is independent of the other 16 instruc· 
tions, care must be taken not to activate 
thil control when date are to be loaded into 
the processor. This instruction should only 
be activated when the processor il executing 
a NO·OP, any SHIFT, SMZ, COUNT UP or 
DOWN, CLEAR, or SET. 

If a data line, serial or parallel, is used as an 
input and the logic state of that line is not 
defined (i.e., the line is an open circuitl,then 
the result of any operation using that line is 
undefined. 

OPERATIONAL SEQUENCE FOR 
ARITHMETIC ADD CYCLE 

1. Apply IN Instruction and Word A on 
Parallel Data Lines (01-041. 

2. Apply CLOCK to load Word A into 
the register. 

3. Apply OP CODE Instruction and Word 
B on Data Lines. 

4. Apply CLOCK to load resulting 
function of A and B into the register. 

5. Apply "DATA OUT" control to 
present result to Parallel Data Lines. 

NOTE: Transitions of Step 2 and Step 3 
may occur almost simultaneously; i.e. 
separated by only one data-hold time. 
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NEGATIVE·NUMBER DETECTION 

The NEG IND terminal of the CD4057A is 
connected to the output of the flip-flop 
that is in the mOlt significant bit position. 
A "1" on the NEG IND terminal indicates 
a negative number is in the register. This 
detection is also independent of modes. 

ZERO DETECTION 

The condition of "all zeros" is indicated 
by a "1" on the Zero Indicator terminal 
of the "Most Significant" CD4057A. 
As shown in Fig. 11, terminal ZI of the 
CD4057 A containing the least significant 
set of bits is connected to V DO. Zero 
indication is independent of modes. 

COMPLEMENTING NUMBERS 
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1. One's complement of number in ALU 
register. ~ -
al ALU must be in MODE 0 or MODE' 2. 
bl Zero on Rt. Data Line. 
c) Execute an SMZ instruction. 

(Continued) 

HlGATIV! 
INDICATOR - ~ 

• SOLID L.INE REPRESENTS INPUT 

i5E~sW!~~ir':~: 
our- IS HIGH 

Fig. 13 - Add cycle waveforms. 



2. One's complement of number to be 
loaded into ALU register. 
a) If zero indicator output is low, 

execute a CLEAR instruction, and 
make Rt. Data Line = O. 

b) ALU must be in MODE 0 or MODE 2. 

c) Execute an SUB instruction. 
3. Two's complement of number in ALU 

register. 
a) ALU must be in MODE 1 or MODE 3. 
b) Execute an SMZ instruction. 

4. Two's complement of number to be 
loaded into ALU register. 
a) If zero indicator output is low, 

execute a CLEAR instruction, 
and make Rt. Data Line = O. 

b) ALU must be in MODE 1 or MODE 3. 
c) Execute an SUB instruction. 

The following algorithms are given as a 
generar guideline to demonstrate some of 
the capabilities of the CD4057 A. 

MULTIPLICATION OF 

TWO N-BIT NUMBERS 

00 ... 0/00 .. 0 O ... O/As • al' .. aN-l , 
I 

Multiplier 

I 
Multiplicand 

• As and Bs are sign bits 

Multiplication Algorithm 
1. Clear ALU to Zero 
2. Store As (j) Bs in External Flip-Flop. 
3. If As = 1, Complement Register 1. 
4. If Bs = 1, Complement Register 2. 
5. Load Register 2 into ALU. 
6. Do shift Left on ALU N Times 

(N = number of bits). 
7. Do N Times: 

(1) 
a) If MSB of ALU = 1 

(Negative Indicator = High). 
Then shift ALU left 1 bit; 
add Register 1 to ALU. 

b) If MSB of ALU = 0 
(Negative Indicator = Low) 
Then shift ALU left 1 bit. 

S. If As (j) Bs = 1, then Complement 
ALU. 

9. Answer in ALU. 

Division Algorithm 

Asa1 ... aN_l aN" a2N-l 
\~ __________ -, ____________ J 

Dividend 

I 
Divisor 

1. Store As (j) Bs in External Flip-Flop. 
2.lf As = 1, complement ALU 1 and ALU 2. 

3. If Bs = 1, complement Register A. 
4. Check for Divisor = 0 

a) If Divisor = 0; stop, indicates 
division by O. 

b) If Divisor *0; continue. 
5. Apply SUB instruction to ALU 1 

and the contents of Register A to 
ALU 1 data lines. 

6. Put a zero on RT data line of ALU 
2 and shift ALU 1 & ALU 2 left 1 
bit. 

7. Do "N" times. 
(1) Apply a sub instruction to ALU 1 

and the contents of Register A to 
the ALU 1 data lines. 

a) If Co = 1, then clock ALU 1, and 
put a 1 on right data line of ALU 2. 

b) If Co = 0, then do not clock, and put 
a 0 on right data line of ALU 2. 

(2) Shift left 1 bit . 
S. If sign Flip Flop = 1, complement 

ALU 2. 
9. Answer i.n ALU 2. 

CONDITIONAL OPERATION 
Inhibition of the clock pulse can be accom­
plished with a programmed NO-OP instruc­
tion or through conditional input terminals 
A,B,and C.ln a system of many CD4057A's, 
each CD4057 A can be made to automati­
cally control its own operation or the 
operation of any other CD4057 A in the 
system in conjunction with the Overflow, 
Zero, or Negative (Number) indicators. 
Table II, the conditional inputs, truth 
table, defines the interactions among A,B, 
and C. 
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TABLE 11- CONDITIONAL-INPUTS 
TRUTH TABLE 

A B C OPERATION 
PERMITTED 

0 X X Yes 

1 0 0 Yes 

1 0 1 No 
1 1 0 No 

1 1 1 Yes 

x = don't care 

Two examples of how the conditional 
operation can be used are as follows: 

1) For the Multiplication Algorithm 

A = 1, for step 7 (1) 
A = 0, for step 7 (2) 
B=l 
C = negative Indicator 

2) For the Division Algorithm 

A = 1, for step 7 (1) 
A = 0, for step 7 (2) 
B=l 
C = Co (left data line) 

OVERFLOW DETECTION 
The CD4057 A is capable of detecting and 
indicating the presence or absence of an 
arithmetic !Wo's-complement overflow. A 
!Wo's-complement overflow is defined as 
having occurred if the signs of the two initial 
words are the same and the sign of the result 
is different while performing a carry-gener­
ating instruction. 

0.Q11 
For example: (+) 0.110 

1.001 

Overflows can be detected and indicated 
only during operation in Mode 2 or Mode 3 
and can occur for only four instructions 
(AD, SMZ, SM, and SUB). If an overflow is 
detected and stored in the overflow flip-flop, 
anyone of the five instructions AD, SMZ, 
SM, SUB, or IN can change the overflow 
indicator. 
When any of the three subtraction instruc­
tions is used, the sign bit of the data being 
subtracted. is complemented and this value 
is used as one· of the !WO initial signs to 
detect overflows. If an overflow has occur­
red, the final sign of the sum or difference is 
one's complemented and stored in the most­
significant-bit position of the register. 
The overflow flip-flop is updated at the same 
time the new result is stored in the 
CD4057 A. Whenever data on the parallel­
data lines are loaded into the CD4057 A, 
whatever is on the Overflow I/O line is 
loaded into the overflow flip-flop. Also, 
whenever data are dumped on the parallel 
data lines from the CD4057 A, the contents 
of the overflow flip-flop are dumped on the 
Overflow I/O line. Thus overflows may be 
stored elsewhere and then fed into the 
cn4057A at another time. 
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OPERATIONAL SEQUENCE 
AND WAVEFORMS FOR 
PROPAGATION·DELAY MEASUREMENTS 

1. DATA·IN·to·CARRY OUT and DATA 
IN·to-SUM OUT 

A. Apply Word A and IN instruction 
B. Apply Clock to load word A into 

register 
C. Apply AD instruction 
D. Apply Word B (data in) 
E. Apply Clock to load result 

(sum out) 
F. Apply DATA OUT CONTROL 

to look at result 

INPUT a 

INPUT b 

INPUT Ie -+-t--I 

INPUT 0 -+-t--t-+-t--+---

DATA ,. 

DATA 'I!' 

DATA 4·'--+-+-11--1 

CLOCK 

~YOOT-+-t--t-~ 

CD DATA IN 

CD CARRY OUT 

(i) IUM OUT 

<D-@ OATA IN ToeARR'!' OUT 

<D - ® OATA IN TO SUM OUT 

. '-----

Fig. 14(a} - DATA IN·ta-CARRY OUT and 
DA TA IN·ta-5UM OUT. 

2. CARRY IN-to-CARRY OUT and CARRY 
IN-to-SUM OUT 

A. Apply Word A and IN instruction 
B. Apply Clock to load word A into 

register 
C. Apply AD instruction 
D. Apply Word B 
E. Apply CARRY IN (carry in) 
F. Apply Clock to load result 

(sum out) 
G. Apply DATA OUT CONTROL 

to look at result 

INPUT G 

INPUT b 

INPUT d -+-t---+-t-H---

OATA OUT toNTROL 

DATA ,* 
DATA 2· 

DATA 3·-i=:j::==~ 

CLOCK 

CARR' OUT --+-+---+-l-H-+----

<D CARRY IN 

@ CARRY OUT 

@SUMOUT 

<D_@CMRtINTOCARRYOUT 

<D _@CMRYIN TO SUM out 

.. SOUO LINE REPRESENTS INPUT 

~~: ~~p;~~c:.umH=~~HES 
R[PRESENT OUTPUT WHEN "DATA 
our" IS HIGH 

Fig. 14(b} - CARRY IN-ta-CARRYOUTand 
CARRY IN-ta-5UM OUT. 

VDD-VNH 

INPUTOVCD OUTPUTS 
........ ~ 

V:L 1 
NOTE: 

TEST ANY ONE INPUT, 
VSS WITH OTHER INPUTS AT 

92tS~27400 Voo OR Vss' 

Fig. 15 - Noire-immunity tBlt clmult. 

. 
V50 

INPUTS 

V50 

Fig. 16 - QuiBICsnt-davice-current 
tart .imult 

V~NP(JU' '. :: 
Vss TO BOTH VDD ANOVss' 

CONNECT ALL UNUSED 
INPUTS 10 EITHER 
VDD ORVSS· 

Vss 

Fig. 17 - Input-#ssksge-currsnt 

felt .'mu't. 

TYPICAL APPLICATION 
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The CD4057 A has been designed for use as a 
parallel processor in flexible, programmable, 
easily expandable, special or general purpose 
computers, where minimization of external 

connections and data busing are primary 
design goals. The block diagram of Fig. 18 
is an example of a computer that processes 
8 bits in parallel. 

INPUT-OUTPUT EXTERNAL 11l~j;;;;;lilill~~~~~i[::~C~O~40~'~4~~:::J~1 DATA 
REGISTER 

SERIAL 
OATA 
LINES 

Fig. 18 - Example of computer organization using CD4057A. 



CMOS Programmable 
Divide-by-"N" Counter 
Standard "Au -Series Types (3-to-15-Volt Rating) 

RCA-CD4059 standard "A "-Series types are 
divide-by-N down-counters that can be pro­
grammed to divide an input frequency by 
any number "N" from 3 to 15,999. The out­
put signal is a pulse one clock·cycle wide 
occurring at a rate equal to the input fre­
quency divided by N. This single output has 
TIL drive capability. The down-counter is 
preset by means of 16 jam inputs. 

The three Mode-Select Inputs Ka, Kb, and 
Kc determine the modulus ("divide-by" 
number) of the first and last counting sec­
tions in accordance with the truth table 
shown in Table I. Every time the first 
(fastest) counting section goes through one 
cycle, it reduces by 1 the number that has 
been preset (jammed) into the three decades 
of the intermediate counting section and into 
the last counting section, which consists of 
flip-flops that are not needed for operating 
the first counting section. For example, in 
the + 2 mode, only one flip-flop is needed 
in the first counting sectidn. Therefore 
the last counting section has three flip-flops 
that can be preset to a maximum count of 
seven with a place value of thousands. If 
+ lOis desired for the first section, Ka is 
set to 1, Kb to 1, and Kc to O. Jam Inputs 
J1, J2, J3, and J4 are used to preset the 
first counting section and there is no last 
counting section. The intermediate counting 
section consists of three cascaded BCD de­
cade (+ 10) counters presettable by means 
of Jam Inputs J5 through J16. 

The Mode-Select I nputs permit frequency­
synthesizer channel separations of 10, 12.5, 
20, 25, or 50 parts. These inputs set the 
maximum value of N at 9999 (when the 
first counting section divides by 5 or 10) or 
15,999 (when the first counting section 
divides by 8, 4, or 2). 
The three decades of the intermediate count­
Ing section can be preset to a binary 15 in­
stead of a binary 9, while their place values 
are still 1, 10, and 100, multiplied by the 
number of the + N mode. For example, in 
the + 8 mode, the number from which count­
ing-down begins can be preset to: 

3rd decade: 1500 
2nd decade: 150 
1st decade: 15 

Last counting section 1000 

The total of these numbers (2665) times 
8 equals 21,320. The first counting section 
can be preset to 7. Therefore, 21,327 is the 
maximum possible count in the + 8 mode. 
The highest count of the various modes is 
shown in the column entitled Extended 

Counter Range of Table 1. Control inputs 
Kb and Kc can be used to initiate and lock 
the counter in the "master preset" state. 
I n this condition the flip-flops in the counter 
are preset in accordance with the jam in­
puts and the counter remains in that state 
as long as Kb and Kc both remain low. The 
counter begins to count down from the 
preset state when a counting mode other 
than the master preset mode is selected. 

The counter should always be put in the 
master preset mode before the +5 mode is 
selected. 

Whenever the master preset mode is used, 
control signals Kb;O and Kc;O must be 
applied for at least 3 full clock pulses. 

After the Master Preset Mode inputs have 
been changed to one of the + modes, the 
next positive·going clock transition changes 
an internal flip-flop so that the countdown 
can begin at the second positive-going clock 
transition. Thus, after an MP (Master Preset) 
mode, there is always one extra count before 
the output goes high. Fig.l illustrates a 
total count of 3 (7 8 mode). I f the Master 
Preset mode is started two clock cycles or 
less before an output pulse, the output pulse 
will appear at the time due. If the Master 
Preset Mode is not used the counter jumps 
back to the "JAM" count when the output 
pulse appears. 

Fig. , - Total count of 3. 

A "1" on the Latch Enable input will cause 
the counter output to remain high once an 
output pulse occurs, and to remain in the 
high state until the latch input returns to 
"0". If the Latch Enable is "0", the output 
pulse will remain high for only 1 cycle of 
the clock·input signal. 

As illustrated in the sample applications, this 
device is particularly advantageous in com­
munication digital frequency synthesis (VHF, 
UHF, FM, AM, etc.) where programmable 
divide·by-"N" counters are an integral part 
of the synthesizer phase-locked-loop sub­
system. The C04059A can also be used to 
perform the synthesizer "Fixed Oivide-by-R" 
counting function. It is also useful in general­
purpose counters for instrumentation func· 
tions such as totalizers, production counters, 
and "time out" timers. 
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TERMINAL DIAGRAM 

Operational and Performance Features: 
• Synchronous Programmable + N Counter: 

N = 3 to 9999 or 15,999 
• Presettable down-counter 
• Fully static operation 
• Mode-select control of initial decade 

counting function (+ 10,8,5,4,2) 
• T2L drive capability 
• Master preset initialization 
• Latchable + N output 

• Quiescent current specified to 15 volts 
• Max. input leakage current of 1 /lA at 15 

volts,full package-temperature range 
• 1 volt noise margin, full package-

temperature ranga 
• 5-V and 10-V parametric ratings 

Applications 
• Communications digital frequency 

synthesizers: VHF, UHF, FM, AM,etc. 
• Fixed or programmable frequency 

division 
• "Time out" timer for consumer-appli­

cation industrial controls 
• Companion Application Note,ICAN-6374, 

"Application 01 the CMOS CD4059A 
Programmable Divide-by-N Counter in 
FM and Citizens Band Transceiver 
Digital· Tuners" 

The C04059A series types are available in a 
24-lead ceramic dual-in-line package (0 
and F suffixes). 24-lead dual-in-line plastic 
package (E suffix), 24-lead ceramic flat 
package (K suffix), and in chip form (H 
suffix). 
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MAXIMUM RATINGS, Absolute-Maximum Valufl8: 
DC SUPPL V-VOLTAGE RANGE, (VDD) 

(Vollag'es referenced 10 VSS Terminal) .... " ... , .... , .. , .......................... ' -0.510 +15 V 
INPUT VOLTAGE RANGE, ALL INPUTS ......... , .... ,., ..... , ................. -O.Slo VDD +0.5 V 

POWER DISSIPATION PER PACKAGE (PO): 
ForTA = -4010 +6O"C (PACKAGE TYPE E) ............................................. SOOmW 
For T A = +60 10 +8S'C (PACKAGE TYPE E) ..... , ...................... Derale Unearly 10200 mW 
ForTA = -5510 +IOO'C (PACKAGE TVPES0, K, H) ...................................... 500 mW 
For T A = +100 10 +12S'C (PACKAGE TVPES 0, K, H) .•..••.•...•..•.••• Derale Unearly 10100 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
ForTA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................. 100 mW 

OPERATING-TEMPERATURE RANGE (T A): 
PACKAGE TYPES 0, K, H ....................................................... -5Slo +12S'C 
PACKAGE TYPE E ............................................................... -40 10 +85° C 

STORAGE TEMPERATURE RANGE (T slg) ..... .. .. .. . . . . .. . . . .. .. . .. • .. .. . .. .. . . .. -85 to +150" C 
LEAD TEMPERATURE (DURING SOLDERING): 

AI distance 1/16± 1/32 inch (I.S9± 0.79 mm) from case for las max ....................... +26S'C 

STATIC ,ELECTRICAL CHARACTERISTICS 

Limits 
Conditions Valu ... t-55"C.+250 C.+725"C Apply to D, K, H, Packag ... 

Characteristic Vo VIN VDD Values at -4lJOC. +250 C. +850 C Apply to E Packages Units 
. (V) (V) (V) _550 -400 +850 +1250 

+250 

Min. Typ. Max. 

Quiescent Device 5 10 10 700 300 - 0.02 10 
Current. 10 20 20 200 400 - 0.02 20 IJ.A 
IL Max. 15 - - - - - - 500 

Output Voltage: 

Low Level, 05 5 0.05 - 0 0.05 

VOL Max. 0,10 10 0.05 - 0 0.05 
V 

High Level, 0,5 5 4.95 4.95 5 -
VOH Min. 0,10 10 9.95 9.95 10 -

Noise Immunity: 

Inputs Low, 5 1.5 1.5 2.25 -
VNL Min. 10 3 3 4.5 -

V 
Inputs High, 5 1.5 1 2.25 -
VNH Min. 10 3 3 4.5 -

Noise Margin: 

Inputs Low, 4.5 5 1 
VNML Min. 9 10 1 

V 
Inputs High; 0.5 5 1 
VNMH Min. 1 10 1 

Output Qrive 
Current: 

N·Channel 
0.4 5 2.5 2.3 1.6 1.4 2 4 -

(Sink) 
0.5 10 5 4.7 3.3 2.8 4 9 -

ION Min. 

P·Ch"nnel 2.5 5 -2 -1.8 -1.3 -1.15 -1.6 -3.2 - rnA 

(Source) 4.6 5 -0.5 -0.45 -0.36 0.3 0.4 0.8 
lOP Min. 9.5 10 -1.1 -1 -0.75 -0.65 -0.9 -1.8 -

I n put Lea kage 
±10·5 Current:* 15 ±1 ±1 IJ.A 

IlL, IIH Max. 

* Any Input 
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OPERATING CONDITIONS AT TA = 25°C 
(Unless otherwise specified) 

For maximum reliability, nominal operating condi­
tions should be selected so that operation is always 
within the following rangss. 

Characteristic VDD Min. Max. Units 

Supply Voltage 
Range - 3 12 V 
(over full temp. 
range) 

Clock Pulse 5 200 - ns 
Width 10 100 -

-Clock Input 5 1.5 
MHz Frequency 10 3 -

Clock Input Rise 5 - 15 
and Fall Time 10 - 5 Ils 

t AMBIENT TEMPERATURE ITA 1~25·C 
I . 
i 60 200-mW CONSTANT 
a POWER LOCUS 

!:!50 .. 
ffi 
~40 
u 
Z 30 

~ 
~ 20 

110 

Z 30 

~ 
~20 
~ 10 
5 

2345678 
DRAIN-TO-SOURCE VOLTAGE{VOS'-V 

Fig.2 - Minimum output n-channel 
drain characteristics. 

,"v 

1 
ZOO-mW CONSTANT 
POWER LOCUS 

GATE-TO- SOURCE 
VOL~AGE ~VGSI~ 5 v 

1234567 
ORAIN-TO-SOURCE VOLTAGE (VOS'-V 

Fig.3 - Typical output n-channel 
drain characteristics. 

DRAIN-TO -SOURCE VOLTAGE (Vosl- V 

-1$ -10 

AMBIENT TEMPERATURE (TAl' 25-C 

GATE-TO-SOURC£ VOLTAGE (VGSl:- 5 V 
. 
i 

-5 t! 
lOY 

-15V 

Fig.4 - Minimum output p-channel 
drain characteristics. 



OYNAMIC ELECTRICAL CHARACTERISTICSATTA = 250 C.CL =50 pF.lnputtr.tf=20 ns. 
~L = 200 len 

CONOI· 
LIMITS TlONS 

CHARACTERISTIC 
VDD 

ALL PACKAGES UNITS 

(V) Min. TVp. 

Propagation Delay Time; tpHL. tpLH 5 - 180 
10 - 90 

Transition Time: 
5 - 35 

tTHL 10 - 20 

5 - 100 
tTLH 10 - 50 

Maximum Clock Input Frequency, ICL 
5 1.5 3 
10 3 6 

Average Input Capacitance, CI 
(anv input) - - 5 

PROGRAM JAM INPUTS (BCD) 

Voo 

~ ALL INPUTS (TERMS. 1-11, 13-22) PROTECTED 
BY CMOS PROTECTION NETWORK 

vss Fig.S - Functional block diagram. 

Max. 

360 
180 

ns 

70 
40 

ns 
200 
100 

- MHz 
-

- pF 

92CM-t2213RI 

~ 
;: 

~ 
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CRAIN-TO-SOURCE VOLTAcr C\losl-V 
r----~ -I ., 

AMBIENT TEMPERATURE ITA ,oz,·c 
GATE-TO-SOURCE VOLTAGE tvGS'o., \I 

200-0IIW CONSTANT 
POWER LOCUS 

-lOY 

Fig.6 - Typical output p-channel 
drain characteristics. 

., t 
t 

-10.t! 

-., i 
a 
z 

-204 
~ 

AMBIENT TEMPERATURf(TA)-2S"C 1: i,.;,!~)lrq~: 
1""" It· ~ , ••• -.... ~ r i ' 

~iltiij: :::;:I;::;lii1; !,:,'~_~j, ii,':,',:,­
+U·~H+""IIfI;n ···;H-t.. :! 

-;-' 

w w ~ ~ 00 ~ ro 00 00 ~ 
LOAD CAPACITANCE (CL)-pF 

Fig.7 - Typicallow·to·high propagation delay 
time VI. load capacitance. 

AMBIENT T EMPERATURE eTA ).a25·C·· .(.1+ 
; 

fFtt= " ,.~ .. 
250 

fiFO 
:±t ,r ji,t • .j.;.. r-rtt ~t-

II 

SUPPLY VOLTAGE (VDDl-'"1 is • +1#11 Ii!.!., 0,,, ,Ill Hi ;j.:: lHt Hn,i} ~J Ttn t; ~ ... +h- IOV ' 

t h=TT ITt ln' tnr ,ltt tT. 
~ .0 

" If-H H+ +Ftt ,~# i1tt , If '" " :J:t:I=I= r;t l-Ht 
a 0 4 a 30 0 5 6 0 70 80 00 10 

LOAD CAPACITANCE (CL)-pF 

Fig.S - Typical high-to-Iow propagation delay 
time VI. load capacitance. 

LOAD CAPACITANCE 1Cl.J-pF 
!U:CS-24)2'2ftl 

Fig.9 - Typicallow-to-high transition time 
w. load capacitance. 
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~ 10 
6 
'" 0 

~ ro ~ ~ 00 ~ ro 00 ~ ~ 
LOAD CAPACITANCE (CLI-pF 

Fig. TO - Typical high-to%~~w transition time 
VI. load capacitance. 

10 15 20 
SUPPLY VOLTAGE (vool-V 

Fig. II - Typical max. clock frequency 
VS. supply voltage. 

6 AMBIENT TEMPERATURE (TA )-2S-C 

4 

~I05 
2 

I R 
":t .. 
;; , 
510\ .. . 
:i 4 

Q 
, 

G:: 103 

~ t 
0 .. 

10" 
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II 

... 
,0 ,. 

-:><Il 
" ..... 

~cY .. ~f 
,p 

",< -. -CL-SO" .. ---CL-'!5pF 

/ I mill 
A III , 4 •• 2 4 •• 2 4 G. , .. 681 2 4 .a 

\0 102 10' 104 
INPUT FREQUENCY (n-kHz 

Fig. 72 - Typical power dissipation vs. 
input frequency. 

10' 

2 .. 68'02 .. 6TcI 2 .. &'0' 2 .. 6T04 2 .. 6~0' 

CLOCK INPUT FREQUENCY(f CL1-KHr 

Fig. 13 - Typical power dissipation 
VI. clock input frequency. 

TABLE I 

MODE FIRST COUNTING LAST COUNTING COUNTER 
SELECT SECTION SECTION RANGE 
INPUT DESIGN EXTENDED 

MODE 
Can be 

MODE 
Can be 

--- preset --- preset 
Ka Kb Kc Di- to a Jam· Di- to a Jam-'- Max. Max. 

vides max inputs vides max inputs 
by: of: used: by: of: used: 

1 1 1 2 1 J1 8 7 J2,J3,J4 15,999 17,331 

0 1 1 4 3 J1,J2 4 3 J3,J4 15,999 18,663 

1 0 1 5# 4 J1,J2,J3 2 1 J4 9,999 13,329 

0 0 1 8 7 Jl,J2,J3 2 1 J4 15,999 21,327 

1 1 0 10 9 J1,J2,J3,J4 1 0 - 9,999 16,659 

X 0 0 MASTER PRESET MASTER PRESET - -

X = Don't Care 

• Jl = Least significant bit. 

J4 = Most significant bit. 

#Operation in the -Hi mode (1 st counting section) requires 
going through the Master Preset mode prior to going into 
the"'5 mode. At power turn·on, kc must be a 10gic'''O'' 
for a period of 3· input clock pulses after VDD reaches 
a minimum of 3 volts. See Fig. 21 for a suggested external 
preset circuit. 

HOW TO PRESET THE CD4059A TO OESIRED'" N 

The value N is determined as follows: 

N = [MODE") [1000 x Decade 5 Preset + 100X Decade 4 

Preset + lOX Decade 3 Preset + 1 X Decade 2 Preset) + Decade 1 Preset 

MODE= First counting section divider (10, 8, 5,4 or 2) 

To calculate preset values for any N count, divide the N count by the Mode. 

The resultant is the corresponding preset values of the 5th through 2nd 
decade with the remainder being equal to the 1 st decade value. 

Examples: 

N 
Preset Value = Mode 

A) N = 8479, Mode = 5 MODE SELECT = 5 

1695~ Preset Values 

!5184~9 
Mode N 

PROGRAM JAM INPUTS (BCD) 

4 5 9 
~ ~ 

Jl J2 J3 J4 J5 J6 J7 J8 J9 Jl0 Jl1 J12 

0 0 0 0 0 0 1 

To verify the results use equation 1 : 

Ka Kb Kc 

o 

J13 J14 

0 

6 . 
J15 

, 
J16 

0 

N = 5 (1000X 1 + 100 X 6 + 10 X 9 + 1 X 5) + 4 

N = 8479 
MODE SELECT = 8 

B) N = 12382, Mode = 8 

1547 + 6 

8 I 12382 

Ka Kb Kc 

o 0 

(1 ) 

(2) 



Jl 

0 

PROGRAM JAM INPUTS 

6 7 4 
~ 

J2 J3 J4 J5 J6 J7 J8 J9 Jl0 Jll J12 

0 0 0 0 

To verify: 

N = 8 (1000 Xl + 100 X 5 + 10 X 4 + 1 X 71 + 6 

N = 12382 

CI N = 8479, Mode = 10 

0847 + 9 
10 18479 

9 
~ 

Jl J2 J3 J4 

o 0 1 

To Verify: 

PROGRAM JAM INPUTS 

7 4 
~~ 

J5 J6 J7 J8 J9 JlO Jll J12 

o o 0 o 

N = 10 (1000 X 0 + 100 X 8 + 10 X 4 + 1 X 71 + 9 

N = 8479 

5 
~ 

J13 J14 J15 J16 

0 0 

MODE SELECT = 10 

Ka Kb Kc 

o 

8 
~ 

J13 J14 J15 J16 

o 0 0 1 

DIGITAL PHASE-LOCKED LOOP (PLL) FOR FM BAND SYNTHESIZER 

OUTPUT 
98.8 to 118.6 MHz 

10 
7K 

Ik - VCO ..... ....- PRESCALER 
2.41 to 
2.965 
MHz 

XTAL 
OSCILLATOR 

2.56 MHz 

LOW·PASS 
FILTER 

1) Calculating Min & Max "N" Values: 

Output Freq. Range ITOI = 98.8 to 118.6 MHz 
Channel Spacing Freq. (fel = 200 kHz 

~ CHANNEL 
SELECT 

7N In 
COUNTER q,COMP 

CD4059A 5 kHz 

R = 51.2 

7R 
Ir 

COUNTER 1-
CD4059A 5 kHz 

I = In - Ir 

fc 200 Division Factor (k) = 40 Reference Freq. (frl = k"=4O" kHz = 5 kHz 

118.6 MHz 98.8 MHz 
fk Max. = 40 = 2.965 MHz; fkMin = --40-- = 2.47 MHz 

N =!9 
ft: 

118.6MHz 
NMax = 200 kHz = 593 

98.8 MHz 
NMin 200 kHz 494 

2.56 MHz 
R=---=512 

5 kHz 
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"CASCADING" VIA OTHER COUNTERS 

Fig. 14 shows a BCD'switch compatible ar· 
rangement· suitable for 7 8 and 7 5 modes, 
which can be adapted, with sl ight changes, 
to the other divide-by-modes. I n order to be 
able to preset to any number from three to 
about 256,000, while preserving the BCD­
switch compatible character of the jam in­
puts, a rather complex cascading scheme is 
required. Such a cascading scheme is neces­
sary because the CD4059A can never be pre­
set to a count less than 3 and logic is needed 
to detect the condition that one of the num­
bers to be preset in the CD4059A is rather 
small. In order to simplify the detection 
logic, only that condition is detected where 
the jam inputs to terminals 6, 7, and 9 would 
be low during one count. If such a condition 
is detected, and if at least 1 is expected to be 
jammed into the MSB counter, the detection 
logic removes one from the number to be 
jammed into the MSB counter (with a place 
value of 2000 times the divide·by-mode) and 
jams the same 2000 into the CD4059A by 
forcing terminals 6, 7, and 9 high. 
The clock of the CD4013A may be driven 
directly from the output of the CD4059A, 
as shown by dashed option (11, or by the 
inverted output of the CD4059A, option (2). 
If option (2) is used the CD4029A cannot 
count cycles shorter than 3. If option (1) is 
used propagation delay problems may occur 
at high counting speeds. 

The general circuit in Fig.14 can be simpli­
fied considerably if the range of the cas­
caded counters does not have to start at a 
very low value. Fig_15 shows an arrange­
ment in the 7 4 mode, where the counting 
range extends in a BCD-switch compatible 
manner from 88,003 to 103,999. The ar­
rangement shown in Fig.15 is easy to follow; 
once during each cycle, the less significant 
digits are jammed in (14,712 in this case) 
and then 11,000 (4 x 2750) is jammed in 
eight times in succession, by forcing jam in­
puts high or low, as required. 
Numbers larger than the extended counter 
range can also be produced by cascading 
the CD4059A with some other counting 
device. Fig.16 shows such an arrangement 
where only one fixed divide-by number is 
desired which is close to three times the ex­
tended counter range as shown in the last 
column of Table I.. The dual flip-flop wired 
to produce a 7 3 count, can be replaced by 
other counters such as the CD4029, CD451 0, 
CD4516, CD4017, orthe CD4022. In Fig_16 
the 7 N subsystem is preset once to a number 
smaller than the desired divide-by number. 
This smaller number represents the less sig­
nificant digits of the divide-by number. The 
subsystem is then preset one or more ti mes 
to a round number (e.g. 1000, 2000) and 
multiplied by the number of the divide-by 
mode (7 2 in the example of Fig.16). I t is 
important that the second counting device 
has an output that is high or low, as the 
case may be, during only one of its counting 
states. 
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2).;. N Counter Configuration for UHF - 220 to 400 MHz 
Channel Spacing: 50 kHz or 25 kHz 

---I +2/~4 H +10 H -,10 H ,10 HL-_,_4_ .... 
50/25 kHz 100 kHz 1 MHz 10 MHz 100 MHz 

400 MHz 400 MHz 
NMax = 25 kHz = 16,000 NMax = 50 kHz = 8,000 

220 MHz 
NMin = 2skH; = 8,800 

220 MHz 
NMin = 50 kHz = 4,400 

3)';' N Counter Configuration to VHF -116 MHz 
Channel Spacing = 12,5 kHz 

--1 +8 H ~10 H ~10 H ~ 10 ~-i~_~_2 ...... 
12_5 kHz 100 kHz 1 MHz 10 MHz 100 MHz 

160 MHz 
NMax = 12,5 kHz 12,800 

116 MHz 
NMin = 12.5 kHz = 9,300 

4) .;. N Counter Configuration for VHF - 30 to 80 MHz 
Channel Spacing: 25 kHz _ 

5) .;. N Counter Configuration for AM - 995 to 2055 kHz 
Channel Spacing = 10 kHz 

~ ...... _+_4 --,H + 10 H + 10 H + 10 

25-kHz 100 kHz 

80 MHz 
NMax = 25 kHz = 3,200 

1 MHz 10MHz 

30 MHz 
NMin = 25 kHz = 1200 

NOTE: 
EACH ,"OGATE IS.14 C040811 
EACH Oft GATE IS 113 C0407!11 
EACH NOli GAT( IS 1/2 C04OO2" 
EACH INVEllfat IS 11& CD40lga 

--1 +10 H +10 H +10 

10 kHz 100 kHz 

2055 kHz 
NMax = 10 kHz = 205 

1 MHz 

995 kHz 
NMin = 10 kHz = 99 

Fig. 14 - BCD switch-compstible +N s;ystem of the most general kind. 
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Vss VSS"oo\"oD"oD 

Vss VOO VOO 

Fig. 15 - Dividing by any number from 88,003 to 103,999. 

Fig. 16 - Division by 47,690 in -i2 mode. 

VDO VDD 

FCL 24 

23 
22 ::tCL 
21 

20 

I. 
18 
17 

• I • 

10 I. 

" 14 

IZ 13 
92CS·ZII'J~1 

Fig. 19 - Powe, dissipation 
Fig.tS - Noise immunity test circuit 

test circuit. fall .". modes). 

VDD 

24 

2' 
22 

21 

2D 

" I. 
17 I. 

10 IS 

" 14 
12 13 

Fig. 17 - Quiescent device 
current test circuit. 

Fig.20 - Input leakage current test circuit. 
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*CIN 
o---j 1----_-4--,-\ 

0.02 TO 
0.1 ,.F 

100 kll 
TO 

I Mil 

'-------~~N C,~i~i 
* DEPENDS UPON VOD 

VOLTAGE 

IN914 
OR 

EQUiVAlENT 

CRI 

O.OOOI,.F 
TO 

O.OOI,.F 

TO 
CD4059 

PIN I 
(CLOCK) 

For changing from any mode other than mode 5 
(with power on), apply positive pulse to Cln. This 
circuit automatically selects master preset mode 
(K. = 0, Kc = 0) before going into the select con­
ditions for mode 5 (K. = 1, K. = 0, K = 1). The 
selection of C, and C. is critical. C, is determined 
by the VOO voltage--the lower VOO's need larger 
C's. C. must be 0.1 /IF or larger. 

Fig.21 - CD4059A mode 5 power on master preset circuit. 
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Dimensions ;,. parentheses are in millimeters and are 
derived from the basic inch dimensions as indicated. 
Grid graduations are in mils (10-3 inch). 

The photographs and dimensions of each CMOS chip 
represfmt B chip when It is part of the wafer, When the 
wafer ;s separated into Individual chips, the angle of 
Cleavage may vary with respect to the chip lace for 
different chips. The actual dimensions of the isolated 
chip, tharflfofe, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance 
01 -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

Dimensions and pad layout for CD4059AH. 
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CMOS 14-Stage Ripple-Carry 
Binary Counter/Divider and Oscillator 

Features: The RCA-CD4060A consists of an oscillator 
section and 14 ripple-carry binary counter 
stages_ The oscillator configuration allows 
design of either RC or crystal oscillator 
circuits_ A RESET input is provided which 
resets the counter to the all-D's state and 
disables the oscillator_ A high level on the 
RESET line accompl ishes the reset function_ 
All counter stages are master-slave fl ip-flops. 
The state of the counter is advanced one 
step in binary order on the negative transi­
tion of if>1(if>O).AII inputs and outputs are 
fully buffered_ 

• 4-MHz operating frequency (typ_) at VDD -VSS = 10 V 

These types are supplied in 16-lead hermetic 
dual-in-Iine ceramic packages (0 and F 
suffixes), l6-lead dual-in-line plastic pack­
age (E suffix), l6-lead ceramic flat packages 
(K suffix), and in chip form (H suffix). 

• Common reset 
• Fully static operation 
• 10 buffered outputs available 
• Quiescent current specified to 15 V 
• Maximum input leakage current of 1 pA 

at 15 V (full package-temperature range) 
• 1-V noise margin (full package-temper-

ature range) 

Oscillator Features: 

• All active components on chip 
• RC or crystal oscillator configuration 

Applications: 

• Timers 
• Frequency dividers 

MAXIMUM RATINGS. Absolute-Maximum Values: 
STORAGE TEMPERATURE RANGE (T stg) ......................................... -65 to +150'C 
OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE TYPES D, F, K, H ..................................................... -55 to +125'C 
PACKAGE TYPE E ............................................................... -40 to +85'C 

DC SUPPLY-VOLTAGE RANGE. (VDD) 
(Voltages referenced to VSS Terminal) ............................................. -0.5 to +15 V 

POWER DISSIPATION PER PACKAGE (PD): 
For T A = -40 to +60'C (PACKAGE TYPE E) ............................................. 500 mW 
For T A = +60 to +85'C (PACKAGE TYPE E) ............... Derate Linearly at 12 mW/'C to 200 mW 
For T A = -5510 +lOO'C (PACKAGE TYPES D, F. K) ...................................... 500 mW 
For T A = +100 to +125'C (PACKAGE TYPES D, F, K) •..••.. Derate Linearly at 12 mWI'C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ••••.•..••••..••.• 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS ........................................ -0.5 to VOD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for lOs max ....................... +265'C 

RECOMMENDED OPERATING CONDITIONS at TA = 25°C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

LIMITS 

CHARACTERISTIC VDO D,F.K,H E 

(V) Packages Package 
Min_ Max. Min. Max. 

Supply-Voltage Range (For T A = Full 3 12 3 12 
Package-Temperature Range) 

Input-Pulse Width, tw 5 400 - 500 -
f= 100 kHz 10 110 - 125 -

Input-Pulse Rise & Fall 5 - 15 - 15 
Time, trtjJ' tfif> 10 - 7.5 - 7.5 

Input-Pulse Frequency, fif> 5 - 1 - 0.9 
10 - 3 - .2.75 

Reset Pulse Width, tw 5 1000 - 1250 -
10 500 - 600 -

UNITS 

V 

ns 

fJS 

MHz 

ns 

,)2C5-23762RI 

" 

2.' 

CD4060A 
FUNCTIONAL DIAGRAM 

AMBlEftT TEMPERATURE CTAI • 2S·C 
TYPICAL TEMP. COEfFICIENT AT ALL. VAlUES OF "GS"-Q.3%I·C 

2.' 

:rE - TO - SOURCE VOlTAGE (V: 1'1!! V 

~ 7.5 10 IZ.!I 15 
ORAIN - TO - SOURCE VOlTAGE 1Vosl-V 

nCS-21SI0 

Fig. 1 - Typical n-channel drain characteristics. 

A..,.ENT TEMPERATURE ITA'. 2'·C 
TYPICAL TEMP. COEFFICIENT AT ALL VALUES OF VGSo -o.3."."-C 

7.' 
TE - TO - SOURCE VOL TAG[ 'ol'V 

aU' 
z ,ov 
~ 2.5 

'" 
2.5 5 7.5 10 125 15 

DRAIN - TO - SOURCE VOLTAGE IVDSI~~CS_ZI~IZ 

Fig. 2 - Minimum n~hannel drain characteristics, 

DRAIN-TD-SOLACE VOLTAGE Nosl-V 

'v 

-. 

GA~O-SOURCE VOLTAGE 1 1-15V 

AMBIENT TEMPERATURE {TA I ·2'·C 
TYPICAL TEMP. COEFFICIENT AT ALL VALUES OF VGS.-o.3'Y.'"C 

Fig. 3 - Typical p.r;hannel drain charBctsri,tics, 
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CD4060A Types 

STATIC ELECTRICAL CHARACTERISTICS 

"'-_..1: .. : __ .. Limits at Indicated Temperatures (oC) 
"'V""'I~IUII" 

D, F, K, H Packag68 E Package Units Characteristic Vo VIN VDD 
(V) IV! (V) -55 

Quiescent Device - - 5 15 

Current I L Max. - - 10 25 

- - 15 50 

Output Voltage: - 5 5 
Low Level, 
VOL - 10 10 

High Level - 0 5 
VOH - 0 10 

Noise Immunity: 4.2 - 5 
Inputs Low, 

9 - 10 
VNL 
Inputs High 0.8 - 5 
VNH 10 - 10 

Noise Margin: 4.5 - 5 
Inputs Low, 
VNML 9 - 10 

Inputs High, 0.5 - 5 
VNMH 1 10 

Output Drive 
Current:" 

n·Channel 0.5 - 5 0.22 
(Sink), 
IDNMin. 

0.5 - 10 0.44 

p·Channel 4.5 - 5 ·0.15 
(Source), 
IDPMin. 9.5 - 10 ·0.3 

Input Leakage 
_Ar~nr5 Current, 

IIL,IIH 

* Da~ not applicable to Terminal 9 or 10 

• R=HIGH DOMINATES IRESETS ALL STAGESI 

A COUNTER ADVANCES ONE BINARY COUNT 
ON EACH NEGATIVE -GOING TRANSITION 
OF "'II AND .0) 

+25 +25 

Typ. Limit 
+125 -40 

Typ. Limit 
+85 

0.5 15 900 50 1 50 700 
1 25 1500 100 2 100 1400 p.A 

2.5 50 2000 500 5 500 5000 

o Typ.; 0.05 Max. 

o Typ.; 0.05 Max. 
V 

4.95 Min.; 5 Typ. 

9.95 Min.; 10 Typ. 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 
V 

1.5 Min.; 2.25 Typ. 

3 Min.; 4.5 Typ. 

1 Min. 

1 Min. 
V 

1 Min. 
1 Min. 

0.36 0.18 0.125 0.21 0.36 0.18 0.15 

0.75 0.36 0.25 0.42 0.75 0.36 0.3 
mA 

·0.25 ·0.125 ·0.085 ·0.145 ·0.25 .Q.125 ·0.1 

·0.5 ·0.25 -0.175 -0.29 -0.5 -0.25 -0.2 

±10-5 Typ., ±1 Max. p.A 

OUTPUT ElJFFER.STAGES 
r-t>=~.~2-14 

'" I 

STAGE I 

Q11NPUTS J T02.' ,,£\ 
Vss 

INPUT PROTECTION 
CIRCUIT ON ALL 

92CS - 23763RI INPUTS 

Fig. 7 - Logic diagram of CD4060A oscillator, pulss shoper, end 1 of 14 countBr stage •• 
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DRAIN- TO-SOtJa VOLTAGE (VosJ-V 

_15 -10 ~o 

111111111111111111111111111111111 .. 

lOY 

AMBIENT C'EMPEMTURE ITAI • 21S-c 
TYPICAL TEMP. COEf'neeNT.u ALL. VALUES OF \Its' -o.S%/"( 

Fig. 4 - Minimum p-chsnnsl drain charactBri.tic •• 

LOAD CAPACITANCE (CLJ~" 

Fig. 5 - Typical propBfllltion delay time VI. loed 

CBpSCitllnCB (1/11 to 04 output). 

Fig. 6'- Typical propagation delsy time .... load 

cBpscltsnce (On to 0n+1)' 

;!;lUI AMBIENT TEMPERATURE (T,,)- Z!PC 

= SOD 
I 

".~~ }eo 
la~~~iOO i 200 i" t 

" ~ ! leo 1:';0-

! 100 : 

II .~ +! 
i ::1 I. 

~ OOliH 
0 20 40 00 80 

LOAD CAPACITANCE (CL) - " 
9tC5·24* 

Fig. 8 - Typical output trensition tima VS. loed 
CBpBCltllnCB. 



DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C, Input tr, tt = 20 ns, 

TEST 
CHARACTERISTIC CONDITIONS 

VDD 
Min. (V) 

Input-Pulse Operation 

Propagation Delay 5 -
Time, cPl to Q4 Out; 

tpHL, tpLH 10 -
Propagation Delay 5 -
Time, On to 0n+l; 

tpHL, tpLH 10 -
Transition Time, 5 -

tTHL,tTLH 10 -
Min. Input-Pulse 5 -

Width tw f=100 kHz 
10 -

Input·Pulse Rise & Fall 5 -
Time, trt/J- tfcP 

10 -
Max. Input-Pulse 5 1 

Frequency, fcP 
10 3 

I nput Capacitance, CI Any Input -
Reset Operation 

Propagation Delay 5 -
Time, tpHL 

10 -
Minimum Reset 5 -

Pulse Width, tw 
10 -

VOD-V
NH 

INPUTOVDD OUTPUT' 

=-- ~ VNL l 
NOTE: 

TEST ANY ONE INPUT. 
Vss WITH OTHER INPUTS AT 

92C5-27400 VOl) OR Vss' 

Fig. 12 - Noi.immunity test circuit. 

CL = 15pF, RL =200kil 

LIMITS 

D,F,K,H E 
Packages Package UNITS 

Typ. Max. Min. Typ. Max. 

900 1800 -- 900 1900 
ns 

450 900 - 450 950 

450 900 - 450 950 
ns 

225 450 - 225 475 

150 300 - 150 350 
ns 

75 150 - 75 175 

200 400 - 200 500 
ns 

75 110 - 75 125 

- 15 - - 15 
JJS 

- 7.5 - - 7.5 

1.75 - 0.9 1.75 -
MHz 

4 - 2.75 4 -
5 - - 5 - pF 

500 1000 - 500 1250 
ns 

250 500 - 250 600 

500 1000 - 500 1250 
ns 

250 500 - 250 600 

V~NPU(J' '. ::~.,_ 
o ~ SEQUENTIALLY, 

Vss TO 90TH VDO AND 'iss' 
CONNECT ALL UNUSED 
INPUTS 10 EITHER 

VooORVSS' 

V •• 

Fig. 13 - Input-leakage-current test circuit. 

CD4060A Types 

AMBIENT TEMPERATURE tTA'- zsec 

10 ~ 20 
SUPPLY VOLTAGE 'Veo' - y 

Fig. 9- Typical maximum-input-pulse frequency 
vs. supply voltage. 

-t-h-
---H- t- - t-

LOAD CAPACITANCE (CL,o'5pF' 
---- CL o50pF 

10 102 10' .10" 
INPUT FREOUENCY ufl-kH:a: 

Fig. 10 - Typical dynamic power dissipation 
characteristics. 

TEST PERFORMED 
WITH UNIT IN ALl 
.. 0· ... STATE AND 
ALL .. I· ... STATE 
AND INPUTS AT 10 V 
AND GROUND 

o 
Vso 

INPUTS 

v .. 

Fig. 11- Ouitlscent-dBvice cUfrsnt mst circuit. 
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CD4062A Types 

CMOS 200-Stage Dynamic Shift Register 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE TEMPERATURE RANGE (Tstg) ......................................... -65 to +150'C 
OPERATING-TEMPERATURE RANGE (TA): 

PACKAGE TYPES K, T, H ....................................................... -55 to +125'C 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) ............................................. -0.5 to +15 V 
POWER DISSIPATION PER PACKAGE (PD): 

For T A = -55 to +l00'C (PACKAGE TYPES K, T) ......................................... 500 mW 
For T A = +100 to +125'C (PACKAGE TYPES K, T) ......... Derate Linearly at 12 mW/'C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For T A = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) .................. 100 mW 

INPUT VOLTAGE RANGE, ALL INPUTS ........................................ -0.5 to VDD +0.5 V 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max ....................... +265'C 

,---- STAGE I ~ r----STAGE 200~ ~~~;~~~~ 

REC ~RECIRC 
<;(41 

"'TERMINAL NUMBERS IN 
PARENTHESES REFER TO 
IZ-LEAD TO-5 STYLE 
PACKAGE 

Ca4062A 

,tALL INPUTS ARE PROTECTED 
8". COS/MQS 
PROTECTION NETWORK 

4 
Vss 

CL (b) CL(o) 

~' Q __ TG TG . ~~ , , 
CL (bl CL{a) 

• TRANSMISSION GATE 

INPUT TO OUTPUT IS 

(0) A BIDIRECTIONAL LOW IMPEDANCE WHEN CONTROL INPUT 
IS "lOW" AND CONTROL INPUT 2 IS "HIGH" 

(b) AN OPEN CIRCUIT WHEN CONTROL INPUT liS "HIGH' AND 
CONTROL INPUT 2 IS "LOW" 

CL {a):INTERNAL CLOCK IN PHASE WITH ell 
CL (b)<INTERNAL CLOCI( IN PHASE WITH elZ 

92C~.- 2 269~~2 

Fig. 1 - CD4062A logic block diagram. 
I-PHASE 
CLOCK 

2_PHASE~CLI 
CLOCK 0-------+ CL 2: 

5(51 

CLOCK~M eM 
MODE ~111l 

eM 

*AlL INPUTS ARE PROTECTED 
BY COS/MOS 
PROTECTION NETWORK 

VDD 

E f 
V" 

Cl (oJ· INTERNAL CLOCK IN PHASE WITH Cl i 

CL \bJ • INTERNAL CLOCK IN PHASE WITH Cl2 

"'TERMINAL NUMBERS IN 
PARENTHESES REFER TO 
12-lEAD TO-5 STYLE 
PACKAGE ,-­

eM 

Fig. 2 - Clock circuit logic diagram. 
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(INPUT TO 
TERMINAL. n 

CLZD 

Cl (bl 

RC 

REC -~.,-.,.,T-' 

CD4062A 
FUNCTIONAL DIAGRAM 

The RCA-CD4062A is a 200·stage dynamic 
shift register with provision for either single· 
or two·phase clock input signals, Single. 
phase·clocked operation is intended for low· 
power, low clock·line capacitance require' 
ments. Single·phase clocking is specified for 
medium·speed operation « 1 MHz) at sup­
ply voltages up to 1 0 volts, Clock input ca· 
pacitance is extremely low « 5 pF), and 
clock rise and fall times are non-critical. The 
clock· mode signal (CM) must be low for 
single·phase operation, 

Two·phase clock·input signals may be used 
for high·speed operation (up to 5 MHz) or to 
further reduce clock rise and fall time reo 
quirements at low speeds, Two·phase opera· 
tion is specified for supply voltages up to 15 
volts. Clock input capacitance is only 50 pF/ 
phase, The clock·mode signal (CM) must be 
high for two·phase operation. The single· 
phase·clock input has an internal pull·down 
device which is activated when CM is high 
and may be left unconnected in two· phase 
operation. 

The logic level present at the data input is 
transferred into the first stage and shifted 
one stage at each positive-going clock transi· 
tion for single'phase operation, and at the 
positive·going transition of CL 1 for two·phase 
operation, 

The CD4062A-Series types are supplied in 
12-lead hermetic TO-5 packages (T suffix). 
16-lead ceramic flat packages (K SUffix), 
and in chip form (H suffix). 

Features: 

• Minimum shift rates over full tempera­

ture range-

Single-phase clock: 3 V';;; VOO';;; 10 V; 
fmin = 10 kHz; _55° C .;;; T A';;; +125° C 

(fmin = 1 kHz upto TA';;; 75°C) 

Two-phase clock: 3 V .;;; VOO .;;; 15 V; 
fmin = 10 kHz; _55° C';;; TA';;; +125° C 

(fmin=1 kHzuptoTA';;;75°C) 



RECOMMENDED OPERATING CONDITIONS at TA = 25' C, Except as Noted. 
For maximum reliability, nominal operating conditions should be selected so that 
operation is always within the following ranges: 

CHARACTERISTIC LIMITS 
VDD MIN. MAX. 
(Vi 

SupplY·Voltage Range (For T A = Full 
Package· Temperature Rangel: 

Single-Phase Clock 3 10 
Two-Phase Clock 3 12 

Clock Input Frequency, 5 0.15 500 
fCl * 10 0.15 1000 

Clock Pulse Width, tw * 5 250 66.7 X 10' 
10 500 66.7Xl0' 

Clock Rise or Fall Times, 5 - 10 
trCl or tfCl * 10 - 1 

* 5 150 -Data Hold Time, tH 
10 50 -

* For single-phase clock, 50% duty cycle 

UNITS 

V 

kHz 

ns 

f.ls 

ns 

CD4062A Types 

Features (Cont'd): 

• low power dissipation 
0,3 mW/bit at 1 MHz and 10 V 
0.04 mW/bit at 0.5 MHz and 5V 
(alternating 1,0 data pattern I 

• Data output TTl·DTl compatible 
• Recirculating capability 
• Delayed two·phase clock outputs availa· 

ble for cascading registers 
• Asynchronous ripple·type presettable to 

all l's or O's 
• Ultra·low·power-dissipation standby oper· 

ation 
D Quiescent current specified to 15 V 
• Maximum input leakage current of 1 f.lA 

at 15 V (full package·temperature rangel 
• l·V noise margin (full package·tempera· 

ture rangel 

Two·Phase Clock Operation (Cll, Cl21; Clock Mode (cMI = High; 3 V';;; VDD';;; 15 V. See Figure 4. 
Applications: 

• Serial shift registers 
TEST CONDITIONS 

CHARACTERISTIC 
VDD 

V 

Maximum Clock Input Frequency. fCl 5 

10 

Minimum Clock Input Frequency. fCl 5 

10 

Clock Overlap Time 

~ IL Cl 2 

10% ~'r---
Cl 1 L ~ 

td 1 - r--- td2 

Average Input Capacitance, C1 
Cl 1, Cl2 

Propagation Delays; tpH L' tpLH 5 
Cl 1 to Q 10 

ClltoCllD 5 
Cl2 to Cl2D 10 

t~i~i~2um 1,a Setup Tim~J 
5 

10 
D 

t52u~ata ~Old ~mel 5 

10 I\:!:::::= 

Clock Rise and Fall Times trCll, Cl2 

tfCll. Cl2 

LIMITS 

MIN. TYP. MAX. 

1.25 2.5 -
2.5 5 -

150 10 -

150 10 -

40 - -

- 50 -

- 250 500 

- 100 200 

- 250 500 

- 100 200 

- 150 300 

- 50 100 

- - 0 

- - 0 

No Restrictions If 
Clock Overlap Require' 
ment Is Met 

UNITS 

MHz 

Hz 

ns 

pF 

ns 

ns 

ns 

• Time·delay circuits 
• CRT refresh memory 
• Long serial memory 

X=DATA SET-UP TIME 
... HIGH TO LOW 

Y=OATA HOL.D TIME 
Z=DATA SET-UP TIME 

LOW TO HIGH 

Fig. 3 - Timing diagram-single-phase clock. 

Voo 

Q DELAYED 200 CLOCK PULSES 

MIN lw(CL,),lw(CLz)=20ns 

Fig. 4 - Timing diagram-twa-phase clock. 
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CD4062A Types 

STATIC ELECTRICAL CHARACTERISTICS 

LIMITS AT INDICATED 
CONDITIONS 

TEMPERATURES (OC) 
CHARACTERISTICS r-"-T---.--+--.-----.----1 UNITS 

Vo VIN VDD -55 t--+.:r25"'----1+125 
(V) (V) !VI TYP. LIMIT 

Quiescent Device - - 5 12 0.5 12 720 
Current,l L Max. _ _ 10 25 1 25 1500 

CM=High, CL1=High.t--ir--+-=-t-~-t~-i""'="=:-+-:="::'i 
CL2=Low - - 15 50 1 50 2000 

Output Voltage: 
Low Level, 

VOL 

High Level 
VOH 

Noise Immunity: 
Inputs Low, 
VNL 

Inputs High 
VNH 

Noise Margin: 
Inputs Low, 
VNML 

Inputs High, 
VNMH 

Output Drive 
Current: 
N·Channei 
(Sink), 

4.2 

9 

o.s 

4,.5 

9 

0.5 

ION Min Q 0.4 

Output 0.5 

5 5 o Typ.; 0.05 Max 

10 10 o Typ.; 0.05 Max 

o 5 4.95 Min.; 5 Typ. 

o 10 9.95 Min.; 10 Typ. 

5 1.5 Min.; 2.25 Typ. 

10 3 Min.; 4.5 Typ. 

5 1.5 Min.; 2.25 Typ. 

10 3 Min.; 4.5 Typ. 

5 1 Min. 

10 1 Min. 

5 1 Min. 

10 1 Min. 

4.5 1.6 2.6 1.3 0.91 

10 5 S* 4 3.2 

CL10, ~0_.5~.4-_-__ ~_5 __ ~0_._S_7~ __ 1_.4-4 __ 0_.7 __ 4-_0_.4_9~ 

P·Channel 
(Source): 

CL2D 0.5 - 10 2.2 3.6 1.S 1.26 

4.5 5 -0.31 -0.5 -0.25 -0.' 7 

'OP Min. Q 2.5 - 5 -0.93 -1.5 -0.75 -0.52 
r-~---+---+--~I----+----+---i 

Output 9.5 - 10 -0.B7 -1.4 -0.7 -0.49 

5-0.43 -0.7 -0.35 -0.24 

10 ! -1.1 -l.B -0.9 -0.63 

I nput Leakage 
Current, 

IIL,IIH ±10-5 Typ., ±1 Max. 

• Maximum power dissipation rating ~ 200 mW. 
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p.A 

V 

V 

V 

mA 

mA 

p.A 

~ 
I 

~ 
~ 

! 
z 

i " , .0 
'OV 

'V 
10 .. 

DRAIN~(O·SOURCE VOLTAGE IYDS)-V 

Fig. 5- Typical n'Channel drain characterstics for 
o output. 

OIWN-TO-SOURCE'VOLTSIVDS' 
-20 -15 -10 ., 

AMBIENT TEMPERATURE t TAl' ~-c 
TVPICAL TEMPERATURE COEFFICIENT 
FOR AL.L VAL.UES Of' VOO'-O,3''101-C 

o 
o 

-30 

Fig. 6- Typical p'Channel drain characteristics for 

o output. 

AMeIENT TEIlFERATURE ITA -is'C 
TYPICAl. TEMPIRATURE COEFFICENT FOR 
AU VAL.UES OF VOO. O,3~/-C 

,OV 

,.V 

'0 .0 90 '00 
LOAD CAPACITANCE eel 1- pF 9ZCS-2"66' 

NOTE: ',,,,-FOR 0 OUTPUT IS stGNIFtCANTLY LESS THAN 11LH 

Fig. 7- TYpical transition time vs. 

CL for data outputs. 

AMBIENT TEMPERATURE CTAI' 2!1·C , I:'" ., .. 
TYPICAL. TEMPERATURE COEFFICi£NT FDA t: : :: :::: 

_,,_300 Ace ""uES ::~;:"O.~~;:~:I"':I:::: :; , .. 
~ .... th.F::t.~,::;t:::~_t~::: r:: :::: 

! 
~ 
!:: 100 

-::F:: :::: :::: 
I-~.. . ~ .•. ~.. ., .. 

t-t-....... .. 

o +h 
o ~ ~ ~ ~ ~ ro ~ 

LOAD CAPACITANCE ICI.I- pF nCS-197'O 

Fig. 8- Typical transition time lIS. CL for 
delayed clock output. 



DYNAMIC CHARACTERISTICS AT TA = 25' C, VSS = 0 V, CL = 50 pF,lnput tr, tf = 20 ns, 
except trCL and tfCL 

Single·Phase-Clock Operation; Clock Mode (CM)'" Low; 3 V ~ VDD ~ 10 V (See Figure 3) 

CHARACTERISTIC TEST CONDITIONS LIMITS 
UNITS 

VDD 
V MIN. TYP. MAX. 

Maximum Clock Input Frequency. ICl tr• tl=20 ns 5 0.5 1 -
MHz 

(50% Duty Cycle) 10 1 2 -
Minimum Clock Input Fre.quency. ICl 5 150 10 -

Hz 
(50% Duty Cycle) 10 150 10 -

Clock Rise and Fall Times" 5 - - 10 

trCl.tlCl 10 1 
p.s 

- -
Average Input Capacitance. Cl All Inputs Except - 5 - pF 

Cll and Cl2 

Propagation Delays: 5 - 1000 2000 

Clto 0 
ns 

10 - 400 800 

Cl to Cl10 (Positive Going) 5 - 750 1500 

~ 
(50% Points) 

10 - 300 600 

CllD~ 
Cl to Cl2D (Positive Going) 5 - 500 1000 

(50% Points 

C~ 10 - 200 400 

Cl2D~ 
Cl to Cl10 (Negative Going) 

ns 
5 - 450 900 

(50% Points) 

Cl~ 10 - 175 350 

Cl10 ~ 
Cl to Cl2D (Negative Going) 5 - 750 1500 

(50% Points) 

Cl~ 10 - 300 600 

Cl2D ~ 
Transition Time: tTLH, tTHL 5 - 100 200 

o Qutput 10 - 50 100 
ns 

Cl1O. Cl2D 
5 - 200 400 

10 - 100 200 

o-~ 
5 - - 0 

ts ns 
Cl 10 - - 0 

o . 
"Data Hold Time 5 - - 150 

:H~ I 
ns 

10 - - 150 

.. ** If more than onB Unit IS cascaded In single-phase parallel clocked application, trCL should be made less than 
or equal to the sum of the propagation delay at 15 pF, and the transition time of the output driving stager 
(See Figs. 5 and 7 for cascading options.) . . 

A Use of delayed clock permits high-speed logic to precede CD4062A register (see cascade register operation). 

voo 

92CS-22693 
C04062AT 

TERMINAL DIAGRAM 

CD4062A Types 

• , 
I 
~ 

i 
~ 

~ 
;; 

~ 
0.01 

CLOCK FREOUENCY lIell-H, 

Fig. 9- Typical power dissipation vs. frequency. 

10": 3VS VOOSIOV SINGLE PHASE CLOCK 
3V:Ii "OO:515V TWO PHASE CLOCK · I , 

/ 
10l, .~ · ~, .. 
· .. ' 
, / / 

101, - .~.y' .-· / · , / 
10 / 

-70 -'" -" 0 " .0 '" 100 ". AMBIENT TEMPERATURE ITA1-·C 

Fig. 10- Minimum shift frequency .... ambient 
temperature. 

vDO 

INPUTS 

nCS'U401 Vss 
Fig. 11- Quiescent-ciellice'Current 

test circuit. 

Vee 

Fig. 12- Noise';mmunitv test 
circlIit. 

o ~ SEQUENTIALLY, 

V~NPU(JS vDO :~:~U.E INPuTS 
Vss TO BOTH '100 ANI) 'Iss 

CONNECT ALL UNUSED 
INPUTS TO IEITHER 
YDO OR 'Iss VSS 

Fig. 13-lnput·/eakage-current 
test circuit. 
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CD4066A Types 

CMOS Quad Bilateral Switch IN:~~~~~YDD 
A CONT 

• 
For Transmission or MUltiplexing of Analog or Digital Signals 

OUTIIN 

RCA CD4066A is a quad bilateral switch 
intended for the transmission or mUltiplex­
ing of analog or digital signals. It is pin-for­
pin compatible with RCA·CD4016, but ex­
hibits a much lower ON resistance. In addi­
tion, the ON resistance is relatively constant 
over the full input-signal range. 

The CD4066A consists of four independent 
bilateral switches. A single control signal is 
required per switch. Both the p and the n 
device in a given switch are biased ON or 
OFF simultaneously by the control signal. As 
shown in Fig. I, the well of the n-channel 
device on each switch is either tied to the 
input when the switch is ON or to VSS when 
the switch is OFF. This configuration elimi­
nates the variation of the switch-transistor 
threshold voltage with input signal, and thus 
keeps the ON resistance low over the full 
operating-signal range. 

The advantages over single-channel switches 
include peak input-signal voltage swings 
equal to the full supply voltage, and more 
constant ON impedance over the input­
signal range. For sample-and·hold applica­
tions, however, the CD4016 is recommended. 

These types are supplied in 14-lead hermetic 
dual-in-line ceramic packages (D and 'r" 
suffixes). 14-lead dual-in-line plastic pack­
age (E suffix), 14-lead ceramic flat package 
(K suffix), and in chip form (H suffix). 

SPECIAL CONSIDERATIONS - C04066A 

1. I n applications where separate power 
sources are used to drive V DO and the 
Signal inputs, the V DO current capability 
should exceed VDO/RL (RL = effective 
external load of the 4 CD4066A bilateral 
switches). This provision avoids any 
permanent current flow or clamp action 
on the VDD supply when power is applied 
or removed from CD4066A. 

2. In certain applications, the external load­
resistor current may include both VDO 
and signal-line components. To avoid 
drawing VDD current when switch cur­
rent flows into terminals " 4, B, or II, 
the voltage drop across the bidirectional 
switch must not exceed O.B volt (calcu­
lated from RON values shown). 

No VDD current will flow through RL 
if the switch current flows into terminals 
2,3,9, or 10. 

3. Minimum bilateral switch output load 
resistance is 100 .11. 
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Features: 
• 15-V digital or ± 7_5-V peak-to-peak switching 
• 80n typical ON resistance for 15-V operation 
• Switch ON resistance matched to within 5 n over 15-V 

signal-input range 
• ON resistance flat over full peak-to-peak 

signal range 
• High ON/OFF output-voltage ratio: 65 dB 

typo @fis = 10 kHz, RL = 10 kn 

• High degree of linearity: < 0.5% distor­
tion typo @ fis = 1 kHz, Vis = 5 Vp_p' 
VDD-VS~ 10 V, RL = 10 kn 

CD4066A 
FUNCTIONAL DIAGRAM 

SWITCH 
CONTROL ~ • Extremely low OF F switch leakage result­

ing in very low offset current and high 
effective OFF resistance: 10 pA typo @ 

VDD-VSS = 10 V, T A = 25°C 

,.---A------., IN 
VI. 

• Extremely high control input impedance 
(control circuit isolated from signal 
circuit): 1012 n typo 

• Low crosstalk between switches: -50 dB 
typo @ fis = 0.9 MHz, RL = 1 kn 

NORMAL OPERATION 
CONTROL-LINE SIASING: 
SWITCH ON,Vc;"I"-VOO 

• Matched control-input to signal-output 
capacitance: Reduces output signal 
transients 

• Frequency response, switch ON = 40 MHz 
(typ.l 

• Quiescent current specified to 15-V 

--

SWITCH OFF~' Vc ·O".vss VOD 

* ALL CONTROL INPUTS 
ARE PROTECTED BY 
CMOS PROTECTION 
NETWORK 

• Maximum control input leakage current 
of 1-JlA at 15-V (Full package-

92CS-2162BR2 

Vss 
temperature range) Fig. 1 - Senemaric diagram of 1 of 4 identical 

switches and its associated control cir ,;uitry. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
STORAGE TEMPERATURE R'ANGE (Tstgl ' , . , .•.. , , ............•...•.. -65 to +125°C 

OPERATING TEMPERATURE RANGE (TAl: 

PACKAGE TYPES 0, F. K. H ...................................• -55 to +125°C 

PACKAGE TYPE E ................•...................... -40 to +85°C 

DC SUPPLY VOLTAGE RANGE. V DD 

(Voltages referenced to VSSI .................................... -0.5 to +15 V 

INPUT CURRENT (TRANSMISSION GATE INCL.) ......•...............•..•.. ±10 mA 
POWER DISSIPATION PER PACKAGE: 

FOR TA =-40 to +60°C (PACKAGE TYPE EI ......•............•.... 500mW 

FOR TA = +60 to +85°C (PACKAGE TYPE EI Derate Linearly at 12 mW/oC ..... . 200mW 

FOR TA = -55 to +100°C (PACKAGE TYPES 0, F, KI ................... . 500mW 

FOR T A = +100 to +125"C (PACKAGE TYPES 0, F. KI Derate Linearly at 12 mW/oC .. . 200mW 
DEVICE DISSIPATION PER SECTION: 

FOR T A =FULL PACKAGE-TEMPERATURE RANGE (ALL PACKAGE TYPES) . . . . . . 100 mW 

ALL SIGNAL AND DIGITAL CONTROL INPUTS ....................... VSS'; VI'; V DD 
LEAD TEMPERATURE (DURING SOLDERINGI: 

At distance 1/16 ± 1/32 inch 0,59 ± 0.79 mm) from case for 10 s max. 

OPERATING CONDITIONS AT TA = 25°C 
For maximum reliability, nominal operating conditions should be selected 
so that operation is always within the following ranges. 

CHARACTERISTIC VDD MIN. MAX. 

Supply Voltage Range 
(T A = Full Package Tempera- - 3 12 
ture Range) 

+265°C 

UNITS 

V 



Applications; 
• Analog signal switching/multiplexing 

Signal gating Modulator 
Squelch control Demodulator 
Chopper Commuteting switch 

• Digitel signal switching!Multiplexing 

ELECTRICAL CHARACTERISTICS 

TEST 
CONDITIONS 

All Voltage Values 

CHARACTERISTIC Are in Volts 

VOD 
(V) 

5 
Quiescent Device Current, Il max. 

10 
D. F. H Pkgs. 

15 

5 

E Pkg. 10 

15 

SIGNAL INPUTS (Vi') AND OUTPUTS (V.,) 

VC= 

Vaa VSS Vis 

RL = 10kO" 

+7.6 -7.5 
-7.5 to 
+7.5 

+15 0 
Ot. 

ON Resistance, RON MI)(. +15 

+5 -5 
-5 to 

+5 

+10 0 
Ot. 
+10 

+2.5 -2.5 
-2.5 to 
+2.5 

-5 0 
Oto 
+5 

RL = 10kO" 

+7.5 J -7.5 
+7.5 to 

LlON Resistance Between 
+15 T ~ 0 

Any 2 of 4 Switch ••• toO 

6. RON 
+6 J. -5 

+5 to 
-5 

or r.;o;;;-
+10 -, 0 

0 

-5 
5V 

+5 p.p. 
Sine Wave Response 

RL = 10kO 
(Distortion) f is = 1kHz 

+5 I -5 -5 p.p 

Frequency Response RL = lkO 
SwilchON 

20 10910 Vos = -JdB (Sine·Wave Inputl 
Vis 

+5 I -5 -5 p.p 

F •• dthrough-Switch OFF 
RL = lkO 

2010910 V., = -5OdB 
Vis 

VDD 
VC= 

Input or Output Leakage -
VSS 

Switch OFF (E:ffective f7.5 
OFF Resistance) +7.5 -7.5 

+5 -5 ±5 

Vc(A)=Vaa=+5 (A) 

VclB)=Vss= -5 5V 
Crosstalk p.p 

Between Any 2 of the 4 RL = lkO '---

Switche, (f at -SO dB) 
20 10910 V o,(B) =-5OdS 

Vis (A) 

• Transmission-gate logic implementetion 
• Analog-to-digital & digital-to-analog con­

version 
• Digitel control of frequency, impedance, 

phase, and analog-signal gain 

LIMITS 
Values at -55·C. +2SoC, +12SoC Apply to 

0, F, K, H Packages 

Values at -4lfc. +2SoC. +8SoC Apply to E 
Package UNITS 

+25· 
-55· -40· +85" +125" 

TYP. MAX. 

0.25 - - 7.5 0.01 0.25 

0.5 - - 15 0.01 0.5 ~A 

2 - - 40 0.02 2 

- 2.5 15 - 0.25 2.5 

- 5 30 - 0.25 5 ~A 

- 50 500 - 0.5 50 

220 250 300 320 BO 2BO 

0 

400 450 520 550 120 500 

3000 3500 5200 5500 270 5000 

- - - - 5 -
0 

- - - - 10 -

- - - - 0.4 -
% 

- - - - 40 - MHz 

- - - - 1.25 - MHz 

- - - - fO.l i100· nA 

- - - - iO.l ±10C· 

- - - - 0.9 - MHz 

CD4066A Types 

3~O AM81ENT TEMPERATURE 
rl ITA'-25·C 
i§ 300 
I 

~ 250 

~ 200 

~ 
~ 150 

~ 
100 

z 
z 

'0 . 
0 -. 

SUPPLY VOLTAGE 
"oo-VSS,-5V 

<ov 

-4 -2 0 2. 4 
SIGNAL VOLTAGE tvul - VOLTS 

,'v 

Fig. 21a} - Typical channel ON resistance vs. signal 
voltage for three values of supply volt­

age IVOO-VSsJ. 

350 SUPPLY VOLTAGE 
ll! 1Voo "ss.·sv 
is 300 
I 

~250 

~ 200 

~ 
~ 150 

z 
o 

'0 

o 
-8 -4-2024 

SIGNAL VOLTAGE tv,,1 - VOLTS 

Fig. 2 Ib} - Typical channel ON resistance vs. signal 
voltage with supply voltage IV 00-
VSsJ =5 V. 

; SUPPLY VOl.TAGE (VDO-vSS'oIOV 

5300 
I 
1250 

" ! 200 

~ 100 

z 
0 ,00 

-8 -4 -2 0 2. 4 
SIGNAL VOLTAGE {VI.I - VOLTS 

Fig. 2 Ie} - Typical channel ON resistance vs. signal 
voltage with supply voltage IV 00-
VSsJ = 10 V. 

300 '£ 5 SUPPLY VOLTAGE tVoo-VSS)-I!5V i 
~ 300 
I .. 
0250 " ' w 
~ 200 
~ 

~ 150 

'00 

.~ 
~ 

'0 

• -8-6-4-2024 
SIGNAL VOLTAGE (Vi') -VOLTS 

Fig. 2 Id} - Typical channel ON resistance vs. signal 
voltage with supply voltage IV DO­
VssJ = 15 V. 
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CD4066A Types 
ELECTRICAL CHARACTERISTICS (Cont'dl 

CHARACTERISTIC 

Propagation Delay (Signal 
Input to Signal Output) 

tpd 

Capacitance: 
Input, Cis 

Output,eos 

Feedthrough, Cias 

CONTROL IV CI 

Noise Immunity. VNL 
Min. 

Input Leakage Current, IlL 
Max. 

TEST 
CONDITIONS 

All Voltage Values 
Are in Volts 

I VDO 
IVI 

Vc" VOO 
VOO VSS = GNO 

= 5 CL = 15pF 

r-- Vis=sq,wave 

VOO t,.tf=20ns 

'" 10 (Input Signal) 

VOO = +5 

VCC=VSS=-5 

Vis E:;; VOD 

lis= 1000A 

VOO - VSS = 10 

Vis .. VOO 

VOO -VSS= 15 

VC"VOO -VSS 

VOO-Vss 
= 10 

Crosstalk V C '" 1 a 
Control Input to 

LIMITS 
Cit -&5Q C, T.t.U "'. +1:£:5°C Appiy 

D. F, K, H Packages 
Values at -4(fC. +2S'C, +85°C Apply to E 

Package 

+250 

_550 _400 +850 +1250 

TYP. MAl(. 

20 50 

10 25 

0.5 

2 min 
4.5 

±I ±10-6 ±1 

50 

UNITS 

ns 

pF 

V 

~A 

mV 
Signal Output . (Sq. wave) 

t-----------j"c = 'fc IRR~L=::3"oiiiok;;;n;l---I---+---4--+---l---l-----.j 
Propagation Delay. tpdC 

Maximum Allowable Control 
Input Repetition Rate 

=20ns Vis "10 

CL = 15pF 

VOO= 10. VSS=GNO 

RL=lkn.CL=15pF 

~C = 10 Isq. wave I 

tro tf = 2005 

35 ns 

10 MHz 

Av. Input Capacitance, C, pF 

* Limit determined by minimum feasible leakage measurement for automatic testing. 

fj" Symmetrical about 0 volts. • For ali test conditions. vc=vss voo 

Ciol 
r-----jf-------, 
: Ve' -SV Voo -+SV : 

I I 
I J 

I 
I 

MEASURED ON BOONTON 
CAPACITANCE BRIDGE 
MODEL 7SA (lMHz) 
TEST FIXTURE CAPACITANCE 
NULLED OUT 

I 
I 

Cil* 
I 
~ 

VSs"-!)V *Cal 
I 
~ 

92CS-23918 

Fig. 6 - Capacitance test circuit. 

IOk.Q 

ALL UNUSED INPUTS ARE .CONNECTED TO VSS· 

t2cs-23g20RI 

Fig. 8 - Propagation delay time signal input (Vis) 
to signal output IV mi. 

618 

Vss 
ALL UNUSED TERMINALS 
ARE CONNECTED TO VSS. 92CS-23919 

Fig. 7 - OFF switdJ Input or output leakage. 

.,0V.r\... 
tr=tf 
-20nl 

92CS-23921 

VOO 

ALL UNUSED TERMINALS 
ARE CONNECTED TO VSS. 

Fig_ q - Crosstalk-control Input to sig"al output. 

300n 

ALL UNUSED TERMINALS ARE CONNECTED TO Vss. 

92CS-23922RI 

Fig. 11 - Propagation delay tpLH' tpHL contral­
signal output. 

KEITHLEY 

~
VDD 160 DIGITAL 

MULTIMETER 

10 Kn .~~. I Kn 
J -- HANG~ ... + H.P. 

VSS PL~~;ER M~g~aiY 

92CS -22716 

Fig. 3 - Channel ON resistance mSBSurementcircuit. 

INPUT SIGNAl.. VOLTAGE IV~,I-VOI. TS 
ttcS.-Z:!a1 

Fig. 4 - Typical ON characteristics for 1 of 4 
channels. 

10 : AMBIENT TEMPERATURE {TA'-2!5·C 

} · I I / ~ 2 

! 10' 
~.,.,V /'" 

~ : \,o'l . · --"", ..... ,....., "" ~ 7;/ 

~ 
~ , ...- Yt_: 4 f 

,., ./ 
ii 1028 

S · ,., 1 CD4068A 

i · ./ 1 · 7 -
_10 ./ Vss 

10 
, . . . .,. . . . . 

SWITCHI"'! 'RtQUENC¥ m-t1tr 
t2CS-U114 

Fig. 5 - Power dissipation perpackage tIS. switdJing 

frequency. ~p 
Vc RATE 

tr·tf~20nl 

VOS90%~ 1 
201 110% -0 

n~~~t.-

+IO~ Vc 

'r"tf:;20ns 

ALL UNUSED INPUTS ARE CONNECTED TO VSS. 

92CS-23923 

Fig. 10 - Maximum allowable control input repeti­
tion rate. 

Fifl- 12 -Input leakage current testc/rcu/t. 



CMOS Telecommunica­
tions, Display-Driver, and 

Interface Circuits 
Technical Data 

--
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CA3300 Types 

CMOS Video Speed 6-Bit Flash 
Analog-to-Digital Converter 
For Use in Low-Power Consumption, High-Speed 
Digitization Applications 
Features: 
• CMOS low power with speed 
• Parallel conversion technique 
• 15-MHz sampling rate (66-ns conversion time) 
• 6-bit latched 3-state output with overflow bit 
• ±'h LSB accuracy 
• Single supply voltage (3 to 10 V) 
• 2 units in series allow 7-bit output 
• 2 units in parallel allow 30-MHz sampling rate 
• Internal VREF with ext VREF option 
• Available with EVP processing for improved reliability 

The RCA-CA3300 types are CMOS 50-mW parallel (FLASH) 
analog-to-digital converters designed for applications 
demanding both low-power consumption and high-speed 
digitization. 

The CA3300 types operate over a wide full-scale input­
voltage range of 2.4 volts up to the dc supply voltage with 
maximum power consumption as low as 50 to 200 mW, 
depending upon the clock frequency selected. When 
operated from a 5-volt supply at a clock frequency of 11 
MHz, the power consumption of the CA3300 is less than 50 
mW. When operated from an 8-volt supply at a frequency of 
15 MHz, the power consumption is less than 150 mW.' 

The intrinsic high conversion rate makes the CA3300 types 
ideally suited for digitizing high-speed signals. The overflow 
bit makes possible the connection of two or more CA3300's 
in series to increase the resolution of the conversion 
system. A series connection of two CA3300's may be used 
to produce a 7-bit high-speed converter. Operation of two 
CA3300's in parallel doubles the conversion speed (i.e., 
increases the sampling rate from 15t030 MHz). CA3300's in 
parallel may be combined with a high-speed 6-bit O/A 
converter, a binary adder, control logic, and an op amp to 
form a very-high-speed A/O converter. 

Sixty-four paralleled auto-balanced voltage comparators 
measure the input voltage with respect to a known reference 
to produce the parallel-bit outputs in the CA3300. Sixty­
three comparators are required to quantize all input voltage 
levels in this 6-bit converter, and the additional comparator 
is required for the overflow bit. 

The CA3300 types are available as follows: Types CA3300D 
and CA33000X in an 18-lead dual-in-line ceramic package 
(0 suffix), types CA3300E and CA3300CE in an 18-lead 
dual-in-line plastic package (E suffix), or in chip form (H 
suffix). The CA33000X offers the additional advantage of 
improved reliability as a result of EVP (Extra Value Program) 
processing. For further information on EVP, see RCA 
publication EVP-300B or contact your RCA representative. 

18-Lead Dual-ln-L1ne 

.,

PlaBtiC Package 
E Suffix 

I I H-1899 
, I I 

18-Lead Dual-In-Llne 
Side-Brazed 

Ceramic Package H-1910 

Applications: 
• The CA3300 types are especially suited for high­

speed conversion applications where low power 
is also important 

• TV video digitizing (industrial/security) 
• High-speed AID conversion 
• Ultrasound signature analysis 
• Transient signal analysis 
• High-energy physics research 
• High-speed oscilloscope storage/display 
• General-purpose hybrid ADC's 
• Optical character recognition 
• Radar pulse analysis 
• Motion signature analysis 

TOP VIEW 

(MSB) B6 IB B5 

OVERFLOW 17 B4 

VSS 3 16 REF. CENTER 

Vz 4 15 B3 

CE2 5 14 B2 

ITi 6 13 BI (lSB) 

ClK 7 12 VDD 

PHASE 8 II VIN 
REF.+ 9 10 REF-

92CS-32.263RI 

TERMINAL ASSIGNMENT 



Rt2 

R 

R 

R 

R 

R 

R 

REF- 10 I---"v.R':vt 'Y2 --+--+-O<:}--i-..., 

Voo 

o 

I 

COMP ,-l----, 
64 

COMP 
63 

I COMPARATOR 
I I LA1~~ES 

'~ ENCODER 

I COMP 

I i 
I I 
I I 
I 

33 

COMP 
2 

COMP 
I 

LOGIC 

CLOCK~D ,.02 (SAMPLE UNKNOWN) 

PHASE 8 L..c:{>---0 1(AUTO BALANCE) 

6.8 NOMINAL 
ZENER r:l ....c::.. 
DIODE c.J--:M~I----VSS 

CL 

D a 

CL 

92CL- 34243 

Fig. 1 - Block diagram for the CA3300. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE RANGE (Voo) 

CA3300 Types 

2 OVER-
FLOW 

I B6( MSB) 

(VOLTAGE REFERENCED TO Vss TERMINAL) ........................................................................ -0.5 to 10 V 
INPUT VOLTAGE RANGE 

ALL INPUTS EXCEPT ZENER (PIN 4) ........................................................................•.. -0.5 to Voo +0.5 V 
DC INPUT CURRENT 

ClK. PH. CE1. CE2. V,N ................................................................................................ ± 10 mA 
POWER DISSIPATION PER PACKAGE (Po) 

FOR T. = -55 to +55°C .................................................................................................. 315 mW 
FOR T. = +55° C to +125° C ...............................................................•.......... Derate linearly at 3.3 mWI"C 

TEMPERATURE RANGE 
OPERATING (CA3300DX. Refer to Fig. 3) .......................................................................... -55 to +125°C 
OPERATING (CA3300D. E. CE) ...................................................................•................ -40 to +850 C 
STORAGE ....................................................................................................... -65 to +150°C 

LEAD TEMPERATURE (DURING SOLDERING) 
At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max. .. ................................................... +265° C 
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CA3300 Types 
ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

Resolution 
Linearity Erfor 

Differential Linearity Error 

Quantizing Error 
Analog Input: 

Full Scale Range 
Input Capacitance 
Input Current 

Gain Temperature Coefficient 
Maximum Conversion Speed 

Device Current 
(Excludes IREF, Iz) 

Ladder Impedance 
Digital Inputs: 

Low Voltage 

High Voltage 

I nput Current 
Digital Outputs: 

Output Low 
(Sink) Current 
Output High 
(Source) Current 

Zener Voltage 
Zener Dynamic Impedance 
Zener Temperature Coefficient 
Digital Output Delay, td 
Aperture Time 

.u CONDITIONS: 
TEMP.- 2S·C 
LADDER AND ZENER CURRENTS 

50 ARE NOT INCL.UDED 

il II I 40 

~ II 
~ 

30 

II '" a 20- f--- Voo"tO VOL T~ 

~ )00' B IVOLTS' 
~ 10 

JOD " 5 VOLTS 

0 
2 • • • 2 • • • 100 1000 

i 

2 

CLOCK FREQUENCY-ttHz 

TEST CONDITIONS @25°C 

Voo=8 V. VREF=7.68 V 
CLK=15 MHz, gain adjusted 
Voo=8 V. VREF=7.68 V 
CLK=15 MHz 

Voo=8 V 
CLK=15 MHz 

Voo=8 V, CLK=15 MHz 
Voo=5 V 
Voo=8 V 
Voo=5 V (CLK=11 MHz) 
Voo=8 V (CLK=15 MHz) 
Voo=5 V (Auto Balance State) 
Voo=8 V (Auto Balance State) 

Voo=5 V 
Voo=8 V 
Voo=5 V 
Voo=8 V 
Voo=8 V 

Voo=5 V, Vo=O.4 V 
Voo=8 V, Vo=0.5 V 
Voo=5 V, Vo=4.6 V 
Voo=8 V, Vo=7.5 V 
Iz=10 mA 
Iz=10 mA 

Voo=8 V 
Voo=8 V 

1 
I V 

.-
V .-
10-.-

• • • 2 
10,000 

9ZCS-34241 

LIMITS 
CA3300D, OX, E UNITS 

MIN. TYP. MAX. 
- - 6 Bits 

- ±0.5 ±0.8 

±0.5 ±0.8 
LSB -

-'h - 'h 

2.4 - Voo+0.5 V 
- 50 - pF 
- 600 1000 p.A 

- 0.D16 - LSB/oC 

- 12M - SPS 
15M 19M -
- 7 -
- 22 -

mA 
- 6.4 16 
- 24 40 

1000 1400 1800 n 

- - 1.5 
V - - 2.5 

3.5 - -
V 

5.5 - -
- ±1 - p.A 

1.6 10 -
3.2 15 -

mA 
-0.8 6 -
-1.6 9 -
6.2 6.8 7.4 V 
- 10 30 n 
- 0.5 - mV/oC 

- 20 -
25 

ns - -

100f-----i-----i----"<:'cl''r---+--__1 
100 kHz 

75f-----iI-----i---'t~"*'~IO MHz 

AREA UNDER CURVE REPRESENTS 
AMBIENT OPERATING REGION 

5 MHz 

50f-----if------i--_+-~~--__1 

25f--~1--___1--_+--~--__1 

10 
SUPPL.Y VOLTAGE ,Voo - (VOL TSl 92CS- 34240 

Fig. 2 - Typical current drain versus sampling rate 
as a function of supply voltage. 

Fig. 3 - Maximum ambient temperature versus supply voltage. 
(Above curve includes ladder dissipation but not the 
zener dissipation.) 



ELECTRICAL CHARACTERISTICS 
CA3300 Types 

LIMITS 
CHARACTERISTIC TEST CONDITIONS @ 25°C CA3300CE· UNITS 

MIN. TYP. MAX. 
Resolution - - 6 Bits 
Linearity Error Voo-8 V, VREF-7.68 V 

±0.5 ±0.8 
ClK=9 MHz, gain adjusted -

Differential Li nearity Error Voo-8 V, VREF-7.68 V 
±0.5 ±0.8 

LSB 
ClK=9 MHz 

-
Quantizing Error -'h - 'h 
Analog Input: Voo=8 V 

Full Scale Range ClK=9 MHz 2.4 - Voo+0.5 V 
Input Capacitance - 50 - pF 
Input Current - 450 1000 pA 

Gain Temperature Coefficient Voo-8 V, ClK-9 MHz - 0.016 - lSB/oC 
Maximum Conversion Speed Voo=5 V 6M - -

SPS 
Voo=8 V 9M 19M -

Device Current Voo=5 V (ClK=7 MHz) - 4 -
(Excludes IREF, Iz) Voo=8 V (ClK=9 MHz) - 12 . -

rnA 
Voo=5·V (Auto Balance State) - 6.4 16 
Voo=8 V (Auto Balance State) - 24 40 

ladder Impedance 1000 1400 1800 n 
Digital Inputs: 

low Voltage Voo=5 V - - 1.5 
V 

Voo=8 V - - 2.5 
High Voltage Voo=5 V 3.5 - -

V 
Voo=8 V 5.5 - -

Input Current Voo=8 V - ±1 - pA 
Digital Outputs: 

Output low Voo=5 V, Vo=O.4 V 1.6 10 -
(Sink) Current Voo=8 V, Vo=0.5 V 3.2 15 -

rnA 
Output High Voo=5 V, Vo=4.6 V -0.8 6 -
(Source) Current Voo=8 V, Vo=7.5 V -1.6 9 -

Zener Voltage Iz-10 rnA 6.2 6.8 7.4 V 
Zener Dynamic Impedance Iz=10 rnA - 10 30 n 
Zener Temperature Coefficient - 0.5 - mV/oC 
Digital Output Delay, td Voo=8 V - 20 -
Aperture Time Voo=8 V 25 

ns - -

CONDITIONS: VREF· Veo 

TEMP. -25-C 
ERROR- ACTUAL-THEORETICAL 

VALUE 

I I I V 
0.' r-- VOO- 3 VOLTS 

VOO - 5 VOLTS l/~ \ 0 I--JOD •• ~oLis V I ......... 
-a., 

I -I 

B r-CONDITIONS ~ 

6r-~~~~.:=vfgec 
4l- ALL COUNTS PRESENT 

" ---~ 2 

---I 

,/' '" .... 
~1O 

'" • 
-' 6 ~ ,/ 
~ 4 

2 

I 
2 4 6 10 , .. 2 4 •• 2 • • • 2 
SUPPLY VOLTAGE, Voo-IVOLTSI 

92CS- 54259 

0.1 I 10 
SAMPLE RATE-MSPS 

92CS-34U8 

Fig. 4 - Typical maximum sample rate versus supply voltage. Fig. 5 - Typical offset error versus sample rate as a function 
of supply voltage. (See literature for offset trim.) 
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CA3300 Types 

o 

o 

PHASE 
(PIN 8) 

COMPARATOR DATA 
IS LATCHED 

DATA VALID DATA VALID 
o o 

PHASE 
(PIN 8) DATA IS SHIFTED 

INTO OUTPUT REGISTERS 
0 

COMPARATOR 
IS LATCHED 

0 

Bl+B68 
OF DATA VALID 

0 
0 

(a) 

COMPARATOR DATA DATA IS SHIFTED 
I~CHED / TO OUTPUT REGISTERS 

CLOCK,-+_2 __ ~_~+1 _+2 PULSE-MODE OPERATION 
PULSES I WITH+2 AS STANDBY STATE 

AND PHASE CONTROL (PIN 8) LOW 
(FASTEST METHOD) 

CLOCK 
PULSES 

DATA 

DATA VALID 
I 

AUTO 
BALANCE 

DATA VALID 

DATA VALID 
2 

92CM-34BB6 

PULSE- MODE OPERATION 
WITH +1 AS STANDBY STATE 

OUTPUT ___ 0~L~D~DA~T7A~~~N~EW~~D~AT~A~_ 

~ 33"s 

OUTPUT 

AND PHASE CONTROL (PIN 8)HIGH 
(INDEFINITE STANDBY STATE) 

624 

92CS-35111 92CS-35112. 
(b) (c) 

Fig. 6 - Timing diagrams for the CA3300. 

0-

~-500 

CONDITIONS: 
VREF-VOD 
TEMP .• 2S·C 

:3 4 5 6 7 8 
INPUT VOLTAGE IV:r}-VOLTS 

92CS-34230 

Fig. 7 - Typical input current versus input voltage 
as a function of supply voltage. 

CONDITIONS: 
VIN"VREF - Voo 
TEMP. "2S·C 

i ,,'.,-I-.. 
I ~ <3' 

J800 I-- --- .. 
0- I V z 

rY ~600 

a 
0-400 

0' JlU z ~k' ",,0-:''' H 200 f--
l..--:: t:::-v '''1 """,," I 0 

·11 
4 6 a I • •• 10 0"' 

SAM~E RATE-MSP$ 

92CS-34228 

Fig. 8 - Typical input current versus sample rate 
as a function of supply voltage. 



CONDITIONS ~ I 1 voo·S VOLTS...!J 

VREFaYDO VOO 08 VOLTS 
3 TEMP .• 2S.C I( ERROR "ACTUAL-THEORETICAL 

2f--

f-vJ. 3V If---1-- - I- f-- -

0 /' t:;::.;; 

-1- +-- - - --1- -I-

-2-- .~ ... ~ r-

-3 -- --+-

, 4 , . , 4 , . , 4 , . 
0.1 10 100 

SAMPLE RATE MSPS 92CS~34231 

Fig. 9 - Typical gain error versus sample rate as a function 
of supply voltage. (See literature for gain trim.) 

CONOITIONS i 
VREFoYOO 
TEMP. '" 2S·C 

~ LINEARITY-BEST LINE 

~ 
~ 

~ 
ill 
~ I f----I+++----If---+-+++.VOO.5 VOLTS 
~ 0.5 YOO - 3 VOLTS J VOO=B VOLTS 

I 

~ 
~ 0-·-

::; 

468 468 
0.1 , '0 

SAMPLE RATE- MSPS 

4 •• 
'00 

92CS-34232. 

Fig. 10 - Typical linearity versus sample rate as a 
function of supply voltage. 

CONDITIONS: 
TEMP. "2S·C 
L1NEARITY"BfST UHf 

Yoo • S YOLTS 
FREO-IO MHz 

VOO"3 VOLTS 
~REQ.· 2 MHz 

VOO=8 VOLTS 
FREO" 15 MHz 

YOO·IO VOLTS 

FRE~. 15 MHz 

34567810 
REFERENCE VOLTAGE, 'YREF)-VOLTS 

92CS-34233 

Fig. 11 - Typical linearity versus reference voltage 
as a function of supply voltage. 

Device Operation 

A sequential parallel technique is used by the CA3300 
converter to obtain its high-speed operation. The sequence 
consists of the "Auto Balance" phase cf>1 and the "Sample 
Unknown" phase cf>2. (Refer to the circuit diagram.) Each 
conversion takes one clock cycle.· With the phase .control 
(pin 8) low, the "Auto Balance" (cf>1) occurs during the High 
period of the clock cycle, and the "Sample Unknown" (cf>2) 
occurs during the low period of the clock cycle. 

During the "Auto Balance" phase, a transmission switch is 
used to connect each of 64 commutating capacitors to their 

This device requires only a single phase clock. The terminology of 
1/>1 and 1/>2 refers to the High and Low periods of the same clock. 

CA3300 Types 
associated ladder reference tap. Those tap voltages will be 
as follows: 

V'IJfJ (N) = [(VREF/64) x N] - [VREF/(2 x 64)] 

= VREF[(2N -1)/128] 

Where: V'ap (n) = reference ladder tap voltage at point n 

VREF = voltage across R- to R+ 

N = tap number (1 through 64) 

The other side of the capacitor is connected to a single 
stage amplifier whose output is shorted to its input by a 
switch. This biases the amplifier at its intrinsic trip point, 
which is approximately, (Vcc-Vss)/2. The capacitors now 
charge to their associated tap voltages, priming the circuit 
for the next phase. 

In the "Sample Unknown" phase, all ladder tap switches are 
opened, the comparator amplifiers are no longer shorted, 
and V'N is switched to all 64 capacitors. Since the other end 
of the capacitor is now looking into an effectively open 
Circuit, any voltage that differs from the previous tap voltage 
will appear as a voltage shift at the comparator amplifiers. 
All comparators with tap voltages greaterthan V'N will drive 
the comparator outputs to a "low" state, all comparators 
with tap voltage lower than V'N -Will drive the comparator 
outputs to a "high" state. 

The status of all these comparator amplifiers are stored at 
the end of this phase (cf>2), by a secondary latching amplifier 
stage. Once latched, the status of the 64 comparators is 
decoded by a 64-to 7-bit decode array and the results are 
clocked into a storage register at the rising edge ofthe next 
cf>2. 

A 3-state buffer is used at the output of the 7 storage 
~sters which are controlled by two chip-enable signals. 
CEl will independently disable Bl through B6 when it is in a 
high state. CE2 will independently disable B1 through B6 
and the OF buffers when it is in the low state. 

To facilitate usage of this device a phase-control input is 
provided which can effectively complement the clock as it 
enters the chip. Also, an on-board zener is provided for use 
as a reference voltage. 

Continuous Clock Operation 

One complete conversion cycle can be traced through the 
CA3300 via the following steps. (Refer to timing diagram 
Fig. 6a.) With the phase control in a 'High' state, the rising 
edge of the clock input will start a "sample" phase. During 
this entire 'High' state of the clock, the 64 comparators will 
track the input voltage and the 64 latches will track the 
comparator outputs. At the falling edge of the clock, all 64 
comparator outputs are captured by the 64 latches. This 
ends the "sample" phase and starts the "auto balance" 
phase for the comparators. During this 'Low' state of the 
clock the output of the latches propagates through the 
decode array and a 7-bit code appears at the 0 inputs of the 
output registers. On the next rising edge of the clock, this 
7-bit code is shifted into the output registers and appears 
with time delay td as valid data at the output of the 3-state 
drivers. This also marks the stllrt of a new "sample" phase, 
thereby repeating the conversion process for this next 
cycle. 

Pulse Mode Operation 

For sampling high-speed nonrecurrent or transient data, 
the converter may be operated in a pulse mode in one of two 
ways. The fastest method is to keep the converter in the 
Sample Unknown phase, cf>2, during the standby state. The 
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CA3300 Types 
device can now be pulsed through the Auto Balance phase 
with as little as 33 ns. The analog value is captured 6n the 
leading edge of 1/>1 and is transferred into the output 
registers on the trailing edge of 1/>1. We are now back in the 
standby state, 1/>2, and another conversion can be started 
within 33 ns, but not later than 1 /is due to the eventuai 
droop of the commutating 'capacitors. Another advantage 
of this method is that it has the potential of having the lowest 
power drain. The larger the time ratio between 1/>2 and 1/>1, 
the lower the power consumption. (See timing diagram Fig. 
6b.) , 

The second method uses the Auto Balance phase, tf>1, as 
the standby state. In this state the converter can stay 
indefinitely waiting to start a conversion. A conversion is 
performed by strobing the clock input with two 1/>2 pulses. 
The first pulse starts a Sample Unknown phase and captures 
the analog value in the comparator latches on the trailing 
edge. A second 1/>2 pulse is needed to transfer the data irito 
the output registers. This occurs on the leading edge of the 
second pulse. The conversion now takes place in 67 ns, but 
the repetition rate may be as slow as desired. The 
disadvantage to this method is the higher device dissipation 
due to the low ratio of 1/>2 to 1/>1. (See timing diagram Fig. 
6c.) 

Increased Accuracy 

In most cases the accuracy of the CA3300 should be 
sufficient without any adjustments. In applications where 
accuracy is of utmost importance, three adjustments can be 
made ti:> obtain better accuracy; i.e., offset trim, gain trim, 
and midpoint trim. 

Offset Trim 

In general offset correction can be done in the preamp 
circuitry by introducing a dc shift to V'N or by the offset trim 
ofthe op amp. When this is not possible the R- (pin 10) input 
can be adjusted to produce an offset trim. The theoretical 
input voltageto produce the first transition is '12 LSB. The 
equation is as follows: 

V'N (0 to 1 transition) = '12 ,LSB = 'I2(VREF/64) 

= VREF/128 

If V'N for the first transition is less than the theoretical, then a 
single-turn 50-ohm pot connected between R- and ground 
will accomplish the adjustment. Set V'N to '12 LSB and trim 
the pot until the 0 to 1 transition occurs. 

If V'N for the first transition is greater than the theoretical, 
then the 50-ohm pot should be connected between R- and a 
negative voltage of about 2 LSB's. The trim procedure is as 
stated previously. 

Gain Trim 

In general the gain trim can also be done in the preamp 
circuitry by introducing a gain adjustment for the op amp. 
When this is not possible, then a gain adjustment circuit 
should be made to adjust the reference voltage. To perform 

. this trim, V'N should be set to the 63 to overflow transition. 
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That voltage is '12 LSB less than VREF and is calculated as 
follows: 

V'N (63 to 64 transition) = VREF - VREF/128 

= VREF (127/128) 

To perform the gain trim, first do the offset trim and then 
app'v the required V'N for the 63 to overflow transition. Now 
adjust VREF until that transition occurs on the outputs. 

Midpoint Trim 

The reference center (RC), pin 16, is available to the user as 
the approximate midpoint of the resistor ladder. The actual 
count that is brought out is count 33. To trim the midpoint, 

the offset and gain trims should be done first. Thetheoretical 
transition from count 32 to 33 occurs at 32'12 LSB's. That 
voltage is as follows: 

V'N (32 to 33 transition) = 32.5 (VREF/64) 

An adjustable voltage follower can be connected to the RC 
pin or a 2-K pot can be connected between R+ and R- with 
the wiper connected to RC. Set V'N to the 32 to 33 transition 
voltage, then adjust the voltage follower or the pot until the 
transition occurs on the output bits. 

The Reference Center point can also be used to create 
some unique transfer functions. For example, if R- is 
grounded, RC is connected to 3.25 volts, and R+ is connected 
to 4.8 volts then the lower order counts, 1 through 33, will 
have an LSB value of 100 mV while the upper order counts, 
34 through Overflow, will have an LSB value of 50 mV. This 
effectively provides twice the sensitivity in the upper counts 
as compared to the lower counts. 

7-811 R"iolutlon 

To obtain, 7-bit resolution, two CA3300's can be wired 
together. Necessary ingredients include an open-ended 
ladder network, an overflow indicator, three-state outputs, 
and chip-enabler controls-all of which are available on the 
CA3300. 

The first step for connecting a 7-bit circuit is to totem-pole 
the ladder networks, as illustrated in Fig. 13. Since the 
absolute resistance value of each ladder may vary, external 
trim of the mid-reference voltage may be required. 

The overflow output of the lower device now becomes the 
seventh bit. When it goes high, all counts must come from 
the upper device. When it goes low, all counts must come 
from the lower device. This is done simply by connecting 
the lower overflow signal to the CEl control of the lower 
AID converter and the CE2 control of the upper AID 
converter. The three-state outputs of the two devices (bits 1 
through 6) are now connected in parallel to complete the 
circuitry. The complete circuit for a 7-bit AID converter is 
shown in Fig. 14. 

8-BIt to 12~BII Conversion Techniques 

To obtain 8.oto 12-bit resolution and accuracy, use a feed­
forward conversion technique. Two AID converters will be 
needed to convert up to 11 bits; three AID converters to 
convert 12 bits. The high speed of the CA3300 allows 12-bit 
conversions in the 500 to 900-ns range. 

The circuit diagram of a high-speed 12-bit AID converter is 
shown in Fig. 15. In the feed-forward conversion method 
two sequential conversions are made. Converter A first 
does a coarse conversion to 6 bits. The output is applied to a 
6-bit DIA converter whose accuracy level is good to 12 bits. 
The DIA converter output is then subtracted from the input 
voltage, multiplied by 32, and then converted by a second 
flash AID converter, which is connected in a 7-bit configu­
ration. The answers from the first and second conversions 
are added together with bit 1 of the first conversion 
overlapping bit 7 of the second conversion. 

When using this method, take care that: 

• The linearity of the first converter is better than '12 LSB. 
• An offset bias of 1 LSB (1/64) is subtracted from the first 

conversion since the second converter is unipolar. 
• The DIA converter and its reference are accurate to the 

total number of bits desired for the final conversion (the 
AID converter need only be accurate to 6 bits). 

The first converter can be offset-biased by adding a 
20-0 resistor at the bottom of the ladder and increasing 
the reference voltage by 1 LSB. If a 6.40-voltage 
reference is used in the system, for example, then the 
first CA3300 will require a 6.5-V reference. 
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CA3300 Types 
OUTPUT CODE TABLE 

INPUT VOLTAGE" BINARY 
~ODE DESCRIPTION VREF VREF V REF V REF OUTPUT CODE DECIMAL COUNT 

7.68 6.40 5.12 3.20 (LSB) 
(V) (V) (V) (V) OF B6 B5 B4 B3 B2 B1 

Zero 0.00 0.00 0.00 0.00 0 0 0 0 0 0 0 0 
1 LSB 0.12 0.10 0.08 0.05 0 0 0 0 0 0 1 1 
2 LSB 0.24 0.20 0.16 0.10 0 0 0 0 0 1 0 2 .. .. .. .. 

.. .. .. .. 

.. .. .. .. 

.. .. .. .. 
'h Full Scale - 1 LSB. 3.72 3.10 2.48 1.55 0 0 1 1 1 1 1 31 

'12 Full Scale 3.84 3.20 2.56 1.60 0 1 0 0 0 0 0 32 
'h Full Scale +1 LSB 3.96 3.30 2.64 1.65 0 1 0 0 0 0 1 33 .. .. .. .. 

.. .. .. .. 

.. .. .. .. 

.. .. .. .. 
Full Scale - 1 LSB 7.44 6.20 4.96 3.10 0 1 1 1 1 1 0 62 

Full Scale 7.56 6.30 5.04 3.15 0 1 1 1 1 1 1 63 
Overflow 7.68 6.40 5.12 3.20 1 1 1 1 1 1 1 127 

"The voltages listed below are the ideal centers of each output code shown as a function of its associated reference voltage. 
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o 20 40 60 80 100 120 127 

124-132 --------1 
(3.150- 3.352) 

92CM-33324 

Dimensions and pad layout for CA3300H. 

Dimensions in parentheses are in millimeters and are derived from 
the basic inch dimensions as indicated. Grid graduations are in 
mils (1er" inch). 

The photographs and dimensions of each CMOS chip 
represent a chip when it is part of the wafer. When the wafer is 
separated into individual chips, the angle of cleavage may vary 
with respect to the chip face for different chips. The actual 
dimensions of the isolated chip, therefore, may differ slightly 
from the nominal dimensions shown. The user should consider 
a tolerance of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 



CMOS Video Speed 8-Bit Flash 
Analog-to-Digital Converter 

For Use in Low-Power Consumption, 
High-Speed Digitization Applications 
Features: 
• CMOS low power with SOS speed 
• Parallel conversion technique 
• 15-MHz sampling rate (66-ns conversion time) 
• a-bit latched 3-state output with overflow bit 
• ± 'h LSB accuracy (typ.) 
• Single supply voltage (4 to a V) 
• 2 units in series allow 9-bit output 
• 2 units in parallel allow 30-MHz sampling rate 

The RCA CA330S" is a CMOS 200-mW parallel (FLASH) 
analog-to-digital converter designed for applications 
demanding both low-power consumption and high-speed 
digitization. 

The CA330S operates over a wide fu"-scale input-voltage 
range of 4 volts up to S volts with maximum power 
consumptions as low as 200 mW, depending upon the clock 
frequency selected. When operated from a 5-volt supply at 
a clock frequency of 15 MHz, the power consumption of the 
CA330S is less than 150 mW. 

The intrinsic high conversion rate makes the CA330S 
ideally suited for digitizing high-speed signals. The overflow 
bit makes possible the connection of two or more CA330Ss 
in series to increase the resolution of the conversion system. 
A series connection of two CA330Ss may be used to 
produce a 9-bit high-speed converter. Operation of two 
CA330Ss in para"el doubles the conversion speed (i.e., 
increases the sampling rate from 15 to 30 MHz). CA330Ss 
may be combined with a high-speed S-bit 0/ A converter, a 
binary adder, control logic, and an op amp to form a very 
high-speed 15-bit NO converter. 

256 para"eled auto-balanced voltage comparators measure 
the input voltage with respect to a known reference to 
produce the para"el-bit outputs in the CA330S. 

255 comparators are required to quantize a" input voltage 
levels in this S-bit converter, and the additional comparator 
is required for the overflow bit. 

The voltage supply for analog circuitry is termed VAA and 
AGNO. The voltage supply for digital circuitry is termed 
Vooand VSS. 

The CA330S type is available in a 24-lead dual-in-line 
ceramic package (0 suffix). 

" Formerly Developmental Type No. TA11279. 

CA3308, CA3308A Types 

Applications: 

(D) SUFFIX 
24-Lead Dual-In-Une 
Side-Brazed Ceramic Package 

• The CA330a is especially suited for high-speed con-
version applications where low power is also important 

• TV video digitizing (industrial/security/broadcast) 
• High-speed A/D conversion 
• Ultrasound signature analysis 
• Transient signal analysis 
• High-energy physics research 
• High-speed oscilloscope storage/display 
• General-purpose hybrid ADCs 
• Optical character recognition 
• Radar pulse analysis 
• Motion signature analysis 
• /-IP data acquisition systems 

(TOP VIEW) 

(lSB) B1 1 24 VAA (ANALOG SUPPLY) 

B2 2 23 3/4R 

B3 22 +R 
B4 4 21 VIN 
B5 5 20 1/2R 

B6 6 19 PHASE 

B7 18 ClK 
(MSB)B8 8 17 AGND (ANALOG GROUND) 

OVERFLOW 9 16 VIN 
1/4 R 10 15 -R 

(DIG ITAL GROUND) VSS 11 14 CEi 
(DIGITAL SUPPLY) VDD 12 13 CE2 

92CS-34789 

TERMINAL ASSIGNMENT 
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CA3308, CA3308A Types 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY VOLTAGE RANGE (VDD AND VAA) 

(VOLTAGE REFERENCED TO Vss TERMINAL) ••••••••••••••••••••••••••••••••••••••••••••••••••••••• -0.5 to +8 V 

INPUT VOLTAGE RANGE 

ALL INPUTS ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• -0.5 to VDD +0.5 V 

DC INPUT CURRENT 

CLK, PH, CE1, CE2, Y,N •••••••• , ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ±10 mA 

POWER DISSIPATION PER PACKAGE (Po) 

FOR T A=-40 to 55' C •••••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 315 mW 

FOR TA=55'C to 85·C •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• Derate linearly at 3.3 mwrc 

TEMPERATURE RANGE 

OPERATING •••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• -40to+85°C 

STORAGE ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• -65 to +150'C 

LEAD TEMPERATURE (DURING SOLDERING) 

AT DISTANCE 1/16 ± 1132 In. (1.59± 0.79 mm) FROM CASE FOR lOs MAX. • ................................. +265'C 
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Fig. 1-Block diagram for the CA3308. 
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ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

Resolution 

Linearity Error 

Differential Linearity Error 

Quantizing Error 

Analog Input: 

Full Scale Range 

Input Capacitance 

Input Current 

Maximum Conversion Speed 

Device Current (Excludes IREF) 

Ladder Impedance 

Digital Inputs: 

Low Voltage 

High Voltage 

Input Current (Except Pin 18) 

Digital Outputs: 

Output Low (Sink) Current 

Output High (Source) Current 

Digital Output Delay, td 

o 

o 

o 

o 

o 

o 

PHASE 
(PIN 19) 

PHASE 
(PIN 19) 

BI"B86 
DF 

TEST CONDITIONS 

VAA=VDD 

VDD=5 V, VREF=6.4 V 
CLK=15 MHz, gain adjusted 

VDD=5 VREF=6.4 V 
CLK=15 MHz 

VDD=5V 
CLK=15 MHz 

VIN=6.4 V 

VDD=5 V 

VOD=5 V (CLK=15 MHz) 

VDD=5V 

VDD=5 V, Vo=O.4 V 

VDD=5 V, Vo=4.6 V 

VDD=5V 

COMPARATOR DATA 
IS LATCHED 

DATA VALID 
o 

DATA IS SHI FTED 

DATA VALID , 

INTO OUTPUT REGISTERS 

DATA VALID 
o 

CA3308, CA3308A Types 

MIN. 

-

-

-
-V2 

4 

-
-

15 M 

-
300 

-
3.5 

-

3.2 

1.6 

-

LIMITS 

TYP. 

-

-

-

-

-
50 

1000 

17M 

50 

600 

-
-
±1 

10 

-6 

25 

AUTO 
BALANCE 

DATA VALID 
2 

MAX. 

8 

±0.5 

±1 

±0.5 

±1 

Y2 

8 

-
2000 

-
-

900 

1.5 

-
-

-
-
-

AUTO ~ 
~ --"'3- L 

DATA VALID 
I 

DATA VALID 
2 
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UNITS 

Bits 

(CA3308AD) 

(CA3308D) 

(CA3308AD) 

(CA3308D) 

LSB 

V 

pF 

pA 

SPS 

rnA 

0 

V 

V 

pA 

rnA 

ns 

Fig. 2-Timing diagram for the CA3308. 
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CA3308, CA3308A Types 
,:...:.--------. 
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VAA 24 1---------...,..--+ 5 VOLTSIANALOG SUPPLYI 

I BI (LSBI 
3/4 R 23 

2 B2 R2 

3 B3 +R 22 6.4 VOLTS (liE FERENCE VOLTAGE) 

4 B4 VIN 21 1-.... _+ ____ I-+ __ :!!0..::;-::....::6~.4:w.V _ _<I~~U[HS~~;~R EQUIVALENT) 

5 B5 112 R 20 DIGITAL OUTPUT OPEN 
COLLECTOR 

+ +5 
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6 B6 PHASE 19 
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8 B8 AGND 17 I K 

90.F VIN 16 R4 

10114R -R 15 

II VSS ml4 
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12VDD CE213 +5VOLTS~~~~t--t~~ ________ ~~~ 
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NOTES 
t?RIIJl:lrbrtlJI~rLETE WHEN USING 
D D GROUND MUST BE 
TO EACH OTH ER 

WFL'r ~MPROVE LINEARITY 

Fig. 3-Typical circuit configuration for the CA330B. 
(15-MHz sampling rate) 

82eM- 545IIR2 

;>~~vv~ .... -1r-------------~VREF(PIN221 

IK 

I. ALL RESISTORS ARE 5 % 1/8 WATT 

2. ALL POTS ARE MULTITURN 
3 ALL CAPACITORS ARE CERAMIC 

DISC, 50 VWDC. 
4 Ul· CAI24 QUAD OP- AMP 
5 ADJUST V REF FIRST IGAINTRIMI 

THEN ADJUST 1/2 VREF' 3/4VREF 
AND 1/4 VREF POINTS. 

5.IK 

2.4 K 

5K 
8 100 

>...='-'\.M,-........... -1/2 VREFIPIN 201 

·2.4K 100pF 

5.IK 

5K 

Fig. 4-Reference driver circuit. 
(Use for maximum linearity) 



Device Operation 

A sequential parallel technique is used by the CA33D8 
converter to obtain its high-speed operation. The sequence 
consists of the "Auto Balance" phase, 01, and the "Sample 
Unknown" phase 02. (Refer to the circuit diagram.) Each 
conversion takes one clock cycle! With the phase control 
(pin 8) high, the "Auto Balance" (01) occurs during the High 
period of the clock cycle, and the "Sample Unknown" (02) 
occurs during the low period of the clock cycle. 

During the "Auto Balance" phase, a transmission switch is 
used to connect each of the first set of 256 commutating 
capaCitors to their associated ladder reference tap. Those 
tap voltages will be as follows: 

Vtap (N)=[(N/256) VREF1-[(1/512) VREFl 

=[(2N-1/512]VREF 

Where: 

Vtap (n)=reference ladder tap voltage at point n. 

VREF=voltage across -REF to +REF 

N=tap number (1 through 256) 

The other side of these capacitors are connected to single 
stage amplifiers whose outputs are shorted to their inputs 
by switches. This balances the amplifiers at their intrinsic 
trip pOints, which is approximately, VDD-VSS/2. The first 
set of capaCitors now charge tc thei r associated tap 
voltages. 

At the same time a second set of commutating capaCitors 
and amplifiers are also auto-balanced. The balancing of the 
second stage amplifier at its intrinsic trip point removes any 
tracking differences between the first and second amplifier 
stages. The cascaded auto-balance (CAB) technique, used 
here, increases comparator sensitivity and temperature 
tracking. 

In the "Sample Unknown" phase, all ladder tap switches 
and comparator shorting switches are opened. At the same 
.time Vin is switched to the first set of commutating 

"This device requires only a single phase clock. The terminology of 
01 and 02 refers to the High and Low periods of the same clock. 

CA3308, CA330SA Types 

capaCitors. Since the other end of the capacitors are now 
looking into an effectively open circuit, any input voltage 
that differs from the previous tap voltage will appear as a 
voltage shift at the comparator amplifiers. All comparators 
that had tap voltages greater than Vin will go to a "low" state 
at their outputs. All comparators that had tap voltages 
lower than Vin will go to a "high" state. 

The status of all these comparator amplifiers are ac 
coupled through the second stage comparator and stored 
at the end of this phase (02), by a latching amplifier stage. 
Once latched, the status of the comparators are decoded 
by a 256 to 9-bit decode array and the results are clocked 
into a storage register at the rising edge of the next 02. 

A 3-state buffer is used at the output of the 9 storage 
registers which are controlled by two chip-enable Signals. 
CE1 will independently disable B1 through B8 when it is in a 
high state. CE2 will independently disable B1 through B8 
and the OF buffers when it is in the low state. 

To facilitate usage of this device a phase control input is 
provided which can effectively complement the clock as it 
enters the chip. 

Continuous Clock Operation 

One complete conversion cycle can be traced through the 
CA33D8 via the following steps. (Refer to timing diagram 
No.1.) With the phase control in a "low" state, the rising 
edge of the clock input will start a "sample" phase. During 
this entire "high" state of the clock, the comparators will 
track the input voltage and the latches will track the 
comparator outputs. At the falling edge of the clock, al1256 
comparator outputs are captured by the 256 latches. This 
ends the "sample" phase and starts the "auto balance" 
phase lor the comparators. During this "low" state of the 
clock the output of the latches propagates through the 
decode array and a 9-bit code appears at the D inputs of tile 
output registers. On the next rising edge of the clock, this 
9-bit code is shifted into the output registers and appears 
with time delay td as valid data at the output of the 3-state 
drivers. This also marks the start of a new "sample" phase, 
thereby repeating the conversion process for this next 
cycle. 
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CD22100 Types 

CMOS 4 x 4 Crosspoint 
Switch with Control Memory 
High-Voltage Types (20-Volt Rating) 

The RCA-C022100 combines a 4 x 4 
array of crosspoints (transmission gates) with 
a 4-line-to-16-line decoder and 16 latch cir­
cuits. Any ·one of the sixteen transmission 
gates (crosspoints) can be selected by apply­
ing the appropriate four line address. The 
selected transmission gate can be turned on 
or off by applying a logical one or zero, 
respectively, to the data input and strobing 
the strobe input to a logical one. Any number 
of the transmission gates can be ON simul­

taneously. When the required operating 
power is applied to the CD22100, the states 
of the 16 switches are indeterminate. 
Therefore. all switches must be turned off 

by putting the strobe high and data-in low, 
and then addressing all switches in 
succession. 

Features: 
• Low ON resistance - 75 n typo at 

VOO= 12 V 
• "Built-in" control latches 
• Large analog signal capability - ± VOO/2 
·10-MHz switch bandwidth 
• Matched switch characteristics 

L'.RON = 1an typo at VOO = 12 V 
• High linearity - 0.5% distortion (typ.) at 

f = 1 kHz, VIN = 5 Vp_p' VOO = 10 V, 
and RL = 1 kn 

• Standard CMOS noise immunity 
.100% tested for maximum quiescent 

current at 20 V 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDOI 

(Voltages refer&nced to VSS Terminal) . 
INPUT VOLTAGE RANGE, ALL INPUTS. 
DC INPUT CURRENT, ANY ONE INPUT .. ·. 
POWER DISSIPATION PiR PACKAGE (POl: 

For TA = -40 to +60. C (PACKAGE TYPE E) 
For :r A = +60 to +85 It, (PACKAGE TYPE E). . 
For T A = -55 to +100 .f (PACKAGE. TYPES 0, F) 
For T A = +100 to +125 C (PACKAGE TYPES 0, FI 

DEVICE DISSIPATION PER TRANSMISSION GATE 

. -0.5 to +20 V 
-0.5 to V 00 +0.5 V 

±10mA 

. . . . . . . .. 500mW 
Derate linearly at 12 mWtC to 200 mW 
. . . . . . . .. 500mW 
Derate linearly at 12 mW/·C to 200 mW 

FOR T A • FULL PACKAGE-TEMPERATURE RANGE IAII Package Typesl 
OPERATING-TEMPERATURE RANGE (TAl: 

100mW 

PACKAGE TYPES 0, F, H 
PACKAGE TYPE E 

STORAGE TEMPERATURE RANGE IT.t I . . 
LEAD TEMPERATURE (DURING SOLD~RINGI: 

At distance 1/16 ± 1132 inch (1.59 ± 0.79 mml from case for 10 sma •. 

* Maximum cur~ent through transmission gates (switches) :I 25 rnA. 

STROBE 
DATA 

IN 
.----r---"""1r---"""1>---Q15 

VI 

r--l-"""1.--+-...... --lf-...... -+-{)14 
VZ 

r--1--...... ---r--~--1---~-1-o11 
V4 

I 03 

-55 to +125°C 
-40 to +B50C 

-65 to +150oC 

. +265°C 

XI X2 
12 

M3 X4 9ZCU- 21'54&F11 

Fig. , - Functionsl diagram. 
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X2- I. 16 t-VOD 
DATA IN- 2 15 }--YI 

c- 3 14 I--Y2 
D- 4 13 j-X4 
a- s 12r-M3 
A- s II t--V4 

STROBE- 7 10 t-Y3 
vss- 0 Or-XI 

TOP 
VIEW 

92CS-2H45 

Terminal 
Assignment 

ISUPPLY VOL .... ,. ,1" ... O\',_v •• "::.!:'." 

I~ 

~. 
:'f"~~~~~'''PERATURt . 

;; 
':)', 

II 
I~'UT .:G.AL·'V, .... v 

92CS-30261 

Fig. 2- Typical ON resistance as a function of 
inputs;gnalvoltageat VOD = -VSS= 
2.5V. 

INPUT SIGNAL I Vii I-V 
92CS-30282 

Fig. 3- Typical ON resistance as a function of 
input signal VOltage at V DD = - V S5 = 
5V. 

'" " ~ 2 

SUPPLY VOLTAGE (YOO)-+7.5V,VSS .-7.DV 

AMBIENT TEMPERATURE 
(TA 1-125"'C 

-10 -1.5 ~ -2.5 0 25 
INPUT SIGNAL (V111-V 

7·5 10 

92CS-302n 

Fig. 4 - Typical ON resistance as a function of 
inputsignalllOltageat VOD = -VSS. 
7.5 II. 



RECOMMENDED OPERATING CONDITIONS 
For maximum reliability. nominal operating conditions should be 9I11ected 
$0 that operation is always within the following ranges; 

CHARACTERISTIC 

Supply·Voltage Range (For T A = 

Full Package·Temperature Rangel 

,.0----..... 
* STROBE 

7 

LIMITS 
MIN. MAX. 

3 18 

UNITS 

V 

VDO r---4~~-~----r----oI. 

*.~ 

*.~ 

*.~ 

*4~ 

.0 ...... ---..., 
v .. 

A 

• 

TO OTHER OICOO[R 
GoiT.[S/LATCH'S 

DE TAIL Of' LATCHES 

11~' • • • . : 
.. 

' .. 
* I...... £\-PROTECTED 8Y 

COS/MOl PROTECTION . N!TWOIIIIC 

v •• 

.. 
• 4 

OlTAII,. OF TRANSMISSION aAT~S 

92CL·30299R 1 

v .. 

TRUTH TABLE 

AddrllSS Select Address Select 

A B C D A B C D 

0 0 .() 0 X1Y1 0 0 0 1 X1Y3 

1 0 0 0 X2Y1 1 0 0 1 X2Y3 

0 1 0 0 X3Yl 0 1 0 1 X3Y3 

1 1 0 0 X4Y1 1 1 0 1 X4Y3 

0 0 1 0 X1Y2 0 0 1 1 X1Y4 

1 0 1 0 X2Y2 1 0 1 1 X2Y4 

0 1 1 0 X3Y2 0 1 1 1 X3Y4 

1 1 1 0 X4Y2 1 1 1 1 X4Y4 

VI 

fi 

CD22100 Types 

I .... E.T TEMPERATURE C T.I ... ·C 

INPUT SIGNAl,. ,y,.t-v 

Fig. 5- Typical ON resistance liS II function of 
inputsignal voltagaat TA - 25" c. 

INPUT VOLTAG~ eVill-v '1CS-S02:" 

Fig. 7 - Tvpical switch ON tran.fer charac· 
teristic. ( 7 of 76 switche.} • 

AMBIENT TEMPERATURE (TA,}.2S-C 

~~~~~I:'~~A:~T~wr tv:')'t\s;;M;v+-t4+-+-l+1H 
5 DATl.~N~:~li~~~AR.':).+~v 
50 z, LOAD CAPACITAttC£ CCL}-USpF c .. -o.." 
S· I I III I I I .... --11--""1 
.!. LQID RESISTANCE VIII 
?;I Z CRLI-I_ '. SW 

11,5 

! II-+~f+I.-+-+-+++-I-".H 

B o..I-I-j....j.I-I-..j.....j...W-lc....j-l~~~~r-t-I 

2 .... 2 ••• 2.1. 

102 103 10" 10' 
IN'UT SIGNAL '"EQUERY Ct 1.1- 'Hz 

IZCI-to"' 

Fig. 8 - Typic.' .witch ON frequllncy reJponlll 
ch.ncterl.tics. 

AMBIENT TEMP!RATURI(TAlsZ'·C 

:~Y s~C:-:~:i~mc~J.~ y ,_, '''lie .... » 
-20 ~r.g =g~I~~E(C;8:~:lrr -

: 
!-40 

illl 
!..., 
II t,.. . 
t·eo 
:I 
~ 

"'" 
0.1.2 .. "I 2 .. "10 2 .. "t022 ·'·to!2 .. "11)4 

INPUT SIGNAL 'REQUEHCYU1.'-,MI flC,-IOU' 

Fig. 9 - Typicsl crosstalk batwaan .witches es II 
function of lignal frequllncy. 
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CD22100 Types 

STATIC ELECTRICAL CHARACTERISTICS 
LIMITS at Indicated Temperature ( CI 

CHARAC· CONDITIONS Values at -55,+25,+125,apply to D,F,H pkg 
TERISTIC Values at -40,+25,+85,apply to E pkg 

VIN VDD -55 -40 +85 +125 

(VI (VI Min. 

CROSSPOINTS 

Quiescent - 5 5 5 150 150 -
Device Cur· - 10 10 10 300 300 -
rent,lDO - 15 20 20 600 600 -
Max. - 20 100 100 3000 3000 -

ON Resist· - 5 475 500 725 800 -
ance Any Switch - 10 135 145 205 230 -
RON Max. 

VIS= - 12 100 110 155 175 -
Oto VOD - 15 70 75 110 125 -

- 5 - - - - -
ll.ON Resist· Between - 10 - - . - - -

ance, any two - 12 - - - - -
MON switches - 15 - - - - -

OFF Switcb 
Leakage All switches 

0,18 18 Current OFF ±100 ±1QOO -
JL Max. 

CONTROLS 

Input Low - 5 1.5 -
Voltage 

OFF switch 
10 3 

IL <0.2jJ.A - -
VIL·Max. - 15 4 -

Input High ON switch - 5 3.5 3.5 
Voltage, see RON - 10 7 7 
VIHMin. characteristic - 15 11 11 

Input 
Current, Any control 0,18 18 ±0.1 ±0.1 ±1 ±1 -
liN Max. 

• Determined by minimum feasible leakage measurement for automatic testing. 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C 

CHARACTERISTIC 

CROSSPOINTS 

Propagation Delay Time. (Switch ON) 
Signal Input to Output. tpHL' tpLH 

Frequency Response. 
(Any Switch ONI 

Sine Wave Response. (Distortion) 

Feedthrough 
(All Switches OFF) 

Voo 
·Peak-to-peak voltage symmetrical about -2-

638 

CONDITIONS 

fis RL Vis· VOO 
kHz kn (VI (VI 

5 5 
- 10 10 10 

15 15 

CL = 50 pF; tp tf = 20 ns 

1 1 5 10 

Sine wave input I 

Vos 
20 log -- = -3 dB 

Vis 

1 1 5 10 

1.6 1 5 10 

Sine wave input 

+25 

Typ. Max. 

0.04 5 

0.04 10 

0.04 20 
0.08 100 

225 600 

85 180 

75 135 

65 96 

25 -
10 -
8 -
5 -

±1 ±100· 

- 1.5 

- 3 

- 4 

- -
- -
- -

±10-5 ±0.1 

LIMITS 

Min. Typ. Max. 

- 30 60 
- 15 30 
- 10 20 

- 40 -

- 0.5 -

- -80 -

Units 

jJ.A 

n 

n 

nA 

V 

jJ.A 

UNITS 

ns 

MHz 

% 

dB 

,''', AMBIENT TEMPERATURE (TA )-25-C 

'I. • 
I t 
Q ' 
;; IO~ .~.,~ " ~ · ~Qa' 4 

~ , .,.o,"'''''-.:~ 
r ler, #. d ~~ 
is • ~ 
~ 

4 

~ t ~ 
, 

~ leT, 
__ CL-SOpF 
____ CL-H'pF 

Q • 

ffi · V 
~ 10 2 

1111 I II 
2 .. Cl8 , 418 2 .. III' 2 "88 2 " ,. 0.1 I 10 102 ro5 10" 

SWITCHING FREQUENCY If. )-kHz 
t2CS-302tl1 

Fig. 10 - Typical dynamic power dissipation as a 
function of switching frequency. 

VDO 

DO 

VDD I. 

I. 

• I • 

• ,. 
" " 10 

• 
92CS-30269 

Fig. 11 - Quiescent current test circuit. 

I. I. 
I. 
13 

" " 10 

NOTE 
MEASURE INPUTS 
SEQUENTIALLY TO 
BOTH VDD AtilD Vas 
CONtilECT ALI. UNUSED 
INPUTS TO EITHER 
Voo OR Vas 

92CS-30270 

Fig. 12 - Input current test circuit. 

13 
I. 
1If-+-+---, 
ID 

NOTE 
CLOSE SWITCH SAnER 
APPLYING VoD 

• 

92CS- 30271 

Fig. 13 - Dynamic power dissipation test circuit. 



DYNAMIC ELECTRICAL CHARACTERISTICS at T A = 25°C 

.!(ONDITIONS 
CHARACTERISTIC 

fis RL ViselvDD 
kHz kn (V) (V) 

CROSSPOINTS (CONT'D) 

Frequency for Signal Crosstalk - 1 10 110 
Attenuation of 40 dB 
Attenuation of 110 dB Sine wave input 

Capacitance, 
Xn to Ground - - 5-15 
Yn to Ground - - 5-15 
Feedthrough - - -

CONTROLS See 
Fig. 

Propagation Delay Time: 
RL=lkn, 

5 
Strobe to Output, tpZH 18 10 
(Switch Turn-ON to High Level) 

CL =50pF, 
15 

tptf = 20 ns 

Data-In to Output, tpZH 5 

(Turn-On to High Levell 19 10 
15 

Address to Output. tpZH 
5 

(Turn-ON to High Level) 
20 10 

15 

Propagation Delay Time: 5 
Strobe to Output, tpHZ 18 10 

(Switch Turn-OFF) 15 

Data-In to Output, tpZL 
5 

(Turn-ON to Low Level) 19 10 
15 

Address to Output, tpHZ 
5 

(Turn-OFF) 20 10 
15 

Minimum Setup Time, 5 

Data-In to Strobe, Address, tsu 
10 
i5 

Minimum Hold Time, 5 

Data-In to Strobe, Address, tH 
10 
15 

5 
10 Maximum Switching Frequency, ftfJ 

RL=lkn,cL=50pF 15 
tp tf = 20 ns 

Minimum Strobe Pulse Width, tw 

Control Crosstal k, 
- 10 110 

Data-In, Address, or Strobe to Output Square wave input 
tr, tf = 20 ns 

Input Capacitance, CIN Any Control Input 

• Peak-ta-peak voltage symmetrical about V DO' 

-2-

5 
10 
15 

10 

-

LIMITS 

Min. Typ. Max. 

- 1.5 -
0.1 

- 18 -
- 30 -
- 0.4 -

- 300 600 

- 125 250 
- 80 160 

- 110 220 

- 40 80 

- 25 50 

- 350 700 
- 135 270 

- 90 180 

- 165 330 

- 85 170 
- 70 140 

- 210 420 

- 110 220 

- 100 200 

- 435 870 

- 210 420 
- 160 320 

- 95 190 
- 25 50 
- 15 30 

- 180 360 

- 110 220 

- 35 70 

0.6 1.2 -
1.6 3.2 -
2.5 5 -
- 300 600 

- 120 240 
- 90 180 

- 75 -

- 5 7.5 

UNITS 

MHz 
kHz 

pF 

ns 

ns 

ns 

ns 

MHz 

ns 

mV 
(peak) 

pF 

CD22100 Types 

Fig. 14 - OFF switch input or output leakage 
current telt circuit. 

ON 

.. ~ 
sw- AttV CROSSPOINT 
STROlE· DATA· IN -YOD 

v,. VD:.~" 

tPLH~~ ~ j ~PHL VDD 
Yo. :50,," DO,," 

o 
92C5-30273 

Fig. 15 - Propagation delay time test circuit and 
waveforms (signal input to signal output, 
switch ON). 

CONTROLS 

'''A~ -=- ";II' 

SW -Arty CROSSPOINT 

VOD - II II r 
CONTROL 0 --.J L-J L-J 

V ~m~--r' __ ~ __ ~ __ ~ __ _ 
01 w50mV-

92C"'30271 

Fig. 16- Test circuit and waveforms for crossmlk 

(control input to signal output). 

OFF 

~V .. ItAl ~ tkA 
= -

sw- ANY CROSSPOINT nes-son. 
Fig. 17 - 'Test circuit for crosstalk between switch 

circuits in the same package. 
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CD22100 Types 
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STROBE 

v,. 

Vo• 

SW • ANV CROSSPOINT 

_ -j e ZH 

'-----fHl,. '-
92CM-30274 

Fig. 18 - Propagation delay time test circuit and waveforms (strobe to signal 
output, switch Turn-ON or Tum-OFF). 

DATA IN 

~ Vis SW VOl 

tkll 50pF 

sw- ANY CROSSPOINT _ 
STROBE· Voo - 9ZCM-30275 

Fig. 19 - Propagation delay time test circuit and waveforms (data-in to signal output, 
switch Turn-ON to high or low level). 

ADDRESS-O 

SW-ANY CROSSPDltllT 
STR08E~ Voo 

ADDRESS-' 

VDD----tr~ 
ADDRESS 

VDD 
DATA-'" 

VDD 
Vos 2 

92CM-3027fi 

Fig. 20 - Propagation delay time test circuit and waveforms (address to signal output. 
switch Turn-On or Turn-OFF/. 

Dimensions and pad layout for CD22100H. 

Dimensions in parentheses are in millimeters and 
are derived from the basic inch dimensions as in­
dicated. Grid graduations are in mils f1tr3 inch). 

The photographs and dimensions o( each CMOS Chip 
,epresent 8 Chip when it I, part of the waf.r. When the 
wafer Is separated into individual chips, th. angle of 
Cleavage may vary with respect to the chip face for 
different chips. The actual dimensions ot the isolated 
chip, therefor •. may differ slighlly from the nominal 
dimensions shown. The user should consider I tolerance 
of -3 mils to +16 mils applicable to the nominal 
dimensions shown. 



CMOS 4 X 4 X 2 
Crosspoint Switches 
With Control Memory 
The RCA·CD22101 and CD22102 crosspoint 
switches consist of 4 x 4 x 2 arrays of cross­
points (transmission gates>. 4·line to 16·line 
decoders, and 16 latch circuits. Anyone of 
the sixteen crosspoint pairs can be selected 
by applying the appropriate four-line ad­
dress, and any number of crosspoints can be 
ON simultaneously. Corresponding cross­
points in each array are turned on and off 
simultaneously, also. 

In the CD22101, the selected crosspoint pair 
can be turned on or off by applying a logical 
ONE or ZERO, respectively, to the data in­
put, and applying a ONE to the strobe in­
put. When the device Is "powered up", the 
states of the 16 switches are indeter­
minate. Therefore; all switches must be 
turned off by putting the strobe high, 
data-in low, and then addressing all 
switches In succession. 

The selected pair of crosspoints in the 
CD22102 is turned on by applying a logical 
ONE to the Ka (set) input while a logical 

Features: 
• Low ON resistance - 75 n typ. at 

VDD= 12V 
• "Built-in" latched inputs 
• large analog signal capability -

± VOD/2 
• 10 MHz switch bandwidth 
• Matched switch characteristics 

,c,RON = 8 n typ_ at VDD = 12 V 
• High linearity - 0.25% distortion (typ_) at 

f = 1 kHz, VIN = 5 Vp_p, VDO - VSS = 10 V, 
and RI = 1 kn 

• Standard'CMOS noise immunity 

ZERO is on the Kb input, and turned off by 
applying a logical ONE to the Kb (reset) 
input while a logical ZERO is on the Ka 
input. In this respect, the control latches of 
the CD22102 are similar to SET/RESET 
flip-flops. They differ, however, in that the 
simultaneous application of ONEs to the Ka 
and Kb inputs turns off (resets) all cross­
points. All crosspoints in both devices must 
be turned off as VDD is applied. 

The CD22101 and CD22102 types are sup­
plied in 24-lead hermetic dual-in-line ceramic 
packages (D and F suffixes), 24-lead dual-in­
line plastic packages (E suffix>. and in chip 
form (H suffix). 

MAXI MUM RA TI NGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (VDD) 

(Voltages referenced to VSS Terminal) 
INPUT VOLTAGE RANGE, ALL INPUTS _ 
DC INPUT CURRENT, ANY ONE INPUT"_ 
POWER DISSIPATION PER PACKAGE (PO): 

-0.5 to +20 V 
-0.5 to VOO +0.5 V 

±10mA 

For T A = -40 to +60oC (PACKAGE TYPE E) 
For T A = +60 to +850 C (PACKAGE TYPE E) . 
For TA = -55 to +1000 C (PACKAGE TYPES D,F) 
For TA = +100 to +1250 C (PACKAGE TYPES 0, F) 

. . . . . . . .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 
. . . . . . . .. 500mW 
Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPU'T TRANSISTOR 
FOR TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) 

OPERATING-TEMPERATURE RANGE (TA): 
PACKAGE TYPES 0, F, H .•.•.. . . 
PACKAGE TYPE E . . . . . . . . . . . , . . . 

STORAGE TEMPERATURE RANGE !Tstg) . . . . . . . . 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch 11.59 ± 0.79 mm) from case for lOs max. 

• Maximum current through transmission gates (switches) = 25 mAo 

RECOMMENDED OPERATING CONDITIONS 

100mW 

-55 to +1250 C 
-40 to +850 C 

-65 to +1500 C 

For maximum reliability, nominal operating conditions should be selected so that oper­
ation is always within the following ranges' 

LIMITS 
CHARACTERISTIC 

Min. Max. 
UNITS 

Supply-Voltage Range (For TA = Full Package-
Temperature Rangel 3 18 V 

CD22101, CD22102 Types 

"--'-'-' 
IN!OUn 

C022101, C022102 
Functional Diagram 

]~ 

Jour 
IINI 

Applications: 

• Telephone systems 

• PBX 

• Studio audio switching 
• Multisystem bus 

interconnect 

B Ie 
C 2 

X2' 3 
VI' 4 
V2' 5 
X4' 6 
X3' 7 
V4' 8 
V3' 9 
XI' 10 

0 II 
VSS 12 

24 
23 
22 
21 
20 
19 
18 
17 
16 
15 
14 
13 

TOP VIEW 

voo 
A 
X2 
VI 
V2 
X4 
X3 
V4 
V3 
XI 
DATA 
STROBE 

92CS-29839 

CD22101 Terminal Diagram 

B Ie 24 Voo 
C 2 23 A 

X2' 3 22 X2 
VI' 4 21 VI 
V2' 5 20 V2 
X4' 6 19 X4 
X3' 7 IB X3 
V4' B 17 V4 
V3' 9 16 V3 
XI' 10 15 XI 

0 II 14 K. 
Vss 12 I. Kb 

TOP VIEW 
92CS-29840 

CD22102 Terminal Diagram 
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* A 

* D 

• E 
C 

ADDRESS D 16 . D 
2 E C R • 

L • T 
C I. 
H 
E 
S 

21 VI 

2O Y2 

II VJ 

17" 

4 'tl' 

SIGNALS 
OUT CINI 

.-+-Hf-'HH ....... -t .. , n' SIGNALS 

*INPUTS PROTECTED ~ BY COSIMOS PROTECTION 
NETWORK ---

GUT UN} 

r-Hrl"""""1-t....,-+-+ •• n' 

r--lH-+~+.,...+-+O. V4' 

2' 
0>------> 
YDO 

l-{>o 

~ 
.~ 

~ 
"i------+ 

.~.;... .~ 
NETW •• ' q 

YOO 

SIGNALS IN (OUT) 

,zeM-ZM" 

Fig. 1 - Functional block diagram. 

C022102 
I)£TAI\,. OF T ... NSMISSION OATil 

.~ 
'too IN 

I 

Fig. 2 - Logic diagram. 



CD22101, CD22102 Types 

DECODER TRUTH TABLE 

Address Select Address Select 
A B C 0 A B C 0 
0 0 0 0 X1Y1 & X1'Y1' 0 0 0 1 X1Y3 & X1'Y3' 
1 0 0 0 X2Y1 & X2'Y1' 1 0 0 1 X2Y3 & X2'Y3' 

0 1 0 0 X3Y1 & X3'Y1' 0 1 0 1 X3Y3 & X3'Yi 

1 1 0 0 X4Y1 & X4'Y1' 1 1 0 1 X4Y3 & X4'Y3' 

0 0 1 0 X1Y2 & X1'Y2' 0 0 1 1 X1Y4&X1'Y4' 

1 0 1 0 X2Y2 & X2'Y2' 1 0 1 1 X2Y4 & X2'Y4' 

0 1 1 0 X3Y2 & X3'Y2' 0 1 1 1 X3Y4 & X3'Y4' 

1 1 1 0 X4Y2 & X4'Y2' 1 1 1 1 X4Y4&X4'Y4' 

CONTROL TRUTH TABLE FOR CD22101 

Function Address Strobe Data Select 

A B C 0 

Switch On 1 1 1 1 1 1 15 (X4Y41& 
15' (X4'Y4'1 

Switch Off 1 1 1 1 1 0 15 (X4Y41 & 
15' (X4'Y4'1 

No Change X X X X 0 X X X XiX 

1 .. High Level; 0 = Low Level; X = Don't Cere 

CONTROL TRUTH TABLE FOR CD22102 

Function Address Ka Kb Select 

A B C 0 

Switch On 1 1 1 1 1 0 15 (X4Y41& 
15' (X4'Y4'1 

Switch Off 1 1 1 1 0 1 15 (X4Y41& 
15' (X4'Y4'1 

All Switches X X X X 1 1 All 
Off# 

No Change X X X X 0 0 XXXX 

1 - High Level; 0 D Low Level; X - Don't Care 
# In the event that Ka and KIJ are changed from levels 1,1 to 0,0 Kb should not be allowed to go to a before K., 

otherwise a switch which was off will inadvertently be turned on. 
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CD22101, CD22102 Types 

STATIC ELECTRICAL CHARACTERISTICS 
LIMITS at Indicated Temperature ( CI 

CHARAC- CONDITIONS Values at -55,+25,+125,apply to D,F,H pkg Units 
TERISTIC Values at -40,+25,+85,apply to E pkg 

VIS VDD -55 -40 +85 +125 +25 
(VI (VI Min. Typ. Max. 

CROSSPOINTS 

Quiescent - 5 5 5 150 150 - 0.04 5 

Device Cur- - 1'0 10 10 300 300 - 0.04 10 j!.A 
rent, 100 - 15 20 20 600 600 - 0.04 20 
Max. - 20 100 100 3000 3000 - 0.08 100 

ON Resist- - 5 475 500 725 800 - 225 600 

ance Any Switch - 10 135 145 205 230 - 85 180 n 
RON Max. 

VIS= - 12 100 110 155 175 - 75 135 
Oto VOO - 15 70 75 110 125 - 65 96 

- 5 - - - - - 25 -
liON Resist- Between - 10 - - - - - 10 - n anee, any two - 12 - - - - - 8 -
MON switches - 15 - - - - - 5 -

OFF Leak-
All switches 

age Current 
OFF 

0,18 18 ±1000 - ±1 ±100· nA 
IL Max. 

CONTROLS 

Input Low - 5 1.5 - - 1.5 
OFF switch 

Voltage - 10 3 - - 3 
VIL Max. 

IL <0.2j!.A; 
- 15 4 - - 4 V 

Input High ON switch - 5 3.5 3.5 - -
Voltage, see RON - 10 7 7 - -
VIHMin. characteristic - 15 11 11 - -

Input 
±10-5 Current, Any control 0,18 lB ±0.1 ±0.1 ±1 ±1 - ±0.1 j!.A 

liN Max. 

• Determined by minimum feasible leakage measurement for automatic testing. 

INPUT SIGNAL (Vi.1 -v 9~CS-3IS25 
INPUT VOLTAGE (Vi.I-V 92CS-302eS 

Fig. 6 - Typical ON resistance as a function of 
input signal voltage at T A = 25°C. 
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Fig. 7 - Typical switch ON transfer characteristics 
II of 16 switches). 

[SUPPLY~ ~ 

-2 -I 0 I 
INPUT SIGNAL IV" I-V 

92CS-31828 

Fig. 3 - Typical ON resistance as a function of 
input signal voltage at V DD = - V 55 = 
2.5V. 

SUPPLY VOLTAGE I Vool • +5 v i Vss • -5 V 

175 

" I 150 

~ 
~125 AMBIENT TEMPERATURE (TAl -125*C 

~ 100 

-4 -2 0 2 
INPUT SIGNAL {Vii I-V 92CS-31830 

Fig. 4 - Typical ON resistance as a function of 
Inpursignal voltage at VDD = -V55· 
5V. 

I~ 

Ii 
Ii 

',' .. ,'; 

-10 -8 -6 -4 -2 

INPUT SIGNAL (\'1,1- V 92CS-31629 

FifJ.. 5 - Tvpical ON resistance as a function of 
input signal voltage at V DD = - V 55 = 
7.5 V. 

AMBIENT TEMPERATURE (TAI-25·C 
SUPPLY VOLTAGE: VOO·+5. Vss"- 5V 
INPUT SIGNAL VOLTAGE (V"I-!5V p-P+-t+t-t-t-t-H 

~ DAT1_~~N~0~~Z~~ I(~~~AR_':) .. t ~ V 
> 25 LOAD CAPACITANCE ICLI-I!5pF Cjoe-0.4pF 

!' I I III I I I r--I~-..., 
..!.. 2 LOAD RESISTANCE Vii I I 
?;'S (RL,.IMA til SW 

I 1.5 

~ 
8 o .• t-+--t-Irtt-tI-H+t-t-t-t'tt'-1'=;...,...r-I 

2 .. 68 2 .. 68 

102 103 10" 10!! 106 
INPUT SIGNAL FREQUENY Itl.l-kHz 92CS-30266 

Fig. 8 - Typical switch ON frequency response 
characteristics. 



DYNAMIC ELECTRICAL CHARACTERISTICS at T A· mOc 

CONDITIONS LIMITS 
CHARACTERISTIC 

tis RL Vis· VDD 
kHz kn (V) (V) Min. Typ. Mix. 

CROSSPOINTS 

Propagation Delay Time, (Switch ON) 5 5 - 30 60 
Signal Input to Output, tpHL, tpLH - 10 10 10 - 15 30 

15 15 - 10 20 

CL = 50pF;tr,tf=20ns 

Frequency Response, 1 1 5 10 - 40 -
(Any Switch ON) Sine wave input, 

Vos 
20 log -- = -3 dB 

Vis 

1 1 2.5 5 - 1 -
Sine Wave Response, (Distortion 1 1 5 10 - 0.25 -

1 1 7.5 15 - 0.15 -
Feedthrough 1.6 0.6 2· 10 - -96 -

All Switches OFF (See Fig. 24) Sine wave input 

Frequency·for Signal Crosstalk - 0.6 1· 10 
Attenuation of 40 dB - 2.5 -
Attenuation of 95 dB (See Fig. 23) Sine wave input 0.1 

Capacitance, 
Xn to Ground - - - - 25 -
Y n to Ground - - - - 60 -

Feedthrough - - - - 0.6 -

CONTROLS See 
Fig. 

Propagation Delay Time, High Impedance RL-l kn, 5 - 500 1000 
to High Level or Low Level, tpZf+ tpZL CL = 50 pF, 10 - 230 460 

Strobe to Output, CD221 01 tp tf = 20 ns 16 15 - 170 340 

5 - 515 1000 
Data-In to Output, CD22101 17 10 - 220 440 

15 - 170 340 

5 - 500 1000 
Ka to Output, CD22102 10 - 215 430 

15 - 160 320 

5 - 480 960 
Address to Output, 18 10 - 225 450 

CD22101, CD22102 15 - 155 300 

Propagation Delay Time, High Level or 5 - 450 gOO 
Low Level to High Impedance, tPHz, tpLZ 10 - 200 400 

Strobe to Output, CD22101 16 15 - 135 270 

5 - 450 900 
Kb to Output, CD22102 10 - 200 400 

15 - 130 260 

5 - 450 900 
Data·ln to Output, CD22101 10 - 165 330 

15 - 110 220 

5 - 280 560 
Ka'Kb to Output, CD22102 10 - 130 260 

15 - 90 180 

• Peak-to-peak voltage symmetrical about VOO unless otherwise specified. • RMS 

2 

UNITS 

ns 

MHz 

% 

dB 

MHz 
kHz 

pF 

ns 
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-140 AMBIENT TEMPEAATURE(TA 1-2:5-C 
SOURCE RESISTANCE1Rsl-600n 

-120 LOAD RESISTANCE (RLI'600n 
~ INPUT SIGNAL{Vi." I Y RMS 

-20r---------j------j---t---t---i 

0.1 10 
INPUT SIGNAL FREQUENCY(lisJ -.Hz I 92CS-31631 

Fig. 9 - Typical crosstalk between switches as 8 

function of signal frequency. 

-140 AMBIENT TEMPERATUREITA'.Z5"C 
SOURCE RESISTANCE IRS) 0 soo n 

-120 LOAD RESISTANCE (RLI.· 600 n 
m 

I:::=::--- I I 1-100 

€I; ~ ~~7.!5V.-7.5V. 3VRMS 
+5 V,-5 V. 2 V RiotS 

l!)-SO 

~ 9 
0 ~ 
~-60 

VOD ·+2.~ V. VSS.-2.5 V ~ Vis"'IV RiotS ~-40 
~ ~ ..... -20 

0.1 10 10 2 104 
INPUT SIGNAL FREQUENCY (fi.l-kHZ 

Fig. 10 - Typical f.edthrough, any OFF switch as 
a function of frequency. 

.'0"1 AMBIE,.T TEMPERATURE ITA )-25-C •• • 4 
I , 
0 ·11 _~~~ If !: 104 
w • 

~~ ~ · U 
4 

~ .. ,~~-if , 
~" ~ '1 ~ ler8 .§J" "" 

~ · ~ 4 
~ 1..& V 1 ! , 

~ Icr8 

__ C .. -SOpF 

-- C .. -15 pF 
o • 

15 · / / 
~ 10' 

2 4 88 , .. . , ... 2 4 68 2 4 8' 
0.1 1 10 102 103 104 

SWITCH I,.; FREQUENCY ".l-kHz 92C8-30268 

Fig. 11 -. Typical dynamic power diSSipation as a 
function of switching frequency for 
CD22101. 

0 23 
Vss 22 

21 
20 

" 7 18 
8 17 

• I • 
10 15 

" " 12 13 

=vss 

92CS-31627 

Fig. 12 - Quiescent current test circuit. 
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DYNAMIC ELECTRICAL CHARACTERISTICS at TA = mOc leont'd) 
VDO 

CONDITIONS LIMITS 
CHARACTERISTIC 

Vis- VDD 
UNln 
~ o 

Vss 
NOTE: fj'l RL 

kHz leO IV) IV) Min. Typ. Mix. MEASURE INPUTS 
SEQUENTIALLY TO 
80TH VDD AND "Is 
CONNECT AU. UNUSED 
INPUTS TO EITHER 
VDD OR Vss 

CONTROLS leont'd) ~:. 

Address to Output, RL =1 k, 18 
CD22101, CD22102 CL =50pF, 

Minimum Strobe Pulse Width tw tr,tf= 20 ns 

CD22101 

Address to Strobe Setup or Hold Tomes, 
tsu, th' CD22101 19 

Strobe to Data-In Hold Time, 

Time, thHL; thLH, CD22101 20 

Address to Ka and Kt, Setup or Hold limes, 

tsu, tH' CD22102 

Minimum Ka'Kb Pulse Width, tw 
CD22102 

Minimum Ka Pulse Width, tw 
CD22102 

Minimum Kb Pulse Width, tw 
CD22102 

Control Crosstalk, 100 110 
Data-In, Address, or Strobe Square wave 21 
to Output, input = 5 V, 

tptf=20 ns, 
Rs=lkil 

Input Capacitance, CIN Any Control 
Input 

VDD 

Vss 

Fig. 15 - OFF switch input Dr output leakage 
current test circuit (16 of 32 
switches). 
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5 -
10 -
15 -
5 -

10 -
15 -
5 -

10 -
15 -
5 -

10 -
15 -
5 -

10 -
15 -

5 -
10 -
15 -
5 -

10 -
15 -
5 -

10 -
15 -
5 -

- -

425 850 
190 380 
130 260 

260 500 
120 240 
80 160 

-160 0 
-70 0 
-50 0 

200 400 
80 160 
60 120 

-160 0 
-70 0 
-50 o· 
375 750 
160 320 
110 220 

425 850 
175 350 
120 240 

200 400 
90 180 
70 140 

75 -

5 7.5 

ns 

mv 
(peak) 

pF 

Fig. 13 - Input current test circuit. 

NOTE: 

01 
02 
O. 
04 

04 

500 p.F 

2. 

Vss _ 2 K 

CLOSE SWITCH S AFTER APPLYING VDD 
92CS-311S4 

Fig. 14 - Dynamic powsr dissipation tSlt circuit 
for CD22101. 

Vi. ~O: v .. v,. 

lOkI! 50 pF 

v •• 

= 
SW. ANY CROSSPOINT 
STROBE' DATA-IN ,VDD 

92CS-30275 

Fig. 16 - Propagation delay time test circuit and wsve­
forms 'signa/Input to signal output. 
.witch ON). 
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STROBE 

DATA-IN 

SW • ANY CROSSPOINT 

_ -1 CZH 
~IO%~ 

92CM-30274 

Fig. 17 - Propagation delay time test circuit and waveforms (strobe to signal 
output. switch Turn-ON or Turn-OFF), 

DATA IN 

~ Vis SW VOl 

Ikll ~OpF 

SW-ANY CROSSPOINT _ 
STROBE'VDD - 92CM-3027S 

Fig. 18 - Propagation delay time test circuit and waveforms (data-in to signal output, 
switch Turn-ON to high or low level). 

ADDRESS-O 

SW-ANY CROSSPOINT 
STROBE; Voe 

ADDRESS'" 

Fig. 19 - Propagation delay time test circuit and waveforms (address to signal output, 
switch turn-ON or Turn-OFF). 

~~ ~ 
ADDRESS 

~ 
OUTPUT OF SWITCH - - - - --­
ADDRESSED 

NOTE: 
IF SETUP AND HOLD TIMES PROVIDED ARE TOO SHORT 
AN UNADDRESSED SWITCH MAY BE TURNED ON OR OFF 
SIMULTANEOUSLY WITH THE ADDRESSED SWITCH· 

92CS-31634 

Fig. 20 - Address to strobe setup and hold times. 

DATA-IN~ r­
~'rthLH ~~ t-thLH 

STROBE 

t:1 f'S IIl-S 1 ILS 

~ 
NOT~:ET ALL SWITCHES TO OFF INITIALLY. APPLY VDD 

TO ALL X INPUTS AND RETURN A~ ! OUTPUTS 10 
Vss THROUGH IK.ADDRESS XI'f'2 (ABCD) WITH fiN-10kHz 

92CS-31635 

Fig. 21 - Strobe to Data·ln hold time th' for CD22101. 
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CONTROLS 

XIN)- ~ - -YIN) 

~ 
~ -::;:' 

SW -ANY CROSSPOINT 
V 75m~-I' .s -+--/ ..... -Jr--+--

92CM-30277RI 

Fig. 22 - Test circuit and WBlleforms for crosstalk (control input to signal output), 
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ON 

Vi·6~ 60011 rBFoFF 00n1'---' 1 sw v •• 

&oon 60011 

"'=' -=-
SW-ANY CROSSPOINT 92CS ... 31&!57 

Fig. 23 - Test circuit for cfontslk between switch 
circuits in the lame package. 

92C5-31659 

Dimensions and pad layout for CD22101H. 

Dimensions in parentheses are in millimeters 
and are derived from the basic inch dimensions 
as indicated. Grid graduations are in mils (10-3 
inch). 

600n 

"::' - V 

ISOLATION (dB)- 20 LOG v~: 

92CS- 31eS8 

Fig. 24 - Test circuit far feedthraugh 
(any OFF .witch). 

Dimensions and pad layout for CD22102H. 

The photographs and dimensions of each CMOS 
chip represent a chip when It is part of the wafer. 
When the wafer is separated into Individual 
chips, the angle of cleavage may vary with 
respect to the chip face for different chips. The 
actual dimensions of the Isolated chip, therefore, 
may differ slightly from the nominal dimensions 
shown. The user should consider a tolerance of 
-3 mils to +16 mils applicable to the nominal 
dimensions shown. 



Preliminary Data 

CMOS HDB3 (High Density Bipolar 3) 
Transcoder for 2.048/8.448 Mb/s 
Transmission Applications 

CD22103 Types 

NRZ-IN I. 16 vOO 
CTX 2 15 +HOB3 OUT 

HDB3/AMI 3 14 HOB3 OUT 

Features: 
NRZ-OUT 4 13 HOB3 IN 

CRX 5 12 LTE 
RAIS 6 II + HOB3 IN 

• HDB3 coding and decoding for data rates from 50 Kb/s to 10 Mb/s in a 
manner consistent with CCITT G703 recommendations. 

AIS 
VSS 

7 
B 

10 CKR 
9 ERR 

• HDB3/AMI transmission coding/reception decoding with code error 
detection is performed in independent coder and decoder sections. 

TOP 
VIEW 

• All transmitter and receiver inputs/outputs are TTL compatible. 92CS-3399QRf 

• Internal Loop Test capability. 

The RCA C022103 is an LSI 50S integrated circuit which 
performs the HOB3 transmission coding and reception 
decoding functions with error detection. It is used in 2.048 
and 8.448 Mb/s transmission applications. The C022103 
performs HOB3 coding and decoding fordata rates from 50 
Kb/s to 10 Mb/s in a manner consistent with CCITT G703 
recommendations. 

HOB3 transmission coding/reception decoding with code 
error detection is performed in independent code and 
decoder sections. All transmitter and receiver inputs/outputs 
are TTL compatible. 

Terminal Assignment 

The HOB3 transmitter coder codes are NRZ binary unipolar 
input signal (NRZ-In) and a synchronous transmission 
clock (CTX) into two HOB3 binary unipolar RZ output 
signals (+HOB3 OUT, -HOB3 OUT). The TTL compatible 
output signals +HOB3 OUT, -HOB3 OUT are externally 
mixed to generate ternary bipolar HOB3 signals for driving 
transmission lines. 

HOB3 reception decoding is performed on ternary bipolar II 
HB03 signals which have been externally split to provide 
binary unipolar receiver input Signals, (+HOB3 IN, -HOB3 
IN), and a synchronous receiver clock signal, (CRX) into 
binary unipolar NRZ Signals (NRZ - Out). 

HDB3/AMI---_---------, 

CTX 

NRZ-IN 

LTE -----. 

CKR 

OUT 

OUT 

+ HOB3 IN ----.r--<1',> 
07"+---' 

---J--.:;>t--~1~~~~~~~ 1---- NRZ - OUT 
-HOB3 IN 

CRX---------_~ 

ERR 

AIS 
RAIS ------------+\ 

92CS- 33991RI 

Fig. 1 - Block diagram of the CD22103. 
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Received signals not consistent with HDB3 coding rules are 
detected as errors. The receiver error output (ERR) Is active 
high during one CRX period of each bit of received data 
which is inconsistent with HDB3 coding rules. 

An input string consisting of all ones (or marks) is detected 
and signaled by a high level at the Alarm Signal (AIS) 
output. The AIS output is set to ahigh level when less than 
three zeros are received during two consecutive periods of 
the Reset Alarm Inhibit Signal (RAIS). The AIS output is 
subsequently reset to a low level when three or more zeros 
are received during two periods of the reset signal (RAIS). 

A diagnostic Loop-Test Mode may be entered by driving the 
Loop Test Enable Input (L TE) high. In this mode the HDB3 
transmitter outputs (+HDB3 OUT, -HDB3 OUT) are 
internally connected to the HDB3 receiver inputs, and the 
external HDB3 receiving inputs (+HDB3 IN, -HDB3 IN) are 
disabled. The NRZ binary output signal (NRZ - Out) 
corresponds to the NRZ binary input signal (NRZ - In) 
delayed by approximately 8 clock periods. 

MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPLY-VOLTAGE RANGE, (VOO) 

The Clock Receiver Output (CKR) is the product of the two 
HDB3 input signals or-ed together. The CRX clock signal 
may be derived from the CKR signal with external clock 
extraction circuitry. In the Loop Test Mode (L TE = 1) CKR is 
the product of the +HDB3 OUT and -HDB3 OUT signals 
or-ed together. 

The CD22103 may also be used to perform the AMI to NRZ 
coding/decoding function. To use the CD22103 in this 
mode, the HDB3/AMT control input is driven low. 

The RCA CD221 03 operates with a 5 V power supply voltage 
over the full military temperature range at data rates from 50 
Kb/s up to 10 Mb/s. 

The RCA CD22103 is similar in function and pin 
configuration to type MJ1471. 

The CD22103 types are supplied in 16-lead hermetic dual­
in-line ceramic packages (0 suffix), 16-lead dual-in-line 
plastic packages (E suffix), and in chip form (H suffix). 

(Voltages referenced to Vss Terminal) ................................................................................. -0.5 to + 8 V 
INPUT VOLTAGE RANGE, ALL INPUTS ...........•.......................................•..................... -0.5 to Voo + 0.5 V 
DC INPUT CURRENT, ANY ONE INPUT .................................................................................. ± 10 mA 
POWER DISSIPATION PER PACKAGE (PO) 

For TA = -40 to + 60° C (PACKAGE TYPE E) .............................................................................. 500 mW 
ForTA = + 60 to +85°C (PACKAGE TYPE E) ................................................ Derate Linearly at 12 mW/oC to 200 mW 
For TA = -55 to + 100° C (PACKAGE TYPE D) ............................................................................. 500 mW 
For TA = + 100 to + 125° C (pACKAGE TYPE D) ............................................. Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ................................................... 100 mW 

OPERATING-TEMPERATURE RANGE (TA) 
PACKAGE TYPES 0, H ........................................................................................... -55 to + 125° C 
PACKAGE TYPE E .............................................................................................•.. -40 to + 85° C 

STORAGE TEMPERATURE RANGE (Tstg) ........................................................................... -65 to + 150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10 s max ...................................................... + 265°C 

RECOMMENDED OPERATING CONDITIONS 
For maximum reliability, nominal operating conditions should be selected so that operating Is always within the 
following ranges: 

LIMITS 

CHARACTERISTIC Min. Max. UNITS 

DC Supply Voltage Range 4.5 5.5 V 
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STATIC ELECTRICAL CHARACTERISTICS 

CHARACTERISTIC 

Quiescent Device Current 

Operating Device Current fCl = 10 MHz 

HDe3 Output Low (Sink) Current (VOL = 0.5 V) 

HDe3 Output High (Source) Current (VOH = 2.8 V) 

All Other Outputs Low (Sink) Current (VOL = 0.5 V) 

All Other Outputs High (Source) Current (VOH = 2.8 V) 

Input Low Current 

Input High Current 

Input Low Voltage (Max.) 

Input High Voltage (Min.) 

Input Capacitance 

DYNAMIC ELECTRICAL CHARACTERISTICS 
at TA range of -400 C to 85° C for plastic package 

-55° C to 125°C for ceramic package 
Voo range of 4.5 V to 5.5 V 
Cl= 15 pF 

CHARACTERISTIC 

INPUT 

CTX, CRX Input Frequency 

CTX, CRX Input Rise Time' 

Fall Time' 

NRZ-IN to CTX 

Data Setup Time' 

Data Hold Time' 

HDe3 IN to CRX 

Data Setup Time § 

Data Hold Time' 

CRX to CKR 
CRX = 8.448 MHz 

Pretrigger ° 

Delay 

• See Fig. 4 § See Fig. 5 ° See Fig. 6 

SYMBOL 

100 

IOl1 

IOH1 

IOl2 

IOH2 

III 

IIH 

Vil 

VIH 

CIN 

SYMBOL 

fCTX, fCRx 

trcl 

tlcl 

ts 

tH 

ts 

tH 

tp 

td 

CD22103 Types 

LIMITS 

Min. Typ. Max. UNITS 

- - 100 pA 

- - 8 

1.6 - -
-10 - - mA 

1.6 - -
-1.6 - -
- - -1 

1 
pA 

- -
- - 0.8 

V 
2 - -
- - 5 pF 

II 
LIMITS 

Min. Typ. Max. UNITS 

.05 - 10 MHz 

- - 1 ps 

- - 1 ps 

- - 15 ns 

- - 15 ns 

- - 55 ns 

- - 0 ns 

- - 20 ns 

- - 20 ns 
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CD22103 Types 
DYNAMIC ELECTRICAL CHARACTERISTICS 

at TA range of -400 C to 850 C for plastic package 
-550 G to 1250 C for ceram ic package 

Voo range of 4.5 V to 5.5 V 
CL=15pF 

CHARACTERISTIC 

OUTPUT 

Transmitter Coder 

CTX to HDB3 QUT: 

Data Propagation Delay Tim'3 • 

Handling Delay Time 

HDB3 OUT Output Pulse Width· 

(Clock duty cycle = 50%) 

fCL = 2.048 MHz 

fCL = 8.448 MHz 

Receiver Decoder 

CRX to NRZ OUT: 

Data Propagation Delay Times § 

Handling Delay Time # 

HDB3 IN to CKR 

HDB3 Propagation Delay Time t 
LTE = 0 

LTE = 1 

§ See Fig. 5 • See Fig. 4 t See Fig. 2 

TRANSCODER OPERATION 
Transmitter Coder (See Fig. 2) 

The HDB3/AMI transmitter coder operates on 4 bit serial 
strings of NRZ binary data and a synchronous transmitter 
clock (CTX). NRZ binary data is serially clocked into the 
transmitter on the negative transition of the (CTX) clock. 

CTX 

NRZ-IN 

LIMITS 

SYMBOL Min. Typ. Max. UNITS 

too - - 90 ns 

tHO - 4 - clock period 

tw 238 - 260 ns 

tw 53 - 65 ns 

too - - 90 ns 

tHO - 4 - clock period 

tiN CKR - - 65 ns 

- - 30 ns 

# See Fig. 3 

HDB3/AMI coding is performed on the 4 bit string, and 
HDB3/ AMI binary output data is clocked out to the (+ HDB3 
OUT. -HDB3 OUT) outputs on the positive transition of the 
transmitter clock (CTX) 4 clock puises after the data 
appeared at the (NRZ-In) input. 

+HDB3 OUT {Jl _________ fl-Jl 
HDB3 
CODED 

-HDB3 OUT ___ --'n ... ____ fl-Jl _______ _ 

652 

EXTERNALLY GENERATED 
TERNERY HDB3 

+HDB3 OUT {JlL...-_______ --In'--_____ _ 
AMI 

COOED 
-HDB3 OUT ____ .... n ... ______ ... n .. ____ _ 

EXTERNALLY GENERATED 
AMI 

Fig. 2 - Transmitter coder operation timing waveforms - NRZ to HDB3IAMI coding. 
92CS-33992 



CD22103 Types 
Receiver Decoder (See Fig. 3) 

The HOB3/AMI receiver decoder operates on 4 bit serial 
strings of binary coded HOB3/AMI signals, and a 
synchronous receiver clock (CRX), HOB3/ AMI binary data 
is serially clocked into the receiver on the positive transition 

of the (CRX) clock. HOB3/AMI decoding is performed on 
the 4 bit string, and NRZ binary output data is clocked out to 
the (NRZ-OUT) output on the positive transition of the 
receiver clock (CRX) 4 clock pulses after the data appeared 
at the (+ HOB3 IN, -HOB3 IN) inputs. 

HOB3 RECEIVED 
SIGNAL 

+HOB3IN { 
EXTERNALLY 

SPLIT -HOB3IN ___ .....JnL ____ I""LJl'--______ _ 

CKR 

CRX EXTERNALLY 
GENERATED 

NRZ-OUT 

92CS-33989 

Fig. 3 - Receiver decoder operation timing waveforms - HDB3 to NRZ decoding. 

jr'''' ~"r-::-lr-----1 
CTX t d ~L liS r------u------ tH f . 

NRZ-IN _______ J T _ f L_ 
toot 

--L-----".I 
92CS- 33993RI 

Fig. 4 - Transmitter coder timing waveforms. 

r--lr--+-T""" ..... , 
+HOB3IN ---""--'1 
-HOB3 IN 

CKR----.J 

r,:too 

NRZ-OUT ______ ..Jf t'---_ 
92CS-33994RI 

Fig. 5 - Receiver decoder timing waveforms. 
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CD22103 Types 

CKR 

CRX ---........ 't'-''''"1..1.l1 

92CS-36666 

Fig. 6 - CRX Reconstruction Requirements. 

CRX 

+HOB3 IN 

-HOB3 IN ____ ... nL. ______________________ _ 

ERR _____________ ~ 

92CS- 33995 

Fig. 7 - Receiver error-signals timing waveforms. 

Definition of HDB3 Code Used In CD22103 HDB3 Transcoder (As Per CCITT G703 Annex 
Recommendations) and Error Detection 

Coding of a binary, signal into an HOB3 signal is done 
according to the following rules: 
1. HOB3 signal is pseudoternary; the three states are 

denoted B+, B-, and O. 

2. Spaces In the binary signal are coded as spaces in the 
HOB3 signal. For strings offour spaces, however, special 
rules apply (See Item 4 below). 

3. Marks in the binary signal are coded alternately as B+ 
and B-in the HOB3 signal (alternate mark inversion). 
Violations of the rule of alternate mark inversion are 
introduced when coding strings offourspaces (See Item 
4 below). 

4. Strings of four spaces in the binary signal are coded 
according to the following rules: 
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A) The lirst space of a string is coded as a space if the 
polarity of the preceding mark of the HOB3 signal has 
a polarity opposite to the preceding violation and is 
not a violation by itself; it is coded as a mark, i.e., not a 
violation (i.e., B+ or B-), if the preceding mark of the 
HOB3 signal has the same polarity as that of the 
preceding violation or is by itself a violation. 

This rule ensures that successive violations are of 
alternate polarity so that no dc component is 
introduced. 

B) The second and third spaces of a string are always 
coded as spaces. 

C) The last space of a string of four is always coded as a 
mark, the polarity of which is such that it violates the 
rule of alternate mark inversion. Such violations are 
denoted V+ or V- according to their polarity. 

The C0221 03 is designed to code and decode HOB3 signals 
which are coded as binary digital signals (NRZ-In) and (+ 
HOB3 IN, -HOB3 IN), accompanied by sampling clocks 
(CTX) and (CRX). The two binary coded HOB3 outputs, (+ 
HOB3 OUT, -HOB3 OUT) may be externally mixed to create 
the ternary HOB3 signals (See Fig. 2). 

The two binary HOB3 input signals have been split from the 
input ternary HOB3 in an external line receiver. 

Error Detection 

Received HOB3/AMI binary input signals are checked for 
coding violations, and an error signal (ERR) is generated as 
described below. 

HDB3 Signals HDB3/AMI = High 

The error signal (ERR) is flagged high for one CTX period if 
a violation pulse (±V) is received of the same polarity as the 
last received violation pulse. 

A violation pulse (±V) is considered a reception error and 
does not cause replacement of the last string of 4 bits to 
zeros, if: 

The received 4 data bits previous to reception of the 
violation pulse have not been the sequence BXOO (where X = 
don't care). The error signal (ERR) remains low. 

NOTES: 

The data sequences BOOOV and BBOOV are valid HOB3 
codings of the NRZ binary sequence 10000. 

The error signal (ERR) count, is the accurate number of all 
single bit errors. 



AMI Signall HDB3/AMI. = Low 
A coding error (ERR) Is signaled when a violation pulse (+V) 
Is received. 

In either the HDB3 or AMI mode: 
When high levels appear simultaneously on both HDB3 
inputs (+ HDB3 IN. -HDB3 IN) a logical one Is assumed In 
the HDB31 AMI Input stream and the error signal (ERR) goes 
high. 

CD22103 Types 

Alarm Inhibit Signal 

The alarm output (AIS) Is set high if in two successive 
periods of the external Reset Alarm Signal. (RAIS). less 
than three zeros are received. 

The alarm output (AIS) Is reset low when three or more 
zeros are received during two reset alarm signal periods. 
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CD22104, CD22104A Preliminary Data 

CMOS Four-Digit LCD 
Decoder-Drivers 
6-V Rating 
Features Applications 
• 6-V supply-voltage rating • Digital meters and calculators 
• No external components necessary • General-purpose displays 
• 4-digit segment drive capability • Wall and table clocks 
• Backplane input/output allows 

synchronization for cascading 
devices to drive more digits 

• Automobile dashboard displays 
• Appliance control panels 

• Decodes multiplexed binary to 
hexadecimal (CD22104) and decimal 
(CD22104A) outputs 

The RCA-CD22104 types are non-multiplexed, four-digit, 
seven-segment, liquid-crystal display decoder-drivers. 

The CD22104 types contain all the circuitry necessary to 
drive conventional LCD displays (no external components 
required). Outputs are four sets of seven-segment driver 
signals and a backplane driver signal. The backplane 
Signal, derived from an on-board free-running oscillator, is 
common to all four-digit displays. 

The backplane and segment drives are designed so that p 
and n channels have the same ON resistances and thus 
equal rise and fall times. This equality eliminates any DC 
component, thereby maximizing display life. In addition to 
feeding the internal display drivers, the backplane signal 
can also be used as a master to drive a number of slave 
devices. The number of slaved devices should be limited to 
the load that keeps the backplane rise and fall times from 
exceeding 5/ls. If this limit is to be exceeded, the master 
backplane drivers should be disabled (by connecting pin 
36, the oscillator input, to Vss) and pin 5 should be fed from 
an external oscillator and all devices slaved to it. The 
maximum frequency of the external signal should be 125 
Hz at room temperatures. 

The on-board oscillator, which operates at 16 kHz when 
free-running (pin 36 floating), provides a backplane Signal 
whose frequency is approximately 125 Hz. This frequency 
can be reduced by connecting an external capaCitor to pin 
36. Plots of backplane frequency vs. supply voltage at 
various values of external capacitance are shown in Fig. 3. 
The oscillator may be overdriven by an external signal but 
care must betaken to keep the lower voltage level above Vss 
by at least 20 per cent of Voo (for Voo=5 V the signal should 
oscillate between +1 and +5 volts). This precaution prevents 
the backplane driver from being disabled, a condition that 
would present a DC component to the LCD display. A signal 
swinging from rail-to-rail can also be used to overdrive the 
oscillator but in this case the duty cycle should be such that 
the lower portion of the signal must be less than one­
microsecond duration (the backplane disable sensing circuit 
will not respond to Signals of this duration). 
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"E" Suffix 

There are four data inputs and four digit-select inputs. The 
four-bit binary input is decoded by means of a PROM into 
seven-segment hexadecimal outputs for the CD22104 and 
into decimal seven-segment display outputs for the 
CD22104A. These devices are pin-compatible with the 
IntersillCM72111PL and ICM7211AIPL, respectively. 

The CD22104 types are supplied in the 40-lead dual-in-line 
plastiC (E suffix) package. 

39 BI SEGMENT 
40 ~:} 01 

;~ AI OUTPUTS 

36 OSCILLATOR INPUT 

;~ D4}VSS 
33 03 DIGIT 

2 SELECT 
32 01 INPUTS 

;6 Bn 29 82 DATA 
28 BI INPUTS 

~~ :} 
25 E: 04 
24 SEGMENT 23: OUTPUTS 

~~ B4 

TOP VIEW 

9ZCS-32933RI 

CD221 04, CD22104A 
Terminal Assignment 



CD22104, CD22104A 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE. (Voo) 

(Voltages referenced to Vss Terminal) ..................•... , ........................... , ••••.••...........•......... -0.3 to +6.5 V 
INRUT VOLTAGE RANGE. ALL INPUTS ..........................................................••..•......•••.. -0.3 to Voo +0.3 V 
DC INPUT CURRENT. ANY ONE INPUT" .................•................................••..••..........•..........•.... ±10 mA 
POWER DISSIPATION PER PACKAGE (Po): 

For T 0=-20 to +60· C .....................................................................................•.......•••••.. 500 mW 
For TA=+60 to +70· C .......•................................................•............. Derate Linearly at 12 mW/· C to 380 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
FOR To=FULL PACKAGE-TEMPERATURE RANGE ..................................................•..•................. 100 mW 

OPERATING-TEMPERATURE RANGE (To): ................•............................•............................. -20 to +70·C 
STORAGE TEMPERATURE RANGE (Til.) ..........................................•...............••..•••.......•.•• -55 to +125·C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max. . .................•.................................. +265·C 

'Pin 36 limited to ±5 mAo 

STATIC ELECTRICAL CHARACTERISTICS 
T.=25°C, Voo=5 V, Vss=O V 

CHARACTERISTIC 

Operating Supply Voltage Range 
Operating Current 
Oscillator Input Current 
Segment Rise and Fall Time 
Backplane Rise and Fall Time 
Oscillator Frequency 
Backplane Frequency 
Input High Voltage 
Input Low Voltage 
Input Leakage Current 
Input Capacitance 
Backplane Input Leakage 
Backplane Input Capacitance 

SYMBOL 

Voo 
-lop 

IOL.loH 

t r" tfs 

trB. tlB 
tose 
tBP 

V'H 
V'L 
I'L 
C, 

I'LIBP' 
C"BP' 

DYNAMIC ELECTRICAL CHARACTERISTICS 
T.=25°C, Voo=5 V, Vss=O V 

CHARACTERISTIC 

Digit-Select Active Pulse Width 

Data Setup Time 

Data Hold Time 

Inter-Digit Select Time 

CONDITIONS 
MIN. 

Vss - 0 V 3 
Display Operating -

Pin 36 -
CL = 200 pF -

CL = 5000 pF -
Pin 36 Floating -
Pin 36 Floating -

3.S 
-

Pins 27-34 -
Pins 27-34 -

Pin 5 with Pin 36 @ Vss -
-

SYMBOL CONDITIONS 

ta• See Timing Diagram 

tds See Timing Diagram 

tdh See Timing Diagram 

t'ds See Timing Diagram 

LIMITS 
UNITS 

TYP. MAX. 
S 6 V 
10 SO f.lA 
±2 ±10 f.lA 
0.5 - f.IS 
1.5 - f.IS 
16 - kHz 

125 - Hz 
- - V 
- 1.S V 

±0.01 ±1 f.lA 
S - pF 

±0.01 ±1 f.lA 
200 - pF 

TYP. UNITS 
VALUES 

0.5 f.IS 

2S0 ns 

100 ns 

1 f.IS 
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CD22104, CD22104A 

r DATA 
*l'NPUTS 

JSE~~+ 1 INPUTS 

[OSCILLATOR 
*\ INPUT 

27 
28 
29 
30 

34 
33 
32 
31 

36 

BO 
BI 
B2 
B3 

04 
03 
02 
01 

l 

04 . 
SEGMENT 
OUTPUTS 

2021 2223 242625 

A4 B4C4 D4E4F4 

~ 
7 

WIDE 
DRIVER 

I 7 WIDE,LATCH 

SEG~ENT 
OUTPUTS 

1314 1516 17 19 18 

A B3 C3 D3E3 F3G3 

n 
.7 

WIDE 
DRIIIE~ 

~NB 7 WIDE LATCH 

I 

I 

PROGRAMMABLE I 
ROM 

4-TO.7 
DECODER 

OSCILLATOR 
16 kHz I FREE RUNNING 

I ENABLE I 
I DETECTOR I 

'~ 

~NB 

6 7 

A2B2 

02 
. SEGMENT 

OUTPUTS 

8 9 10 12 

C2D2 E2F2 

7 
WIDE 

, DRIVER 

II 

G2 

7 WIDE LATCH 

';'1281 

01 
SEGMENT 
OUTPUTS 

3738 3940 2 4 3 

AI BI CI DI EI FI GI 

~I 
7 

WIDE 
DRillER 

p.NB 7 WIDE LATCH 

I 

I BACKPLANE 

I DRillER 

IENB 

'b 'b35 
1100 IISS 

~ 
ENB 

1100 g 
* 

"SS 

5 

IN PUT 
OTECTION 
TWORK 

PR 
NE 

BAC * KPLANE 
INP UT/OUTPUT 

92CL~3304 8., 

Fig. 1 - Block diagram of CD22104 and CD22104A. 
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suPPLY VOLTAGE tvDoI-V 
tICS-3S •• ' 

Fig. 2 - Typical operating current as a function 
of supply voltage. 

! 
11!50 

:; 
-125 
1; 
z 
~IOO 

o 

lOOpf 

2Z0 pF 

3 4 5 6 7 8 
SUPPLY VOLTAGE (VoJ- v IZCI-H4fO 

Fig. 3 - Typical backplane frequency as a 
function of supply voltage and 
external capacitance on pin 36. 



DIGIT SELECT 
On 

On-I 

DATA VAll 0 

CD22104, CD22104A 

~ ~ DON'T CARE 
92CM-36473 

l 

Fig. 4 - CD22104, CD22104A timing diagram. 
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,. 
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I 
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- 6 

- 7 

- 8 
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'" - 13 '" 0 

- 14 u 
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- 16 

- 17 

- 16 
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20 
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39- ....E..!..-
38-

37-
36- OSC 

35- GNO *-M} 33- 03 DIGIT 
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31- 01 
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92CM-36468 

Fig. 5 - Test circuit. 
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Table I - Output Codes DIGIT SELECTION TRUTH TABLE 

Binary Input 
B3 B2 B1 BO 

0 0 0 0 

0 0 0 , 
0 0 , 0 

0 0 , 1 

0 1 0 0 

0 1 0 , 
0 1 1 0 

0 1 1 1 , 0 0 0 , 0 0 1 

1 0 1 0 , 0 , 1 

1 1 0 0 , 1 0 1 , , , 0 

1 , 1 1 

Display 

Hexadecimal Decimal Pins 
Digit Selected 

CD22104 CD22104A 31 32 33 34 
,-, 
L' , , 
,? 
:' -' 
'-,' 
c 
J ,-.=. , , 
::: 
oJ 
-' 
'J 

" b 
-: 
0 ,-
': ,-,-

,-, 
'-' 

1 0 0 0 01 (LSD) 
, , 0 1 0 0 02 

,? 0 0 1 0 03 
:; 0 0 0 1 04 (MSDl 
'-: 
,-
J ,-,-, 
: 

::: 
0 
-' DISPLAY SEGMENTS 
-
'-'-
Ii 
'-
'J , 

'BLANKI 

92CS·33050 

OSCILLATOR 
FREQUENCY r-128 CYCLES---! 

'I-Ib 
"I Q Ie 

d 

92CS-31376 

BACKPLANE ---""1 1 I 
INPUT/OUTPUT L-

r64 CYCLES+64 CYCLES1 

--~ I 
OFF SEQMENTS L-

ON SEQMENTS 

92C$-36471 

Fig. 6 . Display waveforms. 



Preliminary Data CD22105, CD22105A 
CMOS Four-Digit LCD 
Decoder-Drivers 
6-V Rating 

Features Applications 
• 6-V supply-voltage rating 
• No external components necessary 

• Microprocessor-controlled digital 
meters and calculators 

~ ~~1892 
• 4-digit segment drive capability • General-purpose displays 
• Backplane input/output allows 

synchronization for cascading 
devices to drive more digits 

• Microprocessor-controlled auto­
motive dashboard displays 

• Direct microprocessor interface 
• Microprocessor appliance control 

panels 
• Decodes binary into hexadecimal 

(CD22105) and decimal (CD22105A) 
outputs 

The RCA-C022105 types are non-multiplexed, four-digit, 
seven-segment, liquid-crystal display decoder-drivers. 

The C022105 types contain all the circuitry necessary to 
drive conventional liquid-crystal displays (no external 
components required). Outputs are four sets of seven­
segment driver signals and a backplane driver signal. The 
backplane signal, derived from an on-board free-running 
oscillator, is common to all four-digit displays. 

The backplane and segment drives are designed so that p 
and n channels have the same ON resistances and thus 
equal rise and fall times. This equality eliminates any DC 
component, thereby maximizing display life. In addition to 
feeding the internal display drivers, the backplane signal 
can also be used as a master to drive a number of slave 
devices. The number of slaved devices should be limited to 
the load that keeps the backplane rise and fall times from 
exceeding 5 JJS. If this limit is to be exceeded, the master 
backplane drivers should be disabled (by connecting pin 
36, the oscillator input, to Vss) and pin 5 should be fed from 
an external oscillator and all devices slaved to it. The 
maximum frequency of the external signal should be 125 
Hz at room temperatures. 

The on-board oscillator, which operates at 16 kHz when 
free-running (pin 36 floating), provides a backplane signal 
whose frequency is approximately 125 Hz. This frequency 
can be reduced by connecting an external capacitor to pin 
36. Plots of backplane frequency vs. supply voltage at 
various values of external capacitance are shown in Fig. 3. 
The oscillator may be overdriven by an external signal but 
care must be taken to keep the lower voltage level above Vss 
by at least 20 per cent of Vee (for Vee=5 V the signal should 
oscillate between +1 and +5 volts). This precaution prevents 
the backplane driver from being disabled, a condition that 
would present a DC component to the LCD display. A signal 
swinging from rail-to-rail can also be used to overdrive the 
oscillator but in this case the duty cycle should be such that 
the lower portion of the signal must be less than one­
microsecond duration (the backplane disable sensing circuit 
will not respond to signals of this duration). 

"E" Suffix 

A four-bit data-input latch and a two-bit select-code latch 
under the control oftwo chip-select inputs permit interfacing 
with a microprocessor. This device simplifies designing a 
seven-segment display into a microprocessor system, 
without requiring extensive ROM or CPU time for decoding 
and display updating. The four-bit binary input is decoded 
by means of a PROM into a seven-segment hexadecimal 
output forthe C022105 type and into a decimal display for 
the C022105A type. These types are pin-compatible with 
the IntersillCM7211MIPLand ICM7211AMIPL, respectively. 

The C022105 types are supplied in the 40-lead dual-in-line 
plastic (E suffix) package. 

SEg~;:;~: ~ 
OUTPUTS 1. E 4 

BACKPLANE 5 
INPuT/OUTPUT1A2 6 

B2 7 

02 C2 8 
SEGMENT 02 9 
OUTPUTS E2 10 

G2 II 

OUTPUTS E3 
G3 17 

F3 :: 

04 
SEGMENT 
OUTPUTS 

SE~~ENTl~ ~ 
04 S~~~~~ L2;:;O~=;;,:....J 

92CS - 32932Rl 

CD22105, CD22105A 
Terminal Assignment 
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CD22105, CD22105A 
MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Vee) 

(Voltages referenced to Vss Terminal) ....•.........................•................•.......•...•.•.••••••.••..••••. -0.3 to +6.5 V 
INPUT VOLTAGE RANGE. ALL INPUTS ..•................................•.....•....................•••.•.....•• -0.3 to Vee +0.3 V 
DC INPUT CURRENT. ANY ONE INPUr .................................................................................. ±10 rnA 
POWER DISSIPATION PER PACKAGE (Pe): 

For T.=-20 to +60'C .................................................................................................... 500 mW 
For T.=+60 to +70'C ...................................................................... Derate Linearly at 12 mW/·C to 380 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 

FOR T.=FULL PACKAGE-TEMPERATURE RANGE ....................................................................... 100 mW 
OPERATING-TEMPERATURE RANGE (TA): ••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• -20 to +70·C 
STORAGE TEMPERATURE RANGE (Tot.) ....................................••......................•.•...........•. -55 to +1250C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.79 mm) from case for 10 s max. .. ................................................... +265·C 

'Pin 36 limited to ±5 rnA. 

STATIC ELECTRICAL CHARACTERISTICS 
T.=25°C, Veo=5 V, Vss=O V 

CHARACTERISTIC 

Operating Supply Voltage Range 
Operating Current 
Oscillator Input Current 
Segment Rise and Fall Time 
Backplane Rise and Fall Time 
Oscillator Frequency 
Backplane Frequency 
Input High Voltage 
Input Low Voltage 
Input Leakage Current 
Input Capacitance 
Backplane Input Leakage 
Backplane Input Capacitance 

SYMBOL 

Voo 
lop 

10L.loH 
tr., tf. 
trB. trB 
f05C 
tBP 
VrH 
V,L 
I,L 
C, 

I'L'BP' 
CUBPI 

DYNAMIC ELECTRICAL CHARACTERISTICS 
TA=25°C, Voo=5 V, Vss=O V 

CHARACTERISTIC 

Chip-Select Active Pulse Width 

Data Setup Time 

Data Hold Time 

Inter-Chip Select Time 
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CONDITIONS 
MIN. 

Vss - 0 V 3 
Display Operating -

Pin 36 -
CL = 200 pF -

CL = 5000 pF -
Pin 36 Floating -
Pin 36 Floating -

3.5 
-

Pins 27-34 -
Pins 27-34 -

Pin 5 with Pin 36 @ Vss -
-

SYMBOL CONDITIONS 

tela See Timing Diagram 

tdam See Timing Diagram 

tdhm See Timing Diagram 

t'ca See Timing Diagram 

LIMITS 
UNITS 

TYP. MAX. 
5 6 V 
10 50 pA 
±2 ±10 pA 
0.5 - ps 
1.5 - pS 

16 - kHz 
125 - Hz 
- - V 
- 1.5 V 

±0.01 ±1 pA 
5 - pF 

±0.Q1 ±1 pA 
200 - pF 

TYP. UNITS 
VALUES 

100 ns 

50 ns 

25 ns 

1 ps 
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Fig. 1 - Block diagram of CD22105 and CD22105A. 

SUPPLY VOLTAGE IVoo)-V 
92CS-3646' 

Fig. 2 - Typical operating current as a function 
of supply voltage. 

SUPPLY VOLTAGE 

Fig. 3 - Typical backplane frequency as a 
function of supply voltage and 
external capacitance on pin 36. 
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CD22105, CD22105A 
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Fig. 4 - OD22105, OD22105A timing diagram. 
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33r-- I SELECT 

321'"- 2} DIGIT SELECT 
311'"- I CODE LOGIC 

COUNTERS 
AND CONTROL 

CIRCUITS ~-1 29 r-- B2 DATA 
INPUTS 

}. 

FROM 

28 r-- BI 

27f-- 80 

26r--
25r--

24r-- 04 
23r--

22r--

21f-- .. 

92CM-H472 

Fig. 5 - rNt circuit. 



Table I - Output Code. 
Display 

Binary Input Hexadecimal Decimal 
B3 B2 B1 BO CD22105 CD22105A 

0 0 0 0 " :, 
I.' 

o 0 0 ~ I 
, 

0 0 1 0 ,? ,? 
0 0 1 1 j 3 
0 1 0 0 '-I '-I 
0 1 0 1 

,-
:i 

r 
J 

0 1 1 0 b ,-
<:I 

0 1 1 1 
, , , 

1 0 a 0 8 'j 
'J 

1 0 a 1 '~ 'j 

1 0 ~ 0 H -
1 0 1 1 b c 
1 1 0 0 

, H '-
1 1 0 1 <) '-
1 1 1 0 

,-
<: F' 

1 1 1 1 
,-,- IBLANK! 

92CS-33150 

DISPLAY SEGMENTS 

d 

92CS-S1376 

CD22105, CD22105A 
CHIP-SELECT TRUTH TABLE 

Pins 
Function 

33 34 

0 0 
New Inputs from IJP are 
written Into Input latches 

0 1 
Inpute from IJP are latched 
In Input latches, decoded, 

1 0 
and passed through 
selected (1 of 4) output 

1 1 
latch to update selected 
digit 

DIGIT SELECTION TRUTH TABLE 

PIns 
31 
1 
0 
1 
0 

OSCILLATOR 
FREQUENCY 

32 
1 
1 
0 
0 

DIgit Selected 

D1iLSD~ 
D2 
03 

04 (MSD) 

r--128 CYCLES---! 

BACKPLANE ----", , I 
INPUT/OUTPUT _ • L-

[--64 CYCLES+S4 CYCLES, 

--~ I OFF SEQMENTS L-

ON SEQMENTS 

92CS-36471 

Fig. 6 - Display wavaforms. 
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CD22301 Preliminary Data 
PCM Line Repeater 

Features: 
• Automatic line buiJdout 
• 5.1 V supply voltage 
• Buffered output 

Applications: 

• T1 1.544 Mbits/s bipolar carrier system 
• T148 2.37 Mbits/s ternary carrier system 

The RCA-CD22301 monolithic PCM repeater circuit is 
designed for T1 carrier systems operating with a bipolar 
pulse train of 1.544 Mbits/s. It can also be used in the T148 
carrier system operating with a ternary pulse train of 2.37 
Mbits/s. The circuit operates from a 5.1 V ± 5 % externally 
regulated supply. 

AlBO GROUNO " .sU8$TRATE 

" .... 0 BIAS 

ALBO 2 OUTPUT csc BIAS 

ALBO 3 OUTPUT lC TANK INPUT 

PREANP INPUT + Vee 

" CLOCK LIMITER OUTPUT 

PREANP OUTPUT+ " TIMING PULSE INPUT 

PREAMP OUTPUT- OUTPUT puLSE 1 

OUTPUT PULSE 2 

CD22301 

TERMINAL ASSIGNMENT 

The CD22301 provides active circuitry to perform all 
functions of signal equalization and amplification, automatic 
line buildout (ALBO), threshold detection, clock extraction, 
pulse timing, and buffered output formation. 

The CD22301 is supplied in an 18-lead dual-in-line plastic 
package (E suffix). 

,--11:--., ose 
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ALBO [ :>-+-----l 
OUTPUTS 

4}-t-----i 

PREAMP J 5 

INPUT l 

_.JVV'Ir_ TANK 

ALBO 

PREAMP{ 7 
OUTPUT }-t-------+--l 

Fig. 1 - Functional block diagram. 

Vee 
14 

1-------t-{13 

t-------t--{12 

PHASE 
SHIFT 

\\GLSE 
[PUT 

92CM-34927 

Vee 



CD22301 
MAXIMUM RATINGS, Absolute Maximum Values: 
At ambient temperature (TA) = 25°C 
DCSUPF!LY ••..••.•••.•..••••••••.•••.••.•.•...•••.•••.••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 10V 
DC CURRENT (Into Pin 9 or 10) ......................................................................................... 26 mA 
PEAK CURRENT (Into Pin 9 or 10) ..................................................................................... 100 mA 
INPUT SURGE VOLTAGE (Between Pins 5 and 6, t = 10 ms) ................................................................ 50 V 
OUTPUT SURGE VOLTAGE (Between Pins 10 and 11, t = 1 ms) ............................................................ 50 V 
POWER DISSIPATION PER PACKAGE (PO) 

For TA = -40 to +60·C .......... , .................................................................................... 500 mW 
For TA = +60·C to +85·C .............................................................. Derate linearly at 12 mW/·C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
ForTA = Full Package-Temperature Range ........................................................................... 100 mW 

OPERATING TEMPERATURE RANGE (TA) ..••.............••....•.•••.••..••.••••••..•.•....•.••••••.•••.••••••••• -40 to +86'0 
STORAGE TEMPERATURE (Tslg) ................................................................................ -65 to +150'0 
LEAD TEMPERATURE (DURING SOLDERING) 

At distance 1/16 ± 1/32 inch (1.59 ± 0.79 mm) from case for 10s max ................................................... +256'0 

STATIC ELECTRICAL CHARACTERISTICS 
TA = 25·C, Vcc = 5.1 V ± 5% (See Fig. 2) 

CHARACTERISTIC 

DC VOLTAGES 

Pins 2, 3, 4 and 17 

Pins 5, 6, 7 and 8 

Pins 10 and 11 

Pins 12,13,15 and 16 

DC CURRENTS 

Pin 14 

Pins 10 and 11 

O.II'F 
o-t 

8.2 kll 

2 

3 

4 

5 

6 

8 

9 

* CI ANO LI RESONATE AT 1.272 MHz 

LIMITS 

Min. Typ. 

- 0 

2.4 2.9 

- 5.1 

3.1 3.6 

- 22 

- 0 

18 

17 

16 

15 

14 

13 

12 

II 
1304 

10 

PULSE OUTPUT 

.aCS-54'52 

Fig. 2 - DC and output pulse test circuit. 

UNITS 
Max. 

0.1 V 

3.4 V 

- V 

4.1 V 

30 mA 

100 JlA 
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CD22301 
DYNAMIC ELECTRICAL CHARACTERISTICS 
TA = 25°C, Vee = 5.1 V ± 5% 

CHARACTERISTIC 

Preamplifier Input Imedance 

Preamplifier Output Impedance 

Preamplifier Gain @ 2.37 MHz 

Preamplifier Output Offset Voltage 

Clock Limiter Input Impedance 

ALBO Off Impedance 

ALBO On Impedance 

DA T A Threshold Voltage 

CLOCK Threshold Voltage 

ALBO Threshold 

VTH(O) as % of VTH(AL) 

VTH(CL) as % of VTH(AL) 

Buffer Gate Voltage (low) 

Differential Buffer Gate Voltage 

Output Pulse Rise Time 

Output Pulse Fall Time 

Output Pulse Width 

Pulse Width Differential 

Clock Drive Current 

Notes: 
1. No Signal input. Measure voltage between pins 7 and 

8. 
2. Measure clock limiter input impedance at pin 15. 
3. Adjust potentiometer for 0 volts. Measure ALBO off 

impedances from pins 2,3 and 4 to pin 1. 
4. Increase potentiometer until voltage at pin 17 = 2 Vdc. 

Measure ALBO on impedances from pins 2,3 and 4to 
pin 1. 

5. Adjust potentiometer for t:.v = 0 volts. Then slowly 
increase t:.V in the positive direction until pulses are 
observed at the DATA terminal. 

.,{ 
'1F 50n 200 

kn 

LIMITS 
UNITS 

SYMBOL FIG. NOTE MIN. TYP. MAX. 

Zin 3 20 - - kn 

ZOUI 3 - - 2 kn 

Ao 3 47 50 - dB 

t:.Voul 3 1 -50 0 50 mV 

Zin(CL) 4 2 10 - - kn 

ZALBo(off) 4 3 20 - - kn 

ZALBo(on) 4 4 - - 10 n 

VTH(D) 5 5. 8 0.75 0.8 0.85 V 

VTH(CL) 5 6,8 - 1.12 - V 

VTH(AL) 5 7, 8 1.5 1.6 1.7 V 

2 

4 

5 

9 

42 45 49 % 

65 70 75 % 

VOL 2 9 0.65 0.8 0.95 V 

t:.VOL 2 9 -0.15 0 0.15 V 

tr 2, 6 9, 10 - - 40 ns 

It 2, 6 9, 10 - - 40 ns 

tw 2,6 9, 10 290 324 340 ns 

t:.tw 2, 6 9, 10 -10 0 10 ns 

ICL - 2 - mA 

6. Continue increasing t:.V until the DC level at the clock 
terminal drops to 4 volts. 

7. Continue increaSing t:.V until the ALBO terminal rises 
to 1 volt. 

8. Turn potentiometer in the opposite direction and 
measure negative threshold voltages by repeating 
tests outlined in notes 5, 6 and 7. 

9. Set ein = 2.75 mV(rms) at f = 1.185 MHz. Adjust 
frequency until maximum amplitude is obtained at pin 
15. Observe output pulses at pins 10 and 11. 

10. Adjust input signal amplitude until pulses just appear 
in outputs. Increase input amplitude by three dB. 

18r---::L 

17 F 16 

15 

14 VeC5.1 v 

I~ 

1':"" 12 

" 
10 

92CS- 34929 

Fig. 3 - Preamplifier gain and impedance measurement circuit. 
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18 

= 2 17 

3 16 

4 CD22301 
15 

5 14 VCC"5.IV 

6 13 O.OII'F~ 

7 12 

8 II 

9 10 
92CS- 34930 

Fig. 4 - Test circuit for impedance measurement. 

18 

2 17 
-=1 F 

~ 
3 16 ~ 
4 15 CLOCK 

~I,.F 2kn 
5 14 

~I"F 
6 13 

VCC"5.1 V 

O.I,.F 75n 2.75 Vrml 
7 @1.185 MHz 

8 
130n 

9 10 

92CS-3493I 

Fig. 5 - Test circuit for threshold voltage rr.."lfsurement. 

100%--
90% 

tw ----.... 

0% --,-- "'---------'1 

92CS-34933 

Fig. 6 - Output pulse waveform. 
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CD22401 

CMOS 16-Channel Precision Timer/Driver 
Features: 

• Provides 17 precision-timed output 
pulses 

• Variable output pulse width as a 
function of an external timer clock 
frequency 

• Static operation- shift register and 
timers can operate at DC and still 
retain counts and data levels 

• For multiple device use, shift 
registers can be cascaded 

• High source current drive output 
pulses- up to 15 mA using bipolar 
drivers 

• Provides inherent serial-to-parallel 
data conversion "E" Suffix 

• Serial data interface via shift 
register 

• Offers output disable capability 
using inhibit features 

40-Lead Dual-In-Llne 
Plastic Package 

• Low power CMOS logic 
• EP inputs provide added control 

logic fluibility for output 
selection in addition to shift 
register data 

• Input/output protection circuitry 

The RCA C022401 is a precision timer/driver. It is an 
interface circuit and has been designed to provide critically 
timed output pulses for high-speed printers. The device is 
fabricated using CMOS enhancement-mode technology 
with the resulting low power consumption. 

The circuit consists of a 16-stage (optionally 17) shift 
register with each register output connected to a latch and 
its respective timer and output buffer stage. Thus, there are 
17 latches, timers, and driver (output buffer) stages. The 
output driver pulse width is a function of the timer clock 
frequency, since it depends upon,a fixed count in hardware. 

Data is fed serially into the shift register by means of the 
shift register clock. Then the input sequence is strobed out 
in parallel to the shift register latch. A particular output is 
turned on (pulsed high) if the associated latch holds a logic 
"1" and when the proper enable signal is activated. 
Simultaneously, the enable signal starts the associated 
timer which controls the output pulse width. After a time 
period of 100 negative edges of the clock (99 to 100 clock 
pulses), the output is turned off. This provides timing 
accuracy within 1%. 

The C022401 is supplied in the 40-lead dual-in-line plastiC 
package (E suffix) and in chip form (H suffix). It is useful in 
applications requiring precision pulse widths. 

Register Operation 

In operation, a serial string of 16 (17 using the optional 
flip-flop) bits is fed into the shift register (see Fig. 4 for shift 
register timing). Ones ("ls") determine ah output drive 
pulse and zeros ("Os") indicate no drive. Anyone output, 
enable (EP) line is connected to four selected timers giving 
the potential for fou r outputs per one EP pulse with the 
exception that EP5 connects one timer only, EP lines may 
be connected to each other. 

670 

H-1892 

After a sequence of 16 bits (or 17) is serially loaded into the 
shift register, a strobe pulse activates the latch so that the 
register data "word" is transferred out in parallel into the 
register latch. Here the data waits until an active enable 
signal combines with a "one" from any latch at which time 
the counter begins and the respective output driver goes 
high. The output will continue high until the counter 
achieves 100 negative edges. It has been assumed that the 
output inhibit control has not been activated. The inhibit is a 
control which gates the output "OFF" and can thereby 
prevent start-u p or transient situations. 

The register latch has 17 outputs each of which feeds its 
respective timer (one timer circuit for each output from the 
register latch). Also, each timer provides access to an 
output driver. 

Timer Operation 

When the timer begins counting and the output goes high, 
the latch is held reset to prevent retriggering before the 
count is finished. 

During start-up (before reliable count operation), the timers 
need 128 clock pulses at the timer inputs to guarantee a 
reset condition before enable pulses are applied. 

After an output pulse goes low (becomes inactive), seven 
clock pulses should be applied at the timer clock input 
before any timer is retriggered by means of an enable and 
data "one" combination (repeat of another output pulse at 
same pin). 

The data and the enable pulses together control which 
combination of timers and driver stages become activated 
to produce output pulses. 
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Fig. 1 - CD22401 block diagram. 

MAXIMUM RATINGS, Absolute-Maximum Values; 

DC SUPPL V-VOLTAGE RANGE. (Voo) 

R 

CD22401 

gT .. 40 00 I-- 0 O~ INH 
017 

La >--
01 

---0 02 

- -0 03 

f-o 04 

~ ~ 05 

I-- ~ 06 

TIMER OUTPUT f-o f---
07 

~ 08 

0.- ~ 09 

I-- ~ 010 

f--- f-o 011 

~ 012 

'-- ~ 013 

La, 014 -
rO 015 -

00 
Or-O 

D 
~T. + -iINH 

016 

.~ 
I 

92CL-35221RI 

(Voltage referenced to Vss terminal) ................................................................................ -0.5 to 6.5 V 
INPUT VOLTAGE RANGE. ALL INPUTS ••••.•••.•••.•.•••••••.••.••....•..••••••.••••.••••....•••••...•.•..•.. -0.5 to Voo +0.5 V 
POWER DISSIPATION PER PACKAGE (PO): 

For TA = O· C to 70·C (PACKAGE TVPE E) .••.••.••••.••..••......••....•••.•.•..••••..•••••••.•...••..••••••.•••.•••• 500 mW 
DEVICE DISSIPATION PER OUTP'UT TRANSISTOR 

ForTA = FULL PACKAGE-TEMPERATURE RANGE .................................................................... 100 mW 
OPERATING-TEMPERATURE RANGE (TA) ......................................................................... O·C to 70·C 
STORAGE-TEMPERATURE RANGE (Tatg) ........................................................................ -65 to +150·C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 in. (1.59 ± 0.19 mm) from case for10 s max ..................................................... +265·C 
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CD22401 
RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that operation Is always within the 

'ollowlng range: 

LIMITS 

CHARACTERISTIC UNITS 

Voo Vss 

Supply Voltage Range (For TA = Full Package Temperature Range) 5 0 V 

STATIC ELECTRICAL CHARACTERISTICS at TA = 25°C, Voo = 5 V 

LIMITS 

CHARACTERISTIC CONDITIONS UNITS 

Min. Typ. Max. 

Input Low Voltage VIL - - O.B 

Input High Voltage VIH 2.4 - -
Output Voltage Low-Level VOL VIN = VIH or VIL - - -

IOL = 0 pA * - - 0.05 

IOL=1.SmA:t: - - 0.4 

IOL = 1 mA * - - 0.5 
V 

Output Voltage High Level VOH VIN = VIH or VIL - - -
IOH = 0 pA * 3.5 - -
IOH=5mA* 3.2 - -
IOH = 10 mA * 2.5 - -
IOH = 15 rnA * 2.2 - -
IOH = 0 pA:t: 4.9 - -

* Output Pins 23-39 

:t: Output Pins 8, 10 {''' 40 vOO 
EP4 2 39 QI7 

ENABLE EP3 3 38 QI PULSE _ 
EP2 4 37 Q2 

EPi 5 36 Q3 
CLOCK TEST OUT .."TO 6 35 Q4 

DATA TEST OUT OTO 7 34 Q5 

BIT 17 OUT BI7 8 33 Q6 
DATA- 017 9 32 Q7 

BIT I ourlE-BOI 10 31 Q8 NOTE: WHEN USING CD22401 

SHIFT REGISTER CLOCK SRC II 30 Q9 
PIN 19 SHOULD BE 

TIED TO VSS (OR VDD). 
SHIFT REGISTER CLEAR ITfI 12 29 QIO PINS 6,7,17,18,21, AND 

DATA 16 BITS **"016 13 28 QII 22 SHOULD BE LEFT 

STROBE IN STB 14 27 QI2 OPEN. 

TIMER CLOCK TMC 15 26 QI3 

I NHI BIT Tfrn 16 25 QI4 

ITD2 17 24 . QI5 
TEST OUTPUTS TO I IB 23 QI6 

TEST INPUT TGI 19 22 TEl TEST CELL 
OUTPUT 

VSS 20 21 TBI TEST CELL 

-INPUT TOI BIT REGISTER 
INPUT 

*OUTPUT OF 16 BIT REGISTER 
* *INPUT TO 16 BIT REGISTER 92CS-35201RI 

TERMINAL ASSIGNMENT 
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CD22401 

DYNAMIC ELECTRICAL CHARACTERISTICS At TA = 25°C, Input tr, tl = 20 ns, CL = 50 pF 

TEST CONDITIONS LIMITS 
CHARACTERISTIC FIG. UNITS 

Voo(V) CL Min. Typ. Max. 

Timer Clock Frequency tlTCL 3 5 - 0 0.7 1 MHz 

Timer Clock Pulse Width tWTCL 3 5 - 500 - - nsec 

Timer Clock Rise and Fall Time trCK, tICK 5 5 - - - 2 psec 

Output Inhibit Pulse Width tWOI 5 5 - 500 - - nsec 

I nhibit Output Turn-Off Delay tPHLI 5 5 50 - - 550 nsec 

Output Turn-On Delay after 
5 5 50 - - 550 nsec 

Inhibit is OFF tPLHI 

Enable Pulse (EP) Width twHEP 3 5 - 500 - - nsec 

Transfer Strobe Pulse 
3 5 350 

Width * - - - nsec 
tWTS 

Output L-H Transition Time tTLH 5 4.5 50 - - 85 nsec 

Output H-L Transition Time tTHL 5 4.5 50 - - 150 nsec 

Output Turn-On Prop. Delay Time tPLH 5 4.5 50 - - 1200 nsec 

Output Turn-Off Prop. Delay Time tPHL 5 4.5 50 - - 1200 nsec 

High-Level Output Driver 
3 4.5 50 99 100 

Timer Clock -
Pulse Width tout Pulses 

I 
Shift Register Input Clock 

2, 4 5 - - 2 2.5 MHz 
Frequency tlSRCL 

Shift Register Clock Pulse 
2 5 - 200 - - nsec 

Width tWSRCL 

Shift Register Data Set-Up 
2 5 - 100 - - nsec 

Time tsetup 

Shift Register Data Hold 
2 5 - 200 - - nsec 

Time tSRHOLD 

Shift Register Data Pulse 
2 5 - 300 - - nsec 

Width twSRD 

Shift Register Data Output 
2 5 50 - - 200 nsec 

Prop. Delay Time tPDLH 

Shift Register Clear Pulse 
2 5 - 200 - - nsec 

Width tSRCLR 

* Data from shift register must be stable at time of transfer. 
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CD22401 AC Waveforms 
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016----rLJ 

017 n I _---.II L-.J 

BOI----------------------------------------------------~ 
BI7 r--l I __ I L-.J L 

(al FULL TIMING CYCLE 

--j 1_ r 'FSRCL 

--j 'WSRCL r-
SRC-_1l----------i~1 -----Ii--I -----'L _______ _________ ~ 16 

L 
I 1- 'SRCLR I CLLJ -.J -----------------t-i----

'SETUP ----I I..- f--'SRHOLO I I 
I I 'PDLH~I 

DOl I I 
017. I 
BIG _________ .. -'-I_~--'-I--''''''W.;;.;SR.;.;;D- __ ______________ _ ~ 

BI7 L 
----------------------~--~~ 'PDLH 

---------- - ----- --------

SRC 

TCK 

TIMER 

OUT 

TIMER CLOCK IS TO EX PERI ENCE 
128 CLK PULSES BEFORE STARTING 

(bIEXPANDED TIMING CYCLE DETAIL 92CL-3!;203RI 

Fig. 2 - Functional timing diagram-shift registers function. 

* 'OUT IS TO BE 99-100 TCK PULSES lONG 

::;U:='WTS 

=U='WEP 

I 

5 ----JiJ4SL---iL 
I 
I 

!.-' 'TCl i-i --------

~--------------

I I 

'OUT COUNT (BEFORE EP IS ACTIVATEDI. 'OUT* 

92CM-36462 

Fig. 3 - Functional timing diagram-shift registers function. 



AC Waveforms (conl'd) CD22401 

SR CLOCK 

~hrs~ 1M-: : 
CLR -uHI~----------~/--'-----------~\------~'~--~'--------

I I , I I I 

DATA IN -t"Jf1'"--------rn.....rni.-----------.... \---rtL..-..-r"'"----
,I I I L L 

::11: -±:J-, ~ ~ ~'------
FFI4: n n..J"! '\ ~_ 
FFI3 -:-____ ...In n.....n '\ ~ 
FFI2 -r-____ ..In ... _____ --'n..J"1 \ ~ 

::II~ -+-______ n_..In ..... _____ ~ nr=e 
::: ~:============~~-J~r,-... ----------~~~~~-J~r--------------_____ riL-

::: ~~================~-~-..I~ ... -:~~~~~~~~~~~~~------------------FF5 + ________________ ...JrlL __________ \ rlL ______ _ 

FF4 rr, '\ r1 r1 ... -~---------

::: ~r----------Jr1'-----------FFI ~ n ..... ______ _ 

92CM"35204RI II 
Fig. 4 - Functional timing diagram-shift registers function. 

SRC 

TCK 

INH--------------------------------------~----------~ 

'PLH........J 'PHLI 

~t====Pr~ --+-u====lt-- 90 '10 

OUTPUT 

10'10 

PROPAGATION DELAYS ARE MEASURED 50%- 50% 
'TLH 'THL 

92CM"35205RI 

Fig. 5 - Functional timing diagram"shift register function detail. 
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CD22413, CD22414 Types 

CMOS Pulse Code 
Modulation Sampled 
Data filters 

The RCA-CD22413 alJd CD22414 are 
sampled-data, switched-capacitor filters 
intended for use in PCM CO DEC systems 
or other telecommunication systems re­
quiring band limiting. Transmit and receive 
filters in both devices are 5-pole elliptical 
types, operating at a sample rate of 128 kHz. 
In addition, the CD22413 contains a 3-pole 
Chebyshev high-pass filter In the transmit 
section that provides 50/60 Hz and 15 Hz 
rejection. Both devices also include two op­
erational amplifiers which may bE: used as 
building blocks in a system. 

A 50% duty-cycle clock on the convert­
clock input (CCI) determines the cutoff 
frequencies for the filters. The cutoff fre­
quency (fo) is given by the equation; fo = 
0.02422 X Clock Frequency. Normally, the 
clock frequency is 128 kHz for a cutoff fre­
quency of 3100 Hz. The master sync input 
(MSI) should be 8 kHz and have it's low-to­
high transition coincide with each new 
PAM sample received at Receive-Filter-In 
(RXI). RXI wili accept 19% to 100% duty 
cycle PAM at 8 kHz. 

Timing and synchronization signals (CCI 
and MSI) may be made either TTL- or 
CMOS-compatible through use of the 
Logic-Shift Voltage (VLS) input. Specific 
Input conditions are listed in the table of 
Logic-Shift-Voltage inputs. The analog 
ground (VAG) should be held at approxi­
mately (Voo-Vss)/2. If VAG is within one volt 
of VOD2 the chip will be powered down. The 
CD22413 is pin-compatible with the 
MC14413; the CD22414 is pin-compatible 
with the MC14414. 

The CD22413 and CD22414 are supplied in 
16-lead hermetic dual-in-line ceramic 
packages (D and F suffix), 16-lead dual-in­
line plastic packages (E suffix), and chip 
form (H suffix). 

VAG 16 Voo 

+A IS Rx:t 

-A 3 14 RXO 

AO 4 13 TX:t 

BO 12 LPO/TXO 

-B 6 II CCI 

+B 7 10 MSJ: 

vss 8 9 VLS 

TOP VIEW 

92CS-3!23S 

TERMINAL ASSIGNMENTS 
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Preliminary Data 

Features: 
• Single supply (fOV-16V) or dual supply operation 
• Transmit bandpass and receive low 

pass filters (CD22413) 
• Transmit and receive low pass filters (CD22414) 
• 30 mW (typ.) operating power 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE, (Voo) 

{"~-~AO } 
I.E, '-i OPAMP 
INP~ 8- ~ CD22413 f. BO OIJI'PUTS 

B+":' CD22414 

FILTER ITXt 13 
INPUTS RXI~ 
TI.,NGlccxJj 
INPUT MSI,!) 

~XttIVLS--"~ 

12 } 
F !-POI FILTER 

nco OUTPUTS 

~RXO 

Voo -t6 Vss-S VAG-' 
.ltl-UHf 

FUNCTIONAL DIAGRAM 

(Voltages referenced to V •• Terminal) ............................................ -0.5 to +18 V 
INPUT VOLTAGE RANGE, ALL INPUTS ......•..•.•...•.......•..•..•..•....•. -0.5 to Voo +0.5 V 
DC INPUT CURRENT, ANY ONE INPUT ................................................. ±10 mA 
POWER DISSIPATION PER PACKAGE (Po) 

For T. = -40 to + 80° C (PACKAGE TYPE E) ....•.....•........•.•......•.•............ 500 mW 
For T. = +80 to +85°C (PACKAGE TYPE E) ............ Derate Linearly at 12 mW/oC to 200 mW 
For T. = -55 10 + 100° C (PACKAGE TYPES D, F) ...................................... 500 mW 
For T. = +100 to +125°C (PACKAGE TYPES 0, F) ..... Derate Linearly at 12 mW/oC to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For T. = FULL PACKAGE-TEMPERATURE RANGE (All Package Types) ................. 100 mW 

OPERATING-TEMPERATURE RANGE (T.) 
PACKAGE TYPES 0, F, H .... , ................................................. -55 to + 125° C 
PACKAGE TYPE E .............................................................. -40 to +85° C 

STORAGE TEMPERATURE RANGE (T ... ) ......................................... -6510 +150°C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance 1/16 ± 1/32 Inch (1.59 ± 0.79 mm) from case for 10 s max .................... +265°C 

RECOMMENDED OPERATING CONDITIONS 

For maximum reliability, nominal operating conditions should be selected so that operation is 
always within the following ranges: 

Terminal LIMITS 

CHARACTERISTIC Dealgnatlon Mln_ TIp· Max. 

DC Supply Voltage Voo - Vss 10 12 16 
(For TA = Full Package 

Temperature Range) 
Convert Clock Frequency CCI 50 128 400 

Master Sync Frequency MSI - 8 32 

TXI o--------+I.~~;"I----.----O LPO(CD224141 

-A~ 
+A + 

AO 

~:~ 
+B~ 

1----.----0 TXO(C0224131 

r&:iiSl--------o VAG 

r:~~:_lf_-+_-+---O RXI 

R~ o-----------t-~--_r--~ eCl: 

Voo o-----r-'-----'---,. MSI 

UNITS 

Vdc 

kHz 

vss o-----L _____ ~ VLS 9ZCS- 53228 

Fig. 1 - Block diagram of OD22413 and OD22414. 



CD22413, CD22414 Types 

DIGITAL ELECTRICAL CHARACTERISTICS (Vss = 0 V, TA = 25°C) 

Vee LIMITS 

CHARACTERISTIC Vdc MIn. Typ. Max. UNITS 

Operating Current I 12 - 2.5 3.5 rnA 

Power-Down Current, (POI - Vas) IPD 12 - 10 50 pA 

Input Capacitance C'N 12 - 5 7.5 pF 

MODE CONTROL LOGIC LEVELS 

VDD .. IMIIII 

CHARACTERISTIC Vdc MIn. Typ. MI •• UNITS 
VLS Power-Down Mode V'H 12 11 - - V 

15 14 - -
VLS TTL Mode 12 2 - 10 V 

15 2 - 13 
VLS CMOS Mode ViL 12 - - 0.8 V 

15 - - 0.8 
VAG Power-Down Mode V'H 12 11 - - V 

15 14 - -
VAG Analog-Ground Mode V'L 12 - - 8 V 

15 - - 11 --

II 
CMOS LOGIC LEVELS (VLS = Vss) 

Voo LIMITS 
CHARACTERISTIC Vdc Min. Typ. Max. UNITS 
Input Current "N 

CCI 12 - ±0.00001 ±0.3 
pA 

MSI "1" Level - - 30 -
(Internal Pulldown Resistors) "0" Level - - -0.00001 -0.3 

Input Voltage CCI, MSI 
"0" Level V'L 12 - 5.25 3.6 

15 - 6.75 4 V 
"1" Level V'H 12 8.4 6_75 -

15 11 8.25 -

TTL LOGIC LEVELS (VLS = 6 V, Vss = 0 V) 

Voo LIMITS 
CHARACTERISTIC Vdc MIn. Typ. Max. UNITS 
Input-Current I'N 

CCI-- 12 - ±0.00001 ±0.3 
MSI "1" Level - - 3 - pA 
(internal Pulldown Resistor) "0" Level - - -0.00001 -0.3 

Input Voltage CCI, MSI 
"0" Level V'L 12 - - VLS +0.8 V 
"1" Level V'H 12 VLS+2 - -
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ANALOG ELECTRICAL CHARACTERISTICS (Voo = 12 V. TA = 25° C) 

LIMITS 

CHARACTERISTIC Min. Typ. Max. 
Input Current. (RXI. TXI. VAG) I'N - ±0.00001 ±0.03 

AC Input Impedance Z'N 
(1 kHz) (RXI. TXI. VAG) - 2 -

Input Common Mode V,eR 
Voltage Range 

(TXI. RXI. +A. -A. +8. -8) 1.5 - 10.5 

I nput Offset Current 1'0 
(+A to -A. +B to -8) - ±10 -

Input Bias Current I,a 

(+A. -A. +B. -B) - ±0.10 ±1 
Input Offset Voltage V,o 

(+A to -A. +B to -B) - ±10 ±25 
Output Voltage Range VOR 

(AO. BO. TXO. LPO. RXO) 

(RL = 20 kCl to VAG. Ra = co) 1.5 - 10.5 

(RL = 600 Cl to VAG. Ra = 1.6 kCl to Veo) 4.3 - 7.9 

(RL = 900 Cl to VAG. Ra = 1.8 kCl to Vao) 4 - 8.2 
Small Signal Output Zo 

Impedance (1 kHz) (TXO CD22413) - 50 -
(LPO CD22414) - 50 -

(RXO) - 50 -
Output Current 

(VOH = lIV). IOH 
(TXO. LPO. RXO. AO. BO) - -400 -

(VOL - tv) 10L 
(TXO. LPO. RXO. AO. BO) - 5 -

RECEIVE FILTER SPECIFICATIONS (VDD - Vee 12V. CCI = 128 kHz. MSI = 8 kHz. 
Includes slnx x correction. VIn = 0 dBmO. full scale = +3 dBmO. 7 VP"f', TA = 25·C) 

LIMI rlt 

CHARACTERISTIC Min. Typ. MIX. 
Gain (1020 Hz) -0.2 0 +0.2 

Passband Ripple - 0.24 0.3 

(50 Hz to 300 Hz) 

Out of Band Rejection See Note 1 
3400 Hz - -0.8 -1.5 
4000 to 4600 Hz -14 -15.5 -
4600 to 64 kHz -30 -33 -

Output Noise See Note 2 - 10 15 
(RXI = VAG) 

Dynamic Range 76 83 -
Differential Group Delay 

1150 to 2300 kHz Delay - 12 22 
1000 to 2500 kHz Delay - 25 35 
800 to 2700 kHz Delay - 31 41 

Note 1: Referenced to passband minimum. Note 2: Referenced to 90on. 
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UNITS 
pA 

MCl 

V 

nA 

mV 

V 

Cl 

pA 

mA 

UNITS 

dB 

dBrncO 

dB 

JlS 

• 
~ / 

~ 

.--.. 
-40 

j'.. 

2 4 .. 2 4 • ... '10k Z 
fiN INPUT FREQUENCY-Hz 

4 •• 

92CS-33<i!3'" 

Fig. 3 - Receive filler typical and minimum per­
formance forCD22413 orCD22414 with 
sinx x correction included. 

to.l5 
/, 

~ 
.. - ~ 
~ 0 

.~ ~ ~ 
*0.1, 

'/ '/ '//1/:1 

l~ 
z 4 • Z 4 . . z • •• 

t2CS-)32315 

Fig. 4 - Receive filter typical and minimum 
passband performance for CD22413 or 
CD22414. 



TRANSMIT FILTER SPECIFICATIONS (Vee-VEE = 12 V, CCI = 128 kHz 
MSI = 8 kHz, V'n = 0 dBmO, full scale = +3 dBmO, 7 Vp_p, TA = 25°) 

LIMITS 

CHARACTERISTIC Min, Typ, 

Gain (1020 Hz) -0.15 -
Passband Ripple - 0.22 

(300 Hz to 3000 Hz) 
Rejection See Note 1 

60 Hz CD22413 only -20 -24 

180 Hz CD22413 only - -0.6 

3400 Hz - -0.8 

4000 to 4600 Hz -14 -15.5 
4600 to 64 kHz -32 -33 

Output Noise CD22413 - -
(300 to 3400 Hz) CD22414 - 8 

Dynamic Range 81 87 

(7 Vpp Max) 
Differential Group Delay 

1150 to 2300 kHz Delay - 12 

1000 to 2500 kHz Delay - 25 

800 to 2700 kHz Delay - 31 
.. 

Note 1: Referenced to passband minimum. 

SWITCHING CHARACTERISTICS (Vee - Vss = 10 V, TA = 25° C) 

LIMITS 
CHARACTERISTIC Min. Typ. 
Input Rise and Fall Time, t,. t, CCI. MSI - -
Pulse Width, tWH CCI. MXI 100 50 
Clock Pulse Frequency, fCL CCI 50 -
Set Up Time, tau 
MSI Rising Edge to CCI Rising Edge -3 -

(CCI = 128 kHz)' 
.. 'Specifications assume use of 50% duty cycle for clocks . 

CCl: (CONVERT C~ 

MSl: (MASTER SYNC) 

Max, 
+0.15 

0.3 

-
-1 

-1.5 

-
-
-
12 

22 
35 
41 

Max. 
4 
-

500 

+3 

92CM-33!542 

Fig. 2 - Switching characteristics wave forms. 

LOGIC SHIFT VOLTAGE INPUTS 

VLS PIN LOGIC INPUT (CCI AND MSI) 

VSS < VLS < VSS + 0.8V CMOS 
VDD - 1V < VLS < VDD POWER DOWN 
VSS + 2V < VLS < VDD - 2V TTL (VLS + 0.8V < INPUT < VLS + 2V) 

UNITS 

dB 

dBrncO 

dB 

ps 

UNITS 
ps 
ns 

kHz 

ps 

CD22413, CD22414 Types 

0 

~ V '" ~ 

i.20v. /. / ~ 
~ 

~ / 
·40 

/ 
/ 

2 4 

~ 
~ 

.. 2 4 •• 
100 Ik 

, 4 •• 

tiN INPUT FREQUENCE-Hl 
92CS-35U8 

Fig. 5 - Transmit filter typical and minimum 
performance for C022413 or C022414 
using Figs. 11 and 12. 

0.15 

~ " .L 1\ z 0 1/ 
f II 1\ ~ 

-0.15 

/ t ~ I~ 

~ 

4 • 2 4 6. 
6 100 IK 2 4 6. 

fiN INPUT FREQUENCY-HI: 92CS- :S:S2l7 

Fig. 6 - Transmit filter typical and minimum 

+0.15 

" 1 0 
> 

i 
·0.15 

passband performance for C022413 or 
C022414 using Figs. 11 or 12. 

IL L. 'L '.L 

~ 
r- ~ lL 

I~ ~ II' 
'/ 

rn~ 

I" 
4 ", 

'IN OfLPUT FREQUENCY· ~I • ••• 
Ilel-lUIl 

FIg. 7 - TransmIt filter typIcal and mInImum 
passband performance for C022414. 

0 

~ 

" l _ 
z 
,;-

i 
111 r-> ...., 

..... 

2 • • • • • •• , • • • 

FIg. 8 - Transmit filter typIcal and mInImum 
performance for 0022414. 
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VOUT! 

VIN!Ot--------+---....... - ....... - ..... ----I 

* 

BOk 

~'----f-"'" 128 kHz 

RX DATA 

-6 

RX ENABLE 

DATA CLOCK 

TX DATA 

TX ENABLE 

8 kHz 

POWER DOWN 

RB CAN BE ADDED FOR 600 n OR 900 n LOAD TO INCREASE SOURCE CURRENT. 

IzeM-5522' 

Fig. 9 - Typical circuil configura lion using Ih9 CD22407 CODEC and CD22413 fillOr (split supply). 

I/,F 

VOUTI 30k 

VIN! I/,F 

* 
+12 

CD22413 CD22407 

VAG Voo 
16 

VAG VDD 
2 

+A RXI ADX CCX . 128 kHz 
3 

-A RXO CII ROD RX DATA 
4 

AO TXI cn RCE RX ENA8LE 

BO TKO Cli RDC DATA CLOCK 
6 

Cl2 TDC -8 CCX 

+8 MSI RI TDD TX DATA 
8 9 17 

TX ENABLE Vss VLS R2 TOE 
9 16 

NC "fA Ms:r B kHz 
10 

ADO m 15 
POWER DOWN 

II 
IREF 

14 
4000 COl 

* THESE BYPASS CAPACITORS SHOULD BE 
pF 12 

CO2 VSS 
13 

LOCATED PHYSICALLY CLOSE TO THE 
92CM~5!2!O 

I.C PACKAGES. 

Fig. 10· Typical clrcuil configura lion using Ihe CD22407 CODEC and CD22413 filler (single supply). 

RI 

VTX 

CI 1 ~~ -I 2~4 I TX LO\PASS 
" C,? 13 12 ~,4 

rV " . " 
TV pTOp 

R2 Ra! R4 

ADI 

HIGH liN 

VAQ , VAG 

LOW lOUT TV pTOp 

VRX 
14 

IRX LOW {ASS 
15 

ADO 

Cl.02,03 
C4 

4700 pF ±1 .. 
0.2 /JF -200ft +80'1e 

At 112 kO v.w 101e 
A2 820 kO 'ltW 111ft 
R3 223 kn %W 1'" 
R4 1DOltO y.w 10'1t 

Fig. 11 - Filter schematic for CD22413 with 60-Hz reject filter. 
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VAG - (Analog Ground) This pin should 
be held at approximately (VOO -VEE'/2. All 
analog Inputs and outputs are referenced to 
this pin. If this pin is brought to within ap­
proximately 1 V of Voo• the chip will be po­
wered down. 

+A Non-inverting input of op-amp A. 

-A Inverting input of op-amp A. 

AO Output of uncommitted op-amp A 

80 Output of uncommitted op-amp 8 

-8 Inverting Input of op-amp 8 

+8 Non-Inverting Input of op-amp 8 

Vas This Is the most negative supply pin and 
digital ground for the package. 

VLS (Logic Shift Voltage) The voltage on 
this pin determines the logic compatabillty 
for the CCI and MSllnputs. If VLS Is within 
0.8 V of Vaa• the thresholds will be for CMOS 
operating between Voo and Vss. If VLS Is 
within 1 V of VDo. the chip will power down. 
If VLS Is between Voo - 2 V and Va. 2 V. the 
thresholds for logic Inputs at CCI and MSI 
will be between VLS + 0.8 V and VLS+ 2 V 
for TTL compatabliity. 

CCI (Convert Clock Input) Normally. a 128 
kHz clock signal should be applied to this 
pin to operate both filters at f. = 3100 Hz. 
For other break frequencies use the follow­
ing equation: f. = 0.02422 f clock. 

MSI (Master Sync Input) This pin should 
receive a low-to-hlgh transition concurrent 
with each new PAM sample received at the 
receive filter input. ADI. A new transmit fil­
ter output sample will be presented at this 
time. 

TXO (Transmit 8andpa.. Output -
CD22413) This is the output of the transmlt­
bandpass filter. It Is 100% duty cycle PAM at 
8 kHz. 

LPO (Transmit Lowpa.s Output 
(CD22414) This Is the output of the 
transmit-Iowpass filter. It Is 100% duty cycle 
PAM at 128 kHz. 

TXI (Tranlmlt Input) This Is the transmlt­
filter Input. 

RXO (Receive Output) This pin Is the out­
put 01 the receive filter. It Is 100% duty cycle 
PAM at the same frequency as the CCI pin. 
normally 128 kHz. 

RXI (Receive Input) This Is the receive filter 
Input. It will accept 3/16 to 100% duty cycle 
PAM at 8 kHz. 

Voo Nominally 12 volts. 

NOTE: 80th VAG and VLS are high­
Impedance units. 
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C3 

zIN"900n CI 

VIN MAX- +3d8m 
RID R3 

ZOUT" 900n 
VOUT MAX+ 3 d9m 

RT 

RII 

~. C2. C3 47:'~ :~ 
Rt 238 kn V.W 1% 

±''Io 
-20% -+80% 

A2 294 kn v..W 1% 
R3 223 kO 'hW 1'10 
R4 100 kn 'I.W 10% 

13 

14 

TX ~ow PASS 

b. 12 C4 

RX ~!1N PASS 

G 15 

R5 
R8 
R7 
R8 
R9 
R'O 
R" 

200 kO'I4W 
16, kO '!.W 
24 kO 1f,W 
33 kO V.W 
1.8k01f.W 
900 n 1f.w 
900 n '1.w 

''10 
''10 ,'. 
''10 

'0'10 
''10 
,'10 

R4 

92CM-33232 

ADI 

VAG 

ADO 

Fig. 12 - Filter schematic for CD22414 with 60-Hz rejection and 900-n termination. 

r----1~--~------------_1~----------~--~+12 

1::::+-.--128 kHz C~OCK 
,.,;o+--+_RECEIVE DATA 

FROM SIMI~AR 
TOO 

Ip,;;+-+t-TRANSMIT 
DATA TO SIMILAR 
ROD 

:1+''--+ ...... 9 kHz CLOCk 

L _______ ..:===========j::=:...~CIGITA~ GND 

'FI LTER 9~OCK DIAGRAM 

C5 
ANALOG IN --jHHI,...-1""':'-l 

Rlf-.... --- TO AO:!: 

R3 

ANA~ GNDI----.... ------..... --4>----~-- TO VAG 

3.5VPOUT-+3dBmO 

ANALOG OUT 

Ct, C2 
C3 
C4 
CS. C8. C7 
C8. Cg· 
R' 
R2 
R3 
R4 
RS 
R8 

2000 pF 
3900 pF 
O.2~F 

4700 pF 
0.1 J.l.F 
3 k 

3D k 
24 k 
"2 k 
820 k 
223 k 

-20010 "'80% X7A 
-20D!. +800/1 X7R 
-20'(0 1-80Oft X7R 
±1%NPO 
-20'11 +80% X7R 
''10 
''10 
'0'10 
''10 
''10 ". 

·ca and C9 should b. physically elo .. to the 
CD22414 and CD22407/4 relpectlvely. 

r''----- FROM ADO 

t2eL-33219 

Fig. 13 - Analog transmission test circuit for CD22414 PCM filter end CD22407/CD22404 PCM CODEC. 
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TYPICAL END TO END PERFORMANCE OF RCA CODEC Be FILTER 
All measurements made using HP3779B PCM Test Set. See Fig. 13. 

Performance 01 Ball System 
CD22407/4 03 Voice Freq. 
CODEC Be Requirements 

SPECIFICATION CD22414 Filter PUB 43801 
Channel'Saturation +3 dBmO +3 dBmO 
Gain Tracking with 1 kHz tone 

+3 to -40 dBmO ±0.3 dB $±0.5 dB 
-40 to -50 dBmO ±O.S dB $± 1 dB 
-55 dBmO ±2 dB $±3 dB 

Quantizing Distortion @ 1 kHz 
+3 to -30 dBmO 37 dB 2:33 dB 
-35 dBmO 34 dB 2:30 dB 
-40 dBmO 31 dB 2:27 dB 
-45 dBmO 26 dB 2:22 dB 

Idle Channel Noise with 
VTX = VAG 17 dBrncO $23 dBrncO 

Quiet Code Noise (all 1's at 
decoder (ROD) Input) 15 dBrncO $ 15 dBrncO 

Selective Response @ See Frequency 
multiples of 8 kHz -SO dBmO Response 

Frequency Response @ 
o dBmO input 

50 Hz gain -2S dB -
SO Hz gain -22 dB $-20 dB 
200 to 300 Hz ripple 45 dB $0.6 dB 
3400 Hz gain -1.S dB 2:-3 dB 
4000 Hz gain -35 dB $-28 dB 
>4S00 Hz gain <-S2 dB <-SO dB 

Single Frequency Spurious 
Response 

In band with input 1 kHz 
@OdBm $-44 dB $-40 dB 

Out of band with input 0 
to 12 kHz @ 0 dBm $-32.5 dB $-28dB 

Differential Delay Distortion 
1150 to 2300 58ps $SO ps 
1000 to 2500 72 ps $ 100 ps 
900 to 2700 91 ps 2:200 ps 

INPUT LEVEL (dBml REFERENCED TO 0 dBmO 
@ 1.02 kHz 

l"' -O.~ 

-I ~ 
to.5 n 7 I Po IF I 

-~~ 
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Fig. 15 - Gain tracking error for CD22407 and 
CD22414. (See Fig. 13.) 

CCITT 
G7.12 

Voice Freq. 
Requirements 

+3 dBmO 

$±0.5 dB 
$±1 dB 
$±3 dB 

>33 dB 
2:30 dB 
2:27 dB 
2:22 dB 

$-64 dBmOP 

$-75 dBmOP 

$-50 dBmO 

$-24 dB 
-

$1 dB 
2:-1.8 dB 
$-28 dB 
<-SO dB 

$-40 dB 

$-25 dB 

-
-
-

INPUT LEVEL (dBm) REFERENCED TO 0 dBmO 
@ 1.02 kHz 

,2CS-5521! 

Fig. 14 • Signal· to-noise performance for 
CD22407 and CD22414. (See Fig. 13.) 

FREQUENCY 
IN kHz 

'~<L.-,:=-o--60 dB 

Fig. 16 - Frequency response of CD22407 and 
CD22414 CODEC and filter. (See Fig. 13.1 



Preliminary Data CD22859 Types 

CMOS 
Dual-Tone Multifrequency 
Tone Generator 
For Use in Dual-Tone Telephone 
Dialing Systems 

Featules 
• Mute drivers on chip 
• Device power can either be 

regulated dc or telephone loop 
current 

• Use of an inexpensive 3.579545-MHz 
TV crystal provides high accuracy 
and stability for all frequencies 

General Description 
The RCA-C022859 is a CMOS dual-tone 
multifrequency (OTMF) tone generator for 
use in dual-tone telephone dialing 
systems. The device can easily be inter­
faced to a standard pushbutton telephone 
keyboard, to prqvide enabling operation 
directly with the telephone lines. 

The C022859 generates standard OTMF 
sinuSOidal dialing tones from an on-chip 
reference crystal oscillator. The reference 
oscillator uses an inexpensive 
3.579545-MHz color TV crystal to create 
highly stable and accurate tones. The 
sinuSOidal tones are digitally synthesized 
by a stair-step approximation. 

One of four low-frequency band row tones 
and one of four high-frequency band col­
umn tones are selected by driving one of 
the four row Inputs and one of the four 
column inputs low. Simultaneous selec­
tion of more than one row input and/or 
more than one corumn input will Inhibit 
tone generation, or generate a single-tone 
sinusoid. These operating modes are de­
scribed In the functional truth table. 

Control logic is included to allow easy in­
terface to standard K50o-type telephones. 
Two CMOS outputs Tx, Rx, capable of 
driving external p-n-p receiver and 
transmitter muting transistors are pro­
vided. A low input to the CO pin, inhibits 
tone generation, turns off the reference 
oscillator, and causes Tx and Rx outputs 
!2.logic '0'. During tone generation mode, 
CO=1 and Tx, Rx=logic 1. 

All row, column, and CD inputs are pro· 
vlded with pull-up resistors to allow the 
use of SPST switch matrixes. 

The C022859 types are supplied in a 
16-lead hermetic dual-In·llne side-brazed 
ceramic package (0 suffix), ahd a 16-lead 
dual-in-line plastic package (E suffix), and 
In chip form (H suffix). 

MAXIMUM' RATINGS, Absolute-Maximum Values: 
DC SUPPLY VOLTAGE RANGE(VDD-VSS) .................................... -0.510 + 12V 
INPUT VOLTAGE RANGE _ .............................................. -0.510 VDD+0.5 V 
POWER DISSIPATION, Po: 

AITA= -40'Clo +60'C ....................................................... sOOmW 
AITA= +60'Clo +8S'C ............................ DeraleLinearlyaI12mW/·CI0200mW 

POWER DISSIPATION PER OUTPUT ......................•...•........••...•....... 100 mW 
OPERATING TEMPERATURE RANGE ...................................... -40'Clo +8S'C 
LEAD TEMPERATUI'IE DURING SOLDERING: 

AI dlslance 1116 ± 1/32 In. (1.59 ± 0.79 mm) 
from case for 10 s max. .. ..................................................... + 26s'C 

DTMF Generator Functional Truth Table 

Inputs Outputs 
Number of Number of 

Keyboard Mode 
Column Inputs Row Inputs 

CD Tone 
OSC 

RX TX 
Activated Activated Run-

"Low" Low nlnR 
X X X 110" None No "0" "0" 

No key de-
0 0 "1" None No 110" 110" 

pressed 

0 1 "1" Dual Tone 
Yes "1" "1" 

Ra,C1 
1,2,3, or 4 0 "1" None No 110" "0" 

Normal Dialing 1 1 "1" Dual Tone 
One Key Oe-

Ra,Cb Yes "1" "1" 
pressed (See 

Note 1) 

Two or More 2,3, or 4 "1" Single Row Yes "1" "1" 
Keys In Tone 

Same Row Ra 
(See Note 2) 

Two or More 2,3, or 4 "1" Single Column Yes "1" "1" 
Keys In Same Tone 

Column Cb 

Two or More 2,3 or 4 "l" None Yes "1" "1" 
Keys In Dif-
ferent Rows 
& Columns None Yes "1" "1" 

Where: 
X = Do Not Care 
Ra,Cb refers to Tone Output frequencies corresponding to Row 1, Row 2, Row 3, 

Row 4, Column 1, Column 2, Column 3, Column 4 
a = 1,2,3,4 b = 1,2,3,4 a =b, or a "'b 

1. Corresponds to normal dual-tone operation. 
2. Corresponds to single-tone generation mode. 
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STATIC ELECTRICAL CHARACTERISTICS at T A = - 25·C to + 60·C 

CHARACTERISTIC VDD Vo I LIMITS J UNITS 
(V) (V) Min. Max. 

Tone Outputs (RL = 82) 
yo; Dual·Tone Output 3.7·9.3 350 700 mVrms 
VO(CL); Single·Tone 

3.7·9.3 300 - mVrms Outout Column· 
VO(RL); Single·Tone 

3.7·9.3 260 - mVrms Outout Row·· 
Distortion (Note 1) 3.9·9.3 - 10 % 
Rise and Fall Time 

3.9·9.3 5 (Dual·Tone Out) (Note 2) - ms 

Pre·Emphasis (Note 3) 3.9·9.3 1 3 dB 
Output Frequency (Note 4) 3.9·9.3 (Nom.-1% (Nom. + 1%) Hz 
IMute Output Current 
Transmitter 

IOH (Source) 
1.7 1.2 -0.5 - mA 10 9.5 -3.4 -

IOL (Sink) 10 2.5 - 10 ",A 
Receiver 

IOH (Source) 
1.7 1.2 -0.5 - mA 10 9.5 -3.4 -

IOL (Sink) 10 2.5 - 10 ",A 

·Two or more row inputs low, and one column input low. 
""Two or more column inputs low, and one row input low. 

Notes: 
1. Distortion is defi ned as: The rat io of 

all extraneous frequency com· 
ponents generated in the voiceband 
0.5 kHz to 3 kHz, to the power of the 
dual·tone signal, measure across RL. 

(V12+ v22= ... + Vn2) 
VL2+VH2 

where V1,V2, ... Vn are extraneous 
frequency components in the voice· 
band 0.5 kHz to 3 kHz, VL is the low· 

band frequency tone, and VH is the 
high·band frequency tone. 

2. Tone rise time is defined as the time 
for each of the 2 DTMF frequencies to 
attain 90% of full amplitude, 
measured from the time when a row 
and column signal are driven low. 

3. Pre-emphasls is the ratio of the high­
group level to the low-group level. 

4. Refer to Fig. 1 for standard DTMF fre­
quencies. 

DYNAMIC ELECTRICAL CHARACTERISTICS at T A = - 25·C to + 60 DC 
All voltages referenced to VSS =0 V. 

CHARACTERISTIC 

DC Supply Voltage 
Tone Generation Mode with 

Valid Inout· 
Non-Tone Generation·· 

Operating Current 
Tone Generation Mode 

(Outputs Unloaded) 

No Keydown Mode 

Input Pull·Up Current 
Input Low Voltage (VIL) Max. 
Input Nigh vOltage (VIH) Min. . All logic and counters functional. 
• ·Mute switches remain open. 

VDD 

I 

3.7 V 
9.3 V 
3.7 V 
9.3 V 
3-10 V 
3-10 V 
3-10 V 

LIMITS 
UNITS 

Min. Max. 

2.5 10 
V 

1.7 I 10 I 

1.7 
mA 13 

100 
",A 200 

400 J,LA 
0.2 VDD V 

0.8 VDD V 



COL 1 COL 2 COL 3 COL4 

ROW I 8000 697(699.0) 

ROW 2 8000 770 (766.2) 

ROW 3 [J~~0 852(847.4) 

GGGG ROW 4 9411948.01 

r NOMINAL 
1209 1336 1477 1633 +-- OUTPUT 

11215.9) 11331.7) 11471.9) 11645.0) FREQUENCY 

92CS-32958 

Fig. 1 . Bell and nominal output frequencies (in 
parenthesis) lor 3.579545·MHz crystal. 

Voo 

C2 4 )---<l-I-+--i 
COL 

SENCE 

ROW 
R2 131)--........... +-+--1 SENSE 

R4 ,,)-----..... -i 

ascI 7)------~·· 

OSC 

CSC 2 8}------j 

ROW INH. 

ENABLE 

Fig. 2 - Touch-tone generator. 
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Voo 16 VaUT 
TX 15 'Eli 

CI 14 RI 

C2 13 R2 

C, 12 R' 

Vss R4 

ascI 10 RX 

OSC2 C. 

92CS-32957 

Terminal Assignment 

II 

RX 

r-----1--------{iIO 

MUTE 
CONTROL I--____ -{T: 

V5S 
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L2 
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I 
I 
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NETWORK I 

RX 

~+----1Tx 

OSCI 

IXT 
Voo 

+ 

OSC2 

'buT 

KEYPAD 

I 2 3 

456 

7 8 9 

"'0'" 

~ ___________ ..J 

D4 

Fig. 3· Interface with standard K500 telephone 
network. 

Dimensions In parentheses are in millimeters 
and are derived from the basic Inch dlmen· 
sions as Indicated. Grid graduations are In 
mils (10- 3 Inch). 

The photographs and dimensions 01 each CMOS chip 
represent a chip when It Is part of the waler. When the 
wafer is separated Into Individual chips, the angl. of 
cleavage may vary with respect to the chip face for 
different chips. The actua' dimensions of the Isolated 
chip, therefore. may ditfer slightly from the nomina' 
dimensions shown. The user shouldcons/der 8 tolerance 
01 -3 mils to +16 mils applicable to the nominal 
dimensions shown. 

Dimensions and pad layout for CD22859H chip. 



Preliminary Data 

CMOS High-Speed 8-Bit 
Bidirectional CMOS/TTL Interface 
Level Converter 
The RCA-CD40115· is a high-speed B-bit 
integrated circuit designed to interface CMOS 
logic levels with TT L logic levels on the data 
bus of microprocessor-based systems. CMOS/ 
TTL interface is provided by eight parallel 
bidirectional buffer/level converters. Buffer 
INPUT/OUTPUT terminals are either inputs 
or outputs depending on the desired direction 
of data flow. A low on both the ENABLE 
and DISABLE control inputs selects the 
direction of data flow from CMOS Inputs to 
TTL Outputs. A high on both control inputs 
selects the direction of data flow from TTL 
Inputs to CMOS Outputs. A low on the 
ENABLE and a high on the DISABLE 
inhibits data flow in either direction and 
places the CMOS Outputs in a high-imped­
ance (3-state) mode. 

The TIL Input/Output terminals and the 
ENABLE and .DISABLE control inputs are 
TTL-compatible without the use of external 
pull-up resistors. The TTL input logic 0 to 
logic 1 transition occurs at a level of 
approximately 1.5 volts. The ENABLE and 
DISABLE inputs may be driven to the VDD 
rail; therefore, either TTL or CMOS logic 
drivers, capable of sinking one TTL load, 
may be used to determine the direction of 
data flow. The large CMOS and TIL output 

Features: 
• Eight inverting channels with ~V-to-12V 

or 12V-to-5V level conversion 
• Three operating modes: 

CMOS-to-TTL level conversion 
TTL-to-CMOS level conversion 
Interface off; high-impedance 

CMOS input/output 
• Low propagation delay time: 

CMOS-to-TTL conversion - 10 ns typo 
TTL-to-CMOS conversion - 30 ns typ., 

• High TTL sink current - 30 rnA typo 
• No external TTL input pull-up resistors 

required 
• High speed drive of large data bus 

capacitances 
• Input/output and power supply terminals 

located for ease of PC board layout 

'buffers in this device have high output sink 
and source current capability and can drive 
the data bus capacitance with a transition 
time of approximately 0.1 ns/pF. This fast 
output transition time, together with the 
small propagation delay time of the device, 
allow high-speed operation. 

The CD40115 is supplied in a 22-lead 
hermetic dual-in-line ceramic package. 

MAXIMUM RATINGS, Absolute-Maximum Values: 
DC SUPPLY-VOLTAGE RANGE (Voltage. referenced to VSS Terminal) 

VDD . 
VCC ..... . 

INPUT VOLTAGE RANGE: 
Oata Inputs, CMOS to TTL 
Oata Inputs, TTL to CMOS 
Enable, Disable Inputs 

POWER DISSIPATION PER PACKAGE (POl: 

-<t.5 to +12.6 V 
-<t.5 to +6 V 

-0.5 to v DD+O.5 V 
-0.5 to V cc+O.5 V 
-0.5 to VDD+O.5 V 

For T A = -550 C to +1000 C . 
For TA = +100 to +1250 C .... . . . 

. . . . . . . 500mW 
Derate Linearly at 12 mWI"C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For T A = Full Package-Temperature Range. . 

OPERATING TEMPERATURE RANGE IT AI. . 
STORAGE TEMPERATURE RANGE (Tst I . . 
LEAD TEMPERATURE (DURING SOLD~RINGI: 

At distance of 1/16 ± 1/32 inch (1.59 ± 0.79 mml 
from case for 105 max. 

TRUTH TABLE 
ENABLE DISABLE FUNCTION 

0 0 Convert CMOS Level to TTL Level 

1 1 Convert TTL Level to CMOS Level 

0 1 High Impedance IZ) 
1 0 Invalid-

100mW 
-55 to +1250 C 
-65 to +1500 C 

CD40115 

Functional Diagram 

Applications: 
• Interface CMOS microprocessor with 

TTL memories and peripheral devices 
• Interface between and within logic 

systems which combine CMOS 
and TTL devices 

vno 22 Vee 

't 
21 

"} 
.. '2 20 B2 

~ A3 4 I. B' 
S A4 • I • B. 

~ A5 17 B. 

: A6 16 B. 

~ A7 ,. B7 
u .6 I. BB 

ENABLE 10 ,. DISABLE 

vss 12 Ne 
TOP VIEW 

Ne· NO CONNECTION 
9ZCS- 3024~ 

TERMINAL ASSIGNMENT 

o = Low Level 1 = High Level 
Z = High Impedance on CMOS Output .ide; TTL side are inputs. 
INVALID = Both CMOS and TTL side. are ON a. outputs. 

See Operating and Handling Considerations - Bvpassing and 
Unused Input •. 

• Excessively high currents from VOO to VSS could flow 
in this mode during power turn-on or turn-off if other 
IC's drive into the bus lines (on either the TTL or CMOS 
sidel. This high current condition could occur during a 
transient or steady-state invalid mode. 
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VDD VDD 
VDD 

DISABLE 

81 ,. 
AI TTL 

CMOS OUTPUTIINPUT) 
INPUT(OUTPUT) 

21120,1.,18, 
2(5,4.5,6. 17.18.15,141 

7.8.91 ENABL.E 

10 

V .. 

SS I OF 8 IDENTICAL CIRCUITS Vss ENABLE AND DISABLE ARE 
TTL TVPE INPUT.s 

In ut{Output) 

D"" Terminal No. 
Out ut Hnput) 

D." Terminal No. 
D AND E OUTPUTS ARE 
COMMO" TO ALL 8 CHANNELS 

Al 2 81 2' 
A2 3 B2 2D 
A3 4 B3 ,. 92CM-30247 

A4 5 B4 '8 
AS 6 85 17 
AB 7 B8 '8 
A7 8 B7 '5 
AB • B8 '4 

Fig. , - Functional block diagram. 

STATIC ELECTRICAL CHARACTERISTICS At TA = 250 C, VDD = 12 V, VCC= 5 V 

CHARACTER ISTIC TEST CONDiTIONS 
TYPICAL 

UNITS VALUES 

Data Flow - CMOS Inputs to TTL Outputs 

Quiescent Device Current, 
From VOO Supply, 100 4 mA 
From V CC Supply, ICC 5 /lA 

Input Current, lIN VIN=O, 12 V; Any CMOS input ±50 /lA 
Output Current, IOH VOW3V,VIL=2V 15 

mA 
IOL VOL=0.4 V, VIH=10 V 30 

Data Flow - TTL Inputs to CMOS Outputs 

Quiescent Device Current, 
From VOO Supply, 100 4 mA 
From VCC Supply, ICC 5 /lA 

Input Current, IlL VIL =0 to 0.7 V; Any TTL input -250 
/lA 

IIH VIH=2.3 V; Any TTL input -50 

Output Current, IOH VOW11.5 V, VIL-0.7 V 20 
mA 

IOL VOL=0.5 V, VIH=2.3 V 20 

CMOS 3·State Output Leakage 
Current, lOUT VO=O, 12 V, VIWO,5 V ±50 /lA 

Enable and Disable Inputs 

Input Current, IlL VIL=OtoO.7V -250 

IIH VIW2.3 V (TTL) -50 /lA 
IIH VIH=12 V (CMOS) 50 

DYNAMIC ELECTRICAL CHARACTERISTICS At TA = 250 C, VDD = 12 V, VCC = 5 V 

CHARACTERISTIC 
TEST CONDITIONS TYPICAL VALUES 

UNITS 
INPUT OUTPUT ~ =50pF ct =200 pF 

Propagation Delay Times, 
Data·ln to Data·Out, CMOS TTL 10 15 ns 

tpHL, tpLH TTL CMOS 30 40 

Enable or Disable to 
Data·Out, 35 ns 
tpHZ, tpZH, tpLZ' tpZL 

Transition Time, tnlL' tTLH CMOS TTL 10 15 ns 
TTL CMOS 10 15 



CMOS High-Speed 8-Bit 
Bidirectional CMOS/TTL 
Interface Level Converter 

Features: 
• Eight inverting channels with conversion from VOO to 

VCC or VCC to VOO 
(4 V~ VOO ~ 12 Vand4 V~ VCC::;'VOO) 

• Three operating modes: 
CMOS-to-TTL level conversion 
TTL-to-CMOS level conversion 
Interface off; high-impedance on both sides 

The RCA-CD40116 is a high-speed 8-bit integrated circuit 
designed to interface CMOS logic levels with TTL logic 
levels on the data bus of microprocessor-based systems. 
CMOS/TTL interface is provided by eight parallel 
bidirectional buffer/level converters. Buffer 
INPUT/OUTPUT terminals are either inputs or outputs 
depending on the desired direction of data flow. 

A low level on the DISABLE input with the ENABLE input 
either high or low, permits conversion of CMOS inputs to 
TTL outputs. A high level on both the DISABLE and 
ENABLE inputs permits data flow from TTL inputs to CMOS 
outputs. A low level on the ENABLE input and a high level 
on the DISABLE input sets both inputs/outputs to the high­
impedance state. 

The TTL Input/Output terminals and the ENABLE and 
DISABLE control inputs are TTL-compatible without the 
use of external pull-up resistors. The TTL input logic 0 to 
logic 1 transition occurs at a level of approximately 1.5 volts. 
The ENABLE and DISABLE inputs may be driven to the 
VDD rail; therefore, either TTL or CMOS logic drivers, 
capable of sinking one TTL load, may be used to determine 
the direction of data flow. The large CMOS and TTL output 
buffers in this device have high output sink and source 
current capability and can drive the data bus capacitance 
with a transition time of approximatelyO.25 ns/pF. This fast 
output transition time, together with the small propagation 
delay time of the device, allow high-speed operation. 

Pin 12 is an additional VSS Pin which is connected directly 
to the TTL-to-CMOS converters to avoid oscillation in these 
amplifiers. Pin 12 is connected to Pin 11 through a poly 
resistor which isolated Pin 12 from VSS switching noise 
(groung noise). 

The CD40116 is supplied in a 22-lead hermetic dual-in-line 
ceramic package (D suffix), 22-lead plastic package (E 
suffix), and in chip form (H suffix). 

CD40116 Types 

vOO" I 

VCC"22 

VSS"II,12 92CS·32569RI 

Functional Diagram 

• Low propagation delay time: 
CMOS-to- TTL conversion - 25 ns typo 
TTL-to-CMOS conversion - 30 ns typo 
(VOO = 12 V, VCC = 5 V) 

• High TTL sink current - 11 mA typo 
a No external TTL input pull-up resistors required 
• High speed drive of large data bus capacitances 
• Input/output and power supply terminals located for II 

ease of PC board layout 

Applications: 

• Interface CMOS microprocessor with TTL memories 
and peripheral devices 

• Interface between and within logic systems which 
combine CMOS and TTL devices 

VOO 22 VCC 

~ AI 2 21 BI ... A2 3 20 B2 
.... .... ::> 

::> 
A3 4 19 B3 

... 
0 .... 
;:: ::> 

A4 5 IB B4 0 ::> ;:: ... AS 6 17 BS ;!': ::> ... 
A6· 7 16 B6 ;!': In 

0 A7 8 15 B7 oJ :E .... 
v A8 9 14 BB .... 

ENABLE 10 13 DISABLE 

vss II 12 Vss 
TOP VIEW 

92CS-30245 

TERMINAL ASSIGNMENT 
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MAXIMUM RATINGS, Absolute-Maximum Values: 

DC SUPPL V-VOLTAGE RANGE (Voltage reference to VSS Terminal) 
VDD············ ............................................................................................. -0.5 to + 12.6 V· 
VCC ............................................................................................................. -0.5 to VDD 

INPUT VOLTAGE RANGE: 
Data Inputs. CMOS to TTL ................................................................................. -0.5 to VDD + 0.5 V 
Data Inputs. TTL to CMOS ................................................................................. -0.5 to VCC + 0.5 V 
Enable. Disable Inputs ..................................................................................... -0.5 to VDD + 0.5 V 

POWER DISSIPATION PER PACKAGE (PO): 
For TA = -40·C to + 60·C (E) ......................................................................................... 500 mW 
For T A = + 60· C to + 85· C (E) .......................................................... Derate linearly at 12 mW/· C to 200 mW' 
For TA = -55·C to + 100°C (D) ........................................................................................ 500 mW 
ForTA = + 100 to + 125°C (D) .......................................................... Derate linearly at 12 mW/·C to 200 mW 

DEVICE DISSIPATION PER OUTPUT TRANSISTOR 
For TA = Full Package-Temperature Range ............................................................................ 100 mW 

OPERATING TEMPERATURE RANGE (TA) 
Package Type 0 ............................................................................................... -55 to + 125.C 
Package Type E ................................................................................................ -40 to + 85·C 

STORAGE TEMPERATURE RANGE (Tstg) ........................................................................ -65 to + 150·C 
LEAD TEMPERATURE (DURING SOLDERING): 

At distance of 1/16 ± 1/32 inch (1.59 ± 0.79 mm) 
from case for lOs max ............................................................................................. + 265· C 

'At 125·C VDD should not exceed +12 V. 

Vce 

Vss 

I OF 8 I DENT ICAL CIRCU ITS 

In u. (OU'PUl) Ou.ou. (lnpu.) 
Data Terminal No. Data Terminal No. 
Al 2 Bl 21 
A2 3 B2 20 
A3 4 B3 19 
A4 5 B4 18 
AS 6 B5 17 
A6 7 B6 16 
A7 8 B7 15 
A8 9 B8 14 

Vss 

Fig. 1 - Functional block diagram. 

TRUTH TABLE 

ENABLE DISABLE FUNCTION 

VDD 

ENABLE AND DISABLE ARE 
TTL TYPE INPUTS 

ii AND E OUTPUTS ARE 
COMMON TO ALL 8 CHANNELS 

92CM-32570 

X 0 Convert CMOS Level to TTL Level 

1 1 Convert TTL Level to CMOS Level 

0 1 High Impedance (Z) 

0= Low Level 1 = High Level X = Don't Care 

Z = High Impedance on both CMOS and TTL sides. 

See Operating and Handling Considerations - Bypassing and 
Unused Inputs. 



TTL 
I/O 

21 (20.19.18,17,16,15,14) 

VCC 

F 

VOO 

'" PROPRI ETARY CIRCUIT 

E 

o 

r----- 0 

CD40116 Types 

CMOS 
I/O 

2(3,4,5,6,7,8,9 ) 

TRUTH TABLE 

o FUNCTION 

o CONVERT CMOS TO TTL 

CONVERT TTL TO CMOS 

HIGH IMPEO. (Z) 

X' OONT CARE 

~WHEN "F" IS HIGH IT STOPS) 
~I./'>------ F CURRENT FLOW THROUGH 

TTL TO CMOS CONVERTER 

@--VCC 

®-- GNO 

Fig. 2 - Logic diagram for CD40116. 92CM- 34534RI 

STATIC CHARACTERISTICS VDD = 12 V, VCC = 5 V 

Limits at Indicated Temperatures (0 C) 
CHARACTERISTIC TEST Values at -55, +25, +125 for D, H Packages UNITS 

CONDITIONS Values at -40, +25, +85 lor E Packages 
+25 

-55 -40 +85 +125 MIN. TYP. MAX. 
Quiescent Device Current: ENABLE - 1 5 5 5 5 - 1 5 mA 

From VDD Supply, 100 MAX ENABLE = 0 5 5 5 5 - 0.2 5 
From VCC Supply, Icc MAX 100 100 200 200 - 5 100 /lA 

Data Flow CMOS Inputs to TTL Outputs 
Input Current, liN MAX VIN = 0, 12 V; 

Anv CMOS inout 
±60 ±60 ±60 ±60 - ±5 ±60 /lA 

Output Current, IOH MIN VOH = 3 V, ~7.5 -7 -4.9 -4.2 -6 -12 -
V,L = 2 V mA 

IOL MIN VOL = 0.4 V, 7.5 7 4.9 4.2 6 11 -
V,I- = 10 V 

TTL 3-State Output Leakage ENABLE = 1 -500 -500 -500 -500 - -250 -500 /lA 
Current lOUT MAX ENABLE = 0 ±100 ±100 ±100 ±100 - ±5 ±100 /lA 

Data Flow - TTL Inputs to CMOS Outputs 
Input Current, ',L MAX VIL = 0 to 0.7 V; -500 -500 . -500 -500 - -250 -500 

',HMAX VIH = 2.3 V; -450 -350 -350 -350 - -175 -350 /lA 
I'H MAX V,H = 5V; +100 +100 

Anv TTL input 
+100 +100 - +50 +100 

Output Current, IOH MIN VOH - 11.5 V, 
V,L = 0.7 V 

-4.3 -4.2 -2.9 -2.5 -3.5 -6.5 -
mA 

IOL MIN VOL = 0.5 V, 4.3 4.2 2.9 2.5 3.5 6.5 -
VI~ = 2.3 V 

CMOS 3-State Output Va = 0, 12 V, ±60 ±60 ±60 ±60 - ±5 ±60 /lA 
Leakaoe Current lOUT MAX VIN = 0,5 V 

Enable and Disable Inputs 

',L MAX VIL = 0 to 0.7 V -500 -500 -500 -500 - -250 -500 
Input Current, "H MAX V,H = 2.3 (TTL) -450 -350 -350 -350 - -175 -350 /lA 

"H MAX V,H = 12 V (CMOS) 60 60 60 60 - 5 60 
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DYNAMIC ELECTRICAL CHARACTERISTICS AT TA = 25°Cj VDD = 12 V, VCC = 5 V 
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TEST CONDITIONS 
CHARACTERISTIC 

INPUT 

Propagation Delay Times, 
Data-In to Data-Out, CMOS 

tpHL, tpLH TTL 

Disable to TTL Out, 
tpHZ/LZ 
tPZH/ZL 

Enable to CMOS Out, 
tPHZlLZ 
tpZH/ZL 

Transition Time, CMOS 
tTHL, tTLH TTL 

IVU AMBIENT TEMPERATURE TA ·2!5"C 

.. 
E 
1 

~ 75 
H 

!!! 
~ 
9 25 
... 
:0 .. ... 
5 

GATE~TO- SOURCE VOLTAGE (VGsl-12V 

25 !5 l5 10 12.5 15 
DRAIN-lO-SOURCE VOLTAGE (Vos)-V 

92CS-34535 

Fig. 3 - Typical N-Channel output low (sink) 
current characteristics - CMOS to TTL. 

'I 50 AMBIENT TEMPERATURE eTA)· 2!5"C 

! 
-' 
01 

GATE-TO- SOURCE VOLTAGE I VGsl-12 V 

!::!315 ... 
ffi 
~ 
; 25 

z 
!! ., 
0 
..t12.5 .V 
~ ... 
5 

10 15 
DRAIN- TO - SOURCE VOLTAGE (Vos)-V 

Fig. 5 - Minimum N-Channel output low 
(sink) current characteristics - CMOS 

OUTPUT 

TTL 
CMOS 

TTL 
CMOS 

LIMITS 
UNITS 

CL = 50 pF CL = 200 pF 

TYP 

25 
30 

30 
35 

20 
45 

20 
20 

1 
! 
-' :;fIJ 
... 
i5 50 

~ 
"40 

" z 
!! ., 
920 
~ 
~ 10 
o 

MAX TYP 

35 35 ns 
45 50 

45 30 ns 
50 35 

30 20 ns 
60 45 

40 55 ns 
40 55 

AMBIENT TEMPERATURE ITA 1- Z!I"C 

GATE-TO-SDURCE VOLTAGE VGsJ-12 

.v 

o 2 4 6 B 10 
DRAIN-TO- SOURCE VOLTAGE CVOS)-~CS_'4!Sae 

Fig. 4 - Typical output low (sink) current 
characteristics - TTL to !CMOS. 

AMBIENT TEMPERATURE (TA ». 2,.C 

! ... 
..?' 30 

... 
i5 25 

'" '" :0 
" 20 
;;; 
z 
~ 15 ., 
9 10 

5 
:: 5 
5 

o 

GATE-TO-SOURCE VOLTAGECYest-12V 

ov 

2 4 6 8 
DRAIN- TO - SOURCE VOLTAGE (Vos)-V 

tzeS-MSlI 

Fig. 6 - Minimum output low (sink) current 
characteristics - TTL to! CMOS. 
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DRAIN·· TO- SOURCE VOLTAGE I VOSl-V 

-5 -4 -3 -2 -I 
AMBIENT TEMPERATURE ITA)· 2S-C 

GATE-TD-SDURCE VOLTAGE (YGS)· -5'1· 

_.0 

.. 
-25 E 

~ 
-5 !::! 

!z 
-75~ 

92C5-34539 

Fig. 7 - Typical P-channel output high 
(source) current characteristics - CMOS 
to TTL. 

DRAIN-TO"'SDURCE VOLTAGE (VOs}-V 

- 5 -4 -3 -2 -I 

AMBIENT .TEMPERATUREITA I: 25·C 

GAT -TO-SOURCE VOLTAGE (VGSI .. -5V 

92es- 34541 

Fig. 9 - Minimum P-Channel output high 
(source) current characteristic - CMOS 
to TTL. 

o~ 
.:> 
~I- 30 

~ 20 

10 

AMBIENT TEMPERATURE (TAl "25°C 
SUPPLY VOLTAGES '100"12'1, VCC~5V 

50 100 150 
LOAD CAPACITANCE (Cll-pF 

200 

92C$-34543 

Fig. 11- Typical DATA-IN to DATA-OUT 
propagation delay as a function of load 

capacitance. 

CD40116 Types 

DRAIN- TO - SOURCE VOLTAGE (Vosl-V 

-15 -10 -5 
AMBIENT TEMPERATURE (TA}-25-C 

GATE -TO-SOURCE VOLTAGE (VGS) = -5 V 

-12'1 

-10 r 
J 
'0 

-20 H ... 
z 
~ 

30~ 

-40~ 

-50~ 

92C5-34540 

Fig. 8 - Typical output high (source) current 
characteristics - TTL to CMOS. 

DRAIN-IO-SOURCE VOLTAGE (Vos)-V 

-15 10 - 5 
AMBIENT TEMPERATURE ITA )=25°C_ 

GATE-TO~SOURCE VOLTAGE (VGS) "-5 

-12V 

92C5-34542 

Fig. 10 - Minimum output high (source) 

~ 
:> 
... 30 
z 
o 
... 20 

z 
~ ... 10 

current characteristics - TTL to CMOS. 

AMBIENT TEMPERATURE (TA j=25°C 

i- i+i 

50 100 150 200 

LOAD CAPACITANCE (e L l-pF 
92CS-34544 

Fig. 12 - Typical transition time as a function 
of load capacitance CMOS-to- TTL or 
TTL-to-CMOS. 
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~ AMBIENT TEMPERATURE (TA.)~25"C 
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FREQUENCY (O-MHz 
92CS-34S4!! 

Fig. 13 - Power dissipation as a function of 
frequency - CMOS to TTL. 
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92CS-54546 

Fig. 14 - Power dissipation as a function of 
frequency - TTL to CMOS. 

90 
2.286) 

109 -117 --,-______ ~ 
(2.769-2.971 ) 

The photographs and dimensions of each CMOS chip represent a 
chip when it is part of the wafer. When the wafer is separated into 
individual chips, the angle of cleavage may vary with respect to 
the chip face for different chips. The actual dimensions of the 
isolated chip, therefore, may differ slightly from the nominal 
dimensions shown. The user should consider a tolerance of-3 
mils to +16 mils applicable to the nominal dimensions shown. 

92CM-34547 

Dimensions in parentheses are in millimeters and are derived from 
the basis inch dimensions as indicated. Grid graduations are in 
mils (10-3 inch). 

Dimensions and Pad Layout for CD40116H 

694 



High-Reliability CMOS IC's 

695 



696 

RCA High-Reliability CMOS IC's 
MIL-M-38S10 CD4000-Series CMOS IC's 

The purpose of the MIL-M-38510 program is to achieve 
standardization among integrated-circuit suppliers and to as­
sure delivery of devices whose long-term life will satisfy the 
requirements of the system for which they are intended. Three 
reliability classes - S, B, and C - are described in 
MIL-M-38510; the screening tests for these reliability classes 
are performed according to MIL-STD-883, Method 5004. 
Class S devices are of the highest reliability level and are in­
tended for critical applications where replacement of compo­
nents is not practical. 

The qualification and quality conformance tests delineated 
in MIL-STD-883, Method 5005 are accelerated stress tests 
that subject devices to stress levels greater than those nor-

mally experienced in a typical application. These tests consist 
of: Group A, Electrical; Group B, Package and Internal Me­
chanical Strength; Group C, Indicators of Long Term Reliabil­
ity; and Group D for package and chip. Both qualification de­
vices and a sample of devices from the production line are 
subjected to this series of accelerated tests. The tests per­
formed on the qualification devices are called qualification 
tests; the tests performed on production-line devices after a 
specific type has been qualified are called conformance tests. 
Electrical end-point limits for the tests are defined by 
MIL-M-38510 and are more demanding of CMOS than of TTL. 
DC parameters are measured at -55°C, +25°C, and + 125°C. 

RCA JAN Qualified-Parts Listing as of Jan. 1982 

RCA Available JAN Devices RCA .Avallable JAN Devices 
Detail Specification Type x lU Detail Specillcation Type 1 x lU' 

S B R&d SI S B Rad SI 

MIL-M-3851 0/5001 CD4011A A MIL-M-38510/5701 CD4006A A 
02 CD4012A A 02 CD4014A A 
03 CD4023A A 03 CD4015A A 
51 CD4011B P P 04 CD4021A A 
52 CD4012B P P 05 CD4031A A 
53 CD4023B P P 06 CD4034A 

MIL-M-38510/5101 CD4013A A 51 CD4006B 

02 CD4027A A 52 CD4014B 

03 CD4043A 53 CD4015B 

51 CD4013B P P 54 CD4021B 

52 CD4027B 55 CD4031B 

53 CD4043B 56 CD4034B 

MI L-M-3851 0/5201 CD4000A A MIL-M-38510/5801 CD401SA 

02 CD4001A A 02 CD406SA 

03 CD4002A A 51 CD401SB 

04 CD4025A A 52 CD406SB 

51 CD4000B MIL-M-38510/5901 CD4028A 
52 CD4001B P P 51 CD4028B 
53 CD4b02B P P MIL-M-38510/17001 CD4081B A A A 
54 CD4025B 02 CD4082B A A A 

MIL-M-38510/5301 CD4007A A 03 CD4073B A A A 

02 CD401SA A MIL-M-38510/17101 CD4071B A A A 
03 CD4030A 02 CD4072B A A A 
04 CD4048A 03 CD4075B A A A 
51 CD4007B MIL-M-38510/17201 CD4085B A A A 
52 CD4019B 02 CD408SB A A A 
53 CD4030B 03 CD4070B A A A 
54 CD4048B 04 CD40778 A A A 

MIL-M-38510/5401 CD4008A MI L-M-38510/17301 CD4514B 
53 CD4008B 02 CD4515B 

MIL-M-38510/5501 CD4009A 03 CD4532B 
02 CD4010A 04 CD4555B 
03 CD4049A A 05 CD455SB 
04 CD4050A A MIL-M-38510/17401 CD4069UB A A A 
05 CD4041A 02 CD40107B 
51 CD400SUB 03 CD4502B A A A 
52 CD4010B 04 CD40109B 
53 CD404SUB P P 
54 CD4050B P P MIL-M-38510117501 CD4076B 

55 CD4041B P P 02 CD40S5B 
03 CD40S6B 

MIL-M-38510/5601 CD4017A A 04 CD40S8B A A A 
02 CD4018A A 05 CD40174B 
03 CD4020A A MIL-M-38S10/17S01 CD4099B A A A 
04 CD4022A A 02 CD4508B 
05 CD4024A A 
51 CD4017B P P MIL-M-38510/17701 CD4093B 

52 CD4018B 02 CD40106B 

53 CD4020B P P MIL-M-38510/17801 CD4067B 
54 CD4022B 02 CD40S7B 
55 CD4024B 03 CD40257B 

A = available P = proposed qual. 



RCA High-Reliability CMOS IC's 

Standard-Product and Special Custom High-Reliability IC's 

RCA offers high-reliability versions of virtually its entire line of 
standard-product integrated circuits from the CD4000 series 
of CMOS digital logic types to the CDP1800 series 
microprocessor, associated memory, and inpuVoutput (1/0) 
types. These integrated circuits are processed and screened 
to MIL-STD-883 Class B requirements. 

RCA also offers high-reliability versions of standard­
product types that are processed and screened to special 
customized specifications, especially for the aerospace user 

and others who procure types to Class S specifications. 
RCA maintains an extensive computer file of customer 

specifications and has the methodology required to translate 
these customized specifications into internal RCA standards 
and factory operating procedures. In addition to the detailed 
device specifications, the computer file lists the customer 
specification number, any revision number, and the RCA cus­
tom number aSSigned to a specific device type. 

RCA MIL-STD-883 Slash-Series CMOS IC's 
RCA high-reliability slash-series CMOS products include both 
CD4000-series digital logic types and CDP1800-series 
microprocessor and memory-system types. The CD4000-
series parts are provided to three screening levels-/1 S, 13, 
and 13W-that correspond to MIL-STD-883, Method 5004, 
Classes Sand B requirements. The CDP1800-series parts 
are supplied to levels 13 and 13W. Equivalent aerospace level 
screening may be negotiated on a custom basis. RCA also 

supplies high-reliability chips. These chips are provided to two 
screening levels, IS (or IR for LSI types) and 1M. 

RCA CD4000-series level 11 S packaged devices and IS 
chips are also available in radiation-hardened versions. 
These parts are processed to either 105 or 106 rads(Si) and 
are identified by addition of a " Zoo or a "J" suffix letter, respec­
tively, to the device type number (see nomenclature diagram 
on following page). 

Screening Levels for RCA MIL·STD·883 Slash·Series CMOS Integrated Circuits 

Screening Levels Application Description 
RCA MIL-STO-883. 

Levels Method 5004 Format 

Packaged Devices (0, F, K, or L Suffix) 

11S Class S with SEM Inspection and 
Condition A Precap Visual 
Inspection 

I1R' Class S with SEM Inspection and 
Condition B Precap Visual In-
speclion (for LSI types) For devices intended for use 

Aerospace and Missiles where maintenance and replace-
/1SJ or I1RJ' Same as 11S or I1R + Radiation ment are impossible and reli-

Hardened to la' rads(Si) ability is imperative 

11 SZ or 11 RZ' Same as 11 S or 11 R + Radiation 
Hardened to la' rads(Si) 

13 Class B 
Military and Industrial For devices intended for use 

13W:!: Class B with High- and Low- For example, In Air- where maintenance and replace-
Temperature DC and Dynamic borne Electronics ment can be performed but are 
Testing omitted difficult and expensive 

Chips (H Suffix) 

IS SEM Inspection and Condition A 
Visual Inspection 

IR' SEM Inspection and Condition B 
Visual Inspection (for LSI For hybrid applications where 
types) Aerospace and Missiles maintenance and replacement 

are extremely difficult and 
ISJ or IRJ' Same as IS or IR + Radiation reliability is imperative 

Hardened to 10' rads(Si) 

ISZ or IRZ' Same as IS or IR + Radiation 
Hardened to la' rads(Si) 

1M Condition B Precap Visual 
Inspection Military and Industrial For general applications 

"/1R or fR screening IS used Instead of /15 Or IS screening for LSI CirCUits for which their large size makes the ConditIon A Precap Visual 
Inspection impractical. 

:I: I3W Screening of CDPISDO-series includes dynamic testing at 25'C. 
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RCA High-Reliability CMOS IC's 
Nomenclature for High-Reliability CMOS IC's 

The type number for RCA slash-series CMOS integrated cir­
cuits identifies not only the basic device, but also the 
screening level, package, and lead finish. The package is 
identified by addition of a suffix letter D (dual-in-line welded­
seal ceramic), F (dual-in-line frit-seal ceramic), K (ceramic flat 
pack), or H (chips) to the basic type number. The screening 
level is identified by addition of 11 S; 11 R, 13, 13W for packaged 

devices or IS, IR, or 1M for chips. A J or Z suffix to level 11 S or 
IS parts indicates radiation-hardened devices. 

Similarly, the MIL-M-38510 type number is a guide to the 
detailed electrical specification, the basic device type, the reli­
ability class, and lead finish. 

Guide to the reliability class, package, and radiation-hardness assurance level of 
RCA high-reliability (slash-series) CMOS integrated circuits processed to 
MIL-STO-883 Format. 

CD4000BD/1 SJ 
1111 III 

I 1L:j 
WHEN USED, INDICATES 

I RADIATION·HARDENED TYPES. J I 
PART NUMBER PACKAGE DESIGNATION RELIABILITY SCREENING LEVEL HARDNESS ASSURANCE LEVEL 

CD4000B D = DUAL·IN·LlNE /1 S = CLASS S CONDITION A PRECAP J = 106 ,ads SI CDP1800 METAL-SEAL CERAMIC 
K = FLAT PACK 

VISUAL + SEM INSPECTION Z = 105 'ads Sl 

F = DUAL·IN·LlNE 
FRIT'SEAL CERAMIC 

L = LEADLESS-CHIP-
CARRIER CERAMIC 

11 R = CLASS S CONDITION B PRECAP 
VISUAL + SEM INSPECTION 

13 = CLASS B 
13W = CLASS B WITHOUT HIGH·AND LOW· 

TEMPERATURE DC AND 
DYNAMIC TESTING 

CLASSES SAND B ARE REFERENCED TO 
MIL·STD·8B3 METHOD 5004. LEVEL 
11 R SCREENING IS USED INSTEAD OF 
LEVEL 11 S SCREENING FOR LSI CIRCUITS 
THAT ARE SO LARGE THAT CONDITION A 
PRECAP VISUAL INSPECTION IS IMPRAC' 
TICAL. 

/3w SCREENING OF CDP1800 SERIES INCLUDES 
DYNAMIC TESTING AT +25'C. 

92CM-34476 

Guide to the reliability class, package, lead finish, radiation-hardness assurance 
level, and electrostatic sensitivity of RCA high-reliability CMOS integrated circuits 
processed!n accordance with MIL-M-38S10. 

JM38510105101 SCB' 

GENERAL SPECIFICATION --------~-;rr II 

DETAIL SPECIFICATIONS 

1050 = STANDARD CD4000 
SERIES 

/170 = HIGH·VOL TAGE CD4000 
SERIES 

1470 = MICROPROCESSORS AND 
MEMORIES 

SPECIFIC DEVICE 

011STHE 
CD4013 

'NOTE: RADIATION AND ELECTROSTATIC-DISCHARGE·SENSITIVITY 
NOT BEEN FORMALIZED AS OF MID 1981. SEE CURRENT ISS 
FOR REQUIREMENTS. 

I 
DEVICE CLASS 

S = CLASSS 
B = CLASS B 
C = CLASSC 

IDENTIFIERS HAVE 
UE OF MIL·M·38510 

PACKAGE OUTLINES Y AND Z HAVE PACKAGE "A" DIMENSION OF 100 MILS AND 
ARE IN DETAILED SPECIFICATIONS. 

I 
PACKAGE OUTLINE 

C = 14 TERMINAL DUAL·IN·LlNE 
Y = 14 TERMINAL FLAT PACK 

(1/4" X 3/8") 
E = 16 TERMINAL DUAL·IN·LINE 
Z = 16 TERMINAL FLAT PACK 

(1/4" x 3/B") 
OR AS DEFINED IN 
DETAIL SPECIFICATIONS 

92CM -34474 

1 
LEAD FINISH 

A= SOLDER 
B = TIN 
C = GOLD 



RCA High-Reliability CMOS Ie's 
High-Voltage CD4000B-Series CMOS IC's 

No. 01 No. 01 
Type No. Description Leads Type No. Description Leads 

CD4000B Dual 3-input NOR gate plus inverter 14 CD4066B Quad bilateral switch 14 
CD4000UB Dual 3-input NOR gate plus inverter 14 CD4067B 16-channel analog multiplexers/ 24 
CD4001B Quad 2-input NOR gate 14 demultiplexers 
CD4001UB Quad 2-input NOR gate 14 CD4068B 8-input NAND/AND gate 14 
CD4002B Dual 4-input NOR gate 14 CD4069UB Hex inverter 14 
CD4002UB Dual 4-input NOR gate 14 CD4070B Quad exclusive-OR gate 14 
CD4006B 18-stage static shift register 14 CD4071B Quad 2-input OR gate 14 
CD4007UB Dual complementary pair plus 14 CD4072B Dual 4-input OR gate 14 

inverter CD4073B Triple 3-input AND gate 14 
CD4008B 4-bit full adder with parallel 16 CD4075B Triple 3-input OR gate 14 

carry-out 
CD4076B 4-bit "'0"' flip-flop (3-state outputs) 14 CD4009UB Hex buffer/converter (inverting) 16 CD4077B Quad exclusive-NOR gate 14 

CD4010B Hex buffer/converter (non-inverting) 16 CD4078B 8-input NOR/OR gate 14 
CD4011B Quad 2-input NAND gate 14 CD4081B Quad 2-input AND gate 14 
CD4011UB Quad 2-input NAND gate 14 CD40B2B Dual 4-input AND gate 14 
CD4012B Dual 4-input NAND gate 14 

CD4085B Dual 2-wide. 2-input AND/OR 14 CD4012UB Dual 4-input NAND gate 14 
INVERT (A01) gate 

CD4013B Dual "'D" flip-flop with set/reset 14 CD4086B Expandable 4-wide, 2-inpwt 14 
capability AND/OR/INVERT (A01) gate 

CD4014B 8-stage static shift register 16 CD4089B Binary rate multiplier 16 
CD4015B Dual 4-stage static shift register 16 CD4093B Quad 2-input NAND Schmitt 14 
CD4016B Quad bilateral switch 14 Trigger 
CD4017B Decade counter/divider 16 CD4094B 8-stage shift-and-store bus register 16 
CD4018B Presettable divide-by "N" counter 16 CD4095B Gated "J-K" flip-flop (non-inverting) 14 
CD4019B Quad AND/OR select gate 16 CD4096B Gated "J-K" flip-flop (inverting 14 
CD4020B 14-stage Binary Ripple Counter 16 and non-inverting) 
CD4021B B-stage static shift register 16 CD4097B 8-channel analog multiplexer/ 24 
CD4022B Divide-by-8 counter/divider 16 demultiplexer 
CD4023B Triple 3-input NAND gate 14 CD4098B Dual monostable multivibrator 16 
CD4023UB Triple 3-input NAND gate 14 CD4099B 8-bit addressable latch 16 
CD4024B 7-stage binary ripple counter 14 CD4502B Strobed hex inverter/buffer 16 
CD4025B Triple 3-input NOR gate 14 CD4503B Hex buffer (non-inverting) 16 
CD4025UB Triple 3-input NOR gate 14 CD4508B Dual 4-bit latch 24 
CD4026B Decade counter/divider 16 CD4510B Presettable 4-bit BCD up/down 16 
CD4027B Dual "'J-K"' flip-fl9P with set/reset 16 counter 

capability CD4511B BCD-to-7-segment latch decoder/ 16 
CD4028B BCD-to-decimal decoder 16 driver 
CD4029B Presettable up/down counter 16 CD4512B 8-channel data selector (3-state 16 
CD4030B Quad exclusive-OR gate 14 output) 
CD4031B 64-stage static shift register 16 CD4514B 4-bit latch/4-to-16 line decoder 24 

CD4033B Decade counter/divider 16 (outputs low) 
24 CD4034B B-stage static shift register 24 CD4515B 4-bit latch/4-to-16 line decoder 

CD4035B 4-stage parallel-in/parallel-out 16 (outputs low) 
shift register CD4516B Presettable 4-bit binary up/down 16 

CD4040B 12-stage binary ripple counter 16 counter 
CD4041UB Quad true/complement buffer 14 CD4517B Dual 64-bit shift register 16 
CD4042B Quad clocked "'D"' latch 16 CD4518B Dual BCD up counter 16 

CD4043B Quad NOR R/S latch (3-state 16 CD4520B Dual binary up counter 16 

outputs) CD4527B BCD rate multiplier 16 
CD4044B Quad NAND R/S latch (3-state 16 CD4532B 8-input priority encoder 16 

outputs) CD4536B Programmable timer 16 
CD4045B 21-stage timer 14 CD4538B Dual precision monostable 16 

Micropower phase-locked loop 16 
multivibralor 

CD4046B CD4555B Dual l-of-4 decoder/demultiplexer 16 
CD4047B Monostable/astable multivibrator 14 (outputs high) 
CD4048B Multifunctional expandable 8-input 16 

CD4556B Dual l-of-4 decoder/demultiplexer 16 gate (3-state output) 
(outputs low) CD4049UB Hex buffer/converter (inverting) 16 

CD4050J;! Hex buffer/converter (non-inverting) 16 CD4585B 4-bit magnitude comparator 16 
CD4724B 8-bit addressable latch 16 

CD4051B 8-<:hannel analog multiplexer/ 16 CD40100B 32-bit lefVright shift register 16 
demultiplexer CD40101B 9-bit parity generator/checker 14 

CD4052B 4-<:hannel analog multiplexer/ 16 CD40102B Presettable 2-decade BCD down 16 
demultiplexer counter 

CD4053B Triple 2-<:hannel analog multiplexer/ 16 CD40103B Presettable 8-bit binary down 16 
demultiplexer counter 

CD4060B 14-stage binary ripple counter/ 16 CD40104B 4-bit bidirectional universal 16 
divider and oscillator shift register 

CD4063B 4-bit magnitude comparator 16 CD40105B 4-bit x 16,word FiFo buffE!r register 16 
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RCA High..,Reliability CMOS IC's 
High-Voltage CD4000B-Series CMOS Ie's (Cont'd) 

No. of No. of 
Type No. Description Leads Type No. Description Leads 

CD40106B Hex Schmitt Trigger 14 
CD40107B Dual 2-input NAND buffer/driver 14 

CD40163B Binary counter with synchronous 16 
clear 

CD40108B 4 x 4 multiport register 24 CD40174B Hex '"0" flip-flop 16 
CD40109B Quad low-to-high voltage interface 16 
CD40110B Decade up/down counter/ 16 

CD40181B 4-bit arithmetic logic unit 24 
CD40182B Look-ahead-carry block 16 

decoder/latch/driver 
CD40147B 10-line to 4-line BCD priority encoder 16 

CD40192B Presettable 4-bit BCD up/down 16 
counter 

CD40160B Decade counter with asynchronous 16 
clear 

CD40161B Binary counter with asynchronous 16 
clear 

CD40193B Presettable 4-bit binary up/down 16 
counter 

CD40194B 4-bit bidirectional universal 16 
shift register 

CD40162B Decade counter with synchronous 16 
clear 

CD40208B 4 x 4 multi port register 24 
CD40257B Quad 2-line-to-l-line data selector 16 

Note: 
RCA also olfers high-reliability versions of a number of the A-series (3 to 12VI counterparts (CD4000A through CD40S0A and CD4060A) of the 
high-vc!tage B-series types listed above and of several A-series types for which there are no corresponding B-series types (Le., CD4036A and CD4039A 
RAM's, CD40S7 A ALU, and CD40S9 A programmable divide-by-N counter). 

Radiation-Resistant CD4000-Series CMOS IC's 
RCA offers radiation-hardened C04000-series CMOS inte­
grated circuits capable of withstanding total ionizing radiation 
dosages of 105 rads(Si)-Z-suffix types-or 106 rads(Si)-J­
suffix types. These radiation-hardened types are processed 
to either MIL-M-38S10 Class S or MIL-STO-883 level 11S. In 
addition, these types are subjected to special process con­
trols in which their radiation tolerance is monitored. Samples 
are exposed to specified total radiation dosages from a Cobalt 
60 source, pre- and post-radiation measurements are made 
of threshold, threshold delta, leakage current, and go, no-go 
functional tests. 

The radiation resistance to the specified levels is verified by 
exposure of two packaged devices per wafer for 881, M81-1, 
and M81-2 types and a varied quantity of packaged devices 
per lot for L81 types, depending on their complexity. 
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Typical threshold-voltage variations of RCA MEGARAD CD4000-
series CMOS integrated circuits as a function of total-dose gamma 
radiation. 
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Dimensional Outlines 

Dual-In-Line Welded-Seal Ceramic Packages 
_1-:--:,--- • ----t ., (D) SUFFIX (JEDEC MO-001-AD) 
H---,r------l I , 14-Lead Dual-In-Line Welded-Seal _PL ... --------. Ceramic Package 

........ - ~ 

Refer to Rules for Dimensioning (JEDEC Publication No. 951 
for Axial Lead Product Outlines. 

L, 

1. When this device is supplied solder-dipped. the maximum lead 
thickness (narrow portion) will not exceed 0.013" 10.33 mm). 

2. leads within 0.005" 10.12 mm) radius of True Position (TPI at 
gauge plane with maximum material condition and unit installed .. 

3. eA applies In zone L2 when unit installed. 

4. a applies to spread leads prior to Installation. 

5. N is the maximum quantity of lead positions. 

6. N 1 IS the quantity of allowable missing leads. 

:::,:~~" 0~~'. ' ~ ::!:.I' , 
GWGEPLANE JL '~ 

''';''.'' '1 -11-0 ., L, • 

[l';'~Elli 
-,,-~-------,! 

NOTES: 
Refer to Rules for Dimensioning (JEDEC Publication No. 95) 
for Axial Lead Product Outlines. 
1. When this device is supplied solder-dipped, the maximum 

lead thickness (narrow portion) will not exceed 0.013" 
(O.33mm). 

2. Leads within 0.005" (0.12 mm) radius of True Position 
(TP) at gauge plane with maximum material condition 
and unit installed. 

3. eA applies in zone L2 when unit installed: 
4. 0. applies to spread leads prior to installation. 
5. N is the maximum quantity of lead positions. 
6. Nl is the quantity of allowable missing leads 

TO-S Style Package 
IT) SUFFIX (JEDEC MO-006-AG) 
12-Lead Metal Package 

f=l, SE~~ \. l't'lLI; ~ ;.rm-o-rr '-2 ~3 UGE III. \. ,-L . '\::_8 
CENTER!I(J' _B2 

LINE I Z -.J "-:".' 
K ~ .. 

.8, 
I-- ~ 

92CS-19774 
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SYMBOL 
INCHES MILLIMETERS 

MIN. MAX. 
NOTE 

MIN. MAX. 
A 0.120 0.160 3.05 4.06 
Al 0.020 0.065 0.51 1.65 
B 0.014 0.020 0.356 0.508 
Bl 0.050 0.065 1.21 1.65 
C 0.008 0.012 1 0.204 0.304 
D 0.145 0.110 18.93 19.55 
E 0.300 0.325 1.62 8.25 
El 0.240 0.260 6.10 6.60 

·1 O.I00TP 2 2.54 TP 

'A 0.300TP 2.3 1.62TP 
L 0.125 0.150 3.18 3.81 
L2 0.000 0.030 0.000 0.16 
a 00 15<> 4 00 15<> 
N 14 5 14 
Nl 0 6 0 

01 0.050 0.085 121 2.15 
S 0.065 0.090 1.66 2.28 

925S-4411R2 

(D) SUFFIX (JEDEC MO-015-AG) 
24-Lead Dual-In-Line Welded-Seal 
Ceramic Package 

SYMBOL 
INCHES 

NOTE 
MILLIMETERS 

MIN. MAX. MIN. MAX. 

A 0.090 0.200 2.29 5.08 
Al 0.020 0.010 0.51 1.18 
B 0.015 0.020 0.381 0.508 

Bl 0.045 0.055 1.143 1.397 
C O.OOS 0.012 1 0.204 0.304 
0 1.15 1.22 29.21 30.98 
E 0.600 0.625 15.24 15.87 

El 0.480 0.520 12.20 13.20 

"I O.l00TP 2 2.54TP 
." 0.600TP 2.3 15.24 TP 
L 0.100 0_180 2.54 4.57 

L2 0.000 0.030 0.00 0.76 
a 00 150 4 00 150 

N 24 5 24 

Nl 0 6 0 

01 0.020 0.080 0.51 2.03 
S 0.020 0.060 0.51 1.52 

92CS-19948R4 

INCHES MILLIMETERS 
SYMBOL 

MIN. I MAX. 
NOTE 

MIN. I MAX. . 0.230 2 5.84 TP 
Al 0 0 0 0 

A2 0.165 0.185 4.19 4.10 
';8 0.016 0.019 3 0.401 0.482 

~Bl 0 0 a 0 
.;B2 0.016 0.021 3 0.407 0.533 

~D 0.335 0.310 8.51 9.39 

.;°1 0.305 0.335 1.75 8.50 

Ft 0.020 0.040 0.51 1.01 

i 0.028 0.034 0.712 0.863 
k 0.029 0.045 4 0.14 1.14 
Lt 0.000 0.050 3 0.00 1.27 

L2 0.250 0.500 3 6.4 12.1 
L3 0.500 0.562 3 12.7 14.21 

a 30' TP 30' TP 
N 12 6 12 
Nt 1 5 1 

(D) SUFFIX (JEDEC MO-001-AEi 
16-Lead Dual-In-Line Welded-Seal 
Ceramic Package 

jsvMBOL 
INCHES 

NOTE 
MILLIMETERS 

MIN. MAX_ MIN_ MAX_ 

A 0.120 0.160 3.05 4.06 

Al 0.020 0.065 0.51 1.65 

B 0.014 0.020 0.356 0.6OS 

Bl 0.035 0.065 0.89 1.66 

C o.oOS 0.012 I 0.204 0_304 

0 0.745 0.785 18.93 19.93 

E 0.300 0.325 7.62 8.25 

El 0.240 0.260 6.10 6.60 

"I O.I00TP 2 2.54 TP 

eA 0.300TP 2.3 7.62 TP 

L 0.125 0.150 3.18 3.81 

L2 0.000 0.030 0.000 0.76 

a 0° I 15° 4 rf' 15° 
N 16 5 16 

Nl 0 6 0 

0 1 0.050 0.OS5 1.27 2.15 

5 0.015 0.060 0.39 1.52 

92SS-4286R5 

(D) SUFFIX (JEDEC MO-015-AH) 
28-Lead Dual-In-Line Welded-Seal 
Ceramic Package 

SYMBOL INCHES 
NOTE MILLIMETERS 

MIN. MAX. MIN. MAX. 
A 0.090 0_200 2.29 5 

Al 0 0.070 2 0 1.77 
B g:gl~ Ig:g~g 1:W 1W B1 

g 0.008 10_012 3g:~4 3~:~r 1.380 1_420 
E 0.600 0_625 15.24 15.87 

E1 0.485 0_515 12.32 13.08 
el O_lCOTP 2 -z:s '" eA 0_600 TP 2.3 15_24 TP 
L ~ ZOti 

g_76 L2 
a ou 15U 4 00 150 

N 28 5 28 
Nl o 7 6 0 
Q1 0.020 0_070 0.51 1_77 
S 0.040 0.070 1.02 1_77 

92CM-20250R2 

NOTES: 
1. Refer to Rules for Dimensioning Axial Lead Product Out-

lines. 

2. Leads at gauge ptane within 0.007" (0.178 mm) radius of 
True Position (TP) at maximum material condition_ 

3.I/)B applies between L1 and L2. I/)B2 applies between L2 
and 0.500'" (12.70 mm) from seating plane. Diameter is 
uncontrolled in L 1 and beyond 0.500" (12.70 mm). 

4. Measure from Max. ~D. 

5. N 1 is tho quantity of allowable missing teads. 

6. N is the maximum quantity of lead positions. 



(D) SUFFIX IUAL-IN-LiNE SIDE-BRAZED CERAMIC 
ACKAGES la-Leed Duel-In-Une 

Side-Brued Ceramic Peckell8 

IOTES: 
I. Leads within 0.005" (0.13 mm)·radius of True 

Position at maximum material condition. 
!. Dimension "L" to center of leads when formed 

parallel. 

SYMBOL 

A 

C 

0 
F 

G 

H 

J 

K 

L 

M 
i. When this device is supplied solder·dlpped, the 

maximum lead thickness (narrow ponlon) will not 
exceed 0.013" (0.33 mm). 

P 

N 

(D) SUFFIX 
24-Leed Dual-In-Une 
Side-Brazed Ceremlc Peckelle 

SYMBOL 
INCHES 

NOTE 
MIN. MAX. 

A 1.180 1.220 

C 0.065 0.145 

0 0.015 0.023 
F 0.040 REo. 

G 0.100 BSC 1 
·H 0.030 0.070 
J 0.006 0.012 3 
K 0.125 0.175 
L 0.580 0.620 2 
M - 7" 

P 0.025 0.050 
N 24 

MILLIMETERS 

MIN. MAX. 

29.98 30.98 
2.16 3.68 
0.39 0.58 

1.02 REF. 

2.54BSC 
0.77 l.n 
0.21 0.30 
3.18 4.44 

14.74 15;74 

- 7" 
0.64 1.27 

24 

92CS·309B6R 1 

INCHES 

MIN. MAX. 

0.890 0.915 

- 0.200 

0.015 0.021 

0.054 REF. 

0.100 BSC 

0.035 0.065 

0.008 0.012 

0.125 0.150 

0.290 0.310 

00 150 

0.025 0.045 

18 

tual-In-Llne Plastic and Frlt-Seal Ceramic Packages 

EI SUFFIX IJEDEC MO-001-ANI 
~Lead Dual-In-Line Plastic 
Mini-DIP) Package 

SYMBOL 

A 

Al 

B 
B, 

C 

0 

E 

E, ., 
eA 

L 
L2 

a 
N 
N, 

0, 
S 

INCHES 
MIN. MAX. 

0.155 0.200 
0.020 0.050 

0.014 0.020 
0.035 0.065 

0.006 0.012 
0.370 0.400 

0.300 0.325 
0.240 0.260 

0.100TP 

0.300TP 

0.125 0.150 
0.000 0.030 

o I 15 

8 
0 

0.040 0.075 
0.D15 0.060 

NOTE 

1 

1 

3 

2 

NOTE 

1 

2 

2,3 

4 

5 
6 

Dimensional Outlines (Cont'd) 

MILLIMETERS 

MIN. MAX. 

22.606 23.241 

- 5.080 

0.381 0.533 

1.371 REF. 

2.54 BSC 

0.889 1.651 

0.203 0.304 

3.175 3.810 

7.366 7.874 

00 150 

0.635 1.143 

18 

92CS·27231Rl 

(01 SUFFIX 
22-Lead Dual·ln-Line 
Side-Brazed Ceramic Package 

SYMBOL 'N""O~ 
MIN. MAX. NOTE 

A 1.065 1.100 
C 0.085 0.145 
0 0.017 0.023 
F 0.040 REF. 1 
G O.I00BSC 1 
H 0.030 0.070 
J 0.008 0.012 3 
K 0.125 0.175 
L 0.390 0.420 2 
M - 7u 

P 0.025 0.050 
N 22 

MIL IETERS 
MIN. MAX. 

27.05 27.94 
2.16 3.68 
0.43 0.56 

1.02 REF. 
2.54BSC 

0.76 1.8 
0.20 0;30 
3.18 4.45 
9.65 10.67 

70 

0.64 1.27 
22 

92CS-261B6R2 

101 SUFFIX 
4O-Lead Dual-In-Line 
Side-Brazed Ceramic Package 

SYMBOL 

A 

C 

0 

F 

G 

H 

J 

K 

L 
M 

P 

N 

MILLIMETERS 
MIN. MAX. 

3.94 5.08 
0.508 1.27 

0.356 0.50B 
0.889 1.65 

0.203 0.304 
9.40 10.16 

7.62 B.25 
6.10 6.60 

2.54 TP 

7.62 TP 

3.18 3.81 
0.000 0.762 

0 15 

8 
0 

1.02 1.90 
0.381 1.52 

92CS-24026fU 

INCHES NOTE MILLIMETERS 

MIN. MAX. MIN. MAX. 

1.980 2.020 50.30 51.30 

0.095 0.155 2.43 3.93 

0.017 0.023 0.43 0.56 

0.050 REF. 1.27 REF. 

O.I00BSC 1 2.54BSC 

0.030 0.070 0.76 1.78 

0.006 0.012 3 0.20 0.30 

0.125 0.175 3.18 4.45 

0.580 0.6202 14.74 15.74 

- 70 - 70 

0.025 0.050 0.64 1.27 

40 40 
92CM·27029R2 

NOTES: 

Refer to Rules for Dimensioning tJEQEC Publication No. 95) 
for Axial Lead Product Outlines. 

1. When this device is supplied sokter-dipped, the maximum lead 
thickness (narrow portion I will not exceed 0.013". 

2. Leads within 0.005" (0.12 mml radiuso' True Position ITP) at 
90age plane with maximum material condition and unit installed. 

3. eA applies In zone L2 wh~n unit installed. 

4. a applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. N, is the quantity of allowable mis.singleads. 
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Dimensional Outlines (Cont'd) 

Dual-In-Llne Plastic and Frlt-Seal Ceramic Packages (Cont'd) 

NOTES: 
Refer to Rules for Dimensioning (JEOEC Publication No. 95) 
for Axial Lead Product Outlines. 
1. When this device is supplied solder-dipped. the maximum lead 

thickness (narrow portion) will not exceed 0.013" (0.33 mml. 
2. Leads within 0.005" (0.12 mm) radius of True Position (TP) 

at gauge plane with maximum material condition and unit 
installed. 

3. 8A applies in zone L2 when unit installed. 

4. a applies to spread leads prior to installation. 

5. N is the maximum quantity of lead positions. 

6. N, is the quantity of allowable missing leads. 

(E)8UFFIX 
11-Leacl Dual-In-Un. 
PI •• ac Packalle 

SYMBOL INCHES NOTE MILLIMETERS 

MIN. MAX. MIN. MAX. 
A. 0.155 0.200 3.94 5.08 
Al 0.020 0.050 0.508 1.27 
B 0.014 0.020 0.356 0.508 
Bl 0.035 0.065 0.89 1.65 
C 0.008 0.012 1 0.204 0.304 
0 0.845 0.885 21.47 22.47 
El 0.240 0.260 6.10 6.60 

·1 0.100 TP 2 2.54 TP 

"A 0.300 TP 2.3 7.62 TP 
L 0.12510.150 3.18 3.81 
a 0' 1 15' 4 0' 15' 
N 18 5 18 
Nl 0 6 0 
S 0.01510.060 0.39 1.52 

92CS-30630 

........... -i~DI., 

:::::'\lJL ~i 
INDEII AREA -I ~ 2 t 

[l;;:~tm 
-"''''---'';'' 

NPTES: 
Refer to Rules for Dimenlioning (JEDEC Publication No. 95) 
for Axial Lead Product Outlines. 
1. When this device is supplied solder·dipped, the maximum lead 

thickness (narrow portion) will not exceed 0.013". 
2. Leads within 0.005" (0.12 mml radius of True Position (TP) at 

guage plane with maximum material condition and unit installed 
3. eA applies in zone L2 when unit installed. 
4. a applies to spread leads prior to installation. 
5. N is the maximum quantity of lead positions. 
6. N1 is the quantity of allowable missing 5eads. 
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(E) and (F) SUFFIXES (JEDEC MO·001-AB) 
l4-Lead Dual-In-Line Plastic or 
Frit-Seal Ceramic Package 

SYM80L 
INCHES 

MIN. MAX. 
A 0.155 0.200 
Al 0.020 0.050 
B 0.014 0.020 
Bl 0.050 0.065 
C 0.008 0.012 
D 0.745 0.770 
E 0.300 0.325 
El 0.240 0.260 
01 0.10oTP 

°A 0.30oTP 
L 0.125 0.150 
L2 0.000 0.030 
a 00 150 

N 14 
Nl 0 
01 0.040 0.075 
S 0.065 0.090 

(E) SUFFIX 
22-Lead Dual-In-Line 
Plastic Package 

SYMBOL IN"'I.' 
MIN. MAX. 

A 0.155 0.200 
A 0.020 0.050 
B 0.015 0.020 
Bl 0.035 0.065 
C 0.008 0.012 
0 1.120 
E 0.390 0.420 
El 0.345 0.355 
"1 0.100TP 
"A 0.400TP 
L 0.125 0.150 

L, 0 0.030 
a 20 150 

N 22 
N 0 
01 0.055 0.085 
S 0.D15 0.060 

NOTE 
MILLIMETERS 
MIN. MAX. 
3.94 5.08 
0.51 1.27 
0.356 0.508 
1.27 1.65 

1 0.204 0.304 
18.93 19.55 
7.62 8.25 
6.10 6.60 

2 2.54 TP 
2.3 7.62 TP 

3.18 3.81 
0.000 0.76 

4 00 150 
5 14 
6 0 

1.02 1.90 
1.66 2.28 

92SS-4296R3 

MILLIMETERS NOTE MIN. MAX. 
3.94 5.08 
0.508 1.27 
0.381 0.508 
0.89 1.65 

1 0.204 0.304 
28.44 

9.91 10.66 
8.77 9.01 

2 2.54 TP 
2.3 10.16TP 

3.18 3.81 
0 0.762 

4 20 150 
5 22 
6 0 

1.40 2.15 
0.381 1.27 

92CS-30830 

(E) and (F) SUFFIXES (JEDEC MO·015·AA) 
24·Lead Dual-In-Line Plastic or 
Frit-Seal Ceramic Package 

SYMBOL 
INCHES 

NOTE 
MILLIMETERS 

MIN. MAX. MIN. MAX. 
A 0.120 0.250 3_10 6.30 

AI 0.020 0.070 0.51 1.77 
B 0.016 0.020 0.407 0_508 

Bl 0.028 0.070 0.72 1.77 
C 0.008 0.012 1 0.204 0.304 
0 1.20 1.29 30.48 32.76 
E 0.600 0.625 15.24 15.87 

El 0.515 0.580 13.09 14.73 

"1 0.100 TP 2 2.54 TP 
eA 0.600 TP 2.3 15.24 TP 
L 0.100 0.200 2.54 5.00 
L2 0.000 0.030 0.00 0.76 

• 00 150 4 ()O 150 
N 24 5 24 
Nl 0 6 0 
01 0.040 0.075 1.02 1.90 
S 0.040 0.100 1.02 2.54 

92CS26938R2 

(E) and (F) SUFFIXES (JEDEC MO-001-AC) 
l6-Lead Dual·ln-Line Plastic or 
Frit·Seal Ceramic Package 

SYMBOL 
INCHES 

NOTE 
MILLIMETERS 

MIN. MAX. MIN. MAX. 
A 0.155 0.200 3.94 5.08 

Al 0.020 0.050 0.51 1.27 

B 0.014 0.020 0.356 0.508 

Bl 0.035 0.065 0.B9 1.65 

C 0.008 0.012 1 0.204 0.304 
0 0.745 0.785 18.93 19.93 
E 0.300 0.325 7.62 8.25 

El 0.240 0.260 6.10 6.60 

"1 O.lOOTP 2 2.54 TP 

"A 0.3OOTP 2.3 7.62TP 

L 0.125 0.150 3.18 3.81 

L2 0.000 0.030 0.000 0.76 

a 00 150 4 rPl 150 

N 16 5 16 

Nl 0 6 0 

Q l 0.040 0.075 1.02 1.90 

5 0.015 0.060 0.39 1.52 

92CM-15967R4 
(F) SUFFIX (JEOEC MO-001·AG) 
l6-Lead Dual-In-Line 
Frit-Seal Ceramic Package 

SYMBOL INCHES 
MIN. MAX. 

A 0.165 0.210 
AI 0.015 0.045 
B 0.015 0.020 
81 0.045 0.070 
C 0.009 0.011 
0 0.750 0.795 
E 0.295 0.325 
El 0.245 0.300 

el 0.100 TP 
eA 0.300 TP 
L 0.120 0.160 
L2 0.000 0.030 
a 20 1 150 

N 16 
Nl 0 
01 0.050 0.080 
S 0.010 0.060 

(E) SUFFIX 
40-Lead Dual-In-Line 
Plastic Package 

SYMBOL IN HES 
MIN. MAX. 

A 0.120 0.250 
Al 0.020 0.070 
8 0.016 0.020 

81 0.028 0.070 
C 0.008 0.012 
0 2.000 2.090 
El 0.515 0.580 
81 u.l IU TP 
8A 0.600 TP 
L 0.100 0.200 
L2 0.000 0.030 
a U' 50 
N 40 

Nl 0 
01 0.065 0.095 
S 0.040 0.100 

NOTE 

1 

2 
2.3 

4 
5 
6 

NOTE 

1 

2 
2,3 

4 
5 
6 

MILLIMETERS 
MIN. MAX. 
4.20 5.33 
0.381 1.14 
0.381 0.50B 
1.15 1.77 
0.229 0.279 

19.05 20.19 
7.50 8.25 
6.23 7.62 

2.54 TP 
7.62 TP 

3.05 4.06 
0.000 0.76 

20 1 150 

16 
0 

1.27 2.03 
0.254 1.52 
92CM·22284Rl 

I MILLIMETERS 
MIN. MAX. 
3.10 6.30 
0.51 1.77 
0.407 0.508 
0.72 1.77 
0.204 0.304 

60.80 53.09 
13.09 14.73 

Z.b' TP 
15.24 TP 

2.54 5.00 
0.00 0.76 

00 150 
40 
0 

1.66 2.41 
1.02 2.54 

92CS·30959 



Ceramic Flat Packs 

(K) SUFFIX (JEDEC MO-004-AF) 
l4-Lead 

TERMINA.L "N" 

N - - ~ 

I 
I 
I 
I 
I 
I ~~NDEX I I AREA 

I - - _.> 

I 
1 2 3 

f-s ...j ~B 
Z 

(K) SUFFIX (JEDEC MO-004-AG) 
l6-Lead 

SYMBOL 
INCHES 

NOTE 
MILLIMETERS 

MIN. MAX. MIN. MAX. 
A 0.008 0.100 0.21 2.54 

B 0.015 0.019 1 0.381 0.4B2 

C 0.003 0.006 1 0.077 0.152 

e 0.050TP 2 1.27TP 

E 0.200 0.300 5.1 7.6 

H 0.600 1.000 15.3 25.4 

L 0.150 I. 0.350 3.9 t 8.8 
N 16 3 16 
Q 0.005 0.050 0.13 1.27 

S 0.000 0.025 0.00 0.63 

Z 0.300 4 7.82 

Zl 9·400 4 10.16 

92CS-17271R3 

SYMBOL 
INCHES 

MIN. 1 MAX. 

A 0.008 I 0.100 
B 0.Q15 0.019 

C 0.003 I 0.006 

• 0.050TP 

E 0.200 I 0.300 
H 0.600 1.000 
L 0.150.1. 0.350 
N 14 
Q 0.005 I 0.050 
S 0.000 0.050 

Z 0.300 

Zl 0.400 

(K) SUFFIX 
24-Lead 

SYMBOL INCHES 
MIN. MAX. 

A 0.075 0.120 
B O.OlB 0.022 
C 0.004 0.007 

• 0.050 TP 
E 0.600 0.700 
H 1.150 1.350 
L 0.225 0.325 
N 24 
Q 0.035 0.070 
S 0.060 0.110 
Z 0.700 
Z1 0.750 

Dimensional Outlines (Cont'd) 

NOTE 
MILLIMETERS 
MIN. MAX. 

0.21 2.54 

1 0.381 0.4B2 

1 0.077 0.152 

2 1.27TP 
5.1 7.6 

15.3 25.4 

3.9 .ls.s 
3 14 

0.13 1.27 

0.00 1.27 

4 7.62 
4 10.16 

92SS4300R3 

NOTE 
MILLIMETERS 
MIN. MAX. 

1.91 3.04 
1 0.458 0.558 
1 0.102 0.177 
2 1.27 TP 

15.24 17.78 
29.21 34.29 

5.72 8.25 
3 24 

0.89 1.77 
1 1.53 2.79 
4 17.78 
4 19.05 

92CS·19949R2 

NOTES: 
1. Refer to JEOEC Publication No. 95 for Rules for 

Dimensioning Peripheral Lead Outlines. 
2. Leads within 0.005" (0.12 mml radius of True 

Position (TP) at maximum material condition. 
3. N is the maximum quantity of lead positions. 
4. Z and Z1 determine a zone within which aU body 

and lead irregularities lie. 

(K) SUFFIX 
28-Lead 

SYMBOL 
INCHES 

MIN. MAX. 

A 0.075 0.120 
B 0.018 0.022 
C 0.004 0.007 . 0.050 TP 
E 0.600 0.700 
H 1.150 1.350 
L 0.225 0.325 
N 28 
Q 0.035 0.070 
S 0 0.060 
Z 0.700 

Zl 0.750 

NOTE 
MILLIMETERS 
MIN. MAX. 

1.91 3.04 
1 0.458 0.558 
1 0.102 0.177 
2 1.27 TP 

15.24 17.78 
29.21 34.29 

5.72 8.25 
3 28 

0.89 1.77 
1 0 1.53 
4 17.78 
4 19.05 

".- ... 
92CS-20972 
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ICAN-6086 

Timekeeping Advances 
Through COS/MOS' Technology 
by 5.5. Eaton 

Most COS/MOS timing circuits consist of three basic 
parts: an oscillator, or main timing standard; some digital 
processing logic, usually in the form of frequency-dividing 
circuits; and logic-circuit drivers for mechanical or electrical 
output devices controlled by the digital processing logic. The 
oscillator is perhaps the most important because the accuracy 
of the total COS/MOS timing system is entirely dependent 
upon the accuracy of the oscillator. This Note discusses basic 
oscillator design considerations, practical COS/MOS oscil. 
lator circuits, and some typical COS/MOS timing-circuit 
applications. 

BASIC OSCILLATOR DESIGN CONSIDERATIONS 
A basic oscillator circuit consists of an amplifier and a 

feedback section, as shown in Fig. 1. For oscillation to occur, 
the gain of the amplifier times the attenuation of the 
feedback network must be greater than one. In addition, the 
total phase shift through the amplifier and feedback network 
must be equal to n times 360 degrees, where n is an integer. 
These conditions imply that oscillations occur in any system 
in which an amplified signal is returned in phase to the 
amplifier input after being attenuated less than it was 
originally amplified. In such a system, any noise present at 

(GAIN ~ al 

Fig. 1- Basic oscillator circuit. 

the amplifier input causes oscillation to build up at a rate 
detennined by the loop gain, or afJ product, of the over·all 
circuit. 

The frequency stability of an oscillator is primarily 
dependent upon the phase-changing properties of the 
feedback network. For high stability. quartz crystals and 
tuning forks are commonly used as feedback network 
elements. The quartz crystal is the more popular because of 
its higher Q or greater inherent frequency stability. 

Selection of Crystal Operating Mode 
Fig. 2 shows the equivalent circuit of a quartz crystal, 

and Table I lists typical component values of the e1ements 
included in the equivalent circuit for different crystal cuts 
and operating frequencies. The basic circuit can be resolved 
into equivalent resistive (Re) and reactive (Xc) components. 
Fig. 3 shows curves of these components as functions of 
frequency [or a typical 32.768·kHz crystal. Fig. 3(b) shows 
two points at which the crystal appears purely resistive, (i.e., 
points at which Xc = 0). These points are defined as the 
resonant (fr) and antiresonant (fa) frequencies. Series­
resonant oscillator circuits are designed to oscillate at or near 
fro Parallel·re!'onant circuits oscillate between fr and fa, 
,depending upon the value of a parallel loading capacitor, as 
discussed later. In contrast to series·resonant circuits, parallel 
resonant·circuits work best with amplifiers that have high 
input impedances. The parallel·resonant circuit, therefore, is 
most applicable to crystal oscillators that employ COS/MOS 
amplifiers.! 
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Feedback.·Circuit Configuration 
A feedback circuit suitable for use with a parallel· 

resonant oscillator circuit is shown in Fig. 4. This circuit, 
known as a crystal pi network, is intended for use after an 
amplifier that provides a ISO-degree phase shift. The pi 
network is designed to provide the additional ISO-degree 
phase shift required for oscillation. The phase angle for this 
type of feedback circuit is extremely sensitive to a change in 
frequency, a condition necessary for stahle osciUation. If the 
equivalent resistance of the crystal were in fact zero (infmite 

Fig. 2- Equivalent circuit for a Quartz crystal. 

Table I - Typical Component Values for Common Cuts 
of Quartz Oscillator Crystals 

--
FREOUENCY 32kHz 280 kHz 525 kHz 2MHz 

Cut XYBar DT DT AT 

Rs(ohmsl 40K 1820 1400 82 

~- 4800 25.9 12.7 0.52 

C1 (pF) 0.00491 0.0125 0.00724 0.0122 

~- 2.85 5.62 3.44 4.27 

Co/C1 580 450 475 350 

Q 25000 25000 30000 80000 

Q). a change in the phase angle of the feedback circuit would 
not cause any change in oscillator frequency; the frequency, 
therefore, would be insensitive to any phase change in the 
amplifier. Though practical crystals allow only a slight 
change in frequency for large variations in phase angle, the 
amplifier phase angle should, to the extent possible, be made 
independent of temperature and suppJy.voltage variations in 
order to minimize the phase compensation required of the 
feedback network. Any required phase compensation will, of 
course, dictate a corresponding change in the frequency of 
oscillation consistent with practical values of crystal Q. For 
this reason, the equivalent resistance of the crystal should be 
maintained as low as possible. and the amplifier should be 
designed to roll off at frequencies greater than the crystal 
frequency. 

Oscillator Amplifier 
Fig. 5 shows a COS/MOS amplifier circuit that may be 

used to provide the amplification function in a crystal· 
controlled oscillator. The amplifier is biased so that the 
output voltage VOUT is equal to the input voltage VIN or 
typically is equal to one·half the supply voltage VOO, (i.e., 
Your = YIN = YDD/2). Biasing is accomplished by means 
of a resistor that has a value high enough to prevent loading 
of the feedback network, yet that is low in comparison to 
the amplifier input resistance. Resistor values of 10 to SOO 
megohms will satisfy these criteria; however, lower values in 
the order of 15 megohms are generally used to allow greater 
input leakage without any severe change in bias point. The 
gain of the amplifier varies with supply voltage, the size of 
the n· and p·channel MOS transistors, and the sum of the 
threshold voltages of the n· and p·channel transistors. When 
an oscillator amplifier is designed to roll off at frequencies 
greater than the crystal frequency, care must be taken to 

assure that the transistor sizes are large enough for the 
particular supply voltage used and range of threshold voltages 
expected. For any circuit, though, the sum of the threshold 
voltages of the n· and p·channel transistors must always be 
Jess than the supply voltage. 

The oscillator amplifier governs, to a certain extent, the 
selection of the components for the feedback network. The 
amplifier current consumption is strongly dependent upon 
the attenuation across the feedback network. As the 
attenuation becomes greater, the signal at the amplifier input 
becomes smaller, which, in turn, increases the amplifier 

current consumption. Large voltage swings at the amplifier 
input cause little current to now because the resistance of 
either the n· or p·channel transistor is high during a large 
portion of the cycle. On the basis of power considerations. 
it is best to design the feedback network for a small attenu· 
ation. 

:t~107:t~~~~I===~f:~t~~'0fl~~ t:;li 6 
> 1 
~: 

§~I06 a~=$===1===$==~~t::--:-:-t:=::j ..I~ i:~ 

~t:----
: . 
, 
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Fig. 3- Impedance characteristics of a quartz osdllator 
crystal: (a) equivalent crystal resistance as a 
function of frequency: (b) equivalent crystal 
reactance as a function of frequency. 

Fig. 4- Crystal pj.type feedback network. 

H "V,", 

vlN ' vOUT ., 
f+, ',' 
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Fig. 5- COSIMOS amplifier. 



Equivalent Crystal Resistance 
The equivalent resistance Rs of the crystal should be 

maintained as small as possible in order to obtain minimum 
attenuation across the feedback network. For any given 
circuit, the oscillator current always increases with a rise in 
crystal resistance. This factor and stability considerations 
provide strong arguments for the purchase of crystals that 
have low series resistance, although the usual cost tradeoffs 
prevail. 

Crystal Load Capacitance 
Another factor that innuences the over·all power 

consumption is the size of the pi·network capacitor at the 
amplifier output. For minimulll current consumption, this 
capacitor, obviously, should be kept small. This condition, 
however, docs not always imply high frequency stability. The 
choice of the capacitor value first involves a determination of 
the over-all crystal load capacitance. The pha.!le angle of the 
feedback network approaches 180 degrees when the crystal 
eqUivalent reactive component Xc is equal to the reactance 
(XcL> of a capacitor placed in parallel with the crystal. 
Fig. 4 shows that the effective capacitance across the crystal 
consists of the two pi-network capacitors in series. If the 
value of the equivaJent reactance Xc at the crystal frequency, 
as may he determined from Fig. 3(b), is equal to the value of 
the crystal load capacitance CL' then the equivalent value 
of the two series-connected pi-network capaciturs can be 
calculated from the following relationship: 

(I) 

The value of the load capacitance CL, in general, is chosen 
first, and the crystal manufacturer is required tn cut the 
crystal to oscillate at the desired frequency for the specified 
value of load capacitance. 

The choice of a load capacitance is important in terms of 
over-all power consumption and frequency stability. Higher 
values of CL generally improve frequency stability, but also 
increase power dissipation. The timing industry presently 
seems to have standardized on values of CL between 10 and 
20 picofarads. 

The choice of the total eqUivalent load capacitance CL 
only fixes the series sum of the two pi·network capacitors. 
The individual capacitors themselves can be found from the 
following equations: 

Cs = 4CLI(3 + SfReCD 

(2) 

(3) 

The actual value of Cs used in the feedback circuit 
should be about 3 picofarads less than the calculated value to 
allow for the amplifier input capacitance. The value of the 
amplifier output capacitor CT should not normally be fixed. 
A trimmer capacitor should be placed in parallel with, or 
used in place of, a fixed output capacitor to allow for 
variations in stray capacitance and circuit components. The 
mid·range value of the output capacitor combination should 
be equal to the calculated value of CT. 

Frequency-Trimming Capability 
The required capacitance range for the oscillator trimmer 

capacitor is determined by the varTation in oscillation 
frequency with a change in load capacitance) The total 
frequency-trimming range of a crystal-controlled oscillator 
circuit is mainly a function of the crystal characteristics, or 
more explicity, is inversely proportional to the slope of the 
crystal reactance curve, shown in Fig. 3(b). The slope of this 
curve is a function of the difference between the resonant 
frequency fr and the antiresonant frequency fa. This 
frequency difference, in turn, is a function of the crystal 
capacitance ratio Co/C I. where Co and Clare the inherent 
shunt and series capacitances. respectively, of the crystal 
structure, as shown in Fig. 2. The slope of the reactance 
curve is also a function of the total external crystaJ load 
capacitance CL. As shown in Fig. 3(b), this slope decreases as 
the equivalent reactance increases, (i.e., for smaller values of 
the capacitance CU. Fig. 6 and Table II show trimming-range 
data for a typical 32.768·kHz crystal that has a capacitance 
ratio CoIC I of 580. These data show that smaller values of 
load capacitance result in greater trimming-range capability. 

Temperature Stability 
Another important oscillator consideration is tempera· 

ture stability. Most crystals have a negative parabolic 
temperature coefficient.2 Fig. 7 shows a typical cu[Vc "f the 
variation in crystal frequency as a function of temperatuTP. 
The frequency of the total oscillator circuit also exhibils a 
simihH temperature dependence. Temperature compensation 
of the over-all oscillator circuil can be achieved by use uf a 
capacitor that has a positive parabolic temperature coef· 
ficient in the pi feedback network.3 For comparison, Fig. 7 
alsu shows a typical resultant curve for the over·all circuit. 

The temperature characteristics of a crystal are deter· 
mined to a large extent by the crystal cut. Popular 
low-frequency cuts include the NT and XY Bar. The XY Bar 
is the more popular of the two types because it can be made 
smaller for a given Q and is easier to trim. The disadvantage 
of a slightly lower shock resistance of XY Bar crystals is 
compensated by the superior aging chacteristics of this type. 

LOAD CAPACITANCE -pF 

Fig. 6- Frequency as a function of load capacitance for a 
typical 32-kHz crystal. 

AT·cut crystals, when used at frequencies greater than 1 MHz, 
are characterized by excellent temperature stability and 
ruggedness. Temperature characteristics for this type of 
crystal cut as well as for the XV Bar and NT types are shown 
in Fig: 8. 

Crystal Dimensions 
Size is also an important consideration in the design of 

oscillator crystals. The length of quartz required for any 
given cut is inversely proportional to the square root of 
frequency. Dimensions for a typical packaged 32-kHz, XV 
Bar crystal are 0.6 inch by 0.2 inch by 0.11 inch. The 
smallest XV Bar crystals currently available have dimensions 
in the order of 0.53 inch by 0.2 inch by 0.11 inch. A I-MHz 
AT-cut crystal is Significantly larger; however, dimensions 
again decrease with frequency. Crystal manufacturers are 
currently working to develop wristwatch-size AT·cut crystals 
with the anticipation of circuit improvements that will allow 
low-current operation at high frequencies. 

Crystal Shock Resistance and Aging Rate 
A prime concern of the timing industry today is that of 

crystal shock resistance and aging. The aging of a crystal 
results primarily from aging of the mounting material rather 

Table II - Trimming Data for a Typical 320kHz 
Quartz Oscillator Crystal 

LOAD CAPACITANCE, CL 

TRIM 5pF 11.5 pF 20pF 32pF 

± 20 PPM -0.45 -1.6 -3.7 -8.0 
pi pi pi 

+0.51 +2.0 +5.5 +14.7 

± 25 PPM -.55 -1.9 -4.5 -9.4 
pi pi pi 

+.65 +2.6 +7.3 +20.5 

± 30 PPM -0.66 -2.3 -5.2 -10.7 

pi 

pi 

+0.79 
pi 

+3.3 
pi 

+9.3 
pi 

+27.9 pi 
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Fig. 7- Effect of temperature on crystal frequency. 
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Fig. 8- Frequency·temperature characteristics for various 
crystal cuts: (a) XY-8ar and NT cuts; (b) A T cut. 

than from aging of the quartz itself. The mounting material 
enters into the crystal equivalent circuit, and the slowest 
aging rate results when the mount consists of the least 
amount of supporting material. This condition of course, 
results in lower shock resistance, and an optimum trade-off 
I,;:·;t 1:>e achieved. At present, 32-kHz crystals can be made 
tha't can withstand a mechanical shock of about 1500 G's 
appl;~.! for 0.5 millisecond and that have aging rales that 
! 'sult ill a frequency change of 2 to 5 parts per million for 

the first year and essentially no aging thereafter. Any 
mechanical or thermal shock, however, will interrupt" the 
normal aging process. The aging rate of 2 to 5 parts per 
million presently appears acceptable to the timing industry, 
although shock resistances of 3,000 to 5,000 G's are desired. 
This shock level corresponds approximately to the shock 
experienced by dropping the crystal from a height of one 
meter onto a hardwood floor. 

PRACTICAL OSCILLATOR CIRCUITS 
The basic amplifier. feedback-network, and crystal 

considerations discussed in the preceding paragraphs can be 
combined in the design of COS/MOS oscillator circuits. In 
the circuits, the crystal selected has an equivalent resistance 
Re of 50 kilohms and is cut to operate at a frequency of 
32.768 kHz with a load capacitance CL of 10 picofarads. The 
values of pi feedback-network capacitors CT and Cs can be 
calculated by use of Eqs. (2) and (3) as CT_ = 43 picofarads 
and Cs = 13 picofarads. The value of the feedback-network 
resistance R can be calculated as follows: 

(3x., + 0.27 Re) ex., - 0.8 Re> 
R= 16 Re 

"'IMfl 
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This value is the maximum value of resistance allowd for a 
minimum feedback·network attenuation of 0.7S, a value 
chosen on the basis of power and stability considerations.' 
The calculated value of R includes any fixed resistance plus 
the amplifier output resistance. Because the output resistance 
is often appreciable and varies with supply voltage. transistor 
size. and threshold voltages. it is generally best to add 
resistance experimentally until the desired power consump­
tion and frequency stability are reached. The effect of this 
resistance on operating current and frequency stability can 
be predicted from data given in Table III for the three 
different COS/MOS crystal oscillator circuits shown in Fig. 9. 
In each circuit. the pi-network capacitors C1 and Cs are 39 
picofarads and 10 picofarads, respectively. These capaci­
tances are slightly less than the calculated values because of 
stray and .amplifier capacitances. 

The circuit shown in Fig. 9(a) combines the amplifier and 
feedback circuits shown in Fig. 4 and S. Although theory 
predicts that an increase in the values of the feedback· 
network resistor R will result in increased frequency 
stability. the circuit performance data given in Table III show 
no significant improvement in this characteristic. This result 
indicates that the circuit instability can be attributed almost 
entirely to phase instabilities of the amplifier. This assump­
tion is verified by data taken from the circuits shown in 
Figs.9(b) and 9(c) in which the required feedback·network 
resistance is incorporated into the amplifier as a fixed value. 
The resistors essentially fix the amplifier phase shift so that 
greater stability results. As the data show, use of these 
resistors also results in a decrease in the total current 
consumption. Because of the two fixed resistors,1he circuit 
of Fig. 9(b) shows the least current consumption and also the 
greatest stability. 

Table III - Typical Oscillator Dna 

.---.---'---- ------- -----r::---. 
F,-enev 

Co..... Stllbility Circuit 

91al 

91bl 

91cl 

Value of 
Rim 

0 

lOOK 

200K 

lOOK 

150K 

200K 

300K 

VDD 
IVoI .. 1 

1.60 

1.45' 

1.60 

1.45 

1.60 

1.45 

1.60 

1.45 

1.1 

1.60 

1.45 

1.1 

1.80 

1.45 

1.60 

1.45 

IpAI VDD • 1.46V 
1D1.6V 

4.0 
2.8 

3.1 

3.1 

2.4 
2.8 

2.9 
2.8 

2.1 

2.3 

2.0 .3 

1.5 

1.8 

1.8 .2 

.95 

5.0 
.6 

4.4 

3.5 

3.0 
.5 

As mentioned previously, the amplifier feedback resistor 
should not significantly load the crystal feedback network. 
The resistor value at which loading begins to occur can be 
determined from a cUrVe of circuit operating frequency as a 
function of feedback resistance. Fig. 10 shows such a curve 
for the circuit shown in Fig. 9(b). This curve indicates that 
IS megohms is a suitable value for the feedback resistor. 

FREQUENCY DIVIDERS 
Because of restrictions on crystal size and cost, oscillator 

frequencies of 8192 Hz, or higher. are generally used for 
electronic timing circuits. The use of such high crystal 
frequencies usually requires division of the oscillator fre­
quency to a more convenient value. Synchronous motors, for 
example. are often driven by frequencies between O.S Hz and 
64 Hz. Numeric readouts for digital clocks or wristwatches 
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require pulses at least every second, minute. and hour. The 
necessity for frequency division becomes clear if one 
considers the wide variety of timing intervals that may be 
required for certain applications. 

The basic frequency-dividing circuit, shown in Fig. II. 
consists of a master-slave D-type flip-flop connected as a 
binary counter stage. N stages may be cascaded with the final 
output frequency equal to 2-N times the input frequency. 
Division by integers other than poweR of 2 can also be 
accomplished by use of gating techniques. For example, a 
divide·by·60 counter implemented as shown in Fig. 12. can 
be used to obtain minutes from seconds. 
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DEv.No. 
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Fig. 9- Typical COSIMOS crystal-oscillator circuits. 
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Fig. 10- Oscillator frequency as a function of amplifier' 
feedback resistance. 

MASTER SLAVE 

TRANSMISSION GATE DEFINITION 
TG. TRANSMISSION GATE 

INPUT TO OUTPUT IS: 

0] ClOCIe INPUTS 
TO 

r.EXT STAGE 

a 

IN TO OUT 

tal A BIDIRECTIONAL lOW IMPEDANCE WHEN CONTROL 
INPUT I IS "LOW· AND CONTROL INPUT 2 IS ·HIOH~ 

Ibl ~~~~r:.n~lU\L~1E~ ~0.tt~:1r INPUT I IS"HIGHM 

'ZCS~!O'II 

Fig. 1 t- Basic frequency-divlding stage. 

A basic block diilgram of a typical digital clock that 
employs divide-by·60 counters is shown in Fig. 13. The 
display for the clock is designed to be multiplexed in that 
new information is provided to only one of the six readout 
characters, while the eye itself holds the previous state of the 
other five. The multiplexing unit consists of COS/MOS 
transmission gates controlled by a six-stage ring counter that 
also addresses each character sequentially. This type of 

circuit is particularly applicable for driving light.emitting 
diode displays. 

Light-emitting diodes, as well as other readout devices. 
require some form of driving circuitry which is often unique 
to the driven device. Other typical readout devices include 
stepping motors, balance-wheel motors, tuning-fork motors. 
and liqUid-crystal displays. 

Motors are frequently driven by low·impedance MOS 
transistor drivers. The waveforms required depend upon the' 
particular type of motor. Rotary stepping motors require a 
pulsed waveform such as that shown in Fig. l4(a). The motor' 
advances one pOSition (for example 180 degrees) on each 
pulse. Fig. l4(b) shows a COS/MOS circuit that may be used 
to generate this type of waveform. The crystal frequency and 
the number of countdown stages for this circuit determine 
the pulse frequency. The duty factor is controlled by two 
resettable flip-flops that are clocked inversely by th~ last 
counting stage and reset by an intermediate stage. The 
output waveform from this circuit will have a duty factor 
that is exactly given by 21 - I - N where I is the number of 
the intermediate stage used to reset the shaping flip-naps and 
N is the total number of frequency-divider stages. 

A tuning-fork motor consists of two coils wired in series 
and wound on either side of the fork. A subdivision of the 
crystal frequency drives the coils which eiectrornagneticaJly 
vibrate the fork. The fork can be linked to an index wheel 
that, in turn. can drive the hands of a watch. 

A balance-wheel motor consists of a coil fixed near the 
periphery of a pivoted balance wheel. Permanent magnets are 
attached to one side of the wheel and counterweights to the 
other. The coil can be energized by pulses supplied to the 
gate of an n-channel MOS transistor with the coil connected 
between the drain and the supply voltage of the transistor. 
When the coil is energized, the ba1ance wheel swings toward 
the coil. The momentum of the wheel moves it beyond the 
coil, and spring action then forces it back. Repeated cycles 
generate a back·and-forth type motion which can be linked 
to a wheel for driving the hands of a watch or clock. 

Sevcn-segment liquid-crystal numerals can be driven as 
shown in Fig. 1 S. An ac voltage is required across each 

segment of the display to assure long life. For this purpose, a 
60-Hz square wave is applied to one input of each of seven 
exclusive-OR gates. The logic state present at the other input 
determines whether the segment will transmit or scatter light. 

Liquid-crystal displays can be made for operation in 
either transmissive or reflective modes. The transmissive· 
mode type requires a light source behind the display. The 
light will either be transmitted or not depending upon the 
voltage across the segment. In the reflective·mode type. 
ambient light can be scattered by the liquid crystal material, 
or reflected from a mirrored surface placed behind the 
numeral. If displayed corrcctly, excellent contrast between 
"on" and "ofr' segments can be obtained when renecting or 
scattering only ambient light. 

The light scattering property of liquid-crystal displays 
offcrs two major advanlagc!<.. First, the problem of washout in 
high intensity light is prevcnted. Washout has always been a 
problem with light generating displays. Second. ~ecause the 
displays do not generate light, they require negligible power. 

In fact. liquid crystals require the least amount of power of 
any currently available type of display.4 

Light-emitting diodes are somewhat simpler to drive than 
liquid crystals because signals to individual segment and/or 
numerals can be easily multiplexed. Fig. 16 shows a typical 
multiplexed driving circuit. The n-p-n transistor. which is 
common to the cathode of all segments in each numeral. can 
be turned on to address only one particular numeral. The eye 
will hold the reading from all off segments long enough for at 
least six numerals to be multiplexed. 
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Fig. 12- COS/MOS divide-by-60 counter. 
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COS/MOS TIMING-CIRCUIT APPLICATIONS 
The choice of a readout device depends, of course, upon 

the application involved and to a certain extent upon the 
individual characteristics of the device itself. Special 
considerations for readout devices are perhaps best treated in 
a discussion of special requirements for three important 
timing·circuit applications, namely, wristwatches, wall 
clocks, and automobile clocks. 

60 Hz 
SQUARE 
WAVE 
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Wristwatches 
In any wristwatch application, size and total operating 

current are perhaps the two most important considerations. 
The total timing circuitry, together with the battery and 
readout device, must fit into a relatively fixed size and have a 
current consumption small enough to allow at least one year 
of life. Size and power considerations also become important 
in crystal selection. The size and cost of a crystal decreases 
with increases in frequency up to about 1 MHz. The power 
consumption of the oscillator and counter increases with 
frequency. On the basis of these considerations, the most 
popular crystal frequency for wristwatches at present is 
32.768 kHz. Typical packaged sizes for this crystal and 
various available crystal oscillator circuits were discussed in 
an earlier section of this Note. 

The choice of a readout device also involves considera· 
tions of size and power as well as, of course, marketing 
considerations. If conventional·hand movements are chosen. 
a motor type of drive must be selected. No great size 
advantage exists over any of the various motor types used in 
this type of application. In addition. all types can be 
designed to operate from 1.1 to 1.6 volts _ wit~ ave!age 
current consumptions of about 10 microamperes. Sensitivity 
to vibration, however, is one separating characteristic. 
Although balance-wheel motors can be designed to compen­
sate to a certain extent for speed variations produced by 
vibrations, the stepping motor, which is insensitive to 
vibration, remains superior in this respect. At present. 
however, the stepping motor is the more expensive of the 
two types. 

Light-emitting diodes require a minimum of two battery 
cells for proper operation. The required current can be kept 
to about 2 milliamperes per segment when the diodes are 
pulsed from a six-stage ring counter, as shown in Fig. 13. A 
duty factor of 16 per cent is achieved with this arrangement_ 
Because of the high curr~nt, however, a continuously 
operating battery-powered display is not possible, and a 
"readout on demand" watch is then necessary. 

Continuously operating liquid-crystal displays are 
possible and practica1. RCA wristwatch displays employ 
liquid-crys.tal material having resistivities of about 5 x 109 
ohms per centimeter, which at a n.S-mil spacing results in a 
resistance of 6.3 megohms per square centirner. With all 
segments energized, the display consumes only about 1 
microampere of current at IS volts. Liquid crystals, however. 
require a minimum supply of 12 volts to assure good contrast 
between on and off segments. For single-cell operation, a 
dc-t"dc converter must be used to step the voltage up to the 
required 12·to-IS-volt level. Transformer and capacitor 
voltage-doubling circuits with conversion efficiencies of 
about 7S per cent are typically used for this purpose. 

Because current consumption is such an important 
consideration for wristwatch circuits, the careful considera­
tion given to the choice of a battery is easily understood_ 
Small silver-oxide and melCury celts are presently popular for 
wristwatch use. Pertinent information on these types of 
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Fig. 16- Multiplexing driving circuit for light-emitting diodes. 

Mallory ceUs is shown in Table IV. Most of the ceU, listed 
will last at least one year with a motor cuneot of 10 
microamperes and a total oscillator and divider curreot less 
than 5 microamperes at an oscillator frequency of 32.768 
kHz. The voltage for both types of cells is relatively constant 
during the active life listed and falls off rapidly thereafter. 
Typical end·of·life voltages at 1.1 volts for mercury ceU, and 
1.45 volts for silver·oxide cells. Either type of cell works 
equally well with RCA ,ilicon·gate COS/MOS circuits which 
operate from supply voltages as low as 1.1 volts. 

Wall Clock. 
Size and power limitations for clocks are not as 

restrictive as those for wristwatches. For this reason, 
lower-cost, higher.frequency crystals may be used. The 
optimum range of crystal frequencies presently appears to be 
from 131 kHz to 524 kHz. All the oscillator considerations 
given prevjously for operation at 32 kHz apply equally well 
to this higher frequency range. The oscillator circuit 
configuration shown in Fig. 9(b) is still the optimum type; 
however. the value of the source resistors must be decreased 
to assure adequate gain at the higher frequencies. Source 
resistors are often best chosen experimentaUy by gradually 
increasing the resistance until an output voltage swing of 30 
to 70 per cent of the supply voltage VDD is reached. Data 
taken from a typical 262-kHz oscillator circuit that employs 
two 100kiiohm source resistors and a DT -cut, 262-kHzcrystal 
are shown in Table V. The table also shows typical counter 
current. 

The most popular readout devices for clocks are 
conventional-hand movements and liquid-crystal displays. 
Continuously operating light-emitting-diode numerals con· 
sume too much current even for long life of C· and D-size 
batteries. In contrast, a typical RCA four-digit liquid-crystal 

Table IV - Typical Data for Mallory Watch CeUs 

Type Voltage 
Capacity Heiftlt Diameter 
JJAyn. Iin.1 Iin.1 

WH3 1.35 25 0.20B 0.455 

WSt4 
1.55 19 0.210 0.455 Type A 

W4 1.36 11 0.139 0.456 

WSll 1.55 11 0.164 0.455 

lOR 101 
1.35 

(EXPI 36 0.190 0.610 

10 L 19 
1.55 27 0.190 0.610 (EXPI 

W04 1.36 t4 0.149 0.594 

W05 1.36 23 0.tl0 t.OO3 
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display having a 0".4inch-by-0.6-inch numeral consumes only 
)00 microamperes of current with aU segments energized. 

Motors for driving the clock hands are typically of the 
balance-wheel or continuously rotating synchronous types. 
Sensitivity to vibration is usually not a restriction; hence. the 
balance wheel motor can be successfully used in place of the 
more expensive stepping motor. Clock. motors typically 
require about 300 to 450 microwatts of power, or average 
currents of 200 to 300 microamperes at 1.5 volts. 

These currents, together with the oscillator and counter 
currents given in Table V, can now be compared with 
typical battery capacities. Battery information extrapolated 
from published Eveready data on popular AA-! C-, and [)..size 
cells is listed in Table VI.5 Most of the battery current is 
consumed by the motor, and if a total current" of 250 
microamperes is assumed. the data show a carbon-zinc C cell 
as the minimum size battery required for one year of life. 

Auto Clocks 
Auto clock circuits are somewhat unique in that poWer 

considerations are not nearly as restrictive as in other 
portable applications. Although the low-power feature of 
COS/MaS circuits is helpful. the main advantages obtained 

Table V - Typical Data for 262·kHz Oscillator 
and Counter Circuits 

VOO 
Oscillator Counter F.eq. 

Product Currant Current Stability 
(Volts) 

I~A) I~A) Ippm) 

Silicon-Gate 1.1 V 7 7 .. 1.3V 9.5 
2.0 ppm 

- 9 
1.4 .. 1.5V 11.6 10 
1.2 .. 1.6V 12.5 11 

Low-Voltage 2.2V 21 10 
I.B .. 3.0V 35 t3 

from the use of COS/MOS in automobile clocks, or in any 
automotive application, are those of wide operating voltage 
and temperature range and high noise immunity. 

With little restriction on power, the choice of a crystal 
depends mainly on cost. Crystals typically used for auto­
mobile timing applications are AT-cut types that operate at 
frequencies between I MHz and 4.2 MHz. The oscillator 
considerations discussed earlier also apply to these frequen­
cies; however, as the frequency increases. it becomes 
increasingly difficult to maintain a low starting voltage at a 
low current. At high frequencies, the starting voltage and 
current are inversely proportional and are controlled mainly 
by the values of the capacitors on the pi-type feedback 
network and the size of the COS/MaS amplifier transistors. 

Tlbl. VI - Life DIIa for Typical B_os 

Evaraady Mallory 
Size Type 

Life 
Typo" Typo I (Dey.) 

916 M16F AA Carbon- 160 
Zinc 

E91 MNI500 AA Alkaline 200 

935 M14F C Carbon· 385 
Zinc 

E93 MNI400 C Alkaline 576 

950 M13F 0 Carbon- BOO 
Zinc 

E95 MNI300 0 Alkaline tl00 

All life data assumes a continuous drain of 250 p.A and an 
end-ot·life voltage of 1.1 V. 

for minimum starting voltage. relatively small capacitors 
should be used in the pi-feedback network, and no source 
resistors should be added to the amplifier. As indicated by 
data taken on the circuit shown in Fig. 9(b) and shown in 
Table VII, low power can still be maintained even when the 
source resistors are not used. 

Tabl. VII- Typical H~·F_ Olla for 
COS/MOS Oscillator .. d COUn .... 
Cln:uits (L_VoItage Productl 

COII_ Oscltlator MolD. 
VDO Freq. Cumnt Curnnt Current 
(Voltsl (MHz) 

ImA) ImA) (mAl 

5 1 0.28 0.125 5V 
12 t 1.3 0275 2·5mA 

6 2 0.37 0.250 12V 

12 2 1.6 0.550 5-10mA 

5 3 0.40 0.375 5V 
12 3 1.9 0.825 3·BmA 

5 4 0.43 0.500 '12V 

12 4 2.3 1.1 8-20mA 

the upper limit of the cIYstal frequency depends Dot so 
much on power consumption as on the minimum supply 
voltage allowed for circuit operation. The minimum auto­
mobile battery voltage is generally considered to be 5 volts; 
however, the supply voltage for the timing circuit can be 
considerably less than this value depending upon the design 
of the transient protection circuit, as discussed later. Table 
VIII lists minimum COS/MOS supply voltages for typical 
oscillator circuits. The values shown pennit design at two 
temperatures. The lower temperature is often considered 
adequate by auto companies' with the opinion that the 
minimum battery voltage of S volts rarely, if ever, occurs at 
high. temperatures. 

The oscillator in a typical auto clock circuit is followed 
by a number of frequency-dividing stages, the last stage of 
which is frequently used to drive a motor. Long counter 
chains are required because of the high oscillator frequency; 
however, the power dissipation of COS/MOS circuits is so 
low that the number of stages is only restricted by chip size 

limitations. Because COS/MOS circuits consume current only 
during switching transitions, each counter stage averages 
one·half the current of the previous stage. The first counter 
stage, therefore. consumes as much current as all of the 
following stages combined for a counler of infinite length. 
Utde difference, then, exists between the power consump­
tion of a ten·,tage or thirty.stage COS/MOS counter. Table 
VII lists, in addition to the oscillator current, typical values 
of counter current, as well as some typical ranges of peak and 
average motor currents. 



Current dala, such as thai shown in Table VII, are 
necessary for a proper design of the transient protection 
circuit, an essential part of any automobile digital logic 
system. Automobile manufacturers disagree on the maximum 
amplitude and decay of transient voltage; however, values 
often used are maximum transients of + 120 volts and -90 
volts. each decaying exponentially with a maximum time 
constant of 45 milliseconds. Because standard COS/MaS 
circuits are rated for a maximum supply of I S volts, a 
protection circuit must be included between the battery and 
the COS/MOS logic. 

Table VIII - Minimum Operating Voltages for 
COS/MaS Integrated Cin:uilS 

Low·Voltage Product Silic:on-Gate Product 

Freq. 
1 2 3 4 1 2 3 4 (MHz) 

Min. 
Voltage 2.9 3.1 3.5 4.0 1.6 2.0 2.6 3.0 
at 25°C 

Min. 
Voltage 

3.0 3.3 4.0 5.0 1.8 2.6 3.4 4.0 at820C 
180°F 

Fig. 17 shows a transient-voltage protection circuit that is 
frequently used. The zener diode regulates the voltage supply 

for the clock circuits, and the capacitor and series diode 
prevent timing losses during negative transienu. for mini­
mum zener current dUring transients, the maximum value of 
R should be based on the minimum circuit operating voltage 
and the peak current drawn by the logic circuit and motor at 
the minimum battery voltage. The minimum zener break­
down voltage is then determined by subtraction of the 
product of the minimum current drain at the normal battery 
voltage and the value of R just chosen from the battery 
voltage. A zener breakdown greater than this· voltage assures 
that no unnecessary current will be drawn by the zener 
du~n~ n.ormal automobile operation. 
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Fig. 17- Automobile transient·protection circuit 

Another important zener characteristic is dynamic 
impedance. During a cunent surge, the voltage across the 
zener must not rise to a damaging level. A va]ue of 22 vohs 
for the 4S-millisecond time constant appears safe for 
standard COS/MOS circuits. 

In the design of a typical transient-voltage protection 
circuit, it is assumed that the minimum battery voltage is 5 
volts, that the minimum circuit operating voltage Is 3.5 volts 
at a crystoJ frequency of 3.145728 MHz, and that a peak 
current of 3 milliamperes is obtained at 5 volts. The value of 
the resistance R is then found as (5 - 3.5 + 0.7)/3"'250 
ohms. With a minimum current of 5 milliamperes at 12 volts. 
the minimum zener voltage becomes 12 - 5(0.250) = 11.75 
volts. For a +l20-volt transient, the zener could then 
consume a peak current of (120 - 11.8)/250 = 0.4 ampere. 
For a maximum zener voltage of 13 volts, the dynamic 
impedance of the zener must be less than (22V - I3V)/.4A = 
22 ohms. Components chosen in this manner will provide 
adequate protection for anticipated transients. 

Both protection·circuit diodes can be integrated onto the 
COS/MOS chip. When located as shown in Fig. 17, the series 
diode need only have a breakdown rating of about 12 volts. 
Zener diodes that have breakdown ratings of 4.5 to 6.0 volts 
or any multiple thereof can also be integrated onto the 
COS/MaS chip. The breakdown rating can also be increased 
in 0.7-volt steps by addition of forward·biased diodes in 
series. Characteristics of two typical zener diodes integrated 
in series are shown in Fig. 18. FIg. l8(a) shows the area 
around the "knee" of the breakdown region, and Fig. 18(b) 
shows the higher-cunent region useful for determining the 
dynamic resistance. From the slope of the line, the ty_pIcai 
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Fig. '8- Oscillograph tracings showing characteristics of an 
inte(Tared zener diode: (aJ low-current region; (b) 
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dynamic resistance for two diodes is found to be 17.6 ohms 
total, or 8.8 ohms per diode. The diodes are rated to 
withstand a O.s·ampere surge cunent that decays with an 
SO-millisecond time constant. The zener diode. then, is 
compatible with present automobile protection requirements, 
and Integration of this component should represent a 
considerable cost saving, especially. when integrated with the 
series diode. 

Other Applications 
Although wristwatches and clocks of various types are 

important applications of COS/MOS timing circuits, they are 
certainly not the only timing applications which can benefit 
from the unique features of COS/MOS logic. Applications 
such as fuze timers, feeding systems, automatic sprinklers, 

incubator timers, and other similar systems can be designed 
from information provided on the oscillator and counter 
with only the output device unique to the particular 
application. Automobile applications for COS/MOS circuits 
are almost endless. One can think of speed controllers, digital 
speedometers, miles per gallon indicators, and perhaps even 
estimated-time..oC·arrivai indicators that, on the basis of the 
given tota] mileage, would update the time on it dynamic 
basis from information provided by the speedometer, 
odometer, and clock. 

CONCLUSIONS 
The primary advantage of electronic timing circuits over 

conventional mechanical methods of timekeeping lies in the 
greatly increased accuracy pennitted by the highly stable 
crystal-cantooUed oscillator circuit. Although crystal oscil· 
lator circuits have eXisted for some time, their usefulness in 
portable applications has been somewhat limited because of 
the high current consumption required by the following 
digital logic. The advent ofCOS/MOS integrated circuits now 
permits the design of complete low·power timing systems. 
The impact of COS/MOS on timing applications is perhaps 
equalled by the recent development of liquid-crystal displays 
and dc·ta-dc converters that allow Jaw-power continuously 
operating digital displays. Certainty. no great technolOgical 
barriers now exist for the use of electronic timing circuits in 
a wide variety of applications. The search, no doubt, will 
always contin!J,e for the ideal timekeeping device; however, it 
should be apparent from the information presented that the 
ideal timekeeping unit can now be more closely approached 
than ever before. 

REFERENCES 
J. Eaton, S.S., "Micropower Crystal..controlled OsciJIator 

Design Using RCA COS/MaS Inverters," RCA Applica' 
tion Note ICAN 6539, 1971. 

2. "Frequency Control Devices," Catalog No. 670, North· 
em EngiMering Laboratories, Burlington, Wisconsin. 

3. Yoda, H., "Low Power Crystal OscilJator for Electronic 
Wrist Watch," Mihan Dempa Kogyo Co., Ltd., Japan, 
1971. 

4. Schindler, H.C., "Liquid Crystal Dynamic Scattering for 
Display Devices," RCA Publication PE·533, 1972. 

5. Eveready Battery Applications Engineering Data, Union 
Carbide Corp .. 1971. 

713 

I 



ICAN-6101 

The RCA COS/MOS Phase-Locked-Loop 
A Versatile Building Block for Micro-Power 
Digital and Analog Applications 

INTRODUCTION 
Phase.locked·loops (PLL's), especially in monolithic 

form, afe finding significantly increased usage in signal· 
processing and digital systems. FM demodulation, FSK 
demodulation, tone decoding, frequency multiplication, 
signal conditioning, clock synchronization, and frequency 
synthesis are some of the many applications of a PLL. The 
PLL described in this Note is the COS/MOS CD4046A, 
which consumes only 600 microwatts of power at 10 kHz, a 
reduction in power consumption of 160 times when 
compared to the 100 milliwatts required by similar mono­
lithic bipolar PLL's. This power reduction has particular 
significance for portable battery-operated equipment. This 
Note discusses the basic fundamentals of phase.locked.loops, 
and presents a detailed technical description of the COS/ 
MOS PLL as well as some oC its applications. 

REVIEW OF PLL FUNDAMENTALS 
The basic phase-locked-loop system is shown in Fig. I; it 

consists oC three parts: phaSe comparator, low-pass filter, and 
voltage-controlled oscillator (VeO); all are connected to 
form a closed-loop frequency-Ceedback system. 

With no signal input applied to the PLL system, the error 
voltage at the output of the phase comparator is zero. The 
voltage, Vd(t), from the low-pass filter is also zero, which 
causes the veo to operate at a set frequency, fo. called the 
center frequency. When an input signal is applied to the PLL, 
the phase comparator compares the phase and frequency of 
the signal input with the veo frequency and generates an 
error voltage proportional to the phase and frequency 

Fig. 7- Bloek dlBf/fBm of PLL. 

difference of the input signal and the veo. The error 
voltage, Ve(t), is filtered and applied to the control inp~t of 
the veo; Vd(t} varies in a direction that reduces the 
frequency difference between the veo and signal-input 
frequency. When the input frequency is sufficiently close to 
the veo frequency, the closed-loop nature of the PLL forces 
the veo to lock in frequency with the signal input; i.e., 
when the PLL is in lock, the veo frequency is identical to 
the signal input except for a finite phase differen.;:e. The 
range of frequencies over which the PLL can maintain this 
locked condition is defined as the lock range of the system. 
The lock range is always larger than the band of frequencies 
over which the PLL can acquire a locked condition with the 
signal input. This latter band of frequencies is defined as the 
capture range of the PLL system. 

TECHNICAL DESCRIPTION OF COS/MOS PLL 
Fig. 2 shows a block diagram of the COS/MOS 

eD4046A, which has been implemented on a 'single 
monoUthlc integrated circuit. The PLL struc~ure consists of a 
low-power, linear, voltage-controlled oscillator (VeO), and 
two different phase comparators having a common signal­
input amplifier and a common comparator input. A 5.2-volt 
zener is provided for supply regulation if necessary. The veo 
can be connected either directly or through frequency 
dividen to the comparator input of the phase comp-arators. 
The low·pass fdter is implemented through external parts 
because of the radical configuration changes from application 
to appUcation and because some of the components are 
non-integrable_ The eD4046A is supplied in a 16-lead. 
dual·in·llne, ceramic package (CD4046AD); a 16·lead, dual· 
In·line, plastic package (CD4046AE); or a 16-lead flat.pack 
(CD4046AK). It is also available In chip form (CD4046AH). 
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Phase Comparaton 
Most PLL systems utilize a balanced mixer composed of 

well-controUed analog amplifiers' for the phase-comparator 
section. Analog amplifiers with well-controlled gain charac­
teristics cannot easily be realized using COS/MaS tech­
nology. Hence, the COS/MOS design shown in Fig. 3 
employs digital-type phase comparators. Both phase com­
parators are driven by a common-input amplifier configura­
tion composed of a bias stage and four. inverting-amplifier 
stages. The phase-comparator signal input (terminal 14) can 
be direct-coupled provided the signal swing is within 
COS/MOS logic levels [logic 0 .. 30% (VDD· VSS), logic 
I ;;. 70% (VDD.YSS) J. For smaller input signal swings, 
the signal must be capacitiveiy coupled to the self-biasing 
ampUfier at the signal input to insure an over-driven digital 
signal into the phase comparat(lrs. 

Phase-comparator I is an exclusive·OR network; it 
operates anaJagously to an over-driven balanced mixer. To 
maximize the lock range, the signal and comparator input fre­
quencies must have SO-percent duty cycle. With no signal 
or noise on the signal input, this phase comparator has 

CONP"""TOR 
,,,PUT 

Fig. 3- SchBmll'ic of COSIMOS PLL phase-comparator 
section. 

an average output voltage equal to VDD/2. The low-pass 
filter connected to the output of phase-comp~tor I supplies 
the averaged voltage to the veo input, and causes the veo 
to oscillate at the center frequency (fo). With phase-com­
parator I, the range o( frequencies over which the PLL can 
acquire lock (capture range) is dependent on the low-pass-filter 
characteristics, and can be made as large as the lock range. 
Phase-comparator I enables a PLL system to remain In lock in 
spite of high amounts of noise in the input signal. 

One characteristic of this type of phase comparator Is 
that it may lock onto input frequencies that are close to 
harmonics of the veo center-frequency. A second charac­
teristic is that the phase angle between the signal and the 
comparator input varies between 00 and 1 sao. and is 900 at 
the center frequency. Fig. 4 shows the typical, triangular, 
phase-te-output, response characteristic oC phase-comparator 
I. Typical waveforms for a COS/MOS phase.locked·loop 
employing phase-comparator I in locked condition of fa is 
shown in Fig. S. 
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Fig, 5- Typical waveforms for COSIMOS phase­
locked loop employing phase-comparator I 
in locked condition of f 0-

Phase-comparator II is an edge-control1ed digital memory 
network. It consists of four flip-flop stages, control gating. 
and a three-state output circuit comprising p and n driven 
having a common. output node as shown in Fig. 3. When the 
p-MOS or noMOS drivers are ON, they pun the output up to 
VDD or down to VSS,. respectively. This type of phase 
comparator acts only on the positive edges of the signal­
and comparator-input signals. The duty cycles of the signal 
and comparator inputs are not important since positive 
transitions control the PLL system utilizing this type of 
comparator. If the signal-input frequency·is higher than the 
comparator·input frequency, the p-MOS output driver is 
maintained ON continuously. If the signal·input frequency is 
lower than the comparator-input frequency, the noMOS 
output driver is maintained ON continuously. If the signal­
and comparator-input frequencies are the same, but the 
signal input lags the comparator input in phase, the noMOS 
output driver is maintained ON for a time corresponding to the 
phase difference. If the signal- and comparator-input fre­
quencies are the same, but the signal input leads the com­
parator input in phase, the p-MOS output driver is maintained 
ON for time corresponding to the phase difference. Sub­
sequently, the capacitor voltage oi the low-pass filter con­
nected to this type of phase comparator is adjusted Until the 
signal and comparator input are equal in both phase and fre­
quency. At this .stable operating point, both p- and noMOS 
output drivers remain OFF, and thus the phase-comparator 

output becomes an open circuit and holds the voltage on the 
capacitor of the low-pass filter constant. Moreover, the signal 
at the "phase pulses" output is at a high level, and can be used 
for indicating a locked condition. Thus. for phase-comparator 
II, no phase difference exists between signal and comparator 
input over the full veo frequency range. Moreover, the power 
dissipation due to the low-pass filter is reduced when this 
type of phase comparator is used because both the p- and n­
MaS output drivers are OFF for most of the signal-input 
cycle. It should be noted that the PLL lock range for this 
type of phase comparator is equal to the capture range, 
independent of the low-pass filter. With no signal present at 
the signal input, the veo is adjusted to its lowest frequency 
for phase-comparator II. Fig. 6 shows typical waveforms for 
a COS/MOS PLL employing phase-comparator II in a locked 
condition. 
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Fig.6 - Typical wa~'fJforms for COS/MOS phase-locked loop 
employing phase-comparator /I in locked condition. 

Fig. 7 shows the state diagram for phase-comparator II; 
each circle represents a state of the comparator. The number 
at the top insicle each circle represents the slate of the 
comparator, while the logic state of the signal and 
comparator inputs, represented by a 0 or a I. are given by 
the left and right numbers, respectively. at the bottom of 
each circle. The transitions from one state to another result 
from either a logic change on the signal input (I) or the 
comp3rator input (e). A positive transition and a negative 
transition are shown by an arrow pointing up or down, 
respectively. The state diagram assumes that only one 
transition on either the siWial input or the comparator input 
occurs at any instant. States 3, 5, 9, and 11 represent the 
condition at the output of phase.comparator II when the 
p-MOS driver is ON, while states 2, 4,10, and 12 determine 
the condition when the noMOS driver is ON. States 1,6,7, 
and 8 represent the condition when the output of phase­

comparator II is in its high impedance state; i.e., both p. and 
n-devices are OFF. and the phase·pulses output (terminal I) 
is high. The condition at the phase·pulses output for all other 
states is low. 

As an example of bow one may use the state diagram 
shown in Fig. 7, consider the operation of phase-comparator 
II in the locked condition shown in Fig. 6. The waveforms 
shown in Fig. 6 are broken up into three sections: sect·ion f 

. corresponds to the condition in which the signal input leads 
the comparator input in phase, while section II corresponds 
to a finite phase difference. Section III depicts the condition 
when the comparator input leads the signal input in phase. 
These three sections all correspond to a locked condition for 
the eOS/MOS PLL; i.e., both signal· and comparator·input 

signals are of the same -frequency but differ sJightly in phase. 
Assume that both the signal inputs begin in the 0 state, and 
that phase.comparator II is initially in its high·impedance 
output condition (state I), as shown in Figs. 7 and 6, 
respectively. The signal input makes a positive transition 
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Fig. 7- State diagram of pha~-comparator II. 

first, which brings phase·comparator 11 to state 3. State 3 
corresponds to the condition of the comparator in which the 
signal input is a I, the comparator input is a 0, and the 
output p·device is ON. The comparator input goes high next, 
while the signal input is high, thus bringing the comparator 
to state 6, a high·impedance output condition. The signal 
input goes to zero next, while the comparator input is high, 
which corresponds to state 7. The comparator input goes low 
next, bringing phase-comparator II back to state I. As shown 
for section I, the p·device stays on for a time corresponding to 
the phase difference between the signal input and the 
comparator input. Starting in state I at the beginning of 
section III, the comparator input goes high first, while the 
signal input is low. bringing the comparator to state 2. 

Following the example given for section I. the comparator 
proceeds from state 2 to states 6 and 8 and then b3ck to I. 
The output of phase-comparator II for section III corres­
ponds to the n·device being on for a time corresponding to the 
phase difference between the signal and comparator inputs. 

The state diagram of phase·comparator II completely 
describes all modes· of operation of the comparator for any 
input condition in a. phase.locked·loop. 

Voltage-Conuolled Oscillator 
Fig. 8 shows the schematic diagram of the voltage· 

controlled oscillator (VCO). To assure low system·power 
dissipation. it is desirable that the low-pass filter consume 
little power. For example, in an RC fiiter, this requirement 
dictates that a high.value R and a low·value C be utilized. 
The veo input must not, however,load down or modify the 
characteristics of the low·pass filter. Since the VCO design 
shown utilizes an n·MOS input configuration having prac· 
tically infinite input resistance. a great degree of freedom is 
allowed in selection of the low. pass filter components. 

The veo circuit shown in Fig. 8 operates as follows: 
when the inhibit input is low, P3 is turned rull ON, 
effectively connecting the sources ofP) and P2 1'0 VDO; and 
gates 1 and 2 are permitted to function as NOR·gate 
flip·flops, N I together with external-resistor R I form a 
source·follower configuration. A;s, long as the resistance of R 1 
is at least an order of magnitude greater than ON resistance 
of N I (greater than to kilohms). the current through R I is 
linearly dependent on the veo input voltage. This current 
flows through PI. which. together with Pl. forms a 
current·mirror network. External resistor R2 adds an 
additional constant current through PI; this current offsets 
the VCO operating frequency for VCO input signals of 0 
volts. In the curreDl·mirror network. the current of P:! is 
effectively equal to the current through PI independent of 
the drain voltage at Pl. (This condition is true provided P2 i!!i 
maintained in saturation; in the circuit shown. P2 is saturated 
under all possible operating conditions and modes). The 
set/reset flip.nop composed of gates I and 2. turns ON either 
P4 and N3, or PS and N2. One side of the external capacitor 
C I is, therefore. held at ground. while the other side is 
charged by the constant current supplied by P2. As soon as 
C1 charges to the poinl at which the transfer poinl of 
inverters I or 5 is reached, the nip·nop changes state. The 

Fig. 8- Schematic of COS/MOS VCO section. 

charged side of the capacitor is now pulled to ground. The 
other side of the capacitor goes negative. and discharges 
rapidly through the drain diode of the OFF n-device. 
Subsequently, a new half·cycle starts. Since inverters I and 5 
have the same transfer points. the veo has a 50·pereenl 
duty-cycle. Inverters I through 4 and 5 through 8 serve 
several purposes: (1) they shape the slow·input ramp from 
capacitor CI to a fast waveform at the flip.flop input stage. 
(2) they maintain low power dissipation thrOUgh the use of 
high-impedance devices at inverters I and 5 (slow.input 

wave·forms), and (3) they provide fOUl inverter delays before 
removal of the set/reset flip-flup triggering pulse to assure 
proper toggling action. 
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In order not to load the low· pass filter. a sourcc·follower 
ouput of the veo input voltage is provided (demodulated 
output). If this output is used, a load resistor (Rs) of 10 
kilohms· or more should be connected from this terminal to 
ground. If unused. this terminal should be left open. A logic 
o on the inhibit input enables the veo and the source 
follower, while a logic I turns off both to minimize stand·by 
power consumption. 

Performance Summary of COSIMOS PLL 
The maximum ratings for the CD4046A COS/MOS PlL, 

as well as its general operating·performance characteristics 
are uutlined in Table I. The veo and comparator 
characteristics are shown in Tables II and Ill, respectively. 
Table IV summarizes some useful formulas as a guiJe for 
approximating the values of external components for the 
CD4046A in a phase-Iocked.loop system. When using Table IV, 
one should keep in mind that frequency values are in 
kilohertz. resistance values are in kilohms, and capacitance 
values are in microfarads. The selected external components 
must be within the following ranges: 

'OKn<:R,.R2.R,<:' Mn 
C,,, IOOpF at VOO"S V 

C,,,SOpFatVOO"IOV 

In addition to the given design information, refer to Fig. 9 
for RI. R2,and CI component selections. The use of Table IV 
in designing a COS/MOS PLL system for some familiar appli­
cations is discussed below. 

APPL'CATIONS OF THE COS/MOS PLL 
The COS/MaS phase.locked·loop is a versatile building 

block suitable for a wide variety of applications, such as FM 
demodulators. frequency synthesil.ers. split·phase data 
synchronization and decoding, and phase.locked.loop lock 
detection. 

FM Demodulation 
When a phase·locked.loop is locked on an FM signal, the 

voltage·controlled oscillator (VeO) tracks the instantaneous 
frequency of that signal. The veo input voltage, which is the 
filtered error voltage from the phase detector, corresponds to 
the demodulated output. Fig. 11 shows the connections for 
the COS/MaS CD4046A PLL as an FM demodulator. For 
this example, an FM signal consisting ofa 10-kilohertz carrier 
frequency was modulated by a 400-Hz audio Signal. The total 

FM signal amplitude is 500 millivolts, therefore the Signal 
must be ae coupled to the signal input (terminal 14). 

Table 1- Maximum ratings ilnd general operating character. 
istic, 

MAXIMUM RATINGS, Absolute·Maximum Values: 

Storage Temperature Range .... _·65°C to .150 ·c 
Operating Temperature Range: 

Ceramic Package Tvpes. _5SGC to .125 ·c 
PlastiC Package TVpes . -40oC to +85 ·c 

DC Supply Voltage Range 

IVDD ·· VSSI -0.5 V to t15 V 

DeVice DISSipation IPer Pkg.l 200 "'" All Inputs . VSS':;VltOVOO 
Recommended 

OC SupplV Voltage tvoo .. VSS) 51015 

Recommended 

Input Voltage SWing VOO 10 Vss 

General Characteristics (TYJHcal Values at VOO - VSS 

-10 V and TA -2S·Cl 

V 

Qp!!ra11n9 Supplv Vollag!! 1Voo - VSSI . 51,,15 V 

Qpt'rallng Supply Currenl 

Inn,b" ~ "0·· 
@e 1 -00001 ~F 

R, .. , Mn 

'0" lOkH/. VOO· 5V. 70pW 

'0" 10 kH/. VOO .. 10 V .. 600IIW 

. 26,.A 

715 

I 



ICAN-6101 

Table 11- veo electrical characteristics 

veo Characteristics (Tvpical Values at VOO - VSS 

= 10 V and T A = 2S"CI 

Mall(tmum Frequency. 

Temperature Stability 

linearity IVVCO In = 5 V :t 2.5 VI 

Center Frequency 

1.2 MHz 

6OOppmJoC 

,% 

Programmable With 

At and C, 

Frequency Range 

Input Re5istance 

Output Voltage. 

DulY Cvcle 

Rise & Fall Times '" 

Output Current Capability 

"'" Drlve@VO = 9.5 V. 

"0" Slnk@VO=0.5V. 

Demodulated Output: 

Offset Voltage 

. Programmable WIlt> 

R t • R2.and C, 

1012 H 

.10 Vp .p 

.50% 

.. 50 ns 

-1.BmA 

2.6mA 

CVVCO .n - VOEMOD oUli @ 1 rnA. 1.5 V 

Table III - Comparator electrical characteristics 
Comparator Characteristics nvpical Values at VOO - VSS 

= 10 V and TA = 25"CI 

Input Impedance 

Input SensItivity. 

ae coupled 

. 400 Kn 

400mV 

de coupled ) "0" ... 30% IVOD - Vssl 

l""';' 70% IVOo - VSS ' 

Comparator Inpulle~15 !term 31. "0" .. 30% IVOO - VSSI 

'T' > 70% 1VOO - VSSI 

Output Current Capability 

Comparator I lterm. 2) and Comparator II herm, 13): 

"1" Drive @ Vo :. 9.5 V -1.BmA 

"0" Smk @ Va ~ 0.5 V 2.6 rnA 

Comparator 11 Phase Puls~ (term. 11: 

'")" Drlve@ Va ~ 9.5 V 

'·0" Smk @Va -0.5 V 

.-Q.6mA 

l.4mA 

Phase-comparator I is used for this application because a PLL 
system with a center frequency equal to the FM carrier 
frequency is needed. Phase comparator I lends itself to this 
application also because of its high signal·input-noise­
rejection characteristics. 

The formulas shown in Table IV for phase-comparator I 
with R2 = 00 arc used in the following considerations, The 
center frequency of the veo i~ designed to be equal to the 
carrier frequency ,J 0 kHz. The value of capacitor C 1,500 pF. 
was found by assuming an R 1 = 100 Kn for a supply voltage 
VOO = 5 volts. 

These values determined the center frequency: 
fo = 10kHz 

The PLL was set for a capture-range of 

fc ~ ± -.L ~ ±0.4 kHz 
271 VR3C2 

to allow for the deviation of the carrier frequency due to the 
audio signal. The components shown in Fig. 10 for the 
low·pass flIter (R3 = 100 H!.C2 = 0.1 "F) determine the 
above capture frequency. 

The total current drain at a supply voltage of 5 volts for 
this FM-demodulator application is 132 microamperes for a 4 
dB S/N'ratio on the signal input. and 90 microamperes for a 
10dB SIN ratio. The power consumption decreases because 
the signal·input amplifier goes into saturation at higher input 
levels. 
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TYPICAL CENTER FREQUENCY 
UNIT-TO-UHn VARIATION 

-6.110-% 

VCO TIMING CAPACITOR IC II-".F 

Fig. 9(.)- Typical center frequency ... C, for 
R,= 'OKrl, '00 Krl,and , MSl. 

Fig.9(b)- Typical frequency offset vs. C1 for 
R2 = 'OKrl, '00 Krl,and , MSl. 

AMBIENT TEMPERATURE ITA }-2S"C 

4 'MAX. WHEN VCOIN"VOD,INHIBITavsS 
'''IiN WMEN VC01N'YSS 

I 
100 8 ~ TYPICAL 'NAX"MIN 

6 UNIT-Ta-UNITYARIAflON 

'liDO ~g:g:::~ 
C04046AII: 

Fig. 9(c)- Typicalfmax/fmin vs. R2IR,. 
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Fig. 10- FM demodulator. 

Fig. II shows the performance of the FM/demodulator 
circuit of Fig. 10 at a 4 dB S/N·ratio. The demodulated 
output is taken off the yeO-input source follower using a 
resistor Rs (Rs = 100 kn).The demodulation gain for this 
circuit is 250 mY/kHz. 

o'V'O._------- -- '00",,"o,o - -t TRANSMITTED 

05 V/cm . ~~I;E 
- - -

to V/cm veo OUTPUT 

O. V/cm - - g~~~~¥LATEO 
- --, -- ----

Fig. 11- Voltage waveforms of FM demodulator. 

Frequency Synthesizer 

The PLL system can function as a frequency-selective 
frequency multiplier by inserting a frequency divider into the 
feedback loop between the yeO output and the comparator 
input. Fig. 12 shows a COS/MaS low-frequency synthesizer 
with a programmable divider consisting of three decades, N, 
the frequency-divider modulus, can vary from 3 to 999 in 
steps of I. When the PLL system is in lock, the signal and 
comparator inputs are at the same frequency and 

f=NXlkHz 

Therefore, the frequency range of this synthesizer is 3 to 999 
kHz in I-kHz increments, which is programmable by the 
switch position of the Divide-by-N counter. 

~EF-FAEO 
I ~H. 

I 
I 
I 

lOINPASSF'LTER 

" 

I '-"I-'I-1-'I-'!--'-"t'H't'f--J 
I 

I ~ ~ 
~ __ ~o ______ ~. ____ ~~~I~B~ 

Fig. 12- Low-frequency synthesizer with three­
decade programmable divider. 

Phase-comparator II is used for this application because it 
will not lock on hannonics of the signal-input reference 
frequency (phase-comparator I docs lock on harmonics). 
Since the duty cycle of the output of the Divide-by-N 
frequency divider is not 50 percent, phase·comparator II 
lends itself directly to this application. 

Using the formulas for phase-comparator II shown in 
Table IV, the veo is set up to cover a range of 0 to 1.1 MHz. 
The low-pass filter for this application is a two-pole, lag-lead 
mter which enables faster locking for step changes in 
frequency. Fig. 13 shows the waveforms during switching 
between output frequencies of 3 and 903 kHz. The figure 
shows that the transient going towards 3 kHz on the veo 
control voltage is overdamped, while the transient to 903 
kHz is underdampcd. This condition could be improved by 
changing the value of R3 in the low-pass filter by means of 
adjustment of the switch-position hundreds in the Divide­
by-N counter. 

50 ms/OIV 

'0 V "-903 

10 V,,' " - I fOUT - -' 

- "vco 
2V I , _ CONTROL 

, VOLTAGE 

Fig. 13- Frequency-synthesizer waveforms. 

Split-Phase Data Synchronization and Decoding 
Fig. 14 shows another application of COS/MaS PLL, 

split-phase data synchronization and decoding. A split. 
phase data signal consists of a series of binary digits that 
occur at a periodic rate, as shown in waveform A in Fig. 14, 
The weight of each bit. a or I, is random, but the duration of 
each bit. and therefore the periodiC bit·rate, is essentially 
constant. To detect and process the incoming signal, it is 
necessary to have a clock that is synchronous with the 
data-bit ratc. This clock signal must bc derived from the 
incoming data signal. Phase-lock techniques can be utilized to 
recover the clock and the data. Timing information is 
contained in the data transitions, which can bc positive or 
negative in direction, but both polarities have the same 
meaning for timing reco",cry. The phase of the signal 
determines the binary bit weight. A binary 0 or I is a positive 
or negative transition, respectively. during a bit interval in 
split-phase data Signals. 

CLOC!< 

'"' 
J-J----u-u-
®~ 
©~ 
®~ 
©~ 

Fig. 14- Split-phase data synchronization and decoding. 

As shown in Fig. 14, the split-phase d~ta-input (A) is first 
differentiated to mark the locations of the data transitions, 
The differentiated signal, (B), which is twice the bit ralc, is 
gated into the COS/MaS PLL. Phase-comparator II in the 
PLL is used because of its insensitivity to duty cycle on both 
the signal and comparator inputs. The yeO output is fed 
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into the clock input of FFI which divides thc yeO 
frequency by two. During the ON intervals. the PLL tracks 
the differentiated signal (B); during the OFF intervals the 
PLL remembers the last frequency present and still provides 
a clock output. The VCO output is inverted and fed into the 
clock input of FF2 whose data'input is the inverted output 
of FFI. FF2 provides the necessary phase shift in-signal (e) 
to obtain signal (D), the recovered clock signal from the 
split-phase data transmission. The output of FF3, (E), is the 
recovered binary information from the phase information 
contained in the split-phase data. Initial synchronization of 
this PLL system is accomplished by a string of alternating O's 
and I's that precede the data transmission. 

Phase-Locked· Loop Lock Detection 
In some applications that utilize a PLL, it is sometimes 

necessary to have an output indication of when the PLL is in 
lock. One of the simplest forms of lock-condition indicator is 
a binary signal. For example, a 1 or a 0 output from a 
lock-detection circuit would correspond to a locked or 
unlocked condition, respectively. This signal could, in tum, 
activate circuitry utilizing a locked PLL signal. This detection 
could also be used in frequency-shift-keyed (FSK) data 
transmissions in which digital information is transmitted by 
switching the input frequency between either of two discrete 
input frequencies, one corresponding to a digital 1 and the 
other to a digital 0_ 

Fig. 15 shows a lock-detection scheme for the COS/MaS 
PLL. The signal input is switched between two discrete 
frequencies of 20 kHz and IO kHz. The PLL system uses 

Fig. 15- Lock-detection circuit. 

phase-comparator II; the yeO bandwidth is set up for an 
fmin of 9.5 kHz and an fmax of IO.S kHz. Therefore. the 
PLL locks and unlocks on the 100kHz and 20-kHz signals, 
respectively. When the PLL is in lock, the output of 
phase-comparator I is low except for some very short pulses 
that result from the inherent phase difference between the 
signal and comparator inputs; the phase-pulses output 
(terminal I) is high except for some very small pulses 
resulting frol1l the same phase difference. This low condition 
of phase comparator I is detected by the lock-detection 
circuit shown in Fig. IS. Fig. 16 shows the performance of 
this circuit when the input signal is switched between 20 and 
10kHz. It can be seen that' after about five input cycles the 
lock detection signal goes high. 

I 
I 

t: 
lil LJll 

·'1 ! -, 
ri;-~ ! r , j j 

I 
VERT. 5 V/OIV 
HOR'IZ I ms/OIV 

}- ~~G_NI~:~~~~T, 

}VCO OUTPUT 

Fig. 16- Lock-detect;on-circuit waveforms. 
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Using the CD4047A in COSIMOS Timing Applications 
by J. Paradise 

Many applications exist today for COS/MOS multivi­
brators- both oscillators and one-shots-in analog and digital 
circuits. The requirements for these applications vary widely 
in such parameters as volt::.ge range, temperature stability, 
power dissipation, drive capability, and external-component 
cost. No design is optimum for all of the above considerations. ' 
However, the RCA·CD4047A Monostable/Astable Multivi­
b,rator fulfills the needs of most applications in this timing 
area. It can function as either an oscillator or one-shot with 
many additional features, and will meet the power dissipation, 
stability, and speed requirements of most COS/MOS systems. 

This Note compares some simpler types of oscillator circuits 
with the C04047 A in both theoretical and actual performance, 
and provides application informa!.ioo 00 the CD4047A which 
should prove useful to COS/MOScireuit and system designers. 

COS/MOSDISCRETE RCOSCILLATOR 

The simplest type of RC'osciIlator is shown in Fig. 1. It 
consists of two inverters (which may be taken from standard 

Fig. 1 - Simplest COS/MaS RC oscilletor. 

RCA COS/MOS parts, i.e., CD4007A, CD4001A, CD4011A, 
etc.) and a single resistor and capacitor. The operating wave· 
forms for this circuit are shown in Fig. 2. 

The circuit operates as follows: depending on the output 
levels of inverters A and B, at any instant C will be charging or 
discharging through R. When the waveform at point (2) in the 
circuit pasSes through the transfer voltage of inverter A, this 
inverter will switch and cause inverter B to switch. Subse­
quently. the waveform at point (2) would be exponentially 

voo_~ ® 
Vss-

Fig. 2 - RC·oscillator opert/ting waveforms. 

increasing or decreasing with discontinuities equal in magnitude 
to VOD during the instant of switching. However, since 
point (2) is protected by a standard input-protection circuit 
common to COS/MOS devices, the waveform is clamped at one 
diode voltage drop above Von and below VSS' (Refer to wave­
forms in Figs. 2 and At). The calculations for the period of this 
multivibrator circuit are shown in Appendix A; the final 
equation for the period T is 

. 
~ 
~ 1-8~-+--+---=:::P=+===+=---+-~f--A 
i 
~ 
x 1.71c---+--''''-.-I::--+--+--+-~'''''''---11-~ 
g 

~ 
~ 1.6f-',,-p...;;::--j--+-+--/---t-';7'417'---l 
C 

1.43ioo--i.--.-j;o.--i •• .---.oo\,-----;,/s.---ic .. .--i.----;l'" 
TRANSFER VOLTAGE (VTR)-PER CENT OF VDO 

Fig. 3 - Discrete RC'oscillator time period es e function of transfer 
voltage. 

The above analysis is valid only at low frequencies (I.e., less 
than 50 kHz). As the multivibrator frequency approaches this 
value, other considerations mUst be taken into account: 

1. The input protection circuit has a VOD diode with a 
finite resistance and capacitance; the diode will discharge at 
the rate associated with this small time constant. 

2. In the negative direction, there is a diode as well as a 
series protection resistor (1 to 3 kilohms); the time constant of 
this diode is even longer than that of the VOO diode. 

3. The propagation delay of the inverters used is added to 
the time period during each charge and discharge cycle. Since 
the delay is a function of VOO, small changes in VOO at high 
frequencies will cause the time period to vary. 

4. There is a finite output impedance associated with'the 
inverter which is in series with the external timing resistor. 
Since this output impedance also changes with VOD' at high 
frequencies where the external resistor becomes small, the 
multivibrator stability decreases with small variations in VOD' 

The negative features of the input protection circuit can be 
partially compensated for by the addition of a resistor, RS, in 
series with the input protection circuit, as shown in Fig. 4. 
Although the input inverter A is still clamped at one diode drop 
above VDD or one diode drop below VSS, the waveform at 
point (4) is allowed to swing well above VOD and below VSS' 
The larger swing reduces the dependency of transfer-voltage 
variations upon stability;.the variable characteristics of the 
input protection circuit and their effect upon stability are 
greatly reduced. An analysis of this circuit is presented in 

Fig. 4 - RC'oscillator with the addition of RS 

T= -RC In (:....V.!.T",R)c.:(-,VD",De...--:-VT'-!Ro:.) 
(VDD+VD)2 (1) Appendix B; the equation for the period, T, for this circuit is 

shown in Eq. 2. 

where VTR is the switching or transfer point of the inverter. 
and Vo is the diode forward voltage drop. 

Equation (1) shows that the period of the multivibrator, T, 
is sensitive to changes in VDO, as illustrated by the graph of 
time period, T. vs transfer voltage as a function of Von in 
Fig. 3. In addition to the strong dependence of actual time 
period on the VOO chosen, the graph also illustrates that, for 
a given VOD, a full transfer voltage spread of 30 to 70 per cent 
of VOO (unit·to-unit worst~ase variations) yields a change in 
time period of about 10 per cent from the nominal 50'per-cent 
transfer-voltage percentage values. 
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When K= ~ Tis' R' . 

In this form it is easy to see that when K approaches zero,the 
circuit and associated waveforms are equivalent to those of 
Fig. A·I. On the other hand, as K approaches infinity. the vari­
ation in period as a function of Von is reduced to zero. This 
result is shown in Fig. 5, where period as a function of trans· 

TRANSFER VOL-TAGE ("Till-PER CENT or Voo 

Fig. 5 - Discrete RC-oscillator time period es a function of transfer 
voltage. 

fer voltage is plotted for different value of Von and K, and 
Fig. 6, which shows period as a function of K for different 
values of VOD' Variation in period with transfer voltage is 
also reduced as K increases. This variation decreases from 
10 per cent for K = 0 to about 5 per cent as K gets large. 

There are some obvious limitations in the value of RS that 
can be used. Besides the disadvantages in this circuit if R is to 

0,01 0.1 I 
CONSTANT-k 

Fig. 6 - Discrete RC·o:clllerortimeperiod8S8 function ofcon:tBnt, k. 

be made adjustable, the user must be careful with component 
layout, if RS is made very large, to take advantage of the im· 
provement in stability. A time constant and phase shift is pro­
duced by RS and stray wiring and breadboard capacitance, 
see Fig. 7. This shift creates a switching delay in the circuit which 
changes the time period and, in addition, may cause spurious 
oscillations and glitches in the multivibrator circuit. A reason· 
able value for K would be anywhere from 2 to 10, with maxi· I 
mum and minimum values for RS <Ietermined by the above 

! considerations. 

rCSTRAV 

Fig. 7 - RC'O$cillator circuit with stray capacitance. 

COS/MOS INTEGRATED RC OSCILLATORS 

The RCA-CD4047 A is an integrated RC oscillator that 
eliminates most of the disadvantages of the discrete circuits 
previously discussed. The primary reason for this improved 
performance is the special input-protection circuit which 
allows the capacitor charging waveform to swing above VDO 
and below VSS without the need for an external resistor. This 
circuit, shown in Fig. 8, has the same time period and stability 
as the circuit in Fig. 4 for the case where the value of RS is 
infinite. However, a resistor is eliminated, as well as the dis­
advantages of a time constant caused by the resistor. 



There are two addHional reasons for expected Improvement 
with the CD4047A. First, the transfer-voltage point of the 
input inverter, A, is tested between 33 and 67 per cent ofVDD 
instead of between 30 and 70 per cent; this narrower test range 
improves stability by reducing unit·to·unit variations. In ad· 
~i_tion,large buffers are used for inverters D a~d E; this practice 

nCS-22616 
Fig. 8 - CD4041A QlCllletor rtICtion 

reduces the effect of changes of device output impedance with 
period stability. A derivation of period, T, for this circuit is 
presented in the Appendix C; the final equation for T becomes: 

(VTlV (VOO - VTlV 
T = -RC In (VOO + VTlV (2 VOO - VT!V 

(3) 

Figure 9 shows a graph of stability as a function of transfer 
voltage based on this equation. 

The graph of Fig. 9 shows a maximum variation of 5 per 
cent between minimum (2.197 RC) and maximum (2.307 RC) 
time periods. A val!le of 2.25 RC yields a ± 2.5 per-cent vari· 
atlon. Typical values of period variations at high frequencies 
and temperature' extremes are included in the published data 
for the CD4047A.t 
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Fig. 9 - CD4047 timll perlod.,. function of trtlnrf.,. IIa/tlgtI. 

An additional advantage of the CD4047 A is a reduction in 
power dissipation as compared to the discrete multivibrators 
discussed previously. Inverter A in Fig. 8 is designed with high­
impedance components that limit power dissipation during the 
time that the inverter operates in the middle of its transfer 
region. Four additional inverters are used to gradually shift from 
a very-hIgh.impedance inverter at the input to a very·low· 
impedance driver in series with the external timing resistor. 
Calculations for power dissipation and a comparison of Pdiss 
for the CD4047 A and a discrete oscillator are presented in 
Appendix D; the result is 

(4) 

'This equation specifies the power dissipated in the external 
components only. At low frequencies, where most of the 
power will be dissipated in R. power can be minimized by 
using a small value of C, since the fonnula shows the power 
ts a function of C and not R. 

Additional power is consumed in the CD4047 A chip as a 
function of frequency. Fig. 10 shows curves for theoretical 
minimum power dissipation, actual CD4047 A oscillator·power 
dissipation, and discrete oscillator·power dissipation as a 
function of frequency. 
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Fig. 10 - Comparlron of P dill for discrete oscillator end CD4047 with 
rheory. 

CMOS DISCRETE ONE-5HOTS 

Fig. 11 illustrates one of several simple monostable circuits 
which can be employed in non-critical timing circuits.2 The 

92C5-221575 

FIg. , 1 - COS/MOS monorteb/e circuit. 

circuit pulse width is dependent upon the transfer voltage of 
inverter B as time constant RC charges to VDD from VSS .. The 
pulse width is defmed as 

(VOO-VT!V 
T=-RCln( VOO ) (5) 

Fig. 12 shows the variation in pulse width as a function of 
tf4.I1sfer voltage for this device. 

There are several alternatives to the circuit shown in 
Fig. 12.2 These alternatives have the advantage of greater 
stability, but at the expense of two time constants required in 
circuit and, in some cases, the addition of a diode. 
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COS/MOS INTEGRATED ONE-SHOTS 

The CD404 7 A, when used in the monostable mode, again 
has several advantages over discrete designs. A high degree of 
accuracy can be achieved with one time constant, and power 
dissipation is lower than with discrete designs. Fig. 13 shows 
that many functions can be achieved with the CD4047A, in· 
ciuding leading and trailing-edge triggering, and retriggering. 

The pulse width, TM' is expressed below: its derivation is 
given in Appenoix E. 

(VTR) (VOO) - VTR) 

TM = -RC in (2 VOO)(2 VOO - VTR) (6) 

Fig. 14 is a graph of pulse width versus transfer voltage based 
on the above equation. 

The equations for monostable-mode power dissipation are 
also derived in Appendix E. For a repetitive output on the 
CD4047A,power dissipation can be expressed by the following 
equation: 

2.875 CV002 
Pdiss = x (duty cycle) 

TM 
(7) 

USING THE CD4047A - SPECIAL CONSIDERATIONS 

A number of circuit considerations are explained below 
which wUI aid the user of the CD4047 A. 

A clamping circuit is provided on the chip to reduce the 
recovery time (tr) that would normally exist in other mono­
stable circuits; see Figs. IS and 16. Fig. 17 shows a plot of 
monostable-pulse-width stability as a function of duty cycle 
for specific Rand C external components. Note that there is 
no appreciable change in pulse width until the duty cycle 
approaches 100 per cent. A disadvantage to the clamping circuit is 
that it introduces additional capacitance at the RC common 
node (Fig. 16), which may be noticeable for short pulse widths 
in the monostable mode only. Some diffusion capacitance 
present at th~ base of th~ n-p-n transistor is used to quickly 
charge C to-VOD after tlie one·shot cycle has terminated. This 
capacitance is multiplied by the beta of the transistor, and is in 
parallel with the external C during the time inteIVal that the 
transistor-is on (VOO - VBE <t <VB£). Thus,when vaiues of 
C less than 1000 picofarads are used, the actual width will be 
longer than that predicted by the formula. Fig. i 8 is a graph of 
actual, typical pulse widths as a function of external C used 
under these conditions. Note that the minimum values of C 
used in the graph are the smallest that can be used in the 
CD4047 A to assure proper operation of the circuit. 

The waveform in Fig. IS shows that two positive transitions 
are encountered by the control circuitry in the CD4047A. 
These transitions are necessary to make the output flip-flop at 
pin 10 toggle properly to produce the single pulse needed in 
monostable operation. However, at pin 13. the waveform of 
Fig. 19 results; the pulse width of the spike is equivalent to;1 
the propagation delay of the circuit. This spike will normally 
prevent the user from using pin 13 in the monostable mode. In 
the astable mode, however, pin 13 can be used whenever a 
SO.per-cent duty cycle and higher drive capability are not 
reqUired. The advantage to tKe use of pin 13 under theSe 
conditions is that the frequency of the waveform at pin 13 is 
twice that of pin 10 for the same external timing components. 

When the CD4047A is used in the retrigger mode, the 
retrigger input is conn~cted directly to the set input of ~F4, 
as sh9wn in Fig. 13. ihis connection means that the outpuilt 
pin 10 will be high during the time that a high level is present 
on pin 12. Thus, if normal one-shot operation is required at 
any ti.me that the circuit is in the retrigger mode. the input 
pulse should be shorter than the expected pulse at the output. 
Note that in the retrigger mode the output pulse width is not 
referenced to the last politive-going edge produced at the 
input because of the asynchronous nature of the circuit. The 
output actually terminates when two internal-oscillator leading 
edges have been received by FF4, after the high level present 
on pin 12 has been removed. The output width variation will 
then be between one and two time constants referenced to the 
trailing edge of the input at pin 12, see Fig. 20. 

A section on timing-component limitations is presented in 
the CD4047 A data sheet) It should be emphasized that it is 

. desirable to use a small value of capacitance wherever possible. 

719 



ICAN-6230 

* ASTABLE ~}----------, 

RI R2 

*" INPUTS PROTECTED BY 
STANDARD COS/MDS 
RESISTOR- DIODE NETWORK 

Bf{ 
'ss 

** MODIFIED INPUT PROTECTION 
CIRCUIT TO PERMIT LARGER 
INPUT-VOLTAGE SWINGS 

II Q 

* '------{, 
EXTERNAl 

FIESET 

Fig. 13 - CD4047A/ogic diagram. 
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Fig. 14 - CD4047 A one·shot pulse width asa function of transfer voltage. 
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Fig. 15 - CD4047A one-shot RC waveform. 
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Fig. 16 - CD4047 A clamping circuit. 
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Fig. 77- CD4041A monostable accuracy 8S a function of duty cycle. 
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Fig. , 8 - CD4047 A pulse width as a function of capacitance. 
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Fig. 19 - CD4047A one-shot output at pin '3. 

Fig. 20 - CD4047A retrigger·mode waveforms. 

The circuit will work well even when the value of R approaches 
or exceeds 1 megohm. For very low frequencies, where a large 
value of capacitance is needed, the selection of the capacitor is 
very important. It must be nonpolarized because there is no 
reference ground at either of the two pins to which C is can· 
nected. The capacitor parallel resistance (i.e., leakage) must 
also be at least an order of magnitude higher than the external 
R used. This criterion generally eliminates electrolytic ca· 
pacitors and those made of materials which could produce 
greater leakage current than that permitted for proper circuit 
operation. 

Because of the internal circuit construction, there is no 
guarantee as to what dc level will be present on the output at 
pin 10 or 11 when power is first turned on. If this condition 
must be guaranteed, a system·power on pulse input to pin 9 
can be made to assure that pin 10 will initially be at a low logic 
leveL The pulse can be generated from one' of the circuits 
shown in Fig. 21. 

TO PIN 9 
OF C04047 :~l "~I" 

'" 

'ss 

Fig. 21 - CD4047A poweMJP reset circuits. 

Although the CD4047A data sheet calls for a minimum 
input pulse duration of 200 nanoseconds at 10 volts and 500 
nanoseconds at 5 volts, shorter pulses (due to transients, etc.) 
occur frequently in system applications where the CD4047A is 
used. Such narrow pulses may not be ignored by the CD4047 A, 
but may instead cause Q to go high permanently or until a reset 
input occurs. The circuit shown in Fig. 22 eliminates this 
problem by essentially "lengthening" the trigger pulse by 
feeding back through RA and C A a current pulse wh6n Q goes 
from 0 to a 1. The particular values shown have been tried and 
found to work well, even for extremely short input pulses 
(less than 20 nanoseconds). 

20pF IOKn 

Fig. 22 - Input'pulse stretcher circuit. 

APPLICATIONS 

NOISE DISCRIMINATOR 

Fig. 23 illustrates an application of the CD404 7 A in a noise­
discriminator circuit. By adjusting the external time constant, 
a pulse width narrower than that determined by the time 

'constant will be rejected by the circuit. The output pulse will 



Fig. 23 - Noise-discriminator circuit. 

follow the desired input. but the leading edge will be delayed 
by the selected time constant. Fig. 24 shows typical waveforms 
with the circuit in operation. 

INPUT CD ------
-- - ~- --- -

- ~ - - ~ 

OUTPUT@ 
- - - - -

IOV/DIVtll 

500,.,/DIV 

TCD4047A " 50,.. 

Fig. 24 - Noise-riiscriminatorcircuit waveforms.. 

FREQUENCY DISCRIMINATOR 

The C04047 A can be used as a frequency-to-voltage con­
verter. as shown in Fig. 25. A waveformofvarying frequency is 
applied to the + TR input. The one-shot will produce a pulse of 
constant width for each positive transition on the input. The 

Fig. 25 - Frequency-discriminator circuit. 

resultant pulse train is integrated to produce a waveform whose 
amplitude is proportional to the input frequency. The wave~ 
forms of Fig. 26 were taken with the circuit in operation. 

C04047 
Q OUT 

, ' 

- - --
------------------
~ VOUT 

10VlDIY~ 
I ml/DIV 

CD4047 
R"22kn 
C"470pF 

INTEGRATOR 
R-IOO kil 
C=0.0022,.F 

IFREQ. RANGE 
40,.. TO 1m. 

Fig. 26 - Frequency-discriminator-circuit waveforms. 

LOW·PASS FILTER 

A simple circuit using the CD4047A as a low-pass filter is 
shown in Fig. 27. The time constant chosen for the multi­
vibrator will determine the upper cutoff frequency for the 
fIlter. The circuit essentially compares the input frequency 

Fig. 27 - Low-pass filter circuit. 

with its own reference, and produces an output which follows 
the input for frequencies less than fcutoff, and a low output 
for frequencies greater than fcutoff. Figs. 28 and 29 show 
waveforms with the low-pass filter circuit in operation. 

.. ,,,., , . 
,., '" , 

FRED. RANGE 
40,.. TO 100,... 

Your· --------------

10 VIOIVt..I!!!I 

500",&/0IV 

TC04047 050,.& 
A"22,n 
CoO.OOI 

Fig. 28 - Low-pass filter-circuir waveform:. 

- '-

Your ---------- ----

10V/DIV~ 
Z00l<s/DIV 

TC04047 o~o,., 

R-Z2k 
coo.oor 

Fig. 29 - Low-pass-circuit waveforms. 

BANDPASS FI LTER 

Two C04047 A low-pass nIters can be employed to con­
struct a bandpass filter, !Is illustrated by the circuit in Fig. 30. 
The pass band is determined by the time constants of the two­
mters. If the output of filter No.2 is delayed by Cl. Ihe 
CD40J3A flip·flop will clock high only when the culoff fre· 
quency of filter No.2 has been exceeded; this point is iUus­
trated in the timing diagram in Fig. 30. The is output of the 
CD40I3A is gated with the output of mter No.1 to produce 

' .. 
" 

'T-IOktl. 

~~rlr'n~~i~~~r~~r'~~ 

C040ll %======~ 
VOUT _______ _ 

Fig. 30 - Bandpass filter circuit and wsveforms. 

the desired output. Typical operation of the circuit is shown in 
Fig. 31, where the input frequency is. swept through the pass 

-band. 

TFILTER 1050,.5 
R-ZZk 
C-IOOOpF 

TFILT£R 20100,1<1 
R_47k 
ColOOOpF 

Fig. 3t - Bandpass-filrer-circult waveforms. 
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ENVELOPE DETECTOR 

The C04047A can be used as an envelope detector by 
employing it in the retrigger mode, as shown in Fig. 32. The 
time constant is selected so that the circuit will retrigger at the 

Fig. 32 - Envelopo·detector circuit. 

frequency of the input pulse burst. A dc level appears at the 
output for t.he duration of the input pulse train. Fig. 33 shows 
waveforms taken with the circuit in operation. 

VOUT 

, 

- - ---
-~- -----
~ - ---

TC04047 -120,., 
R oS6k 
C -IOOOpF" 

F"REDUENCY 
12 kHz 

Fig. 33 - Envelope-riett1cror-circuit waveforms. 

PULSE GENERATOR 

Several C04047 A units can be connected together to pro­
duce a general-purpose laboratory pulse generator, as shown in 
Fig. 34. The circuit shown has variable-frequency and pulse­
width control, as weir as gating and delayed sync capability. 
Gating can be-controlled' from a high- or low-level input:­
Automatic 50-per-cent duty-cycle capability is included, as 
normal or inverted output. 

CD4047 A No. 1 is connected as a gated, astable multi­
vibrator, and, with the RC values shown, can produce over­
lapping ranges of frequencies from 2 Hz to 1 MHz. For free­
running operation, the Gate/Free-Run switch is closed, and 
the Gate Level switch is placed in the high-level position. 
Standby operation can be achieved with the Gate Level 
switch in the low-4evel position. When gating, the Gate/Free­
Run switch is open, and the Gate Level switch is set to the 
appropriate position. The gate signal is applied' to the Gate In 
jack. 

C04047 A No.2 is triggered from the gated, astable multi­
vibrator, and produces a narrow sync pulse which can trigger an 
oscilloscope or generator. The sync pulse is obtained from the 
Sync Out jack. 

... If a SO-per-cent duty cycle is desired, the' Duty Cycle switch 
is set in the 50-per-cent position, and the output is obtained 
from CD4047 A No.1. The Signal Polarity ~itch determines 
whether the Q and Q output is used. 

C04047 A No. 3 produces a variable, delayed (from 1.5 
microseconds to 250 milliseconds) output with respect to the 
sync pulse when the Delay switch is in the IN position. This 
one--shot is bypa""ssed when- -ihe-Deiay switCh' is in the OUT 
position (the inherent delay is approximately 400 nanoseconds). 

C04047 A No.4 is a monostable multivibrator which re­
ceives trigger pulses from CD4047A No.1 or No.3. It can 
produce overlapping ranges of pulse widths from 1.S micro­
seconds to 200 milliseconds with the values shown. 

The signal output is buffered with the CD4041A to 
allow the pulse generator to drive any required load. The . 
circuit shown has the advantages of being compact, battery­
powered. and COS/MOS compatible. In addition. it is capable 
of being run from the same power supply as the device under 
test to 'assure that the input levels are. the same as VDn when 
the power-supply voltage is varied. 

MISCELLANEOUS APPLICATIONS 

The basic properties of good stability in the astable mode, 
and stable pulse delay and width control in the monos table 
mode, make the CD4047A a useful building block in many 
systems. such as PMOS clock generation, audio tone gener· 
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3,6,10,13 

afion, semiconductor memory systems, semiconductor memory 
exercisers, and general.purpose functional·testing systems. This 
Application Note wiD serve as a guideline in incorporating the 
C04047 A in a system design. 
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FIg. 34 - PuIH-generaror clrr:uit. 

Appendix A-

Calculation of the Period of an Astable Muldvlbrator Using. Single RC Tim. Constant 

vDO·VO--.------------

VDD-+-..... -----------

VT.--!------" ..... -----"?..--

vss-+-----+.f------+-

F/,. A·' - RCtJlCm.torWlIII,ftmn for the circuit of Fig. Po 

InFig.A·I: 

tl: VTR = (VDD+ VD)e.l I/RC 

VTR 
tl=-RClnVDD+VD 

And the period of an astable multivibrator using a single RC 
time constant is: 

Appendix B-

Analysis of Circuit Shown in Fig. 4 

VOO1'V1R-C. -.,.-----------,-

VOD.VD:=+=~~=======~f= vDD 

VT.--f---'-----'''t------::.t--

vss~::==l==t===::j:::=;r.====l== 

VSS-vTR--f--+---+--+---+-

92(:5-22884 

FIll- S·' - RCMveform for theeircu/tof FIg. 4. 

In Fig. B·I: 

tl: VTR = (VDD + VD) e -tI/RC 

VTR 
II =-RClnVDD+VD 

t2: VDD - VTR = (VDD + VD) e -t2/Re 

VDD-VTR 
t2 = -Rein VDD+VD 



Fig. 8·2 - Initial conditions for solving period tAo 

Circuit initial conditions are shown in Fig. B·2. In the 
figure 

dv V+VDD V+VDD-(VDD+VD) 
-Cd"t=-R-- + RS 

_'_B_ 
--'.. 

-vo~F--ovss 

10 

c ""_"''' 
voo 

Fig. B·3 - Initial conditions for solving period tB 

Circuit initial conditions as shown in Fig. B-3. In the 
figure 

(B-1) 

dv VDD-V VD+V 
Cdt=--R--~ (B-3) 

Solving Eq. (B·3) for V the final voltage across the 
capacitor, yields 

-KltB K2 
V=C2 e -K;" (B-4) 

where C2 = VTR - VDn =. initial voltage across capacitor 

Kl. K2 are same values as for above for tAo 

Eq. (B-1) is solved for V; the final voltage across the 
capacitor is 

-K t K2 
V=Cle lA+_ (B-2) 

Kl 

where Cl = VTR = initial voltage across capacitor 

RS+R 
Kl = RSRC 

VDR--RSVDD 

K2 = RSRC 

By inserting these values into Eq. (8-2) and setting the 
final voltage across the capacitor, V, to Vo. tA becomes 

[
RSRC ] RS [VDD + VDI 

tA=- -- In 
RS + R RS [VDD + VTRI + R [VTR - VDI 

Insertion of these values into Eq. (84). with 
V= -VDyields 

[
RSRC 1 RS IVDD + VDI 

'8=- -Rs-+-Rln-R~s~[-2~V~D-D--~V~T-R~I~+-R~[~V-D-D--~V~T-R--~V~D7l 

and T= tl +t2 +tA + tB 

The equations for tAo tB. and T can be Simplified by 
expressing RS as a multiple of R. Let 

K = ~ and combining the expressions for tl and t2' The 
R 

resulting expression for T is 

( K) K [VDD + VDI 
- j{;j RC InK -":'[---'V~DD"-+-'V"'TR'-l-+-[-V-T-R---V-Dl 

( K) K [Voo+Vol 
- RCln 

- K+J K [2 VOD - VTRI + [VOO - VTR - Vol 

AppendlxC-

Calculation for Period of Astable Multjvibrator Using IntegratBCI Techniques 

"DD+VTR-.------------.-

Voo-+-----''<---------+-

VTO-+-----""1-------:;;;;o-+--

vss,--i--------t-+----+--

Fi:J. c-, - CD4047A RC oscillator waveform. 

In Fig.C·l 

tl: VTR = (VDD +VTRle -tl/RC 

VTR 
tl =RClnVDD+VTR 

t2: VDD - VTR = (2 VDD - VTRle -t2/RC 

VDD-VTR 
t2 = -RC In 2 VDD - VTR 

And the period of the astable multivibrator using integrated 
techniques is 

T = -RC In (VTRl (VDD - VTR) 

(VDD + VTRl (2 VDD VTRl 

ICAN-6230 
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Appendix D-

Power Needed for Charge and Discharge of an External Capacitor During One Cycle 

VOD+VTR---..----------

'DO-~L----..-'>,.._------

'TR-L---i----------"'''t-­
fot---- T/Z--------I 

-=·w-
e 

Fig. D·' - Waveform for calculating power dissipation. 

A~sume for this calculation that VTR = 50-per-cent VOD. 
and that T = 2.2 Re. Since charge and discharge cycles are 
symmetrical, the calculation can be performed by analyzing 
a discharge cycle only. See Fig. 0-1. 

v = 1.5 VDD ' -t/RC 

~ = - ( ik)(l.5 VDD) (, -t/RC) 

I JT/2 CVdv 
P = (T/2) 0 dt dt 

2C lT/2 ) 
= T (1.5 VDD' -t/RC 

o ( IRC) (1.5 VDD) , -t/RC dt 

= 4.5C VDD2fT/2 ,-2t/RC dt 
T RC 0 

2 IT/2 = _ 2.25C VDD ,-2t/RC 

T 0 

Substituting T = 2.2 RC 

P=_% (2.25)VDD2 [, -2.2 -I) = 2.0fVDD2 

Appendix E-

Equations for Pulse Width T M of C04047 A in Monostable Mode 

2 VDO--.------------

VTR--j-----"'t----~.,._-

vss-+-----!---:;"L--+--

Fig. E·I- CD4041A RCwalleform, monostablemode. 

Note that the waveform in Fig. E-l is not symmetrical because 
the timing capacitor is initially charged to VOD' In the 
monostable mode, the circuit goes through one cycle only. 

Monostable Power Dissipation 

To calculate the power dissipation for the circuit in the 
monostable mode, refer to Fig. E-l. If it is assumed that 
VTR = 50·per"",nt VDD. Fig. 14 shows that TM = 2.485 Re. 
t2 is the same as in the astable calculation, Le., t2 = 1.10 RC 
and Pt2 = Cy2ftor VTR = SO-per-cent YOO' Thus, tl in the 
monostable mod, = 2.485 RC - 1.10 RC = 1.385 RC. 

P=;M [t l CVdv it2 
-dt+ 
dt 

tl 

CVdv ] -dv 
dl 

CV dv dt + -.:... CV2 
dt TM 

wher, V = 2 VDD' -t/RC and 

dv (I ) -=- -- (2VDD),-t/RC 
dt RC 

'I: VTR =2 VDDe -tI/RC 
VTR 

'I = -·RC In--
2VDD 

t2: VDD - VTR = (2 VDD - VTR) , -!2/RC 

VDD- VTR 
'2 = -RCln 2 VDD - VTR 

And the equation for the pulse width, TM, ofa CD4047A in 
the monostable mode is: 

". ~ 4Vdd21tl 
TM RC 

o 

, ·-2t/RC dt 

Substituting t I = 1.385 RC 

C 1.875 C Vdd2 
Pu = - TM 2 Vdd2 [, -2.77 .. I J = TM 

CVdd2 CVdd2 
P = Ptl + Pt2 = (1.875 + I) r;:;-- = 2.875 --:r;.;-
For a repetitive output from the CD4047A 

2.875 C Vdd2 
P = TM x duty cycle 
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COS/MOS Interfacing Simplified Table IV-Fanout of CD4049A and CD4050A Buffers to TTL 

by D. Blandford and A. Bishop 

COS/MOS with its wide range of operating supply voitJ.ges, 
low input current, and low power l.:onSumptioll, interfaces 
easily with many electronic devices. In ilddition. COS/MOS 
circuitry can easily be <.Iddcd 10 a system :md can often be 
operated from the existing power supply. Example!) ofpr:.Il:tkal 
circuits for a wide variety ()f interfacing situations arc given in 
this Note; design constraints arc induded in CJch casco 

Note that the CD40DO Series type numbers arc followed by 
a suffix letter, A or S, which spednes the maximum operating 
voltage (or the device: A,3 to 15 volts; H, 3 to 18 vults. The 
outputs of all a·type dcvir.:es arc buffered and have the same 
output drive current and equal source and sink capabilities. 
Table I shows some characteristics of B·type devices. 

essentially "capacitive", which means that many COS{MOS inputs 
may be llrivt.!t1 by a single TTL output. The :H::tual number 
depends on the frequen,y of operation. 

In the COS/MOS to TTL inter!":I,e, Fig. ~,the requirement 
is 10 sink sufficient currenl in the low olllput sl:l!e af a maxi­
mum uutput voltage of 0.4 volt. Table III gives the current 
sinking capability of some CD4000·series deVices. Note that 
all D-Ifpe devices have the same ~talld;Jld output drive and arc 
capable of sinking two Jow·power TTL loads, worst case. For 
the higher power types of TTL, the CD404'JA and CD40S0A 
buffers may be used. Table IV shows the minimulll and typkal 
fanout for each TTL fumily.l1le buffer takes its power from 
the S-volt TTL supply and hus an additional advantage in that 

Buffer Fanout 

Minimum 
Typical 

74 
TIL Family 

74H 74l 74lS 

I 14 
2H 14 

74S 

I 

Fig. 4-TTL to COS/MOSara VOO greater rhan 5 vo/u. 

Table I - Output Drive Current-B-Type Devices 

Output BD, BK, BF, BH BE 
Drive Symbol VDD Vo -55°C +25 0 C 

Cunent Volt Volt Min. Min. 

0.4 0.5 0.4 
Sink IoN 10 0.5 1.1 0.9 

5 4.6 -0.5 -0.4 
Source IDP 2.5 -2.0 -1.6 

10 9.5 -1.1 -0.9 

COS/MOS to TTL 

In interfacing TTL with COS/MOS with a common power 
supply of between 4.5 and 5.5 volts, the guaranteed active­
pull-up TTL output voltage of 2.4 volts is lower than the 
minimum COS/MOS input voltage required to guarantee 
switching, 3.5 volts, Fig. I. This difference is overcome hy the 
use of an external resistor, RX in Fig. 2. which is also the reo 
sistor to be used for open-collector-output TTL at a VDD of 
5 volts. The minimum value of RX is fixed by the maximum 
sink current, e.g., 1.6 milliamperes for 74·scries TTL, its 
maximum value by lOB, the off leakage of the output sink 
tran~istor. As shown in Table II, the values of RX between 
1.5 and 4.7 kilohms are suitable for all the TTL families under 
worst-case conditions. TIle COS/MOS input impedance is 

LOGIC 0 
OUTPUT 

COS/Mas 

Fig. '-TTL to CDS/MOS voltage/eve/s. 

415 TO 5,15 V 

Fig. 2-TTL to COS/MOS interface. 

.Table II-Values of RX for TIL-COS/MOS Interface 

Characteristic 74 74H 74L 74LS 745 

RX min. (ohms) 390 270 1.5k 820 270 
RX max. (kilohms) 4.7 4.7 27 12 4.7 

+125°C -40°C +250 C +850 C +2SoC Units 
Min. Min. Min. Min. Typ. 

0.3 0.45 0.4 0.36 0.8 lilA 
0.65 1.0 0.9 0.75 1.8 mA 

-0.3 -0.45 -·0.4 -0.36 -0.8 rnA 
-1.15 -1.8 -1.6 -1.3 -3.2 rnA 
-0.65 -1.0 --0.9 -0.75 -1.8 mA 

it can al.:ccpt input voltage swings of 5 to 15 volts from the 
preceding COS/MOS system. 

Fig. 3-COS/MOS to TTL interface. 

To gain improvements in speed and noise immunity in a 
system using a COS/MOS supply voltage greater than +5 volts, 
high-voltage open-collector TTL circuits such as the 7416, 
7417 or 7426 may be used, as shown in Fig. 4. The value of 
the pull-up resistor RX will depend on the actual va1ue of 
Von; at 10 volts, 39 kilohms would be suitable. 

COS/MOS to HNIL 

TIle wide operating-voltage range and low power con­
sumption of COS/MOS circuitry enables it to operate from the 
HNIL power supply. Most C0400DA circuits will drive the 
HNJL input directly; for example, in Fig. S. the C040818 
output sinks the required 1.4 mi1liamperes at an output voltage 

typically less than 0.5 volt. The HNIL output-voltage levels, 
0.8 volt and to volts, enable it to interface directly with the 
COS/MOS input with good noise immunity. 

Fig. 5-COS/MOS ro HNIL to COS/MOS interface. 

COS/MOS to DTL 

11le COS/MaS to DTL interface requires a buffer, such as 
the CD4049A shown in Fig. 6, to sink the DTL input current 
of 1.5 milliamperes at 0.4 volt.Fanout to DTL circuits depends 
on the sink-current capability of the COS/MOS buffer used. 
For the CD4049A and CD4050A, typical fanout is 3. 

The DTL to COS/MOS interface requires no special con· 
sideration because the internal pull·up resistor in DTL circuits 
and the extremely low input current of COS/MOS circuits 
ensures a high logic level almost equal to the power-supply 
voltage. 

Fig. 6-COS/MOS to OTL to COS/MOS interface. 

Table III-Minimum Current-Sinking Capability of COS/MaS Devices 

COS~I05 Sink Current (rnA at 25°C 
Type Doscription Vo = 0.4 Volt,vDD = 5 Volt) 

Ceramic Plastic 

CD4000A Dual 3.Input NOR Gate Plus Inverter 0.4 0.3 
CD400lA Quad 2-lnput NOR Gate 0.4 0.3 
CD4002A Dual 4-Input NOR Gate 0.4 0.3 
CD4007A Dual Complementary Pair Plus Inverter 0.6 0.3 
CD4009A/49A Inverting Hex Buffer 3.0 3.0 
CD40lDA/50A Non·lnverting Hex Buffer 3.0 3.0 
CD401lA Quad 2-If)put NAND Gate 0.2 0.1 
CD4012A Dual 4-Input NAND Gate 0.1 0.05 
CD4041A Quad True/Complement Buffer 0.4 0.2 
CD4031A 64-Stage Static Shift Register 1.3 1.3 
CD4048A Expandable 8-Input Gate 1.6 1.6 
CD4XXXB Any B· Type Device Output 0.4 0.4 
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COS/MOS to 10k ECl 

COS/MOS and 10k ECL are not normally interfaced. but 
they can be readily by using the 10124 and 10125 devices 
which are intended fur comersion between EeL and TTL. This 
interf,h:e requires that the COS/MOS device be operated at a 
5·volt VOD' as shown in Fig. 7. Where greater speed is 
required of the COS/MOS system, it can be operated with 
VDD ill the Eel ground and VSS at ~ 12 volts. In the latter 
casc, <J lN91·J diode damps the COS/MOS OUlput to VEE as 
shown in Fig. 8. At supply voltages greater than 6 volts, a 
COS/MOS buffer should not he u~ed. as over-dissipation will 
occur in the buffer. 

Fig. 7-10k EeL to CoS/MOS and COS/MOS to 10k·EeL interface. 

Fig. a-COs/MOS at 12 volts to 10k-EeL interface. 

COS/MOS to NMOS 

The increasing use of n-channel MaS memories means that 
interfaces between COS/MOS and NMOS are no\-v common. 
In a system of Ik memories, such as the type 2102, which 
employ peripheral COS1MOS circuitry for address, read/write, 
chip select and data handling, the COS/MOS circuitry can be 
supplied from the 5-volt power supply of the memory. Inputs 
to the memory are then COS/MOS compatible, and direct 
interface is permitted. The data output requires only a single 
pull-up resistor, RX, as shown in Fig. 9, to ensure an 
a,~ceptable high-state output voltage. 

Fig. 9-Direct interface between COS/MaS and 
<Ilk memory, type 2102. 

A 4k-bit, dynamic, n·channel RAM, such as the 2107A, 
has +12·volt and ·-5-volt supplies as well as the +5-volt Vee 
supply, as shown in Fig. 10. The COS/MOS peripheral cir­
cuitry in this system is probably best operated from the +12-
volt supply, ensuring good speed characteristics and noise 
immunity. The 5·volt input signals to the memory are pro­
vided by CD4050A buffers powered by the 5-volt Vec 
supply. The 12-yolt-swing chip-enable signal is directly com­
patible with the 12-volt COS/MaS system. The data output 
uses a single transistor to generate the required 12-volt logic 
swing; memories added to provide an increase in word 
capacity are wirc-OR'ed at the data output pin of the memory. 
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12--VO\..T 
COS/MOS 
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Veo Vcc Vss VEE 
n-CttA,""'EL 

OYNAMI::: RAM 
(2107Al 

f-------.....jCE DO 

Fig. TO-COS/MOS to n·channel dynamic-RAM interface. 

COS/MOS to PMOS 

Silicon-gllte PMOS static shift registers operating from 
+5·volt and ~-12-volt supplies are directly compatible with a 
COS/MOS system operating from the +5-volt supply with 
V SS at zero volts. The only additional component required 
is a damp diode to V SS on the data output, as shown in Fig. 
I J, because the unloaded PMOS output voltage will go 
negative in the low output state. 

COS/MOS 
SYSTEM 

+5, 

2521/2 
PMOS 

STATIC 
SHWT 

REGISTER 

RECIRCULATE 

Fig. II ~CDS/MOS to PMOS static-shUt·register interface. 

COS/MOS to Industrial and Power-Control Circuits 

Industrial control systems employ greater logic swings 
than IC logic systems, such as COS/MaS, to achieve high 
noise immunity and to enable them to operate from readily 
available high-voltage supplies and to interface with electro­
mechanical equipment. 

Fig. 12 shows a simple, resistive-divider circuit used to 
interface a system with a 24·volt logic swing to COS/MaS; 
the circuit could readily be modified for even higher voltage 
swings. The capacitor filter enhances the excellent noise 

INDUSTRIAL 
CONTROL-
24 'JOLT 
LOGIC 
SYSTEM 

24 VOLT 

LOGIC 
SWING 

Fig. '2-lndustrial control to COS/MOS interface. 

immunity of the COS/MOS logic, and the two clamp diodes 
ensure that the input signal voltage is between V DO and 
VSS' An alternative circuit using a zener diode is shown in 
Fig. 13. 

A single-transistor level-converter Interfaces a COS/MaS 
device to ·an industrial con1rol system, as shown in Fig. 14. 
The transistor is driven directly from the COS/MOS device 
output (Fig. 23 describes the method of calculating the 
values of the resistors needed in Fig. 14). 

~VOLT 
I k~G'C ! SWING 

INDUfHRIAL 
CONTROL 
SYSTEM Vz 

Fig. 13-Zener diode industrial control inrerface. 

+10 V 
cosmos 3.3 k 

SUPPLY 

INDUSTRIAL 
COIHROL 

24-VOLT LOGIC 
SYSTEM 

Fig. 74--COS/MOS to industrial-control interface. 

The slow pulse edges typically found in an industrial 
control system can be speeded up in the COS/MaS system by 
a Schmitt-trigger circuit, the CD4093B, Fig. 15(a). At a 
VDD of 5 ,olts, VH is typically 0,6 Yolt, Fig, 15(b). 

=!1D- 'O:tIL_ 
1/4(;040938 VH 

((I) COS/MOS SCHMIl'T-mIGGER -

'DO 

W~~~%RM vp vss Vo v~ voo VI 

I 
VSS I 

OUTPUT 
WAVEf'ORM 

i~T~~~)INPUT'-_""S7S _....J 

Fig, 15-fa} COS/MaS Schmitt-trigger, fb} typical waveforms 
for Schmm-trigger. 

A high-power coil, such as the solenoid of a printer 
hammer, which requires about I ampere at 70 Yolts, may be 
driven from a COS/MaS system by using a Darlington 
transistor as shown in Fig. 16. A typical value of VBE for a 
type 2N6385 transistor is 1.5 volts at a collector current of 
1 ampere and a minimum gain of 1000, so that the output 
source transistor of the CD4073B has to supply 1.5 milli­
amperes. lhe value of resistor R is chosen so that VOS is 
sufficient to guarantee this output current. Suitable values 
of R for use with a B-type device are given in Fig. 16 for a 
VODof5, IO,and 15 volts. 

'DO 
5 V Ik 
10 V 4.1k 

151/ 8·2 k 

+ v 

'DO 

II HAMMER 
, SOt_BIOIO 

--, 
I 
I 

12N6385 

1 

'----.::...:=-==::..::0-- -.! 

Fig. 16-COS/MDS svstem driving a printer·hammer solenoid 
with the aid of II Darlington transistor. 



Power-control SCR's and Iriacs may also be driven 
lirectly by COS/MOS outputs. A sensitive-gate SCR, such as 
he 106BI, may be controlled directly by a COS/MOS gate, 
uch as the CD4069B, and thus be able to control directly 
~.S amperes al reverse voltages up to 600 volts, as shown in 
'ig.17. 

'DD 

106BI 

Fig. 1,-COS/MOS directly driving a senrltive-gattJ SCR. 

SCR's and triacs with gate currents in the milliampere 
egion may be controlled by a buffer, such as the C04049A. 
['his buffer could, in turn, be controlled by a COS/MOS 
~stem or, as in Fig. 18, by an aplo·coupler to provide 
:rearer isolation. 

V~~:'~ElR _ _ __ ~k 
I I 
I I 
L .£P!£-E2U!!-~ ..J 

TIL III '--O-----4 

seR 

Fig. '8-High·voltage logic 10 COSIMOS driving an SCR. 

In cases where a single-gate output source or sink current 
Jroves insufficient, it is possible to parallel the inputs and 
lutputs of gates on the same chip, as in Fig. 19. Gates not on 
he same chip and buffer circuits should not be operated in 
)araJlel as over-dissipation may result. 

Fig. 79-ParalleUng inpurs and outpurs. 

Interfacing Op-Amps to COS/MOS 

COS/MOS circuits may be connected directly to the out­
put of an op-amp operating between·the normal ±IS-volt 
supply rails, as in Fig. 20, provided clamp diodes to V DD and 
VSS are used to ensure that the COS/MOS input voltage does 
110t go outside the range VS~o VDD' Resistor R3limits the 
op-amp output cuirent should the op-amp output voltage tend 
toward the negative rail. 

Fig. 2O-Split-rail op-smp to COS/MaS interlace. 

Fig. 21 shows a CA741·type op-amp operated between 
Von and VSS with a resistive divider on the non·invertipg 
op-amp input. 

'" 

22k 

Fig. 2'-lnter(,ce o( op-amp and COSMOS with common supplV rail. 

COS/MOS Driving Displays 

Digital systems now employ a great variety of digital 
displays, so that their interface to COS/MOS is a common 
requirement; 

COS/MOS TO LED'S 

LED's may be driven directly from a COS/MOS buffer, 
such as the CD4050A shown in Fig. 22, at a drive current of 15 
milliamperes if a power supply of approximately 10 volts js 

available. 
Seven-segment LED displays connected in either common 

anode or common cathode configurations may be driven at 
supply voltages as low as +5 volts by the seven-transistor 

+IOV 

Fig. 22-COS/MOS buffsr driving lin LED. 

arrays CA3081 and CA3082. Fig. 23 shows one of the seven 
transistors of the CA30S) with an LED load. The figure also 
shows the method of calculating Rt> and Rc. The base drive 
current available depends on the CD4000A Series device used 
and the values ofVDD and Vns. As shown in Fig. 24, the base 
drive current increases with both VDD and VDS' Fig. 25 
shows one of the seven transistors of the CA3082 driving a 
common-cathode LED. The method of calculating the value of 
emitter resistor He is also shown in Fig. 2S. 

VSS 00 VOLT 

R, 

, 
I 
11/7 CA3Q81 
I 

J 

VCC-VLEO -VCEISAT) 
Re;. :1:1..1::0 

Fig. 23-COS/MOS driving II transistor that has an LED 1000d. 
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Fig. 24-CD4001A-rypicll' p-<:hllnnel drain char,t:tlristicl. 

R," 

., 
"----+1 

VOO - Vos -VeE' -VLEO 

ILEO 

Fig. 25-COS/MDS driving a "amistor with II common-cllthock­
connected LED load. 

COS/MOS TO LCD 

Seven-segment liquid,c7stal displays may be driven directly 
by COS/MOS circuits CD4054A, CD405SA or CD40S6A, as 
shown in Fig. 26. These circuits contain the internal level­
shifting circuitry needed to convert the typically 5-volt input 
logic-level swing to the 30-volt peak ae signal required to 
drive the dynamic·scattering LCD. 

'DD 

LIQUID 
CRYSTAL 
DIGIT 

Fig. 26-Using the CD4055A ro drive a liquid crystal. 

COS/MOS TO GAS·DISCHARGE DISPLAY 

The popular seven·segment gas-discharge display requires 
a cathode drive current that varies from segment to segment. 
Manufacturers supply drivers which are COS/MOS compatible 
at their inputs so that they can interface a COS/MOS system to 
the gas-discharge display without additional circuitry. 

REFERENCE 

I. "COS/MOS Digital Integrated Circuits", RCA DATABOOK 
Series SSD-2038, 1975. 
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Applications of the RCA-CD4093B 
COS/MOS Schmitt Trigger 
by D. J. Blandford 

This Note describes the characteristics and some typical 
application. of the CD4093B COS/MOS quad two·inpu t NAND 
Schmitt Trigger. The CD4093B may be used in all applications 
in which the logical NAND function is required and, in addition, 
in a whole range of timing, wave shaping, and interfacing appli· 
cations in which the Schmitt Trigger action on the inputs 
is utilized. 

CHARACTERISTICS 

The CD40938 consists aCfour Schmitt triggers in a four~een­
pin package. Each of the four devices is a two·input NAND 
gate with Schmitt action on each input, yielding a typical 
hysteresis voltage of 2.0 volts with a IO-volt supply without 
the need for any external components. In addition, the 
CD4093B is compatible, pin for pin, with the popular 
CD401lA quad NAND gate, has the balanced and standard· 
ized output drive of the 18-volt COS/MOS uB" series types, 
and has low propagation delay and very Jow power dissipation. 
Table I summarizes these characteristics. 

If now the input voltage is reduced, the output stays low 
(VSS) until Vo is reached. At this point the output goes high 
(VDD) and remains high as the input voltage is reduced to zero 
(VSS), The hysteresis voltage is the difference between Vp and 
Yn and is typically 0.6 volt for a S·volt YDD and 2.0 volts for 
a l().voItYDD. 

VOUTta-VDD 

v. 

":t. vss \'Do 
v. Vp 

Fig,2 - Transfer character;$tic of the CD4093B. 

TABLE I 
Static and Dynamic Electrical Characteristics at 2SOC 

CHARACTERISTIC 

QUIESCENT DEVICE CURRENT 

OUTPUT VOLTAGE LOW LEVEL 

HIGH LEVEL 

NOISE IMMUNITY 

OUTPUT DRIVE CURRENT SINK 

SOURCE 

POSITIVE THRESHOLD VOLT~GE 

NEGATIVE THRESHOLD VOLTAGE 

HYSTERESIS VOLTAGE 

PROPAGATION DELAY TIME 
CL""50pF 

TRANSITION TIME 

CL=50pF 

Fig.l shows the functional diagram of the Schmitt trigger; 
note that each input has the standard COS/MOS input pro­
tection network and that each output is double buffered. 

lI!5t8.'21~ * n . 3 {"'tCO,II} 216,9,131 

* AL.L INPUTS PROTECTED BY COS/MOS STANDARD 
PROTECTION NETVlOR'" 

Flg.1 - Functional diagram of the C04D93B, COS/MOS Schmitt trigger. 
Ontl of four Schmitt triggers is shown. 

Fig.2 shows the transfer characteristic of the Schmitt 
trigger. The general shape of this characteristic is the same 
for all values of VDD, but the relative values of Vp,Vn and 
VH change with VOO as shown in the data sheet. As the input 
voltage is increased from zero (VSS), the output remains high 
(YOO) until Vp is reached. At this point the output goes low. 
(VSS) and remains low as the input voltage is raised to VOD. 
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Vo VOO TYPICAL 
SYMBOL VOLTS VOLTS VALUES UNtTS 

IL 5 0.001 IJA 
10 0.001 IJA 

VOL 5 0 V 
10 0 V 

VOH 5 5 V 
10 to V 

VNL 5 5 2.6 V 
10 10 5.2 V 

VNH 0 5 3.0 V 
0 to 6.5 V 

ION 0.4 5 0.8 rnA 
0.5 10 1.8 rnA 

lOP 4.6 5 -0.8 rnA 
2.5 5 -1.8 rnA 
9.5 10 -1.8 rnA 

Vp 5 2.6 V 
10 5.2 V 

V, 5 2.0 V 
10 3.5 V 

Vh 5 0.6 V 
10 1.1 V 

tpHL 5 190 os 
tpLH 10 100 os 

trLH. 5 100 os 
'THL 10 50 ns 

'Fig',3 shows a graph of the typical hysteresis voltage VH as a 
function of supply voltage VDD. 

Fig.4 shows the input/output characteristics of the CD. 
40938; the output characteristic shown is the same for any 
COS/MOS output, including the Schmitt trigger. The input 
characteristic is unique to the Schmitt trigger and shows that, 
when driven by another COS/MOS device, the Schmitt trigger 
has more than 50-percent noise itrununity in each state. 

5 10 n5 20 
SUPPLY VOLTAGE IV001-V 

!IIZCS-24.)2 

Fig.3 - Typical percent hy,rsrtni, n ,upply vol,.,.. 

Figs.S and 6 show measurements of voltage an~ ener 
noise immunity for the Schmitt trigger. Fig.S shows, t 
example, that for a VDD of S volts, the noise immunity in ea 

CaSINOS 
OUTPUT 

VDD'JZZzi;L~O~GIC~,;z:,,·r:;:.1:2f-:;;;;''''B,//,///'l./7.17. 
OUTPUT 
REGION 

LOGIC ·0· 
OUTPUT 

vss~=:s:Rs:EGS3'0;:s'~t::ssI~!!:....-l~~~;:"o;:"o~ 

Fig.4 - Input and output characmrllflCl. 

state exceeds the supply voltage (S yoUs) for pulses shorl 
than 200 nanoseconds. The energy noise immunity ploU 
in Fig.6 against pulse Width..iii the product of noise. pulse vo 
age, noise-pulse time, and the appropriate value of the outp 
drive current for the device under test. The units of energy a 
nanojoules (10'9 Joule). At each value of the supply volt, 
the c,:!rve has a minimum value. Inspection of Fig.6 shows Ih 
the value of the minimum energy noise immunity increa~ 
With increasing VDO. and occurs at a lower value of noi! 
pulse width. 
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S vOD-I5V g , 
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iI 

..... 

100 200 300 .00 
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Fig.5 - Voltage no;StJ immunity of the CD4OS3B. 

Another important property of the Schmitt trigger 
illustrated in Fig.7, which compares the supply current tid 
by the CD4093B with that of the CD40J lA, With along rl 
and fall·time input. The power diSSipated by the SCM 
trigger is clearly much less than that dissipated by the q\ 
NAND gate, so that the Schmitt trigger should be used in apl 
cations in which slow input edges are anticipated. 

APPLICATIONS 
The application of the CD4093B COS/MOS Schmitt trig 

in situations which require the logical NAND function and 
timing, waveshaping, and interfacing applications in which 
Schmitt trigger action on the inputs is utilized are discus 
below. . 
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Fig.6 - Energy noise immunity of the CD4093B. 
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Fig. 7 - Power consumption with slow input edge; a comparison of the 
CD40938 with the CD40t fA. 

Waveshaping 

Sine Wave to Square·Wave Convertsr - Fig.S shows a typical 
application of the Schmitt trigger, the sine-wave to square­
Wave converter. The sine input is ac coupled by capacitor 

Fig.S - Sine-wave to square-wave converter. 

C; Rl and R2 bias the input midway between Vn and Vp, the 
input threshold voltages, to provide a square W3ve at the output. 

Slow Edges - Slow edges are a common phenomenon in digital 
systems; for example, at the output from a transducer, at the 
end of a long line, or an output with large capacitive load, or 
on the output of a filter. The Schmitt trigger is particularly 
useful in generating a waveform with fast edges in these 
applications, see Fig.9. 

/ 

V 

CD4093BE: 

2V/Division 

2ms/Division 

/ 
/ '\ 

\ 
\. 

Fig.S - Sharpening up a slow edge. 

I\. , 

With an input edge time of I second and an output tran­
sition time of 100 nanos.econds, the improvement in edge time 
is a factor of 107. With longer input edge times the improve. 
ment is even greater. 

Timing - In general, timing circuits use external resistors and 
capacitors to provide time constants. The advantage of the 
C04093B COS/MOS Schmitt trigger in these applications is 
that the very high input impedance permits the designer to 
use high values of timing resistance. Therefore, long delay 
times may be produced with moderate values of capacitance, 
and small, low-cost capacitors may be used for short and 
medium time delays. 

Edge Delays - In the circuit of Fig.1 0, the output falling edge 
is delayed with respect to the input leading edge by a time td+ 
given by: 

t<4=RCln~ 
VOO-Vp 

When the input goes high (VOO) the capacitor charges up 
towards Von through R. When input Breaches Vp, the out~ 
put goes low (VSS). As soon as input A goes low, the output 
goes high. 

<9 

VOO~ 
<9 

vss 

Voo~1 1 @ vp I I 
Vn I I I I I 

VSS-u---LII 1 Voo 

©: I : 
IISS ~ I-Id. I: I. 

Fig. 10 - Delay on leading edgB. 
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By connecting one input to VOD, as in Fig.ll, both edges 
are delayed, because now, when input A goes low, output C 
remains low until capacitor C discharges to Vn. At this time, 
the output goes high. td_ is given by: 

VOO 
td_=RClnv;;-

1100 114 C04093B 

R @"'---f1ib-­
<9~© 

l C 

Fig. 1 , - Delayed pulse. 

Both edges may be separa tely delayed by connecting 
different RC timing components to each input, as in Fig.12. 

Now td+ and td_ ale given by: 

Voo 
td+ = R2C2 In VOO _. Vp 

tL=RIClln V~~ 

RI ® 1/4 C04093B 

@~ 
:J;" .:];C2 

VOO~ <9 
Vss 

Voo I I l 
®VP~I I Vn \ • 

IISS 1 

voo~11 e Vp I I I 
© v, 1 II 1 

~~~ntT1-i : 1 : 1 

@ I I I 
VSS I I I 

-I fo:d. rtd_ I 

Fig.'2 - Separare delay to each edge. 

Edge Detector - Fig.I3 shows a circuit that provides a short 
negative-going output pulse for every positive-going edge at 
the input. The input waveform is coupled to the input by 
capacitor C; the pulse length depends, as before, on Rand 
C. If a negative going edge detector is required, the circuit 
of Fig.14 should be used. @-;,'F 

C R 

VODSl-J <9 
Vss 

voo~ ® vp I 
v, 1 

~~~--unr' 1 @ 1 

Vss : 
1 I I II 

F;g.13 - Rising-ectge detector. 
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VDD 

®VDD II n 
VSS~ ~ J.--

@ V~---nrTr1 
vn I ! I I 

VSS I I I I 

@::: i n l l-
Flg.t4 - Flllllngofldgedetector. 

Powef·On Reset 
A reset pulse is often required at power-on in a digital logic 

system. This type of reset pulse is ideally provided by the cir­
cuit of Fig.IS(a). Because of the high input impedance of the 
Schmitt trigger, long reset pulse times may be achieved without 
the excess dissipation that results when both output devices are 
on simultaneously. as in an ordinary gate device, Fig.1S(b), 

1M 

lei 101 
HCS-2'935AI 

Fig. 15 - Raser circuit: II oofrllMr;son of the CD40938 with the CD4011 • 

Astable Oscillators 

A range of astable oscilIators may be easily constructed by 
using the CD40938. Fig.l6 shows the basic circuit and its 
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Fig. 16 - Ast.JJle multMbrtltor. 

associated waveforms. Before power is applied, input and out· 
put are at ground potential and capaCitor C is discharged. On 
power·on, the outpul goes high (VDD) and C charges through 
R until Vp is reached; the output then goes low (VSS). C is 
now discharged through R until Vn is reached. The output 
then goes high and charges C t6wards Vp through R. Thus 
input A alternately swings between Vp and Vn as the output 
goes high and low. One important advantage of this circuit 
is that the osciUator is self-starting at power-on. 

The oscillator period is given by: 
7'=7'1 +7'2 

where 

and 

VDD-Vn 
q=RCln ~ 

'2=RCln 
Vp 
Vii 

In general 7'1::P 7'2, so that to get a 1: I I mark.to.space ratio 
the circuit Df Fig.l7(a) should be used. When the output is 
low in the circuit offig.17, C isdischalged through RJ in paral· 
lei with R2, which shortensT'2. IfR2 is:much smaller thaD Kt, 
short. negative·going pulses are produced, as in fig.l7(b). 

'''~. RI 

R2«RI 

~c R2 01 

voo (a) 

@ ~~ 

®~~~rrrril II II 

Vss 
POWER..-i II I II 
~ ~~ ~s-~» 

Fig. 11 - A&r.ble tneillator with contro'led mark-ta-space nltlo. 

In the circuit of Fig.IS the oscillator is gated by signal C 
on the second input of the CD4093B. The oscillator output 
is high while the gating signal is low; the oscillator then osc­
illates with the period 'T, given above. while the gating signal 
is high. 

Interfacing 

The noise immunity of the COS/MOS NAND Schmitt 
trigger is very high, typically greater than SO percent of VDD 
in each state,. as shown in Fig.4. Therefore, it is ideally 
suited to circ~itry that requires a very high noise immunity. 
Because of the hysteresis built into the Schmitt trigger, it can 
tolerate noise on a slow input edge without false SWitching at 
the output, as shown in Fig.19~ This noise performance per­
mits the construction of an ideal interface from an industrial 
environment to a COS/MaS logic system, as shown in Fig.20. 
The CD4093B ~i1l function correctly under the most severe 
conditions of input overvoltage and in spite of noise spikes of 
up to hundreds of volts.. The input is kept between VSS and 
VDD by D I and D2 with R I, Iypically 220 kilohm., as a 
current.limiting resistor. Resistor R2 ties the logic input to 

~TRDL @~. 
® II ® 

~e R 

®v~~ 
@::: r--iHHit-
VSS~ ~ ~~! 
V

DD 
I I LI @ I i 

vss I I 
POWER 
ON 

Fig. 18 - GatBd _Imble olem.tor. 

III 'II" 
.I~' 

.... 
'VIA 

llNV "III 
. N~· 'tM • 
~ rl~. 

III II.N' rltt [UUI 
~m n' IIrn" 
2V IDivision 
2mSlDivision 

Fig.'9 - R_/tlt:tion of noiM on "ow input m,.. 

RI 

INPUTF' 
220k 

02 

TYPI~CL VALUE 

·SAME AS OTHER INPUT. 

Fig.20 - Indulr,lsl-environment to COS/MOS inrerlM:e. 

VSS should the interface input be open-circuited by the reo 
moval of a PC board from a system. for example. Capacitor 
C I. with R I, acts as a filter and enhances the noise·rejection 
properties of the interface. 
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Astable and Monostable Oscillators 
Using RCA COS/MOS 

~ 
o VDDt~D:::~~_ ---=.-Digital Integrated Circuits vtr -

Vss-Vo Yss_v~~==--=..:: ___ _ 

by 
D. V. DiMassimo & 
A. R. Maslowski 

CIRCUIT TECHNIQUES 

COS/MaS integrated logic circuits are 
being widely used in digital and other appli­
cations because of their high noise immunity, 
extremely low power dissipation, and toler­
ance to wide variations in power-supply 
voltages and operating temperatures. In ad­
dition, because their high input impedance 
makes it possible to obtain large time 
constants without the use of large capacitors, 
COS/MaS gates can provide cost and size 
reductions in multivibrator circuits'! 

This Note describes several techniques 
that may be used to compensate for the 
normal threshold variation of MaS devices 
in the design of stable multivibrator circuits 
operating at frequencies up to I MHz. The 
circuits shown can be formed by the use of 
COS/MaS inverters or COS/MaS NAND or 
NOR gates connected in an inverter con­
figuration. NAND and NOR gates perform 
the inverter function when all of the gate 
inputs are tied together. This Note also 
describes various applications for COS/MaS 
multivibra tor circuits: voltage-controlled os­
cillators, voltage-i:ontrolled pulse-width cir­
cuits, phase-locked voltage-controlled oscil­
lators, frequency multipliers, and modulator/ 
demodulators (envelope detectors). 

Astable Circuits 
The circuits shown in Fig. 1 are those of 

astable multi~brators that use two COS/MaS 
inverters (which may be taken from standard 
RCA COS/MaS parts such as the CD4069B, 
C04007A, C04001, or C04011). Fig. 2 
shows the related waveforms. This simple cir­
cuit requires only two resistors and one ca­
pacitor and operates in the following manner_ 
Resistor Rs. connected in series with the input 
of the first inverter, limits the current 
through the input protection circuit, Fig_ 3_ 
In operation, the input to the first inverter 
is clamped at one diode drop above VOO or 
one diode drop below V SS. Depending on 
the output levels of the two inverters, at any 
instant C will be either i charging or dis­
charging through R. When the voltage at 
point 2 in the circuit passes through the 
transfer voltage level of the first inverter, 
this inverter switches and causes the second 
inverter to switch. The voltage at this point 

o VDD--­
vss------

92.CS-27371 

Fig. 2 - RC-oscillator operating waveforms. 

0, 

02 

92C5-2.7376 

Fig. 1 - Astable multillibr:-tor circuits that 
emplov two COS/MOS invert.rs. 

Vss 
Fig. 3 - Diode protection circuit. 
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Fig. 4 - Discrete RC·oscillator time period as a function of transfer voltage. 
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Fig. 5 - Discrete RC-oscll/ator time period as a function of constant, k. 
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is allowed to switch well above VDD and 
below V SS because of Rg. The large swing 
reduces the effects of variations in transition 
voltage (VTR)' The variable characteristics of 
the input protection circuit and their effect 
on stability are greatly reduced because of 

Rs' 
The equation for the period, T, of the cir­

cuits in Fig. I is given by Eq. 1;2 

(VIR) (Von VIR) 
T= -Rrln 

(K) K IVon + vol 
- -- RC In -":'='--=-,---..,..,...., 

(K + [) K IVoo + VIR] + (VIR Yol 

(K ) KIVoo+VDI 
- -- RC In ----=....,.-=------, 

(K + I) K \2 VOD VIR) + IVon·· VIR - Vol (I) 

where K = Rs. 
R 

With the equation in this form it is easy 
to see that as K approaches infinity the 
variation in period as a function of VDD is 
reduced to zero. This result is shown in 
Fig. 4, where period as a function of trans­
fer voltage is plotted for various values of 
VDD and K, and in Fig. 5, which shows, 

period as a function of K for various val~e~ 
of VDD' Variation in period with transfer 
voltage is also reduced as K increases. TItis 
variation decreases from 10 percent for 
K = 0 to approximately 5 percent as K 
becomes large. 

There are some limitations on the value of 
RS' It must' not be made too large since a 
time constant and phase shift is produced by 
RS and stray wiring and breadboard ca­
pacitance. This shift creates a switching de­
lay in the circuit that changes the time 
period and, in addition, may cause spurious 
oscillations and glitches in the multivibrator 
circuit. A reasonable value for K would be 
anywhere from 2 to 10, with maximum and 
minimum values for RS determined by the 
above considerations. 

Table I shows data measured when typical 
units were employed in the circuits of 

t:'"ig. I. Fig. 6 shows a typical transfer 
characteristic as a function of temperature. 
The curve shows that there is very little 
change in characteristic from low to high 

TABLE I - FREOUENCY VARIATIONS OF ASTABLE MULTI· 
VIBRATORS UNOER NORMAL CONDITIONS 

PERIOD 1 ... 1 v.,. 
CD_B UNIT VDD"10V 

NO. IVI voo-sv VOO-10V VOO-1SV 

I 5.27 0.988 1.03 1.07 
2 5.19 0.988 1.04 1.06 

3 5.58 0.990 1.03 1.07 

4 5.26 0.990 1.03 1.07 

5 5.25 0.991 1.03 1.07 

V.,. 
C04001A UNIT VDO"10V 

NO. IVI VOO"5V Voo-l0V VDO-12V 

I 4.08 0.998 1.00 1.00 
2 3.92 0.982 0.986 0.990 
3 4.76 0.979 1.01 1.01 
4 4.07 0.974 0.962 0.962 
5 4.42 0.965 0.981 0.991 

Vir. 
UNIT VDD-l0V CD4011A 

NO. (VI voo-sv Voo-10V VOO-12V 

1 5.41 1.01 1.02 1.03 
2 5.08 1.00 1.03 1.04 
3 5.76 0.9900 1.00 1.01 
4 5.98 0.983 0.996 1.01 
5 5.24 0.996 1.00 1.00 

RS· 0.82 M. R = 0.43 M. C = 910 pF. T = 2S'C 

temperature. Because the oscillators can 
also tolerate changes in transfer characteristic 
without frequency instability, they require 
no thermal compensation. The frequency at 
_55°C is extremely close to that at + 125°C. 

12 

, 
I I • DR"I~ SUPPLyl 
VOLTAGE-+IO'll 

'0 

~ T = ·~~·c 

., 

• 
.. i 

" 1 . • . '0 12 ,. 
DC INPUT VOLTAGE-V 

92C:S-I7I1'I 

Fig. 6 - Transfer characteristic as a function 
of temperature. 

Table II shows data measured on typical 
units at temperature extremes. The astable 
multivibrators shown in Fig. 1 can be gated 
on and off by use of a NOR or NAND gate 
as the first inverter, as shown in Fig. 7. 

TABLE II - FREQUENCY VARIATIONS OF ASTABLE MUlTIVIBRATORS AT TEMPERATURE EXTREMES 

PERIOD (ms) 

co.tAl6OB. CD40D1AF C04011AF 

UNI 
YOO-6Y VOO-10Y VOD-1SY VOo-SV VOO-10V YOD-12V VOO-6V Voo- 10V VOO-12V 

NO. .... ·c .. ·c - .... c ... c ...... c ... C - .... c 1HoC .... ·c 125°C .... ·c ,25"c .... ·c 1moc _66°C ,25"c -5SoC 125°C 

I .... 0.974 0.993 1.011 1.023 1.047 0.930 0.924 0.934 0.931 0.936 0.943 0.937 0.937 0.950 0.955 0.958 0.'" 

.961 0.974 0.997 1.011 1.033 1.045 0.926 0.929 0.947 0.947 0.95] 0.956 0.931 0.934 0.942 0.'" 0.951 0.956 

.96S 0.975 0.992 I 1.010 1.028 0.044 0.914 0.902 0.926 0.918 0.929 0.920 0.925 0.921 0.946 0.949 0.958 0.960 

4 .961 0.973 1.000 1.011 1.033 1.045 0.914 0.903 0.929 0.923 0.936 0.935 0.933 0.931 0 .... 0.943 0.950 0.949 

S .963 0.975 0.994 0.009 1.029 1.043 0.930 0.923 0.955 0.930 0.966 0.938 0.934 0.933 0.953 0.955 0.962 0.963 

R,. 0.82 M. R- 0.43 M, C- 9IDpF. 

732 

92CS-27379 

Fig. 7 - Astable multivibrator in which a NOR 
or NAND gate is used as the first inverter 
to permit gating of the multivibrator. 

Compensation For 50-Percent Duty Cycles 
The variation in transfer voltage described 

above affects the output-pulse duty cycle, 
as shown in Fig. 8. A true square-wave pulse 
is obtained only when the transfer voltage 
occurs at the 50-percent point. However, the 
duty cycle can be controlled if part of the 
resistance in the RC time constant is shunted 

o rrl n-: rr~ I 
I L.!J LlJ Ll.J 

UIl"1 r-;1 r,l 
L.J Ll..J U_j I 

92CS-27380 

Fig. 8 - Waveforms showing effects of transfer 
voltage on multivibrator frequency. 

out with a diode, as shown in Fig. 9. Be­
cause adjustment of this diode shunt to 
obtain a specific pulse duty factor causes 
the frequency of the circuit to vary, a 
frequency control, R3, is added to compen­
sate for this variation. It may also be 
necessary to reverse the diode to obtain the 
desired duty factor. The frequency of any of 
the circuits shown can be made variable by 
replacing the timing resistor with a potentio­
meter. 

Jitter In Astable Circuits 
When using the astable circuits described 

above with other equipment and/or circuits 
that reqUire off-the-board connections, some 

·s 

Fig. 9 - Astable multivibrator in which a duty­
cycle conteol is added. 



jitter in the output waveform may be 
encountered. This jitter is introduced into 
the circuit by noise picked up by the 
connecting cables and board capacitance 
and stray wiring. This problem can be 
corrected with the addition to the circuit 
of an inverter, as shown in Fig. 10, that 
isolates the frequency determining circuit 
nodes from pickup by the output node. The 

~PUT 

112 CD4069B 

92C5-27382 

Fig. 10 - Astable multivibrator circuit with 
buffered output. 

output to the astable circuit is then taken 
from the output of the added inverter. 

Monostable Circuits 
Fig. II(a) shows a basic one-shot circuit 

that uses a single RC time constant. This 
circuit operates well provided it is adjusted 
to the COS/MaS unit used. If no adjustment 
is made, the period T can vary from unit to 
unit by -40 percent to +60 percent if the 
transfer voltage varies by ±33 percent, as 
shown by the waveforms in Fig. II (b). 

The use of some resistance r, Fig. I 1, is 
generally advisable to limit the current if 
VOO is greater than 5 volts. 

0-11 
o -U'-;_= __ ::;::J ===== 
® 
@) ~---1 V,,-33%OFVOD 

-l I-VARIATION IN 
TIME PERIOD 

(01 92:CS-27383 

Fig. 11 - Basic one-shot multivibrator circuit: 
(a) circuit diagram, (b) waveforms. 

Compensated ivlonostable Circuit 
Fig. 12 shows a compensated monos table 

multivibrator type of circuit that can be 
triggered with a negative-going pulse (VOO 
to ground). In the quiescent state, the out­
put of inverter B is high. When a negative­
going pulse or spike is introduced into the 
circuit, as shown in the waveforms of 
Fig. 13, capacitor CI becomes negatively 
charged to ground and the output of inverter 
A becomes high. Capacitor C2 then charges 
to the value of VOO through diode 01 and 

92C$-21384 

Fig. 12 - Compensated monostable mulrivibrator 
circuit. 

inverter A, and the output of inverter B be­
comes low. Asi capacitor Clldischarges nega­
tively, it charges through resistor RI to the 

CD HIGHJl 
LOW ---------=======::=====~ 

® 
HIGH 

lOW 
-TRANSFER VOLTAGE POINT-INVERTER A 

92CS-21385 

Fig. 13 - Voltage waveforms for monostable 
mu/tivibrator circuit when a 
negative-going trigger pulse is 
applied. 

value of VOO (waveform 2). The output of 
inverter A remains high until the voltage 
generated by the charging of C I is equal to 
the transfer voltage of inverter A (Le., until 
the waveform generated by the charging of 
C I passes through the transfer·voltage curve 
of inverter A); at that instant the output of 
inverter A becomes low. Diode 01 tempo­
rarily prevents the discharge of capacitor C2, 
which was charged when inverter A was 
high (waveform 3). Capacitor C2 then com­
mences to discharge to ground through 
resistor R2 (waveform 4). The output of 
inverter B remains low until the voltage 
generated by the discharge of C2 becomes 
equal to the voltage at the voltage transfer 
point of inverter B (Le., until the waveform 
generated by the discharge of C2 passes 
through the transfer-voltage point of inverter 
B); at that point the output returns to its 
high state (waveform 5). 

The advantage of using two inverters 
fabricated on the same chip is that they 
have similar transfer voltages. When two 
equal RC time constants are used (RIC I = 
R2C2), the effects of variations in transfer 
voltage from device to device are effectively 
cancelled out, as shown in Fig. 14. Eq. (I) 
can be used to show that the maximum 
variation in the time period T is less than 
9 percent. The total time for one period, 
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T I, is approximately 1.4 times RIC I· 
Unlike the astable circuit, which shows 

little variation in frequency over the temper­
ature range from _55°C to + 125°C, the 
monostable multivibrator shows some change 
in time period; the variation is less than 10 

<D -Ill-------
®--1~ 

~--I- -- v,,· 33% OF VDO 

@ Ji-----,-1..: ---------------
I 
~ __ ~~lr·67". OF Yeo 

@---l ~ 
I I'V::;3~;-;';0 

@ ----b::TI:-=Ji-' ------
92CS-2731a 

Fig. 14 - Waveforms showing the cancelling effects 
of transfer-voltage variations of the two 
COS/MOS invfjJrters when two equal time 
constants are used. 

percent. Table III shows data measured on 
five units over the temperature range cited 
above. At 25°C, the variation in the time 
period T from unit to unit is very small, 
usually less than 5 percent at a VOO of 10 
volts. 

The output from inverter B can be held 
in the low or zero state as long as the 
R2C2 time constant is reinforced by another 
triggering pulse before the discharge wave­
form it generates passes through the transfer­
voltage point of inverter B. 

Diode 02 in Fig. 12 is internal to the 
COS/MaS circuit. As discussed for the 
astable oscillator, it is part of the input 
protection circuit shown in Fig. 2, and 
clamps the input at VOO. 

Figs. IS and 16 show two variations of 
the monostable circuit together with their 
associated waveforms. The circuit of Fig. 15 
triggers on the negative-going excursions of 
the input pulse in the same manner as the 
circuit of Fig. 12. The output pulse is 
positive-going and is taken from the first 
inverter. This circuit does not need an 
external diode. The circuit of Fig. 16 triggers 
on the positive-going excursion of the input 
pulse, and then locks back on itself until the 
RC time constants complete their discharge. 
The circuits of Fil(S. IS and 16 cannot be 
retriggered until they return to their quiescent 
states. 

Low Power Monostable Circuit - The 
monostable circuits discussed thus far dissi­
pate some power because one or both of the 
inverters are on during the charging or dis­
charging of the capacitor. This power dissi­
pation will be extremely low provided the 
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TABLE 111- FREQUENCY VARIATION OF MONOSI'ABLE MULTIVIBRATORS OPERATING AT THREE TEMPERATURES 

UNIT 
NO. 

1 

2 

3 

4 

5 

UNIT 
NO. 

1 
2 

3 
4 
5 

UNIT 
NO. 

I 
2 
3 

4 
5 

i34 

-&&"C 

VOO"SV VOO"10V VOO"'&V 

0.73 0.40 0.30 

0.74 0.38 0.34 

0.76 0.40 0.32 

0.76 0.36 0.35 

0.75 0.42 0.34 

-&&"C 

VOO"&V VOO"'0V VOO"'2V 

0.39 0.45 0.50 

0.40 0.46 0.50 
0.40 0.47 0.52 

0.42 0.46 0.50 

0.40 0.44 0.48 

-&&"C 

VOO"SV VOO"'0V VOO"'2V 

0.58 0.53 0,49 
0.55 0.50 0.45 

0.56 0.52 0.44 
0.55 0.52 0.46 
0.56 0.50 0.46 

c., 

PERIOO/ .. I ~E 

+2&"c +tS"C 

VOO"SV VOO"10V VOO"1&V VOO"&V VOO"10V VOo"'&V 

0.74 0.41 0.32 0.74 0.41 0.32 

0.76 0.40 0.36 0.76 0.41 0.36 

0.75 0.40 0.34 0.75 0.40 0.34 

0.74 0.42 0.36 0.74 0.42 0.36 

0.76 0.41 0.35 . 0.76 1.42 0.36 

PERIOO/mll CD40D1A 

+2B"c +l2&"C 

VOO"&V VOO"'0V VOO"'2V VOO"&V VOO"'0V VOO"'2V 

0.41 0.46 0.50 0.41 0.46 0.51 

0.42 0.46 0.50 0.43 0.47 0.50 

0.43 0.49 0.54 0.43 0.49 0.55 

0.44 0.47 0.53 0.43 0.48 0.54 

0.41 0.46 0.51 0.42 0.46 0.51 

PERIOO/mol CD4011A 

+2S"C 

VOO"&V VOO"10V 

0.57 0.52 

0.54 0.50 
0.55 0.51 

0.56 0.52 

0.57 0.51 

+12&"C 

VDD"12V VOD"5V VDD"'0V VDD"'2V 

0.48 0.56 0.52 0.48 

0.44 0.55 0.50 0.45 
·0.44 0.55 0.50 0.44 

0.46 0.57 0.52 0.46 

0.45 0.58 0.50 0.46 

<D .Jl'--____ _ 
CD --, c .... -~vt:;;7 .. OF VC!D 

::::::I Yt,. 55%. OF YDO 

@ ..J=T, • OUTPUT 

'4' ~y,!:~:- 2~ ~D 
~.......J!~ , , 
@ ~~-----------

Ib' 
92CS-Z1387 

Fig. 15 - Monoslable multivibrator that is triggered by a negative-going input pulse: 
(a) circuit diagram, '(b) waveforms. 

t., 

<D Jl'--------
®-l:::T' :::1r -------------

@ --L--r-r-­
@~-----­
@~ 

Ib' 

92CS-27388 

Fig. 16 - MonOSlable multivibrator that Is triggered by a positive-going input puis.: 
(a) circuit diagram, (b) waveforms. . 

"one·shot" pulse width is shori compared to 
the overall cycle time. Fig. 17 shows the 
current waveform associated with the circuit 
of Fig. 12. This waveform is very wide at 
the base, and some current flows for approxi. 
mately twice the time period. 

®L..--' 
@~ 

I 

@~ 
2mA- ~ - -...,J../\ 

C'URRENTO~ ~ 
92ca·zna. 

Fig. 17 - Current waveforms for the diode-compen· 
sated multivibrator shown in Fig. 12. 

Fig. 18(a) shows a circuit using the 
CD4007 A. This device dissipates much less 

YDO 

Jl CD4007A 
@ ~ ________ c_., ________ __ 

, , 
@---, ~ 
~ i " . "VOLTA"'G .. t 
: I , , 

©J '1 ...... __ _ 

@ ~ T =-:J-__ "n" THRESHOLD 
VOl.TAGE 

CD 'mA, _____ • __ j CURRENT 

I b) 9ZeS- 27:590 

Fig. 18 - Low-pOWer monostable multivibrator: 
(a) circuit diagram, (b) waveform. 

power than the other circuits shown but' is 
not as stable; circuit operation is described by 
the waveforms in Fig. 18(b). In the quiescent 
state, the p-channel transistor of the first 
inverter is biased off while the n-channel 
transistor (which derives its control from the 
output of the second inverter) is biased on. 
Therefore, the output at C is low, and that 
at D is high. Whenl a negative·going pulse! is 
introduced into the circuit through capacitor 
CI' the p-channel device is turned on. 



pacitor', C2 then charges to VDD, the 
tput at D becomes low, and the n.channel 
vice of the first inverter is turned off. 
pacitor C I immediately begins to charge 

VDD through RI (waveform B). The 
:hannel transistor remains on, keeping 
~acitor C2 charged to VDD until the volt­
, generated reaches the threshold voltage 
'ei and turns the transistor off. The 
:hannel transistor of the first inverter is 
11 off because the output of the second 
lerter (waveform D) is still low. When 
e p-channel device of the first inverter 
rns off, capacitor C2 begins to discharge 
rough resistor R2 (waveform C) to ground. 
: C2 discharges, the voltage passes through 
e threshold-voltage point of the second 
:hannel transistor, and that transistor be­
IS to turn on. The voltage then begins to 
e (waveform D), and the n-channel device 
the first inverter turns on and provides a 

:ond discharge path for capacitor C2' As a 
IUlt, the output waveform changes state 
>m low to high very rapidly to complete 
e cycle. ' 
The major advantage of the circuit of 

g. 18 is its low power dissipation. Because 
e circuit depends on the p-channel tran­
tor threshold, the time period T varies 
>m unit to unit and with temperature 
riations. Some compensation can be pro­
led if the R2C2 time constant is made 
'proximately three times larger than the 
I CI time constant, as shown in Table IV. 

'ABLE IV - FREQUENCY VARIATIONS OF 
MONOSTABLE MUL TIVIBRATORS WITH 
TEMPERATURE WHEN R2C2 TIME CON· 
STANT IS LARGE COMPARED TO R,C, 

:D4001A 
UNIT PERIOD WITH VDD = 10 V (msl 

NO. -55 C 25 C 125°C 

I 0.740 0.759 0.779 
2 0.740 0.754 0.760 
3 0.730 0.735 0.735 
4 0.750 0.750 0.759 

_I -lOOK, R2 = 1M, ,- 36K,C I =C2- 910pF 

Current in the circuit of Fig. 18 can be 
linimized by removing capacitor C2 so 
Ult only stray capacitance is present at the 
IpUt of the second inverter. A comparison 
f time-period variations under this condition 

shown in Table V. Again, the variations 
'om unit to unit are caused by differences 
I p-channel transistor threshold. 

TABLE V - FREQUENCY VARIATIONS OF 
MONOSTABLE MULTIVIBRATORS WITH TEM­
PERATURE WHEN C2 CONSISTS OF STRAY 
CAPACITANCE ONLY 

CD4007A 
UNIT PERIOO WITH VOO g 10 V 1m.) 
NO. _55°C +25'C 

I 0.121 0.125 
2 0.110 0.115 
3 0.120 0.124 
4 0.103 0.105 

APPLICATIONS 

Voltage-Controlled' Oscillators 

125"C 

0.129 
0.118 

0.127 
0.108 

Fig. 19 shows a circuit similar to the cir­
cuit in Fig. I. C is variable (by adjustment 
of Cx) and R is variable (by adjustment of 
V A>. The value of R varies from approxi­
mately I kilohm to 10 kilohms. These 
limits are determined by the parallel combi-' 

CD4007A 

x>--..... -. OUTPUT 

NOTE' 
INVIIITPS AND n- CHANNEL DEVICE ARE AVAILABLE IN 
II aG.,E CDS/MOS PACKAGE: 

1-C04007 
TYPICAL VALUES: 

RI • 10 kQ ex • 0.001 - 0.004 poF 

RS·IOOkA OSVASVOD 

M USE PROPER SUFFIX TO DENOTE PACKAGE 
REQUIRED - SEE APPENDIX. 

'iCS- 2tI7BRI 

Fig. 19 - Voltage controlled oscillator. 

nation of RI (10 kilohms) and the resistance 
of the n-channel device, which varies from 
I kilohm (RoN) to approximately 109 ohms 
(RoFF)' ' 

When VA = VSS, the n-channel device is 
off and R ,,; RoFF II RI, which is approxi­
mately equal to RI or 10 kilohms because 
RoFF is very much greater than RI. When 
V A = VDD, the n-channel device, is fully 
on and R = RoN n RI or approximately 
RoN, which is equal to I kilohm because 
RoN is very much less than R I' 

The center frequency of the oscillator is 
varied by adjustment of Cx' 

Voltage-Controlled Pulse-Width Circuits 
Fig. 20(a) shows a further modification 

of the circuit of Fig. I(a); in the modified 
circuit the pulse width may be modulated 
by varying V A, but only if Rx is sufficiently 
high. As an example: if C = 0.0022 micro­
farads, Rx will be approximately 35 kilohms. 
Lower values of Rx have an adverse effect on 
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frequency. I If Rx is less than 10 kilohms, 
there is a value of V A that will cause the 
oscillator to cut off. Table VI lists values of 

TABLE VI - PULSE WIOTH AS A FUNCTION OF VA 
ANDVOO 

PULSE WIOTH IJS 

VA VOo-SV VOD g l0V VOD-12V 

0 30 28 28 
0.5 30 28 28 
1.0 30 28 21 
1.5 28 26 21 
2.0 26 24 22 
2.5 26 22 20 

3.0 - 21 20 
3.5 - 21 20 

C = 0.0015 jlF, Period = 55 IJS 

pulse width (B in Fig. 20(b» for various 
values of VA and VDD' Fig. 20(b) shows the 
waveform for the circuit described. 

,.1 

'bl 

I-CD4001A 
R -IOkA 
RS -'OOIiA 
RX • 35kQ 

OUTPUT 

C • 0.0005 - 0.0025 p.F 

.2CS-22112AI 

Fig. 20(.) - Voltage controlled pulsa·width 
circuit, (b) output waveform. 

Phase-Locked Voltage-Controlled Oscillator 
The voltage-controlled oscillator, V CO, 

can be operated as a phase-locked oscillator 
by the application of a frequency-controlled 
voltage to the gate of the n-channel device. 
Fig. 21 shows the block diagram of an FM 
discriminator using the phase-locked VCO. 
Block A is the same circuit of Fig. 19. The 
output of the phase comparator is fed to the 
gate of the n-channel device (VA>. If the 
two inputs to the phase comparator are 
different, the change of VA causes the 
output 'frequency of the VCO to change, 

Fig. 21 - VCO used in phasHocked loop. 
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Fig. 22. This change is divided by 2N and '.PUTE tf 
fed back to the phase comparator. . 4j · OUTPUT 

3 . PACKAGE COUNT. 

• C I-CD4011 
VOO"IZV R. 

--t--
FREO. 
OUT (a) 

'00' .oOI5".F ,,' 

,. 
,. 

; V 
I ./ t • 
~ / i s / ~ 4 

~ / • If 
10 20 40 &080100 

P'ItEQUENCY-IIHr 

'" Fig. 22 - (a) VCO, (b) control voltage as a function 

of output frequency. 

Frequency Multipliers 
Fig. 23(a) shows a frequency doubler. A 

2N multiplier can be realized by cascading 
this circuit with N-! other identical circuits. 
The leading edge of the input signal, differ­
entiated by RI and CI and applied to input 

., 

1- 314 CD40ltA 

Voo ,..-----, 

CD vooJ 

.'-l_LL"-L\.. .... _________ _ 

"so 

Vss 

VDD 

(!) 
Vss 

VDD 

® 
Vss 

I bl 92CS-27393 

Fig. 24 - la) Modulator circuit, Ib) waveforms. 

101 

VDD 

Vss 

VDD 

Vss 

VDD 

Vss 

Modulation/Demodulation (Envelope 
Detection) 

Pulse modulation may be accomplishe, 
by use of the circuit shown in Fig. 24(a; 
This circuit is another variation of Fig. I 

Modulation or envelope detection 0 

L pulse-modulation waves is performed by th 
circuit shown in Fig. 25(a). The carrier burs 

L 

is inverted (by inverter A); its first negativ 
transition at point 2 turns on the diode (D 
to provide a charging path for C through th 
n-channel resistance to ground. On th 
positive transition of the signal (at point 2: 
the diode is cut off and C discharges throug 
R. The discharge time constant (RC) i 
much greater than the time of the bursl 
signal period. Point 3, therefore, neve 
reaches the switch point of inverter Bunt 

the burst has ended .. The waveforms for ~ 
points in the circuit are shown in Fig. 25(b). 

References 
I. Further information on astable and mono 

stable circuits using MSI devices may bl 
found in RCA Application Note ICAN 
6230, "Using the CD4047 in COS/MO! 
Timing Applications", and in the RCA Dat: 
Sheet for the CD4098 Dual Monostabl, 
Multivibrator. 
(Note: COS/MaS Hex Buffers CD4009..! 
and Quad Buffer CD4041 A are not recom 
mended for use as multivibrators becausf 
of very high power consumption in th. 
linear mode for long time constants. In 
addition, the hex buffers have a largl 
imbalance between lsource and Isinl 
capability, which makes oscillator start-uJ 
more unpredictable.) 

2. For the derivation of this equation, se 
RCA Application Note ICAN-6230, "Usin 
the CD404 7 A in COS/MaS Timing Appl 
cations." 

RI· RZ-IO kO Ibl 9iCS-21st .. 
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c. = Cz· O.OOII'F 

POINT IN 
CIRCUIT 

'0' 

WAVEFORM 

,.~ 
2.~ 

3. v V-
4. -y V 

.. -.rLJLJLJL 
'01 

92CS-27392 

Fig. 23 - la) Frequency·doubler schematic, 
Ib) waveforms. 

Fig. 25 - la) Demodulator circuit, Ib) waveforms. 

No. I and the NAND gate, produces a pulse 
at the output. The trailing edge of the input 
pulse, after having been inverted, is differ­
entiated and applied to input No. 2 of the 
NAND gate; it produces the second output 
pulse from the NAND gate. The waveforms 
for five points in the circuit are shown in 
Fig. 23(b). 



Guide to Better Handling and Operation 
of CMOS Integrated Circuits 

by J. Flood and H. L. Pujol 

This Note recommends specific handling 
and operating practices that minimize the 
probability of damage to CMOS integrated 
circuits in the manufacturing operation and 
the field environment. 

A description of various gate.oxide net· 
works that protect against electrostatic dis· 
charge in both A-series and B-series RCA 
COS/MaS product is provided. A practical 
explanation of the SCR latch-up mechanism 
and its associated failure mode is given. In 
addition. operating procedures that help pre­
vent device malfunction are described. 

HANDLING CONSIDERATIONS 

All CMOS devices are susceptible to dam­
age by the discharge of electrostatic energy 
between any two pins. The gate input is 
equivalent to a small, low-leakage capacitor 
(5 picofarads typical) in parallel with a very 
high resistance (l012 ohms typical). This 
extremely high input impedance lends itself 
readily to the buildup of electrostatic charges. 
Therefore, because the gate-oxide breakdown 
of a CMOS device is typically 80 volts, dam­
age by high levels of electrostatic discharge 
can occur. 

To protect the gate oxide against high 
levels of electrostatic discharge, protective 
networks are implemented on all RCA CMOS 
(COS/MaS) devices, as described below. 

Standard Protection Networks 

Fig. I shows the standard protection net­
work incorporated on all A-series devices 

DIODE BREAKDOWN 
DI1::I25V 
D2==50V 

Vss 

DI 

f---~~-+--Q OUT 

* THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 

Fig. 1 - Standard protection network. 

and some II-series devices. Input-diode 02 
is a distributed resistor-diode network that 
appears as two diodes to VOO. 

Improved Protection Network 

Fig. 2 shows the improved protection 
network incorporated on most new 
B-series devices as well as on all A-series, 
B-converted types. 

01 

1-t-<~0!-~-+-OOUT 

01l':lZ5V 
D2=:s50V 
R2«RI 

* THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 

Fig. 2 - Improved protection network. 

Other Protective Networks 

Fig. 3 shows the modified protective 
network for a C04049/4050 buffer. The 
input diode to VOO is not incorporated so 
that the level-shifting function can occur. 

01 

DIODE BREAKDOWN VSS 

01===2511 
02=:50 II 

*THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 

Fig.3 - Modified protection network. 

Fig. 4 shows a transmission gate with the 
intrinsic diodes that protect against elec· 
trostatic discharge. 

IN/OUT OUTIIN 

DIODE BREAKDOWN 

01 =:2511 
D2=:50V 92CS-27967RI 

* THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 

Fig.4 - Transmission gate with intrinsic diodes that 
protect against electrostatic discharge. 

The protection networks described in this 
Note were characterized by using the equiv. 
alent body discharge network of Fig. 5. 
There are 12 possible combinations by which 
a device can be damaged. A discussion of 
the combinations is beyond the scope of 
this Note; however, Table I shows worst­
case protection levels for the above networks. 

22M 
+ 
HIGH­
VOLTAGE 

SUIPPLY CH 

-= 100"1 
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Cw HUMAN BODY CAPACITANCE TO GROUND 

Rs: BODY SOURCE RESISTANCE 

Fig.5 - Equivalent-body discharge network. 

Additional protection can be obtained by 
adding external series resistors at device 
inputs. The value of this resistance should 
be in the range of 10 kilohms for gate in­

. puts and 1 kilohm for transmission gate 
inputs, where applicable. In addition, 
zener diodes at the output pins can clamp 
the voltage at a safe level. The zener value 
should not exceed the absolute maximum 
rating of the part. 

On-chip protection resistors are not 
used on transmission gates so as to main­
tain low on resistance. Some recent 
designs, however, do have protection 
diodes to VDD and VSS close to the bond 
pads. The SOO-volts worst case capability is 
provided by the intrinsic diodes shown in 
Fig. 4. 

TABLE I - Worst-Case Capability of 
Protective Networks 

Protective Network 

Standard 
(inc. CD4049, CD4050) 

Improved 

Transmission Gate 

General Handling Rules 

Worst·Case 
Capability 

1 kV to 2 kV 

4kV 

<800 V 

Table I indicates the typical, worst-case 
voltage discharges from the network of 
Fig. 5 that the above networks can with­
stand. Because every manufacturing en­
vironment is different, levels above those 
shown in Table I should be anticipated 
and protected against by following the 
handling recommendations of Table II. 

Dry weather (relative humidity less 
than 30 percent) tends to increase greatly 
the accumulation of static charges on any 
surface. Conversely, higher humidity 
levels (40 to 50 percent) tend to reduce the 
magnitude of the static voltage generated. 
In a low-humidity environment, the 
handling precautions listed above take on 
added importance and should be adhered 
to without exception. 

HANDLING OF UNMOUNTED CHIPS 
In handling unmounted chips, dif­

ferences in potential should be avoided. A 
conductive carrier or a carrier having a 
conductive overlay should be used. 
Another important consideration is the 
sequence in which bonds are made; the 
VDD (device supply) connection should 
always be made before the V SS (ground) 
bond. 

HANDLING OF SUBASSEMBLY BOARDS 

After COS/MaS units have been mounted 
on circuit boards, proper handling precau· 
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TABLE II - General Handling Recommendations 

Should be Should be grounded 
conductive to common point 

Handling equipment 
Metal Parts of Fixtures 

and Tools 
Handling Trays 
Soldering Irons 
Table Tops 
Transport Carts 
Manufacturing Operating 

Personnel 

General Handling of Devices 

x 

x 

x 
X 

tions should still be observed. Until these 
subassemhlies are inserted into a complete 
system in which the proper voltages are 
applied, the board is no more than an ex· 
tension of the leads of the device mounted 
on the board. 

It is good practice to put conductive 
clips or conductive tape on the circuit·board 
terminals. This precaution prevents static 
charges from being transmitted through the 
board wiring to the devices mounted on it. 

AUTOMATIC HANDLING EQUIPMENT 

When automatic handling equipment is 
used, it may not always be possible to 
eliminate static electricity through ground. 
ing techniques alone. Automatic feed mech· 
anisms must be insulated from the devices 
under test at the point where the devices are 
connected to the test set. The anvil transport 
portion of the automatic handling mechanism 
can generate very high levels of static elec· 
tricity as a result of the continuous flow of 
devices over and then separating from the 
anvil. Total control of these static voltages 
is critical because of the high throughputs 
associated with automatic handling. 

Fortunately, the resolution of this prob· 
lem is simple, practical, and inexpensive. 
Ionized·air blowers, which supply large vol­
umes of ionized air to objects that are to be 
charge neutralized, are commercially avail· 
able from many supply sources. Field ex· 
perience with ionized·air techniques reveals 
this method to be extremely effective in 
eliminating static electricity when grounding 
techniques cannot be used. 

Failure Mechanisms 

Electrical damage resulting from handling 
is usually caused by either of the two follow­
ing failure mechanisms: 

I. Low·level static electricity (voltage of 
I kV to 4 kY). Input diode protec· 
tion may be overstressed and input 
leakage currents as high as I milli· 
ampere across diodes may cause a 
malfunction. 

2. High.level static electricity (voltages 
greater than 4 kY). Gate oxides may 
become short-circuited. Inputs to 
VDD or VSS terminals will be low­
impedance inputs. 
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Utilize grounded, metal or conductive 
plastic wrist straps with I·megohm 
series resistor 
Utilize grounded, metal or conductive 
plastic wrist straps with I·megohm 
series resistor 

The presence of these types of device 
malfunction can be detected by curve· tracer 
checks of the input protection diodes des· 
cribed above. Diode degr~dation resulting 
from static electricity is observable in the 
low-reverse·breakdown characteristics. shown 
on the curve tracer. On the other hand, 
damage resulting from high levels of static 
electricity are observed as a resistive short 
to VDD or VSS. 

Typical Manufacturing Area Procedure 
The example below illustrates all of the 

above recommendations for handling CMOS 
devices in a typical manufacturing environ· 
ment. Although existing protective networks 
offer a high level of protection against elec­
trostatic discharge, this example emphasizes 
specific precautions that can help eliminate 
damage. 
Receiving Area 

Devices should not be removed from their 
conductive or antistatic carriers. If devices 
are not received in conductive or antistatic 
packing material, they should be returned to 
the supplier. 
Incoming Inspection 

Physical - Parts should be counted without 
removing them from their containers. 
Storage - Devices should remain in carriers. 
Even a partial removal of IC's from a carrier 
should only be done by a grounded operator. 
Devices removed should be placed in a con­
ductive tray. 
Electrical - All testing should be performed 
by a grounded operator. Devices should 
be reinserted in conductive carriers after 
completion of a tesi. 

PC Board Assembly 

I t is desirable that PC boards have shorting 
bars installed prior to assembly (soldering). 
Where possible, CMOS IC's should be the 
last component installed on the PC board. 

Boards should be transported to the wave· 
solder area in conductive carriers. Flux 
removal should be done with an acceptable 
solvent. Examples of specific, acceptable 
alcohols are isopropanol, methanol and spe­
cial denatured alcohols such as SDAI, SDA30, 
SDA34 and SDA44. The removal of flux 

Irom non·hermetic and molded'plastic de. 
vices by means of soap. and water in a dish. 
washer is NOT recommended as this pro. 
cedure will adversely affect the long.term 
life of the device. 

OPERATING CONSIDERATIONS 

Proper operating procedures are as im. 
portant as proper handling techniques. A 
review of RCA COS/MaS A·series and B. 
series operating characteristics and ratings 
is given in Table I II. 

Operating Voltage 
When devices are operated near the maxi· 

mum supply·voltage range, power·supply 
turn·on or turn·off transients, power-supply 
ripple or regulation, and ground noise should 
be suppressed; any of the above conditions 
must not cause (VDD - VSS) to exceed the 
absolu te maximum rating. A good practice 
is to use a zener protection diode in parallel 
with the power bus. The zener value should 
be above the expected maximum regulation 

excursion, but should not exceed the maxi. 
mum supply voltage. Fig. 6 illustrates a 
practical zener shunt circuit. A current· 
limiting resistor is included if the supply. 
current compliance is higher than the zener 
power·dissipation rating for a given zener 
voltage. The shunt capacitor value is chosen 
to supply required peak·current switching 
transient;. 

SUPPLYlTVDD 

Fig.6 - Zener·diode shunt circuit. 
Unused Inputs 

All unused input leads must be con. 
nected to either VSS or VDD, whichever 
is appropriate for the logic circuit involved. 
A floating input on a high·current type 
(such as the CD4009A, CD401 OA, CD404IA, 
CD4049A, CD4050A) can result not only 
in faulty logic operation, but can cause the 
maximum power dissipation of 500 milli. 
watts to be exceeded; the result may be 
damage to the device. Another considera­
tion with high·current devices is the need 
for a pull·up resistor between the inputs 
and VSS or VDD should there be any possi­
bility that the device terminals may become 
temporarily open or unconnected (e.g., if 
the printed circuit board driving the high. 
current types is removed from the chassis). 
A useful range of values for such resistors is 
from 0.2 to I megohm. 

Input Signals 
Signals should not be applied to the in· 

puts while the device power supply is off 
unless the input current is limited to d 

steady.state value of typically less than 10 
milliamperes. Input.signal interfaces that are 
the allowable 0.5 volt above VDD or below 
Yss should be current-limited to typically 
10 milliamperes O{ less .. 

Whenever the possibility of exceeding 
10 milliamperes of input current exists, 



TABLE III - Maximum Ratings of RCA COS/MaS Devices 
(Voltages referenced to VSS) 

DC Supply Voltage Range 

Recommended Operating 

3 to 15 V (A Series); 3 to 20 V (B Series) 

Voltage 

DC Input Voltage Range 

Dissipation per Package 

Device Dissipation per 

3 to 12 V (A Series); 3 to 18 V (B Series) 

-0.5 to "DD + 0.5 V 

500mW 

Output Transistor 100mW 

Storage Temperature 
Range -65 to +1500 C 

Operating Temperature Range 

Ceramic Package Types 

Plastic Package Types 

-55 to +1250 C 

-40to+850 C 

Lead Temperature (during 
soldering) at a distance 
1/16± 1/32 inch (1.59± 
0.79 mm) from case for 
10 seconds max. 

a resistor in series with the input is recom­
mended. The value of this resistor can be as 
high as 10 kilohms without affecting static 
electrical characteristics. However, speed 
will be reduced because of the added RC 
delay. Particular attention should be given 
to long input-signal lines where high induc­
tance can increase the likelihood of large­
signal pickup in noisy environments. In 
these cases, series resistance with shunt 
capacitance at the IC input terminals is 
recommended. The shunt capacitance should 
be made as large as possible consistent with 
the system speed requirements. 

Fan-Out - COS/MaS to COS/MaS 

All RCA COS/MaS devices have a dc 
fan-out capability of greater than SO. The 
reduction in COS/MaS sWitching speed 
caused by added capacitive loading should, 
however, be consistent with high-speed sys­
tem design. The input capacitance is typ­
ically 5 picofarads for most types; the 
C04009 and C04049 buffers have a typical 
input capacitance' of 15 picofarads. 

Maximum Clock Rise and Fall Time 

All COS/MaS clocked devices show maxi­
mum clock rise- and fall-time ratings (nor­
mally 5 to 15 microseconds). With longer 
rise or fall times, a device may not function 
properly. 

Parallel Clocking 

When two or more different CMOS de­
vices use a common clock, the clock rise 
time must be kept at a value less than the 
sum of the propagation delay time, the 
output transKion time, and the setup time. 
Most flip-flop and shift-register types are 
included in this rule and are so noted in the 
individual data sheets. 

Output Short Circuits 

Shorting of outputs to VSS or VOO can 
cause the device power dissipation to exceed 
the safe value of 500 milliwatts. In general, 

outputs of these types can all be safely 
shorted when the device is operated with 
(VOO - VSS) ~ 5 volts, but the 500 1niI1i­
watt dissipation ratings may be exceeded 
at higher power-supply voltages. For cases 
in which a short-circuited load, such as the 
base of, a p-n-p or n-p-n bipolar transistor, 
is directly driven, the device output charac­
teristics given in the published data should 
be consulted to determine the requirements 
for safe operation below 500 milliwatts. 
Note that a single output transistor short 
must be limited to 100 milliwatts. 

SCR Latch-Up 
Operation above maximum ratings can 

force CMOS devices into a p-n-p-n SCR 
"latch-up" mechanism, which can be des­
tructive. Any transients should be avoided 
and any large loads occurring during oper­
ation near the maximum rating should be 
avoided. 

"Latch-up" is considered to be the cre­
ation of a low-resistance path between the 
power supply and ground on a circuit during 
an electrical pulse; the path remains a low­
resistance path after the pulse. In CMOS 
circuits, several parasitic bipolar transistors 
exist, as shown in Fig. 7. The p-n-p transistor 
is a wide-base lateral structure whose ~, 
normally less than 0.2, is a function of device 
geometry. The conditio·ns for SCR turn-on 
are as follows: 

VERTICAL npn 
"~'21) 

Fig.7 - Parasitic bipolar transistors in CMOS circuits. 
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I. ~ n-p-n x~ p-n-p;;' I 
(vert.) (lat.) 

2, The lateral p-n-p and vertical n-p-n 
base emitter junctions are forward 
biased. 

3_ The bias circuit that applies power to 
VOO and to the input must be capable 
of supplying current equal to the hold­
ing current of potential SCR's. 

Fig. 8 shows the equivalent circuit for the 
SCR structure present in CMOS circuits. 

Yoo 

p-

Fig.S - Equivalent circuit for the SCR structure 
present in CMOS circuits. 

Fig. 9 shows a curve of 100 as a function 
of VOO, which illustrates the effect of 
secondary breakdown and SCR latch·up. 

~ 

SCR 
TURN-ON 
CURRENT 

I.us ------------------- I 

! 
You. 

Fig.9 - CUTV9 illustrating effect of SBcondary 
breakdown and SCR latch·up. 

Table IV shows typical values of break­
down voltage and sustaining voltage and 
current for RCA COS/MaS A-series and 
and B-series devices. The table shows that 
B-series devices are much harder to latch 
than A.-series types because of the higher 
breakdown voltage. 

TABLE IV - Breakdown Voltage and Sus­
taining Voltage and Current Values 

Characteristic 

VBKDNrnin 

Vsus 

A-8eries 

17 V 

15 V 

B-Series 

25V 

22V 

Isus Type-Dependent 50-100 rnA 
2-40mA 
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Fundamentals of Testing COS/MOS Integrated Circuits 

by J. Flood 

This Note describes the techniques em­
ployed in testing RCA COS/MOS devices to 
assure their adherence to data-sheet specifi­
cations, and provides information useful in 
data-sheet interpretation and in the inspection 
of incoming devices. RCA COS/MaS devices 
are available in two basic families: A-series 
(3- 'to IS-volt product) and B-series (3- to 
20-volt product). 

RCA COS/MaS circuits are 100-percent 
tested by circuit probe in the wafer stage and 
are 100-percent tested again after they have 
been packaged. OC tests of RCA devices are 
performed at 5, 10, 15, and 20 volts; func­
tionality is checked at 3, 17, and 22 volts 
depending on family (Le., A or B series). 
Sample testing is used to assure adherence to 
quality requirements and ac specifications. 

Static tests, high-speed functional and dc 
parametric tests, are performed at wafer and 
package stages by means of a Teradyne 1283 
test set. A Teradyne Sl57CM test set and a 
Macrodata MOl 54 test set are used in dynamic 
testing. Dynamic tests are performed with IS 
and 50 picofarad loads. Testing at IS pico­
farads is accomplished primarily by labora­
tory "bench-test" techniques; automatic 
testing at IS picofarads is difficult because 
of the high input capacitance (approximately 
20 to 35 picofarads) of most automatic ac 
test sets. 

Users should follow the sequence below 
when testing COS/MaS devices: 
I. Insert the device into the test socket. 
2. Apply VOO. 
3. Apply the input signal. 
4. Perform the test. 
5. On completion of test, remove the input 

signal. 
6. Turn off the power supply (VOO). 
7. Remove the device from the test socket 

and insert it into a conductive carrier. 
COS/MOS,devices under test must not be 
exposed to electrostatic discharge or .for­
ward biasing of the intrinsic protective 
diodes shown in Fig. I. 

For detailed COS/MaS IC handling and 
operating considerations, refer to RCA Appli­
cation Note, Guide to Better Handling and 
Operating of CMOS Integrated Circuits'! 

STATIC TESTING 

DC-Parameter Testing 

OC parameters are those specified for 
steady-state conditions; dc testing of RCA 
devices is done at 5, 10, IS, and 20 volts 
depending on the family under test. Non­
varying forcing conditions are applied to the 
inputs and/or outputs of a package while the 
device terminals are monitored for expected 
voltage or current levels. 

740 

DC-parameter tests include: 
Functional tests 
Contact tests (diode measurement) 
Leakage tests: quiescent and input 
Breakdown voltage tests 
Output voltage levels 

01 

f----.--#-+-oOUT 

(,) 

(b) 

Fig. 1 - (a) Standard protection network used on all 
CD4000A· and some CD4000B-series devices; 
(b) improved protection network used on all 
new RCA COS/MaS devices. Diode breakdown: 
DI =25 V, D2=50 V, R2« RI. 

Input voltage test (includes noise-
immunity and noise-margin tests) 

Output drive-current measurements 
Diode tests 
Input-capacitance measurements 
Additional tests as required 

Reject 

A typical CMOS IC test sequence is shown 
in Fig. 2. 

Functional Tests 

Functional tests assure that the device 
under test will perform its logical operations 
in accordance with its truth table. The 
operating voltages for functional tests are 
shown in Table I. Operation is checked 

Table I - Operating Voltage Limits 
For Functional Tests 

Recommended Min. Max. 

4000A Series 

4000B Series 

3 -12 

3 - 18 

3 

3 

15 

20 

against truth table values by monitoring 
output-voltage levels for valid logic-high and 
logic-low levels. Output logic levels for func­
tional tests are: 

Logic 0: ':;;VSS +O.5V 

Logic I: ;;. VOO -0.5 V, VOO is 

referenced to V SS' 

Fig. 3 shows an example of a CD4001 
NOR gate functional test. VOO is selected to 
cover the desired range of operation. This 
test is performed at a relatively low frequency 
«<fCI. max.) and with no load other than 
stray and probe capacitances. 

When complex circuits such as the CO-
4094B, Fig. 4, are tested, input signals must 

Pass f-'-'''----+-- Retest 

92CS-2B363 

Fig. 2 - A typical COS/MaS IC test sequence. 
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B~ 

C~ 
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Fig. 3 - Example of CD4001 NOR1Jate 
functional test. 

be applied to control the functions being 
examined. The C04094B is an 8-stage shift 
and store register whose eight stages are 
composed of Ootype flip-flops connected in 
sequential logic form with a common clock. 
In addition to the, flip-flop chain, the device 
has a latch option at each parallel output 
stage; the latch is controlled by the strobe 
input level. The parallel outputs are three­
state and are controlled by the output enable 
level. Oata stored in the register is available 
at the serial outputs on both the positive and 
negative clock transitions. 

Prior to performance of the static or dc 
parameter tests, which reflect the data-sheet 
specifications, all register functions must 
perform 100 percent. Compliance of a device 
with functional test requirements is deter­
mined by monitOring all outputs for proper 
operation. Functional testing is performed by 
applying the waveforms shown in the timing 
diagram of Fig. 5 to the device under test, in 
this case the C04094B of Fig. 4. The tests 
are performed at a frequency well below the 
maximum operating frequency of the device. 
Input logic I levels are equal to VOO; input 
logic 0 levels are equal to VSS. Again, output 
logic I and o levels are equal to VOO - 0.5 V 
min. and VSS + 0.5 V max., respectively. 
Functional tests for B-series devices are per­
formed at a VOO - VSS of 22 volts, 2.8 volts, 
and at intermediate levels depending on the 
device type. 

The timing diagram, Fig. 5, shows O-level 
data being clocked into the internal Q output 
of the shift register while the strobe input is 
maintained low. After eight positive clock 
transitions, all the internal Q outputs are at 
logic O. Prior to the next positive clock 
transition, the strobe goes to a 1 state; this 
condition shifts the zeroes from the internal 
Q outputs to the external Q outputs and the 
serial outputs. At this time all outputs are at 
logic O. The follOWing clock pulses, those 

starting at time slot 1, begin shifting I's and 
O's to the parallel outputs. The alternate 1 's 
and O's are fed into the register up to the 
negative transitio,n at time-slot 8. At this 
time the strobe input is sent low to check 
functionality of the latch. Note that a 0 data 
bit was transmitted to the QI output on the 
positive clock transition at time-slot 8; how­
ever, a positive transition at time-slot 9 does 
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not shift the positive data input to the QI 
output. The QI output remains latched low 
because of the low level at the strobe input. 
When the strobe goes high, the I data bit is 
transmitted to the QI output. At this point 
the latch functionality plus the functions of 
the strobe, clock, data inputs, Qs outputs, 
and Q outputs, Fig. 4, are fully tested, as 
shown by the timing diagram. 

01 02 Q3 04 as 06 07 OB 

Output 
Enable 

Strobe 

Data In 

Serial Output 

Serial Output (aS) 

Clock 0 
92CS-28365 

Fig. 4 - Functional diagram of the CD40948. 

Output Enable ...J 
I 2 8 I 2 3 10 11 12 

J1J-lIlIUlJ 
CL P3 

o "'P2:-----..1 

ST PI 

Q1, Pin 4 

Q2. Pin 5 

OJ, Pin 6 

Q4, Pin 7 

05, Pin 14 

as, Pin 13 

Q7, Pin 12 

as,Pin 11 

SerialOut 
Pin 9 

SerialOut 
Pin 10 

Fig. 5 - Waveforms used in functional testing. 92CS-28366 
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leakage Current Tests 

Two types of static leakage currents are 
of concern in COS/MaS devices: Quiescent­
leakage and input-leakage current. 

Quiescent Leakage Current-In bipolar logic 
devices, such as TTL devices, the current 
paths that exist from the power source to 
ground in the quiescent state cause milli­
amperes of current to flow even when the 
device is not functioning. Quiescent leakage 
may be defined for a COS/MaS device as 
that current that flows from VOO to VSS 
when, theoretically, all paths for current 
flow have been opened because the MaS 
device is off, Fig. 6. 

High Impedance 
ITypically 1012 ohms} 

+V 

Vee 

Typical input-Ieakage-current values for 
COS/MaS devices are in the picoampere 
range, hence the high input impedance. 
Automatic test sets cannot measure pico­
ampere values because of test-set resolution. 
Input currents are measured using 100 nano­
amperes as the maximum allowable leakage 
for a single input. 

Examples of quiescent and input leakage 
test methods are shown in Figs. 8 and 9. In 
Fig. 8, the quiescent leakage current IL (Ioo 
may be substituted for IL) is measured by 
eliminating all current paths fr_om VOO to 
V SS. This is done by turning off either me n 

+V 

, 1'00 

~~ 
/ 
~~.DaviC8 open 
~ 
/ 

~ 
~ 

Vss 
= 
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or the p devices. The current may be meas­
ured in the VOO or the VSS line, whichever 
is more convenient. Unused inputs' must be 
connected either high or low, depending on 
the channel leakage to be measured. 

Input leakage current in Fig. 9 is measured 
by means of the gate input. Typical input 
impedance is 10 1 Z ohms; therefore, typical 
input leakage currents are in the picoampere 
range. Figs. 8 through 14 show various test 
circuits for the C0400 I A. 

The testing of MSI and LSI parts for 
quiescent leakage current is more complex 
than that for SSI devices. However, the test 
is performed in a manner similar to that of 
the functional test described previously. The 
C04090, for example, is connected as shown 
in Fig. IS. The device is then clocked into 
its various states, and the current monitored 
at applicable time slots. 

Fig. 6 - Schematic representations of p and n 
device. when tumed off. 

Fig. 16 shows the intrinsic protection cir­
cuitry at each external-gate input. With SI 
connected to either current source, the 
voltage drop from the gate input to ground 
will be one diode drop. A limit of 1.5 volts 
maximum is usually used to indicate a good 
diode. With SI connected to the +100 
microampere supply, the presence of the 
protective diode to the n substrate is tested. 
With SI connected to the -100 microampere 
supply, the presence of the protective diode 
to the p well is tested. In the event of func­
tional test failures, the above test can be 
used as a "contact test" to check for proper 
insertion of the device under test. 

There is no perfect switch. However, the 
COS/MOS technology offers quiescent de­
vice currents that are orders of magnitude 
lower than in other forms of digital logic. 

Quiescent-leakage tests are performed for 
all device states according to their respective 
truth tables. Voltages for quiescent leakage 
tests are 5,10, and 15 volts for the CD4000A 
series and 5, 10, 15, and 20 volts for the 
CD4000B series. Power dissipation for 
COS/MaS devices is in the microwatt range 
regardless of complexity level, and is relatively 
stable with variations in temperature. 
Input-Leakage Current-Input-leakage current 
is current that flows through reverse-biased 
diodes, whether intrinsic or diffused, and 
through the input-protection network con­
nected to the gate. The diodes present in 
standard and improved protection networks 
are shown in Fig. 7. 

Vee 

~ 
Vss 

lal 

Vee 

i 
Vss 

Ibl 

92CS-28367 

Fig. 7 - faJ StJmdard and fbJ improved protection 
networks. 

742 

Vee . rGf}-vee 

t:J ~ 

n Device OFF 

Vss 
= 

92CS-26824 

Fig. 8 - Measurement of quiescant leakage current. 

voo 

tal Input Laakaga-Inpu. High (lIHI 

d 
J 

«b) Input Leakage-Input Low (IlL) 

92C5- 26835 

Fig. 9 - Measurement of input leakage. 

voo 
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VDD 

VDD 
VDD 

Fig. 10 - Ouiescent·device·current test circuit Fig. 11 - Quiescent-device-current test circuit Fig. 12 - Ouiescent-device-current test circuit for the 
CD4001A, leakage - n-devices off {ILl. for the CD4001A, leakage-inputs 1 {ILl. for the CD400 lA, leakage-inputs 2 {ILl. 

Fig. 13 - InptJt;:urrent test circd/t for the 
CD4001A, input high (l,/HI. 

Current CO) 

Fig. 14 - Input-current test circuit for the 
CD4001A, input/ow {l1L1. 

r----' 
I 
I 
I 
I 

n Sub. 

VDD 

Constant )+ 1 00 p,A 

Generators ---~:>--o-+--e>--'\/IV\'-+-+4 

ClD 
-100/1A 

92C5-26836 

Fig. 16 - Intrinsic protection circuitry at each external 
input of a COS/MOS device. 

VDD 01 02 OJ 04 05 06 07 08 VDD 

Output Enable 15 16 
Serial Out 

Strobe 

Data In 

Clock 

Clock Input Where logic 1 '" Vee 
logic 0 '" VSS 

92C5- 28373 

Fig. 15 - Functional-test arrangement for the CD4090. 

Voltage Breakdown Tests 

Breakdown tests are performed on the n 
and p channels of COS/MOS devices in a 
manner similar to that of quiescent-Ieakage­
current tests. The purpose of the breakdown 
test is to assure that channel breakdowns can 
only occur at voltages above the maximum 
guaranteed supply voltage; Table II gives 
limits by series. Voltage brea)<down test 
circuits are shown in Fig. 17. Wi th switch S I 
in position I, the n devices are on and the p+­
to-n-substrate diodes are stressed. With switch 
SI in position 2, the p devices are on and the 
n+-to-p-well diodes are stressed. 

Table II - Channel-Breakdown Limits 

Max. 

CD4000A Series 

CD4000B Series 

Test Voltage Cnrrent Limit 

15 V 

20 V 

743 
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Voo 

n Substrate 
Voo 

p Channel 0{ n Channel 

VSS 

(bl 

92CS-28388 

(al 

Fig. 17 - Voltage-breakdown test circuit. 

Output-Voltage Levels 

The output-voltage low (VoU and the 
output-voltage high levels (VOH) of a 
COS/MaS device approach VOO and VSS 
within a few millivolts. Tests for VOL and 
VOH are primarily bench-type static tests 
performed as shown in Fig. 18. With switch 
SI in position I, one n device is turned on 
and the p devices are turned off. The voltage 

(.1 

~VOL 
--1 ~ n Channel On 

6 Vss 

S1 in Position 1 

(bl 

output will be at VSS + 0.05 volt or VSS - 0 
volt. With switch SI in position 2. all p 
devices will be turned on and the n devices 
will be turned off. The voltage output will be 
at VDD + 0 volt or VOO - 0.05 volt. 

Few automatic test sets have the resolu­
tion to measure an offset of 50 millivolts 
from the VDO and VSS supply with satis­
factory accuracy at reasonable test speeds. 

92CS-26837 

81 in Position 2 

92CS-26838 

Fig. 18 - Test of output voltage level. 
(VOHend VOL/of. CD4001A. 

744 

Note that in functional testing. the pass/fail 
criteria for high and low output states of the 
device is a maximum of 500 millivolts 
deviation from VOO and VSS. 

Noise Immunity 

Noise immunity. VNL. VNH. is defined. 
as the maximum lOW-level input (VIU for 
which an output logic level does not change 
state. and the minimum high-level input 
(VIH) for which the output does not change 
state. 

The typical noise immunity of a COS/MaS 
device is 45-percent of VOO; i.e .• the input 
voltage low and high levels will typically 
change 45-percent of their values before the 
output logic levell'hanges. VIL is guaranteed 
to be a maximum of 30 percent of VOO; VIH 
is guaranteed to be a minimum of 70 per­
cent ofVOO. 

Noise Margin 

Noise margin is the difference between a 
device output voltage and VIL; i.e .• the 
magnitude of noise-margin voltage is that 
noise voltage that may be added to any 
COS/MOS input/output mode. 

Noise margin and noise immunity are 
guaranteed to meet data-sheet specifications 
by the performance of input voltage tests. as 
shown in Fig. 19. The input voltage test is 
performed for each device as in functional 
testing. VIL and VIH are applied according 
to the device's truth table. The outputs are 
monitored for an expected VNMH and 

. VNML state (voltage noise margin. voltage 
noise margin low). 

VNML = VOL - VIL 

VNMH = VOH - VIH 

VIL =VNL 
VIH = VOO - VNH 

Output Drive Current 

Tests for output drive currents-ION (or 
IOU. sink current. and lOp (or IOH). source 
current-are conducted by means of the cir­
cuits shown in Figs. 20 and 21 . 

The purpose of the sink-current test. Fig. 
20. is to determine the amount of current 
that the output n device is capable of sinking 
(with the n channel on) at a given output­
voltage level. Fig. 20(a) shows a CD4001 AO 
device whose VOO is equal to 10 volts and 
whose voltage output is specified at 0.5 volt. 
The amount of current that the output de­
vice can sink varies depending upon the 
voltage drop across the device (VOS) for a 
fixed V GS. n-channel drain characteristics are 
shown in Fig. 20( c). 

The purpose of the source-current test. 
Fig. 21. is to determine the amount of 
current that the p device is capable of 
sourcing (with the p channel on) at a given 
output-voltage level. Fig. 21(a) shows a 
CD400IAO device whose VOO is equal to 
10 volts and whose voltage output is specified 
at 9.5 volts. Under these conditions. the 
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FUnctional States [ -VIL Max. 

-VIHMin. 
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COSIMOS 
Device 

Under Test . 
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Fig. 19 - Input-voltage-I.vel te.t arrangement. 

1.1 

I 
g 

0.5 V 

Ibl Equivalent Circuit 
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Gate·la·Source Voltage {VGSI ". 15 V -----
15 V 

o 1 2 3 4 5 6 7 8 9 101112131415 
Drain-Ta·Source Volts 1VOS) 

92CS-26841 

lei 

Fig. 20 - Output drillfl current (/ ON), .ink-current, 
test arrangement. 

1.1 

Voo - 0.5 V 

92CS-26842 
fb) Equivalent Circuit 

Fig. 21 - Output drive current (IDP), source current, 
telt srrangllfntmt. 
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output dfive current will be a minimum of 
0.25 milliampere. The amount of current 
that the device can source varies depending 
upon the voltage drop across the device 
(VOS) for a fixed VGS. p-channel drain 
characteristics are shown in Fig. 21 (c). 

These current-voltage relationships can be 
verified, theoretically, by the use of the 
following equations. 

In the triode region: 

2K'W I vos2l 
10= -Q- LVOS (VGS-VTH)- 2 J 0';; 

VOS';;(VGS-VTH) 

In the saturated region: 

K'W [ l1 
ID=-Q- VGS-VTHJ 

(VGS-VTH)<;;VOS 

where VOS = drain-to-source voltage 

V GS =.gate-to-source voltage 

VTH =·device threshold voltage 

0';; 

• /-tEO 
K = -- /-t =effective surface mo-

2tox bility of the carrier 
in the channel 

EO =permittivity of the 
oxide 

tox =oxide thickness 
W = channel width 
Q = channel length 

Input Capacitance 

The input capacitance of a device is 
measured as shown in Fig. 22. A capacitance 
bridge is connected between each input and 
VSS· The capacitance is then measured after 
all stray capacitance has been nulled. The test 
is performed at a I-MHz bridge setting. De-
vice input capacitance is considered accept- I 
able if the bridge reading is less than the 
maximum input capacitance specified on the 
data sheet. 

Drain·To-Sourca Voltage (VDSI-Volts 

1~ 14 131:.' II 10 !I If I 6 b 4 3 2 1 I) ; 

·r, V _ ~ 
-tOY -!lV--- I :.!! 

;r'l ~ 
:.l~V__ / -_9 

_-;:.'";:.v:..-_--- / TO 

/ 117 J // Mon-:: 
___ -- --_ M.Il'; IU Q'~ 

Gille·To·SoUfI:l: VolI;up! (VGS) .: -lh V 20 

lei 
92CS-26843 
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INPUTS 
CAPACITANCE:cr"-'--ri 
BRIDGE DEVICE 

UNDER 
TEST 

Fig. 22 - Input capacitance measurement. 

DYNAMIC TESTING 

Propagation Delay and Transition Times 

Propagation Delay (tPLH) is measured from 
the SO-percent point of the input pulse to 
the SO-percent pOint of the output pulse as 
the output goes from a low level to a high 
level. 

Propagation Delay (tpHL) is measured from 
the SO-percent point olthe input pulse to 
the SO-percent pOint of the output pulse as 
the output goes from a high level to a low 
level. 

Transition Time (tTLH) is the time required 
for the output to maKe the transition from 
the low state to the high state (n device turns 
off, p device turns on). This time is measured 
from the 10'percent point to the 90-percent 
pOint of the output pUlse. 

Transition Time (tTHLl is the time required 
for the output to maKe the transition from 
the high state to the low state (p device turns 
off, n device turns on). This time is measured 
from the 10-percent point to the 90-percent 
point of the output pUlse. 

Dynamic parameters are measured at a 
specified load of IS and/or SO picofarads. 
The load specified is for total capacitance 
including stray and probe capacitance. Fre· 
quency is not a critical factor in determining 
switching speeds of COS/MaS devices. Test­
ing should be done at a frequency compatible 
with the test set or laboratory equipment in­
volved and must be less than the maximum 
operating frequency. Fig. 23 shows waveforms 
used in the measurement of propagation 
delay and transition times. 

Note that certain dynamic tests, when 
performed on a go-no·go basis, are conducted 
with specified limits as test conditions and 
with the device outputs monitored. Para­
meters tested in this way include set·up 
times, minimum clock, reset and preset 
pulse widths, clock rise and fall times, maxi­
mum clock frequency, and preset and reset 
removal times. Parameters such as propaga­
tion delay and transition times are tested 
under a set of prescribed conditions so that 
the test yields actual characteristic data. 

Maximum Operating Frequency 

The maximum operating frequency, fCL, 
is that clock input frequency above which 
the device will no longer perform its logical 
function. This frequency is determined by 
gradually increasing the input frequency 
while monitoring the output until the device 
no longer functions properly. The input fre­
quency is then lowered until the device reo 
sumes correct operation. The frequency thus 
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Fig. 23 - Waveforms used in the measurement of 
propagation delay and transition times. 

determined is the maximum operating fre- ting frequency is ap!,lied to t~e ~evice while 
quency of the individual device. the outputs are momtored. ThIS IS a ~o·no·go 

When ·testing for compliance a device for test .as opposed to a characterIzatIOn test. 
which a maximum operating frequency has . FIg. 24 shows a CD40I3, dual D.ty.pe 
been specified, the maximum specified opera- fllp·flop, under test for maxImum operatmg 

.------.--.. +10 V 

1----1 ..... K.:») Output 

10% 90% 

Clock Input 

50% 1 
Expected A' _~\ ======~ OutPut-I-~_ ...... ______ jI2 

50% 50% 

Test Conditions (Per Data-Sheet Specifications"') 

... Pulse-Generator Amplitude 
Pulse-Generator Impedance-Matching Resistor (RI 

·Pulse-Generator Rise and Fall Times It, = ttl 
"'Pulse-Generator Input Frequency (fell 
"Load Capacity - CL (Including Stray and Probe) 

10V 
50 ohms 
2005 

7 MHz 
15 pF, 50 pF 

92CS-28379 
Fig. 24 - Test circuit for measuring the maximum 

operating frequency of a CD4013AIB. 



frequency at an operating voltage of VOO­
VSsof 10 volts. 

Set·Up Time 

Set·up time (ts ) is the time interval during 
which a signal is applied and maintained at a 
specified input terminal before the device 
recognizes the presence of the specified input 
pulse. An example of set·up time measure· 
ment for a C040 13, Fig. ~5, shows a data 
input which must be present for time ts (value 
specified in data sheet) in order for the 
positive transition of the clock pulse to 
transmit the level at the data input to the Q 
output. If the data input is not present for a 
sufficient period of time prior to the positive 
transition of the clock, the previous state of 
the data input will be recognized and trans. 
mitted to the Q output. 

When testing a device for compliance with 
a specified set·up time, a go-no·go test, the 
set·up time specified in the data sheet is used 
as a test condition and the output is moni­
tored for expect~d operation. When charac­
teristic data is required, the set·up time is 
varied until the expected output occurs. 

Minimum Clock, Set, Reset, and Preset 
Pulse Widths 

Pulse widths, tw, are defined as the time 
from the point on the leading edge of the 
clock.pulse curve which is 50'percent of the 
maximum amplitude to a point on the 
trailing edge which is 50'percent of the 
maximum amplitude, Fig. 26. The minimum 
pulse width for the clock, set, reset, and pre· 
set inputs is that time that the pulse must be 
present in order for the device to recognize 
the presence of the pUlse. 

When testing a device for compliance with 
minimum pulse Widths, a go-no-go test, the 
pulse width specified in the data sheet is used 
as a test condition and the output is moni· 
tared for expected operation. When charac­
teristic aata is required, the pulse width is 
varied until the expected output occurs. 

An example of minimum c1ock·pulse width 
measurement (tWH) for a CD40 13 at a VOO 
-VSS of 10 volts, Fig. 27, shows the mini­
mum clock·pulse width specified in the data 
sheet being applied to the clock input of the 
device under test at a frequency (f) that is 
less than the maximum operating frequency 
specified. The clock pulse is applied in one 
case when the data input is low and is then 
applied again when the data input is high. 
(The high and low states of the data input 
must be present for a time exceeding the 
specified set·up time.) A device that complies 
with the minimum c1ock.pulse width para­
meter specification will transmit the data 
input level to the Q output on the positive 
transition of the clock. Proper operation of 
the CD4013 can be checked by monitoring 
for an expected output at Q of f/2. 

Maximum Clock Rise and Fall Times 

The maximum clock rise and fall times 
(trCL. tfcLl are the rise and fall times of 
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Fig. 25 - Set·up·time test circuit for a CD4073A. 

50% 50% 50% 
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Fig. 26 - Waveform used to define pulse widths. 

the clock input signal (measured from 10 
percent to 90 percent), above which the 
device is guaranteed to perform ils logical 
function. This rise and fall time is determined 
by gradually increasing the clock rise/fall 
time while monitoring the output until Ihe 
device no longer functions properly. The 
clock input rise and fall times are then 
lowered until the' device resumes conect 
operation. The rise and fall times thus deter· 
mined are the maximum clock rise and fall 
time of the individual device. 

In testing a device for maximum clock 
rise and fall times to a specified limit. Ihe 
maximum specified clock rise and fall limes 
are applied to the clock inpul while the out· 
put is monitored. The input frequency used 
to perform this test musl be less than the 
reciprocal of 2t r; for example, when applying 
the specified clock rise and fall times for a 
CD4013 at " VOO - VSS of 10 volts. the 

maximum clock input frequency that may be 
used is 100 kHz. 

Fig. 28 is an example of a test of maximum 
clock rise and fall times of a CD40IJ, dual 
flip·flop, at an operating voltage, VDO-VSS 
of 10 volts. 

Reset, Set and Preset Removal Time 

The reset. set, and preset removal time. 
tREM, when used in reference to flip·flops, 
counters, and shift registers. is that time for 
which the reset, set. or preset pulse must be in 
its clock enabling state before the device can 
resume synchronous operation. 

When a device is in the preset mode, Ihe 
JAM input levels are transmilled to the Q 
output asynchronously. The reset state 
causes the Q outputs to go to a low level; the 
set state causes the Q outputs to go 10 a high 
level. It is generally an invalid condition to 
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have a device in niore than one asynchronous 
state at the same time. 

r--------.--~.+10V 

In testing a device for compliance with 
data·sheet specifications. the removal time 
specified is applied at the appropriate input 
terminal of the device under test. When 
characterizing a device, the removal time is. 
adjusted relative to the clock input such that 
expected operation occurs. decreased to the 
point where expected operation no longer 
occurs. and then increased until expected 
operation reoccurs. The time recorded at the 
reoccurrence of expected operations is the 
correct removal time (t REM). 

Clock 

Data _____ ..J 

An example of a test for minimum preset· 
enable removal time as specified in the data 
sheet of a CD40~9A. presettable up/down 
counter~is shown in Fig. 29. The JAM inputs 
JI. J2. 13. and J4 are hard-wireq to ground 
(low). With the preset enable input high. the 
information on the JAM inputs is trans­
'mitted to the Q outputs (regardless of the 
state of the clock). The preset input is then 
set low. After a time equal to tREM. the 
cIock.pulse positive transition advances the 
counter and causes the QI output to go high. 
The transition of the. Q I output from the low 
to the high state confirms that the preset 
enable pulse has been removed for a suffi­
cient time to allow the device under test to 
resume synchronous clocked operation. 

oout, ___ ..;/ ). __ _ 

~"'-I-------fJ2-----.... -lot 

Reference 

I. Guide to Better Handling and Operation 
of CMOS Devices. ICAN·6525. J. Flood 
and H. Pujol. RCA Solid State, 1976. 

Test Conditions (Per Data-Sheet Specifications·) 

• Pulse-Generator Amplitudes 
• Pulse· Generator Rise and Fall Times 

Pulse-Generator Impedance-Matching Resistor 
• Clock·Pulse·Generator Frequency 
• Load Capacity (ell (Total Including StravJ 

10V 
2On. 
50 ohms 

«Max. Operating Frequency 
15 pF. 50 pF 

92CS- 28383 

Fig. 27 - Test circuit for measuring minimum clock-
puis. width in a CD4013A(B. 

r------e----~.+10V 

500"F 

Output 

'0% 

o Output -.--I \ ....... _---'1 
Test Conditions (Per Data-Sheet Specifications·) 
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Test Conditions (Per Data·Sheet Specifications) 
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01 
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.. Pulse-Generator Amplitude 10 V 
• Pulse·Generator Rise and Fall Times ItrCl. tfCl) 5 ps 

Pulse·Generator Amplitude VDD 

Pulse-Generator Impedance·Matching Resistor 50 ohms 
Pulse-Generator Rise and Fall Times It,pp = lfcp' 2D ns 
Pulse-Generator Impedance-Matching 

OUT 

,*CL 

.. Pulse·Generator Frequency 100 kHz Resistor 5D ohms 
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• Load Capacity (ell (Total Including Stray and Probe) 15 pF. 50pF 

92CS-28l18tRI 

Fig.28 - Test circuit for measuring maximum clock­
rise and fall time in 8 CD4013AIB. 

load Capacity (el) ITotallncluding Stray and Probe) 15 pF. 50 pF 

92CS-28382 

Fig. 29 - Test circuit for measuring preset-enable 
removal time in a CD4029AIB. 
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A Basic Selection Guide to Digital Counters o,,!'ration. For many applications. the 
disad\,antal{" of tilt' IUluS(,d 10l{ic states. 
Ill'l'('ssitatinl-{ tllP liS'· of additiolUli CUlIntf'r 
,taw's. is ,'om,wnsalt'd for by its high­
s"""d oppration. 2-input d",.imal d ... cod .. 
g-aling. and spikp-fr~~ decodpd outputs. 

by J. E. Gil/berg 

The binary ripple cOllllter has emerg"d 
as a major building bloek for today's 
digital circuit design. primarily becaus,' it 
offers a large amount of information for a 
S('t number of hits. In addition. it i, 
sirnple. requiring no decoding from the 
counting stages. and its dynamic pmH'r 
cun~;unlplj()n is snlal)' This Nolp disCIJSSt,S 

tl",S(, advantages. compares the binan' 
ripple counter with the J ohnson d,'cad~ 
counter and the BCD eOlIllIt'r. and 
discusses the selection of the most suitable 
countt'r for spt'cific applications. 

Design Features 

The functional diagram for a 
COS/MOS '·stage binary counter type 
CD4024 is given in Fig. 1. The CD4024 

INPUT I 
PULSES 

RESEt Z 

NC=8,IO,13 

Voo 

'4 

'2 0, 
~ 
~ 

02 
~ 
~ 
~ 
~ 

03 0 

7-STAGE " ~ 
RIPPLE 04 ~ COUNTER 

05 ~ 

0" 
~ 

01 

Vss 

92CS -25051R2 

counter. These devices provide alter· 
natives to the digital system designer and 
have advantages and disadvantages, as 
does the binary ripple counter. 

The CD4017 consists of a 5·stage 
Johnson d"cad" ,'ounter and an output 
decoderwhil'h convt'rts th,' Johnson hinar\' 
,'od,· to a d""imal numb,'r. Funl'tional an;1 
101{i" dhll{ram, an' I{ivt'n in Fil{. :1 for this 
d'·"i,"·. Th" d,'cml" counlt'r indud,'s 
"anti·lol'k" gatinl{ to assurp prop"r 
"'''lIIting "'qUI'Ill"'. Bt'clluse thp Johnson 
,'ounlt'r dOl's not uS(' ever\, availabl" 
('oluhinatiun uf outputs. it is ·possible for 
till' ,'ounlt'r to I'nlt'r an "ill"gal" mode of 
npt'ralion at power turn-on or as the result 
of incominl{ noiS(·. The anti·lock gating 
fon'," tilt' "ounlt'r back into "legal" 

The CD4518 BCD synchronous counter 
requires extra gating to determine what 
state the counter should be clocked into at 
the next incoming pulse. Its functional 
and logic diagrams are given in Fig. 4. Its 
binary coded decimal output makes it a 
good choice for many applications where 
there is machine-to-person interface. 

The absence of extra gating in the 
binary ripple counter. however. allows 
maximum information density and. 
therefore. provides a significant advantage 
ovpr the other two types. 

Powt'r Consumption 

The power consumption of any counter 
depends on the input and output 
capacitance of the counter, its operating 
voltage, and the operating frequency. This 
relationship is expressed by 

p = CV2f 

Fig. 1 - Functional and logic diagrams for a COSI MOS 7·.taBe binary counter type CD4024. 

wher,' 'Pis the power consumption in 
watts. C the load capacitance in farads. V 
the operating voltag" in volts. and f the 
frequency of operation in hertz. This 
expression can be used as a design guide to 
the power consumption of a circuit when 
mort' specific data is not available. The 
actual power consumption of an IC. 
however, may vary ± 25 percent from the 
value calculated. 

superseded the CD4004 which was the 
first counter available in the CMOS family 
of digital devices. This counter is a simple 
basic design, comprising a series of toggle 
flip-flops in which the clock input of one 
flip-flop is connected to the Q output of 
the previous flip-flop. No additional 
gating is necessary to perform the binary 
count. The buffer converter connected to 
the Q output of each flip·f1op stage 
enhances the current drive without ad­
versely affecting counter speed. Fig. 2 is a 
detailed diagram of a single master·slave 

'flip-flop used as the sequential memory 
element in the CD4024, as well as in most 
static counters. 

Two other counters that have found 
acceptance as digital building blocks are 
the CD4017, a decade counter/divider 
using the Johnson decade counter con­
figuration, and the CD4518, a BCD up-

'''6/8 S'~E~T-----t------------=------~ 
MASTER SECTION 

S/9 

4/10 o---------~-~----~ 
RESET 

a. CL 

J/II - f'... t f'.... t 
~ 

BUFFERED outPUTS 

92CS-29244RI 

2/12 

1/13 

FiB. 2 - Detailed diagram 0/ master-slave flip-flop, the sequential memory element 0/ most .tatic 
counters including the CD4024. 
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CLOCK 14 

CLOCK 13 
INHIBIT 

RESET 1!5 

VOO=IG 
VSS =8 

"0" 

"I" 

"2" 

"3" 

10 "4" 

"5" 

"6" :;J 
D 

"7" ~ 
"s" 

" "g" 

12 

CARRY 
OUT 

92C5-25072R2 

Fig. 3 - Functional and logic diagrarruJ for 5-stage Johnson decade counter type CD4017. 

92'CM-2317lRZ 

Fig. 4 - Functional and logic diagrarruJ for BCD counter type CD4518. 

If it is assumed that the input 
capacitance of the COS/MOS gate is small 
compared to the output load capacitance. 
it can be shown that the power con­
sumption of the binary ripple counter is 
not too different from that of the other 
counters. With the CD4013 Quad D Flip­
Flop. shown functionally in Fig. 5. used as 
the example and the dissipation 
characteristics curves for this device in 
Fig. 6. one can calculate the power 
dissipation of a divide-by-sixteen binary 
ripple counter and compare it to that ora 
Johnson counter. 

The timing diagram given in Fig. 7 
shows that each toggle flip-flop in a binary 
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system is actually a divi<le-by-two system. 
The divide-by-sixteen counter would 
require (16 = 24, four flip-flops. At a 
clock frequency of 4 MHz. a V D D of 10 
volts. and an output capacitance of 15 pF. 
this 4-stage network would operate at the 
[ .. lIowing freq\lt·ndes and. from Fig. 6. 
diHHipatl' the indicat .. d (lower: 

Stage 1 
Stage 2 
Stage 3 
Stage 4 

2 x 106 Hz 
1 x 106 Hz 

0.5 x 106 Hz 
0.25 x 106 Hz 

2.3 x 103 JlW 
1.7 x 103 JlW 
1.0 x 103 JlW 
0.5 x 103 JlW 

Totall'ower S.I,) x I ,,:J p.W = 5.5 roW 

Voo 

14 

Vss 

92C5-2"046 

Fig. 5 - Functional diagram of dual D 

flip-flop type CD4013. 
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Fig. 6 - Du.ipation characteristic. curveo 

for type CD4013. 

For a Johns,," counter. which operates 
by f""lling back the invt'rled output of the 
final stage. tlw numb,'r of stages utilizing 
thp CD401:1 flip-flop needed for a divide­
by-sixteen countl'r is ,'ight. The outputs 
art' changing at a ralt' of 

Each flip-flop at this frequency and at an 
operating voltage of 10 volts and an output 
load of 15 pF would, from Fig. 6, dissipate 
approximately 1.0 x 103 /1 W. The total 
dissipation for the eight flip-flops, 
therefore, would be 8 x 1.0 x 103 /1 W = 
8.0mW. 

This comparison shows that the power 
dissipation of these two systems is fairly 
close in value and should not be the major 
deciding factor as to which system to use 
in a specific application. 

Fig. 7 - Timing diagram for divide-by-two 
flip-flop. 

Information Density 

The most significant advantage of 
binary counters is the amount of in­
formation which can be realized from a 
given number. of bits. A comparison of a 
binary 12·bit system with BCD and 
Johnson COlmter 12-bit systems shows that 
the binary system has 4096 separate. 
states, the BCD system has 1000 separate 
stages, and the Johnson system has 24 
separate states. 

In a 12-bit system the binary counter is 
by far the most compact. In systems using 
a larger number of bits this advantage is 
even greater and is becoming increasingly 
important as manufacturers develop MSI 

and LSI devices. No longer is the con­
straint on a design the pellet size, but 
rather the number of output pins the 
design uses. 

In a system where the goal is a specific 
output frequency and where the input 
frequency is variable. the binary ripple 
counter is and has been the choice of many 
designers. An excellent example is the 
design technique usually used in digital 
clocks and watches. An output of I Hz is 
obtained by cOimting down from a typical 
4.11J4-MHz oscillator or a 32.768-kHz 
oS(:illator using the appropriate number of 
binary stages. 

Devie.' Selection 

Although the binary counter has ad­
vantages. it does have the handicap of 
interfacing a non-binary world. It is 
difficult to decode accurately a non-binary 
count from a binary counter because a 
complex decoding scheme is needed and 
because the possibility of decoding spikes 
is increased. As shown in Fig. 8, a binary 
counter needs many external gates for 
decoding purposes. In addition, to change 

8 
9 

'0 

04 01 

~ DECODING COUNT V (8' 

I ~OIIible !pike 
V ;:Used during 

change from 
count9to 10 
by 01 falling 
priorto~ 
rislnll 

9ZCS-Z9Z41 

°.°3 "2°, 

Fig. 8 - Typical external gate required by binary 
counter for decoding; spike possibility caused by 
non·simultaneous bit change. and. counting 
sequence requiring simultaneous bit change. 

from count 9 to count 10, two bits must 
change simultaneously. Consequently. if 
one bit changes prior to the second, a false 
count of 8 or 11 could be decoded. 

To avoid this kind of "glitch" 
possibility the Johnson counter was 
designed. In the Johnson counter only one 

ICAN-6552 

bit is changing at a time. as shown in Fig. 
9. Decoding of the Johnson counter with 
one inverter and one two-input gate can 
always be accomplished by decoding a 1;0 
or 0; I state between the two appropriate 
outputs. In addition, because only one bit 
is changing when the counter moves from 
one count to the next, no decoding glitches 
will develop from this decoding network. 

DECODING COUNT 
(9' 

92t<;-l~240 

00000 - 0 
10000 - 1 
11000 - 2 
11100 - 3 
11110 - 4 
11111 - 5 
01111 - 6 
00111 - 7 
00011 - 8 
00001 - 9 

Fig. 9 - External gate required by lohnoon 
counter; counting sequence requiring only 
one bit changelat a time. 

One disadvantage of both the binary 
and the Johnson counters is the difficulty 
of interfacing a decimal world. This 
difficulty instigated the development of 
the binary-coded decimal system. In the 
BCD system, by grouping four bits into 
each single decimal number, the actual 
count becomes much easier for human 
interface. 

By way of summary, binary counters, 
because of their high information density, 
low power consumption. and relative 
simplicity, are well suited for applications 
such lis industrial timers. watch or clock 
operation. binary arithmetic systems, an~ 
microprocessor systems. 

Johnson counters. becaus .. of their 
decoding ease for any given count. are well 
sliit .. d for industrial controls. sequencers. 
low divide-by-n decoding. and 
programmable divide-by-n counters. 

BCD counters, because of their ease of 
interface for human control, are well 
suited for programmable divide-by-n 
cOImters. counting systems for seven­
segment readouts. industrial controls. and 
frequency synthesis. 
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Understanding Buffered and 
Unbuffered CMOS Characteristics 

and unbuffered :i-input NOR gate are shown 
in Fig. I. Note that the buffered logic can be 
implemented by either a 2-input NOR func­
tion followed by two inverters or by two 
input inverters followed by the 2-input 
NAND gate and an output buffer. RCA uses 
the latter logic configuration, which has the 
advantage of optimizing device noise im­
mUnity by negating the effect of stacked 
devices at the input. This characteristic is 

by R. E. Funk 

INTRODUCTION 
Both buffered and unbuffered CMOS 

B-series gates, inverters, and high-current IC 
products are available from RCA; each pro­
duct classification has application advantages 
in appropriate logic-system designs_ Recently, 
many CMOS suppliers have been concen­
trating on promoting buffered B-series pro­
ducts with applications literature focusing 
on the attributes and use of the buffered 
types. This practice has left an imbalance in 
the understanding and application of both 
buffered and unbuffered gates and, in many 
instances, customers are not using unbuffered 
products when they are the best for the in­
tended application. This Note narrows the 
misunderstandings involved in this issue by 
presenting and discussing the relative merits 
of the buffered and unbuffered CMOS devices. 

Background 

Historically, most CMOS gates, inverters, 
andhigh·current IC products were unbuffered, 
and exhibited good logic-system perform­
ance, speed, noise immunity, and quaSi-linear 
characteristics in a wide variety of applica­
tions. As the scope of CMOS products 
broadened and more manufacturers entered 
the scene, buffered gate and inverter products 
were brought out by RCA and others. 
While RCA confined initial buffered pro­
ducts to new ORand AND functions, 
other manufacturers introduced buffered 
NOR and NAND gates having the same 
generic 4000A'series designations as the 
original widely-used unbuffered gates. Many 
users were surprised by the non-interchange­
ability of the devices in applications where 
speed, noise immunity, output impedance, 
and linear gain-bandwidth characteristics were 
critical. It is of immense benefit to CMOS 
users to have available the definitions and 
designations of both buffered and unbuffered 
B-series CMOS devices as determined by the 
JEDEC CMOS Standardizing Committee 
under the cognizance of the JC40.2 JEDEC 
Committee of EIA. The official JEDEC 
definitions are repeated below along with 
detailed explanations and examples. Com­
parison of user-oriented characteristics and 
the use of buffered and unbuffered gates are 
also reviewed. 

Definitions 

Buffered CMOS-A CMOS device for which 
the output on impedance is independent 
of any and all valid input logic conditions, 
both preceding and present, is said to have a 
buffered output or to be a buffered CMOS 
device. All such products are designated by 
the suffix B. 
Unbuffered CMOS-Products that meet B­
series specifications except that the logical 
outputs are not buffered and the VIL and 
VIH specifications are 20 percent and 80 per­
cent of VDD, respectively, are marked with 
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the UB designation, such as tmcluamg, /)ut 
not limited to): 

4000UB 
400lUB 
4002UB 
4011UB 
40l2UB 
4023UB 

4025UB 
4007Ua 
4009UB 
4041UB 
4049UB 
4069UB 

The official JEDEC definitions are pri­
marily applicable to gates, inverters, and 
high-current (inverting) drivers such as the 
specific UB types shown above. Non-inverting 
gates and drivers as well as all MSI and LSI 
B-types are by definition B types. There are 
special analog I/O types that are also in­
cluded as B types since they conform to all 
B standards except that they have special 
analog I/O circuitry_Examples of parts that 
have no buffered or unbuffered significance 
are: 

40l6B 
4046B 
4051B 
4052B 

4053B 
4067B 
4097B 
4066B 
4511B 
4528B 

RCA will make available both types of 
CMOS gates. Logic examples of the buffered 

~PUT 
~ 

OR 

~PUT 
(II) BUFFERED-C04OOtB 

~TPUT 

(b) UNBUFFERED-CD400IUB 

Fig. 1 - Example. of the buffered (CD400 181 and 
unbuffered· (CD4001 U812-lnput NOR gate. 

especially significant for 3- or 4-input gates 
where three or ·four PMOS or NMOS tran­
sistors are stacked in series at the input. In 
this case, the inputs have an effective offset 
in threshold and reduced input noise im­
munity. 

Fig. 2 is a schematic representation of the 
RCA buffered and unbuffered 2-input NOR 
gatt's. The improved 4-diode-input gate-oxide 
protection circuit is shown at the inputs. 

tal BUFFERED 

Voo 

r-+---+--~"OUTPUT 

Vss 
(b I UNBUFFERED 

Fig. 2 - Schematic diagrams of tho buffered and the 
unbuffered 2-input NOR gate. 



Examples 

Examination of the dc performance charac­
teristics of both the buffered and unbuffered 
2-input NOR gate reveals the two electrical 
characteristics, output impedance and noise 
immunity, by which the types are differen­
tiated by the JEDEC standard specifications: 

Output Impedance 

-Buffered-Fig. 3 depicts the buffered 
output stage and shows the MOS tran­
sistor as switched on with a channel 
resistance R; R is the same value for the 
n-switch closed or the p·switch closed. 

-v 

Fig. 3 - Constant output impedance of a 
buffered gat •• 

-Unbuffered-Fig. 4 depicts the unbuf­
fered 2-input-gate p- and n-channel MOS 
switches and appropriate on·channel 
resistances. Note that the two stacked 
p-channel switches are designed for an 
on resistance of R/2. so that the output 
impedance is R when both the logic 
inputs are low, Fig. 4(b). In Fig. 4(a) 
the output impedance is R to the 
negative supply terminal (usually ground) 
for an input logic state of I, input high. 
Fig. 4(c) shows the condition when the 
unbuffered gate has an output impedance 
of R/2 for both logic inputs high. Hence 
the variable output impedance of the 
unbuffered gate. For a 4-input gate, this 
variable is R to R/4! The maximum 
output resistance of RCA buffered or 
unbuffered gates is R. Thus, minimum 
IOL and IOH specifications for buffered 
and unbuffered gates are identical. 

Noise Immunity 

The second JEDEC-defined difference be­
tween the buffered and unbuffered CMOS 
gates (or inverters) is the difference in input 
noise· immunity characteristics. 

-Buffered-The buffered 2-input NOR 
gate voltage-transfer characteristics, Fig. 
5, are squared because of the gain of 
t~ree CMOS stages from input to output. 
FIg. 5 shows that noise voltage inputs of 
±1.5 V at VDD = 5 V ana ±4 V at 
VDD = 15 V will have little discernible 

INPUTS 
LOW 
_A 

~8 

+v 

A---I· 
f"'2 

R/2 

INPUTS 
LOW 
_A 
LOW 
_8 

+v 

A--- P 

R/2 

B--- P 

R/2 

INPUTS 

~A 
HlGH 
_8 
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8J--· 

0~~~T 
,--4-_-.-.::0U;:TPUT OUTPUT '---y' ·--I~·J 

A--- n 8--- n 

-v 
(a) I INPUT LOW, I INPUT HIGH 

-v 
(b) BOTH INPUTS LOW 

-v 
(e) BOTH INPUTS HIGH 

Fig. 4 - Variable output impedance of an unbuffered 
2-input NOR gate. The resistors represent the 
on impedance of a p- or n-channel MOS tran­
sistor. 

'5 
TA ~25°C 

j[y-
'A 

5 

VIN"'IB\ V· I VIN"IB\ 

v"I' 
a 15 20 

Fig. 5 - Voltage transfer characteristics of a buffered 
2-input NOR gate (CD40018J. 

~ffect ?n the output voltage; Le., noise 
l1~mum~y fo~ all logic states is optimally 
hIgh as IS nOIse margin: I volt at VDD = 
5 V and 2.5 Vat VDD = 15 V. 

-Unbuffered~Fig. 6 shows the rounded 
voltage-transfer characteristics of the 
2-~nput unbuffered NOR gate. Also 
eVIdent is the shift in the transfer curve 
for the different logic input states. Com­
pare these curves to those of Fig. 5 and 
the effects of. the. non·buffered inputs 
as well as the gam dIfferences are evident. 
Th.e rounde~ characteristics require a 
nOlse-lmmumty specification of ±20% 
of VDD at 5, 10 and 15 Vas well as a 
reduced noise margin: 0.5 V at VDD = 
5 V and 1.0 V at VDD = 15 V. 

The above definitions use gate charac­
teristics as illustrative of the JEDEC defini· 
tions for buffered and unbuffered charac­
teristics relative to variable output impedance 
and noise-immunity performance. Inverters 
and high-current drivers may also be defined 

as buffered (B) types or unbuffered (UB) 
types by virtue of the squared or rounded 
transfer characteristics of Figs. 3 and 4, 
respectively. Even though both types have a 
single NMOS and single PMOS output tran­
sistor, the rounded transfer characteristic of 
the unbuffered inverters makes them UB 
types by virtue of: 

I. Reduced noise-immunity performance 
where the 20% rating is applicable. 

2. Varying output impedance as a func­
tion of input voltage change along the 
rounded portion of the transfer curve. 

COMPARISONS 

Table I shows the qualitative comparisons 
of user-oriented performance characteristics 
of buffered and unbuffered CMOS gates, 
inverters, or drivers. Table II is a quantitative 
comparison of the key performance char'ac­
teristics with explanations as follows: 

Propagation Delay-Delays shown are appli· 
cable to RCA 2., 3-, and 4.input NOR and 
NAND gates. 
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Table I-Comparison of Buffered and 
Unbuffered Gate Characteristics 

Characteristic Buffered Unbuffered 

Propagation Delay Slow Fast 

Noise 
Immunity/Margin Excellent Good 

Output Impedance 
and Output Trans~ 
tion Time Constant Variable 

AC Gain High Low 

Output Oscilla-
tion for Slow 
Inputs Yes No 

Input Capacitance Low High 

Noise Immunity-Table III shows the de­
tailed input-voltage data-sheet specifications 
for buffered and unbuffered gates. From 
these test conditions the user-oriented noise­
immunity and noise-margin data of Table II 
are derived. Also refer to Figs. 5 and 6 for 
the voltage-transfer characteristics that illus­
trate the reason for the different input-volt­
age-specification requirements "for buffered 
and unbuffered devices. 

Output Impedance-Refer to Figs. 3 and 4 
and accompanying descriptions of the con­
stant output impedance of buffered gates 
and the variable output impedance of un­
buffered gates. Note that both buffered and 
unbuffered RCA 2-, 3- and 4-input gates are 
designed to meet the same maximum output 
impedance; output current ratings (IOL and 
IOH) have the same minimum limit on RCA 
data sheets. 

Output Transition Time-The time required 
for a CMOS output to transfer high or transfer 
low is constant for buffered gates but varies 
according to input logic states for unbuffered 
gates. Output transition time varies as a 
function of the driving source resistance of 
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I. 

(b) 
Fig. 6 - Voltage transfer characterimcs of an unbuffered 

2-input NOR gate (C04001UBJ with output voltages 
of 5 and 15 volts. 

Table II-Characteristics of Buffered and Unbuffered Gates 

Buffered Gates Unbuffered Gates 

Typical Propagation Delay 
VOO=5 V,CL =50pF 150ns 60 ns 
VOD= lOY 65 ns 30 ns 
VOO= 15V 50 ns 25 ns 

Noise Immunity 30% ofVOO 20% ofVOO 

.0 

at 5 and 10 V at5, 10,and 15 V 
27%at 15 V 

Noise Margin VOO= 5 V IV 0.5 V 
lOY 2V 1.0 V 
15V 2.5 V 1.0 V 

Typical Output Impedance 
VDO=5V, VO=±0.4V 

2-Input Gate 400 ohms 200400 ohms 
3-Input Gate 400 ohms 133400 ohms 
4-Input Gate 400 ohms 100400 ohms 

Typical Output Transition Time 
VOO=5V,CL=50pF 
(2-,3-,4-Input Gates) lOOns 50-100 ns 

ACGain VOO=IOV ""68 dB ""23 dB 
AC Bandwidth VOO=IOV 280kHz 885 kHz 

Output Oscillation For 
Slow Inputs Susceptible Not Susceptible 

For tptf > I ms For tr,tf to 100 ms 

Typical Input Capacitance 
Average 
Peak 

the output, which is state dependent as 
indicated in Fig. 4, as well as the device 
output capacitance, which is dependent on 
both device size and input logic state. Be­
cause of variable output capacitance, output­
transition-time variations are not a linear 

1-2 pF 2-3 pF 
24pF 5-10pF 

function of output resistance. As Table II 
shows, RCA 2-, 3- and 4-input unbuffered 
gates exhibit a net 2-to-1 difference in output 
transition time even though the output 
resistance has a net 4-to-1 variation for the 
4-input gate. 
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Table III-Input·Voltage Specifications 

Characteristic Vo Vnn 
limit 

Units 
Min. Max. 

Input Voltage 
Low (VIL) 4.5 5 1.5 Volts 

9 10 3 
B 13.5 IS 4 

UB 4.5 5 I 
9 10 2 

13.5 IS 2.5 

Input Voltage 
High (VIH) 0.5 5 3.5 

I 10 7 
B 1.5 IS II 

UB 0.5 5 4 
I 10 8 

1.5 15 12.5 
Notes: 
1. Noise-immunity voltage is the V1L or VIH Specification Umit. 

2. Noise-margin voltage is computed as follows: 

'" 

AC Gain and Bandwidth-CMOS linear-mode 
gain was· measured for both the buffered and 
unbuffered RCA 2-input NOR gate by means 
of the test circuit of Fig. 7. Fig. 8 shows 
typical linear-mode gain difference between 
buffered and unbuffered RCA 2-input NOR 
gates. While absolute performance depends on 
device type (inverters; 2-, 3-, 4-input gates) 
and test configurations, Fig. 8 defines the 

Fig. 7 - Linear-gain test circuit. 

.Bf-----::::--"""-:-;f--l 

230 280 29' 
FREQUENCY-kHz 

(0) TYPICAL C04001B LINEAR GAIN 

2BI----.1 

.B 
METER 

r 23!-----I..",.-....t.... 

~ 
IBf------i----r--<---__.... 

710 BB. 2800 
FREQUENCY-kHz 

(b) TYPICAL. CD400lUB LINEAR GAIN 

Fig. 8 - Typicallinear'mode gain of buffered and 
unbuffered 2·input NOR gate. 

Noise-Margin Voltage V1L - (VOO-VO) 
= (VOO-VIH) - Vo· 

approximately 3-to-1 difference in linear­
mode performance between buffered and 
unbuffered gates. 

Output Oscillation for Slow Inputs-The high 
linear-mode gain of buffered CMOS devices 
can lead to undesirable oscillation at outputs 
when in put ramps are in excess of approxi· 
mately I millisecond duration. Fig. 9 illus· 

2-3 mY OF NOISE 
ON RAMP 

INPUT~ 
t r)o I ms I TRANSITION 

(ALSO APPLICABLE TO tpl mil I BEGINS 

I 
I 

OUTPUT~ 

Fig. 9 - Buffered output ,oscillation for a slow input. 

trates this effect when approximately I to 2 
millivolts of ac noise within the device band· 
width on the input signal are amplified 
through the device and tend to develop a few 
cycles of oscillation between the positive and 
negative rails under 5·volt operation. In 
contrast, unbuffered gates do not tend to 
oscillate unless a noise voltage of 200 to 300 
millivolts were present within the bandwidth 
of the device. An input ramp of up to 100 
milliseconds duration did not create oscilla· 
tion in laboratory tests of RCA unbuffered 
gates. 

Input Capacitance-Figs. 10 and II show the 
dynamic input capacitance of the RCA 
buffered and unbuffered 2-input NOR gates, 
respectively. The large MOS transistor geo­
metry of the unbuffered NOR gate is 
responsible for the higher peak input capaci· 
tance (Miller effect) in the linear SWitching 
range. The longer dwell in this linear region 
also tends to broaden the Miller capacitance, 

and therefore increases the effective average 
input capacitance. Buffered gates and inverters 
are rated at a maximum input capacitance of 
I unit load (7.5 picofarads-JEDEC standard); 
unbuffered gates and inverters are rated at 2 
unit loads (15 picofarads maximum). High· 
current unbuffered drivers, such as the CD-
4049UB, are rated at 3 unit loads (22.5 
picofarads maximum). 

Applications Guidance 

Table IV summarizes preferred application 
areas for both buffered and unbuffered RCA 
B-series IC products. This information is based 
on the buffered and unbuffered CMOS device 
characteristics listed in Table II combined 
with the author's experience and familiarity 
with the application areas indicated. The 
information given is general guidance to allow 
the designer to key in on the specific 
performance characteristics of either device 
type. The data provided in this Note are 
derived from RCA standardized Band UB 
products whose circuit designs were imple· 
mented to match performance between UB 
and B gate types as closely as possible. For 
example, device sizes were selected to assure 
matched output drive. In addition, the pro­
cess and layout rules followed in Band UB 
designs of RCA product are identical, as is 
the use of improved gate·oxide protection 
circuitry for Band UB product. 

RCA Gate. Inverter. and Driver Products 

Table V is a current list of SSI (small 
scale integrated) Band UB products presently 
in production by RCA. Refer to RCA pro­
duct guides and the Databooks for detailed 
produ~t information'! 

References 

I. COS/MOS Digital Integrated Circuits, Pro· 
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Fig. 11 - Input capacitance of an unbuffered 2-input 
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Table IV-Applications of Buffered and Unbuffered CMOS Gates and Inverters 

Table V-RCA COS/MOS Buffered and 
Unbuffered Gate, Inverter. and 
Driver Types 
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Application Buffered Unbuffered 

High·Speed Systems Preferred 

High·Noise Environments, 
Law·Speed Systems Preferred 

Ultra-Law·Frequency Systems 
Inputs <I kHz sine wave or 
ramps with tptf >1 ms* 
excluding Schmitt Triggers Preferred 

Gate Applications Requiring 
Constant Output Impedance 
Such as 0/ A R·2R Conversion Preferred 

High-Freq., Moderate Gain, 
Linear Amplification 

Low·Freq., High Gain, 
Linear Amplification Preferred 

Preferred 

* Applies to gates of inverter designs of Astable or Monostable multivibrators 

with T > I millisecond. 

Buffered Unbuffered 

C04000B C04000UB 
C0400lB C0400lUB 
C04002B C04002UB 
C040lOB C04007UB 
C04011B C04009UB 
C04012B C0401lUB 
C04023B C04012UB 
C04025B C04023UB 
C04050B C04025UB 
C04068B C04041UB 
C04071B C04049UB 
C04072B C04069UB 
C04073B 
C04075B 
C04078B 
C04081B 
C04082B 



Radiation Resistance of the COS/MOS 
CD4000A and CD4000B Series 
by M. N. Vincoff 

Complementary MaS (CoS/MaS) inte· 
grated circuits possess many advantages which 
recommend their use in radiation·susceptible 
space and military environments. Several of 
the most significant of these advantages 
are: ultra·low standby.power consumption, 
high noise immunity,1 extremely high pack­
aging density, and inherently high reliability~,3 
These advantages, along with the improved 
radiation resistance of the 1975 and 1976 
RCA CD4000A and CD4000B series over the 
previous CD4000 and CD4000A series de­
scribed in earlier radiation studies,4 exhibil 
the maturity reached by the MaS technology 
since 1969. 

A number of studies of the radiation 
resistance of complementary MaS devices 
by JPL, NASA, NRL and various companies 
in the space industry have revealed two areas 
of prime concern.5, 6 The first, permanent 
radiation exposure, as experienced in a space­
sa'tellite environment, causes a shift in thres­
hold or switching voltage, which could result 
in increased leakage current, I L. The second, 
transient radiation exposure, as experienced 
in an atomic environment, causes the output­
voltage levels to respond to a pulse of 
ionizing radiation; this effect could change 
the state of the logic circuitry and require 
resetting of that circuitry for proper equip­
ment or system operation. 

Permanent-Radiation Resistance 
The CD4000 series was resistant to perma­

nent radiation levels of 2 x 104 rads (ap­
proximately 1012 e/cm2) in 1971 and 1972. 
In 1973, the RCA CD4000A-series devices 
without special processing were found to be 
resistant to radiation levels up to 2 x 105 

rads (approximately 101•3 e/cm2), as shown 
in Fig. 1.4 In this figure the change in 
SWitching voltage V S was plotted as a func­
tion of dose; the value of V S was calculated 
from the average value of VTN and VTP for 
the devices mentioned. In 1974 a minor 
change was made to the process and the 
radiation resistance was reduced to the 
1971 - 1972 level. In late 1974 and early 
1975 a JPL/NASA contract study resulted 
in a second change to the process (gate­
oxide area); the change achieved a repeated 
radiation-resistance level of I x 105 rads 
(Si). This level of radiation resistance is 
presently provided on Class A parts having a 
"Z" designation after the part number. 

Voo' 10 VOL T5, DOSAGE' c060 GAMMA SOURCE 

t 1971,72,74 
2 1973,1975 
3 1976 SOME 

DEVICE TYPES I' / 
,I i 

C04000"" / C04000A 61,/2 
C04000A I C040('l08 SEAI;/ SE~ES 2 

I ,;:/\ 

,/ 2,.........,2 .... 

/2~2:::::::3-3--3--

2)(10· 

RAOS (Sil 

letem i ) 

2)(10' 

·POSITIVE BIAS APPLIED 100% OF THE TIME 

2)(108 

92CS-22496RI 

Fig. 1 - Permanent radiation resistance of CD400o-, 
CD4000A- and CD4000B-series device~ , 

Product with this designation is tested on a 
lot-sampling basis using a Gamacell-200 
Cp-60 radiation source. Latest radiation­
process improvements and resultant pro­
duction studies indicate that some 1976 
product exhibits, radiation-resistance levels 
up to and beyond 1 x 106 rads (Si). RCA 
expects to have production CD4000A and B 
series product available to I x 106 rads (Si) 
in 1977. 

The new radiation level of the CD4000A 
and B series represents a significant im­
provement over the previous CD4000A 
series. In addition, with minimal shielding 
(for example, 1/16-inch of aluminum) the 
CD4000A or B series can be used in appli­
cations with levels of radiation up to 2 x 106 

rads (approximately 1014 e/cm2). 

Transient-Radiation Resistance 
The resistance of the latest CD4000A and 

B series (1975 and 1976) to transient 
radiation is expected to be better than that 
of the past CD4000A series, which should 
withstand pulses of radiation in the range of 
approximately 109 to 1010 rads/s.7 

Design Considerations 
The resistance of the CD4000A- and 

B-series devices to either permanent- or 
transient-radiation exposure can be increased 
by providing either minimal shielding in the 
equipment enclosure containing the devices 
or by locating the devices deep within the 
equipment. In any case, the action taken 
will depend on the constraints dictated by 
the radiation environment imposed by the 
system or program. Each application must be 
tested and the results analyzed with the 

ICAN-6563 
data in this Note as criteria. Test items to 
be considered are radiation environment, 
which will vary greatly depending on dosage 
rate; time of exposure; amount of normal 
shielding; distance of the device from the 
radiation· source; shielding afforded by the 
atmosphere; power-supply voltage selection; 
and switching cycles used during exposure. 
For example, consider the effects of perma­
nent radiation on two spacecraft in 90-degree 
orbits at 600 and 1500 nautical miles from 
the earth, respectively. The dose-depth is 
determined as shown in the curves of Fig. 2. 

10' 10' 

10' 10' 

~ ~ 
.:; 10· :; IO~ 

:0 

AI THICKNESS - MILS 

101 600-MILE, 90· ORBIT 

:0 
:g 10· 
01 

THICKNESS-MILS 

(bl ISOO-MILE, 90· ORBIT 

Fig. 2 - Dose-depth curves for trapped electrons 
and protons in spacecraft in orbit. 

In these curves the dose in rads (AI}/day is 
plotted as a function of the thickness of 

spacecraft aluminum required to shield the 
devices from trapped electrons and protons.5 

Conclusion 

The RCA COS/MaS CD4000A and B 
series exhibit improved radiation resistance 
over the previous CD4000A series, and 
operate well in many applications in which 
permanent and transient radiation effects 
are factors. When stringent radiation re­
quirements are imposed, additional shielding 
can be employed to increase the radiation 
life of COS!MOS CD4000A- or B-series 
devices to any desired level, Le., to make 
their radiation resistance equivalent to that 
of bipolar devices.6,8 
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Applications of CD40107BE 
COS/MaS Dual NAND Buffer 
by D. J. Blandford and G. L. Gimber 

This Note describes the characteristics 
of the COS/MaS dual NAND buffer, the 
CD40107BE, and the wide variety of practi· 
cal applications in which this important 
addition to the CD4000·series of COS/MaS 
devices can be used. 

CHARACTERISTICS 

Fig. I shows the logic diagram of the 
"CD40107BE, which consists of two 2-input 
NAND buffers in an eight-pin plastic pack-

A.a ----r--\.. , 
B.E~C.F 

92CS-28347 

Fig. 1 - Logie diagram of the CD40107BE 
NAND buffer. 

age; pin assignments are shown in Fig. 2. 
The bar on the output line of the logic 
diagram in Fig. I indicates that the output 

O · A "DO 
B 2 7 D 

C 3 6 E 

YS5 4 !5 F 

Fig. 2 - Pin assignments of the CD40107BE. 

is open-drain, as shown in Fig .. 3, the circuit 
diagram and truth table for a single buffer. 

B. E 0--'-"'",,""1--' 

"~, 

B c* 
o , 
o , , , 

I I a 

92CS-28149RI 

Ibl 
M- REQUIRES EXTERNAL PULL-UP 

RESISTOR TO VDO 92CS-28350 

Fig. 3 - lal Circuit diagram of the CD40107BE. 
Ibl truth table for 1 of 2 gates. 

Each input includes the standard COS/MaS 
protection network, a 1.5 kilohm input 
resistor and diodes to V DD and V SS. The 
output device is a large n-channel transistor. 
Typical transistor sink-current characteristics 
are shown in Fig. 4 in which drain current, 
I DN, is plotted against drain-to-source voltage, 
VDS, for VCS = 5 V, 10 Vand 15 V (Le., 
VDD = 5 V, 10 V, and 15 V). Note, for ex­
ample, that for a VDS of I volt and a IO-volt 
supply, the NAND buffer is capable of sink­
ing typically 120 milliamperes. Applications 
of this large current-sinking capability ar.e 
described below. 

A pull-up resistor from the output (pins 
3 or 5) to VDD enables the device to per­
form the logical NAND function, as shown 
in the truth table, Fig. 3(b). Useable values 

DRAIN-lO-SOURCE \iOl.TAGE (VOsl-V 

Fig. 4 - Minimum output low (sink) current 
characteristics of the CD40107BE. 

of pull-up resistance lie between approxi­
mately 100 ohms and I megohm. Care should 
be taken when choosing a pull-up resistor 
or any other load not to exceed the maxi­
mum power dissipation of the device. De­
signers should refer to the device data sheet 
for allowable dissipation limits over the 
desired temperature range. 

The three stages of gain from input to 
output of the CD40107BE, Fig. 3(a) result 
in a very sharp transfer characteristic, Fig. 5, 
near the ideal for a digital logic device. 
More complete characteristics are given in 
the CD40107B data sheet.' 
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92C5-2:8351 

Fig. 5 - Transfer characteristics of the 
CD40107BE showing source-
bias effect. 

PRACTICAL APPLICATIONS 

Practical applications of the CD40 I 07B 
overlap with those of other devices in the 
COS/MaS CD4000 series, for example, with 
the logical NAND function of the CD4011 
and with the buffer function of the CD4041, 
CD4049, and CD40S0. However, the appli­
cations described in this Note are those for 
which, . until now, no COS/MaS NAND 
buffer has had sufficient drive capability, in· 
the hundred milliampere range. 

In the first of these applications, Fig. 6, 
two NAND buffers are each driving a 2.2-
watt, 12-volt incandescent lamp. The cir­
cuit is arranged as an astable oscillator with 
its period of approximately two seconds 
determined by the external capacitor and 
resistors. In this and other similar appli­
cations the load is used as a pull-up from 
the open-drain output to a power-supply 
voltage greater than zero and equal to or 
less than VDD' 

Fig. 6 - A 2. 2-watt incandescent lamp-driver 
circuit 
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The same type of astable circuit is shown 
in Fig. 7, but with a single load device, an 
LED wi th a current limiting resistor of ISO 
ohms. The NAND buffer, as well as driving 
the load, forms part of the astable circuit, 
with one of its inputs used as an enable; 
when this input is low, the LED is perma­
nently off. The other half of the astable 
oscillator utilizes a two-input NOR gate, 
the CD400IAE, one Input of which is used 
as an inhibit. With the timing components 
shown, the astable frequency is approxi­
mately 4 Hz. 

INHIBIT ENABLE OUTPUT 

0 0 OFF , o· OFF 
0 , OFF , , ON 

92CS - 283!1lSR I 
Fig. 7 - LEO driver circuit. 

The NAND buffer is typically capable of 
sinking 120 milliamperes at a VDS of I volt 
with a 10-volt supply. It therefore meets the 
typical requirements for the current-sinking 
device at the cathode terminal of a common­
cathode LED multiplexed display circuit, 
Fig. 8. In this display circuit, data is 

presented in the form of four BCD numbers 
to be displayed on the four seven-segment 
LED's; the clock input determines the multi­
plexing rate. The two D-type flip flops of the 
CD4013AE or BE are arranged as a two-stage 
Johnson counter, the two Q outputs of 
which select the data transferred by the 
CD4052BE multiplexers to the CD4SIIBE 
decoder-driver. The same Q outputs are 
decoded by the four NAND buffers and 
used to turn on the seven-segment displays 
in the correct sequence. For example, when 
QI = I and Q2 = 0, both inputs of the 
NAND buffer marked B in Fig. 8 are high, 
and the buffer sinks current through the 
diodes of the second seven-segment display 
digit. 
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CD40I!AE 

Fig. 8 - Multiplexed LEO circuit 

By using the two NAND buffers of a single 
eight-pin DIP in paraJlel, it is possible to 
interface directly from a COS/MOS system 
to a heavy-duty load typified by the com­
puter peripheral-printer hammer solenoid of 
Fig. 9. This type of solenoid typicaJly re­
quires 250 milliamperes to tum on which, 
at a supply voltage, VOO, of 12 volts, 
implies a VDS of apprOximately 0.6 volt. 
To prevent excessive current flow through 
the electrostatic-protection diodes to VOD 
at the outputs of the NAND buffers, 
in applications such as the one under dis­
cussion, the SWitching of inductive loads, the 
protection diodes should be shunted with a 
low-dynamic-impedance switching diode, such 
as a IN4154. 

In many systems where COS/MOS devices 
are used for their wide operating-voltage 

Fig. 9 - Solenoid driver circuit. 

range and high noise immunity, and particu­
larly in industrial control applications, it is 
important to be able to drive relays directly. 
Fig. 10 shows a NAND buffer driving a 

~~':'nV '85 OHM 2 POLE 
. 'I' CHANGE"OVER 

CONTROL f I 1 RELAY. 12 v 
INPUTS\' 

1/2 CD401078£ tZCS~21356 

Fig. 10,. Relay driver circuit 

common type of 12-volt relay, a two-pole 
change-over type with a coil resistance of 
185 ohms. Again, a IN4154 shunt diode 
is advisable. 

Fig. II shows a reversibl~ 12-volt tape­
recorder motor driven by two NANO buffers 
in a bridge circuit. Two p-n-p transistors 
provide an active pull-up to VDO' 

SCR's and triacs typically require tens of 
milliamperes of gate current, more than the 
current capability of a standard COS/MOS 
device output. The NAND buffer, however, 
is able to sink sufficient current, and in 

• 8 MOTOR FUNCTION 

0 0 OF' , 0 COUNTER CLOCKWISE , , AS PREVIOUS STATE 
0 , CLOCKWISE , , AS PREVIOUS STATE 

,ZtS-2835' 

Fig. 11 - Motor.,;onrrollef circuit. 



Fig. 12 is seen driving a 2N5756 triac. 
lfisolation is required between the COS/MaS 

L '\.J 
+ovO-...... ---.., 

112 C040107BE 

V550---------...... ---o 

Fig. 12 - Direct de drive interface of CD40107BE 
with a triac. 

and triac systems, the circuit of Fig. 13 is 
used. In the figure, the NAND-buffer load 
is the primary coil of a pulse transformer 

4 

-, 112 C0401078£ 

Lvss 
1>0 

Vss 

T I ' and when 5- to I O-microsecond pulses are 
applied at a 100-Hz repetition rate to the 
COS/MaS input, sufficient current flows in 
the transformer secondary to keep the triac, 
a T2700D, turned on. The NAND-buffer 
circuits make it possible for a COS/MaS 
system to control several amperes of current 
at line voltage. 

Line driving is another application re­
quiring large current pulses; Fig. 14 shows 
two NAND buffers driving a twisted-pair 
transmission line. Clock rates up to 8 MHz 
are readily achieved by circuits driving five 
meters of a 130-ohm line twisted at two 
turns per inch. 

One of the most important applications 
for the open-drain NAND buffer is the 

Voo,o---?-t-------------, 
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COS/MaS to TTL interface shown in Fig. 15. 
The VDD pin of the CD40107BE is con­
nected to the power supply of the COS/MaS 
system, the external pull-up resistor to the 
5-volt TTL supply. The values of the pull-up 
resistor required and the number of loads 
that may be driven are shown in the table 
accompanying Fig. 15. 

I/cc-+ 5.0 1/ 

Vf rl 
112C04olo7.~ 

I 

~ 
voo VCC R 

LOADS 
5T T 5 TTL 

• • 2.7K 

2~ I 3. 
10 • 1·2K 80 
15 • IK 27 lOB 

92C5- 28361 

Fig. 15 - COS/MOS to TTL tnterface. 

92CS~ 28359 
t·~ TO 10 ,,& 
F-IOOH: 
TI-PUL$E TRANSFORMER 

Fig. 13 - Interface of CD40107BE with triac, 
with CDS/MDS component and triac 
isolated. 

112 C0401078E 

DATA 
INPUT 

= References 

1~'r,g~~~~R ~',~i 'r':.~im ~~NGTH I. Preliminary Data Sheet for the C0401 07BE, 
2 TUR~5 PER INCH. COS/MaS Dual 2-Input NAND Buffer/ 

Fig. 14 - Line·driver circuit. 
92"-28360 Driver, 1976; or RCA Databook, Series 

SSD-21O,1976. 
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COS/MOS Electrostatic-Discharge 
Protection Networks 
by H. L. Pujol 

RCA's two families of CMOS 
devices, the standard A series (3 to 15 
volts! and the high-voltage B series (3 to 
20 volts!, are equipped with networks to 
protect the gate oxide of the devices 
against damage resulting from discharge 
of electrostatic energy between any two 
pins. 

The gate input of a CMOS device is 
equivalent to a small, low-leakage 
capacitor (typically 5 picofarads! in 
parallel with a very high resistance 
(typically 1012 ohms!. Because of this 
extremely high impedance which lends 
itself to the buildup of electrostatic charge, 
even a very low energy source (such as a 
static charge! is capable of developing 
voltages in the order of 80 volts, the 
typical breakdown voltage of an MOS gate 
oxide. In contrast with other semicon­
ductor devices in which the breakdown 
can be tested any number of times without 
damage, the MOS gate oxide can be 
shorted, and the device destroyed, as the 
result of only one voltage excursion to the 
breakdown limit. 
Protection Networks 

Figs. 1 through 4 show the various 
protection networks incorporated in all 
COS/MOS product. 

Standard Protection Networks 
Fig. 1 shows the standard protection 

network incorporated in all A-series and 
some B-series devices. Input-diode 1>2 is a 

DI_2SV 
D2_SOY 

01 

1-,"""""--+-oOUT 

* THESE-DIODES ARE INHERENTLY PART OF THE 
MANUFACTURlfIG PROCESS. 

Fig.1 - Standard protJJction network. 

distributed resistor-diode network that 
appears as two diodes to VDD' 

I mproved Protection Network , 

Fig. 2 shows the improved protection 
network incorporated on all new B-series 
devices as well as on all A-series B­
converted types. 
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DJ_2&V 
Dz_eov 
R2«RI 
* THESE DIODES ARE INHERENTLY PART OF THE 

MANUFACTURING PROCESS. 

Fig.2 - Improved protection network. 

0I-25V 
D2_50V 

01 

* THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 

Fig.3 - Modified protection network. 

lGATE t 

01 

INIOUT OUTIIN 

DIODE BREAKDOWN 
01- 25V 
D2_SOV 

*THESE DIODES ARE INHERENTLY PART OF THE 
MANUFACTURING PROCESS. 

Fig.4 - Transmission gate with intrinsic diodes 
that protect against electrostatic discharge. 

Other Protective Networks 

Fig. 3 shows the modified protective 
network for a CD4049/4050 buffer. The 
input diode to VDD is not incorporated so 
that the level-shifting function can occur. 

Equivalent-Body Discharge Network 

The protection networks described in 
this Note are evaluated and characterized 
by using the equivalent-body discharge 
network of Fig. 5. As C is increased, the 
amount of static energy dumped into the 
CMOS device increases. As R is 
decreased, the energy dissipated outside 
the device is reduced, thereby increasing 
the energy dissipated in the unit. A 

mercury relay is used to switch the RC 
source because such relays are fast and 
free from arcing or bouncing effects. 
Characterization of the various protection 
networks is done in 12 different com­
binations of inputs, outputs, and 

CH-HUMAN BOOY CAPACITANCE TO GROUND 

R. - eODY SOURCE RESISTANCE 

Fig.5 - Equivalent-body discharge network. 

polarities. The combinations include all 
combinations of any two of the following 
pins: input, VDD, VSS, and output. 

Evaluation of a protective network 
begins with the charging of a 100-
picofarad capacitor through a 22-megohm 
resistor and a mercury relay to the desired 
voltage. The capacitor CH of Fig. 5 is 
then discharged through the same mer­
cury relay and a 560-ohm resistor into the 
pin~ under test. Results of repetitive tests 
are used to determine the worst-case 
capability of the protective networks, 
Table I. 

TABLE I - Worst-Case Capability of 
Protective Networks 

Protective Network 

Standard 
(inc!. CD4049, CD4050) 

Improved 

Transmission Gate 

Worst·Case 
Capability 

1 kV to 2 kV 

4kV 

<BOO V 

Additional protection can be obtained 
by adding external series resistors at 
device inputs. The value of this resistance 
should be approximately 10 kilohms for 
gate inputs and 1 kilohm for transmission 
gate inputs. In addition, zener diodes at 
the output pins can clamp the voltage to a 
safe level. The zener-voltage should not 
exceed the absolute maximum rating of 
the part. On-chip protection networks are 
not used on transmission gates so that 
their low "on" resistance can be main­
tained. The 800-volt worst-case capability 
shown in Table I is provided by the in­
trinsic diodes shown in Fig. 4. 

The value of the input resistor on all 
protection networks, except that used in 



msmission gates, can vary between 100 
ms and 2.5 kilohms because of circuit­
sign differences. This resistance, in 
Iljunction with the capacitance of the 
te and the associated protective diodes, 
:egrates and clamps the device voltages 
a safe level. The diagrams of Figs. 6, 7, 
d 8 demonstrate that the standard 
otection networks prevent higher than 
rmal voltages from reaching the gate of 
e MOS device. In addition, the low RC 
Ile constant assures that circuit speed 
roains unchanged in spite of the ad­
tional components. 

VDD PIN 

INPUT 

VOXIDE = V02 FORWARD t, I v 
MAX ON CONDUCTIOIII 

p·TYPE UNIT 

R 

ON 
Vox IDE • VDI t VDI + p.TYPE UNIT DI 

",AX ON BREAK· ON 
DOWN 

.. I V + 25 v + 4 Y '" 30 v 
p.T!pE UNIT 

I 
Ie 

:¥ 
I 
I 

Because of the presence of the in­
tegral protection network, the VDD 
power supply must not be turned off while 
a signal from a low-impedance pulse 
generator is being applied at an input of a 
COS/MOS circuit. Should the VDD 
supply be turned off under such con­
ditions, the VDD line would be essentially 
grounded, and a positive voltage from the 
pulse generator would be impressed across 
the input diode to VDD' This voltage 
could cause permanent damage to the 
diode or burn out the VDD metallization. 
If it is expected that any input excursion 

INPUT 
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will exceed + V DD or fall below V SS' the 
current through the input diodes should be 
limited to 10 milliamperes or less to assure 
safe operation.! 

Reference 

1. For additional operating con­
siderations see "Guide to Better 
Handling and Operation of CMOS 
Integrated Circuits," J. Flood, H. L. 
Pujol, RCA Solid State Application 
Note ICAN-6525. 
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DOWN 

92CS-28998 
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I rox I 
BREAK-
DOWN 

GROUND PIN 

VOXIOE ~ VOl" 25 v 
MAX BREAK· 

DOWN 

n.YYPE UNIT 
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~·iJ 1 0, Tc "-TYPE UNIT 

VPEAK t--.... I---.l----' 

GROUND PIN 

VOX IDE ,. VOl· I V 

MAX ON 

II·TYPE UtilT 92CS-28999 

Fig.6 - Circuits used to provide protection bstween input pin 
andVDDpin. 

Fig.7 - Circuits used to provide protection between 
input pin and ground pin. 

+ 

INPUT O~-'VIIIr""""r1~?;.+_=--=-~ PIN OUTPUT 
PIN 

VOXIDE = YOXIDE" VOl • VOl' 2S V. 1 V 

MAX MAX BREAK· ON 
DOWN ~ 26 V 

n·TYPE UNIT ,·TYPE UNIT 

+ 

INPUT O::=~~-'r1~~+-=::-':'!-o PIN OUTPUT 
PIN 

.AX MAX ON BREUDOWN. 
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• 1 v .. 2S v = 26 V 

"·TYPE UNIT p.TYPE UNIT 

92CS-28923 

Fig.8 - Circuits used to provide protection b6tweBn input pin and output pin. 
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Power· Supply Considerations 
for COSIMOS Devices 
by H.L. Pujol 

RCA COSfMOS Digital Integrated Circuits operate at 
extremely low power dissipation Jevels. They function 
reliably with high noise immunity over a wide operating­
voltage range. The RCA COS/MOS product line includes a 
standard line designed to operate with voltage supplies 
from 5 to 15 volts and a low voltage "A" series line 
designed to operate from 3 to· IS volts. These properties 
"!lable . system designers to operate RCA COS/MOS 
devices from unregulated. poorly-mtered supplies, or from 
a wide variety of singJe- or multiple-cell battery sources. 

This Note describes the salient features of COS/MOS 
devices which permit operation from· such a wide range 
of power sources and provides the system designer with 
the necessary infonnation to permit him to design the 
most economical power source for his COS/MOS system. 
Thi, Note is applicable to both COS/MOS product lines 
mentioned above. 

REVIEW OF PERTINENT COSIMOS DEVICE 
FUNDAMENTALS 

Enhancement·Mod& ()GYice Characteristics 
The . MOS enhancement transistor is a majority-camer 

device (See Fig. 1) in which the current in a conducting 
channel between two diffused electrodes (denoted as the 
source and the drain) is controlled (enhanced) by a 
voltage applied to a third terminal (the gate), which is 
insulated from the source and drain. 

n-SUBSTRATE 

Fig. 1- Cross-section of COS/MOS transistor. 

In an ootype device. the majority carriers are elec­
trons. A positive voltage on the gate is required to 
enhance the conducting channel. For all gate voltages less 
than a threshold value (V th), the conductivity oC the 
channel is negligible and the device is said to be cut-off. . 
For gate voltages greater than Vth. the channel is "en_ 
hanced", and current flow in )he channel will. occur if a 
suitable voltage is applied between the source and drain. 
The resultant device characteristics are shown in Fig. 2a. 

AMBIENT TEMPERATURE ITA)' 25-C 
T'f1'ICAL TEMPERATURE COEFFICIENT 

IS FOR IOho.a "41 ·C 
',4 1Voo 

~S~V 

~ 11tr?T 
! ,o,'~ATIE~-ITO~-IS,,"~RCIEIVO!LiTS!'V~'IS'I;;:;!"~~OT!~~E.!f!Ig;T~~ j ~A~ETS~ 
: IS GROUNDED 

4 10 

~ • } CD401lAO,CD401lAE 
C040IlAK. C04023AD 

10 ~ CD4023AE, C040?3AK 

l--J-. ___ ~ C04012AD.C04012AE. 
t+ - J CD4012AK 

10 lili 
DRAtN - TO -SOURce VOLTS tvos) 

Fig. 2a- Tvpical n-channel characteristics. 
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The operation of the p·type device is analogous to 
that of the n~type, except that the carriers are holes, and 
the applied voltage required to enhance the channel must 
be negative rather than positive. (See Fig. 2b). 

The gate electrode for a device of either polarity is 
insulated from the body of the device; therefore, current 
flows only from source to drain in the channel, never 
from the gate into the channel. 

ORAIN-TO-S~E VOLTS IVOSI -,0 

~.rD VGS , ' 
I Vos 

-----" 
OTHER GATE 

INPUTS GROUNOEO 

Fig. 2b- Typ;cal p-channel characteristics. 

CHARACTERISTICS OF A BASIC COSIMOS 
LOGIC INVERTER 

OJ.descent Device Dissipation. 
The basic logic inverter (or gate) fanned by use of 

only a p- and an n-type device in series is shOW!J 

schematically in Fig. 3. When thc input lead is grounded 
or otherwise connected to 0 volts (logical "0"). the 
n-device is cut-off, and the p~device is biased on. As a 
result, there is a )ow.impedance path from the output to 
VOD' and an open circuit to ground. The resultant 
output,voltage is essentially VOD, or a logic "I". 

Similarly, when the input voltage is a logic "t", or 
VOD, then the n-channel device becomes a low imped­
ance, while the p-channel device becomes an open circuit. 
The resultant output becomes essentially zero volts (logic 
·'0"). 

Note that one of the devices is always cut-off at 
either logic. ex.treme, and that no current flows into the 
insulating gates. As a result, the inverter quiescent power 
dissipation is negligible (equal to the product of Von 
times the leakage current). 

A cross section of the COS/MOS inverter as it is 
formed in an integrated circuit on an n-type substrate is 
illustrated in Fig. I. The source-drain diffusions and the 
p-weU diffusion form parasitic diodes (in addition to the 
desired transistors) at the basic inverter nodes, as shown 
in Fig. 4. These parasitic elements are back-biased (across 
the power supply) and contribute, in part, to the device 
leakage current and thus to the quiescent power 
dissipation. 

VDO 

~~ 
1 '1IT r 

Fig. 3- Basic COS/MOS inverter {schematic}. 

JVOO ---t',n-SUBSTRATE 

", *-0 , 
I : -i- 03 

~ 
0,.'" , . , 

INPUT' -JII+-- J 1 OUTPUT 

-\+-, , t' 0.:: 
l.oooL ' , 
....--.. I 

n+1 I ___ "_J 
p-WELL 

Fig. 4- Basic inverter showing parasitic diodes. 

RCA's product line of COS/MOS devices consists I 

circuits of varying complexity (i.e., from the dual 4.inpl 
logic gate that contain 16 MOO devices, to the mo 
complex 64-bit' static shift registers that contain ov 
toDD devices). These devices occupy different amounts 1 

siHcon area and are composed of varying numbers '1 

circuits formed from inverters. Consequently, each devil 
in the family exhibits a particular magnitude of Jeakal 
current, depending upon the total effect of device caul 
and parasitic diode area. For example, some logic gat 
are specified to operate with a typical power dissipati< 
of 5 nW (VOD = 1OV), but 7-stage counters or registe 
are specified to operate with a typical power dissipati( 
of 5 pW (VOO = IOV). Published data includes bo 
typical device quiescent-(:urrent levels and maximum leve 
(VOO = SV and VOO = IOV). The maximum values a 
rarely encountered in RCA devices. 

Device - Switching Characteristics. 
The input/output characteristics for the COS/M( 

inverter are shown in Fig. 5. As mentioned earlier tl 
signal extremes at the input and output are appro) 
mately zero volts (logic "0") and VOO (logic "I''). TI 
switching point is shown to be typically 45 to 55% 
the magnitude of the power-supply voltage (regardless 
the magnitude of the power-supply Voltage) over tl 
entire range from 3 to 15 volts (or 5 to 15 volts). No 
the negligible change in operating point from -S50 C to 
1250(. 

These excellent switching characteristics permit CO 
MOS devices to be operated reliably over a wide range 
voltages, a property not found in other logic forms. 

AC Dissipa1:ion Characteristics. 
During the transition from a logic "0" to a logic "I 

both devices are momentarily on. This condition resul 
in a pulse of instantaneous current being drawn from tl 
power supply. The magnitude and duration of tl 
current depends upon the following factors: 

(a) the impedance of the particular devices being U$I 

in the inverter circuit 

(b) the magnitude of the power·supply voltage 
(c) the magnitude of the individual device threshc 

voltages 
(d) the input driver rise and fall times 

,., 
INPUt VOLTSIVrl 

Fig. 5- Typical COS/MOS transfer characteristics as 
(unction of temperature. 



An additional component of current must also be 
drawn from the power supply to charge and discharge the 
internal parasitic node capacitances and the load capaci­
tances seen at the output. 

The device power dissipation which results from the 
above current components is a frequency-dependent para­
meter. The more orten the circuit switches, the greater is 
the resultant power dissipation_ The heavier the capacitive 
loading, the greater is the resultant power dissipation. The 
power dissipation is not duty-cycle dependent. For all 
intents and purposes it may be considered frequency 
(repetition-rate) dependent. 

Because the RCA COS/MOS product line ranges 
widely in circuit complexity from device to device, the ac 
device dissipations vary widely from device to device. The 
effect of capacitive loading on the individual devices also 
varies. Figs. 6a and 6b show a family of curves for a 
typical gate device and a typical MSI device. These 
curves, from the published data for the individual devices, 
illustrate how device power dissipation varies as a 
function of frequency, supply voltage and capacitive 
loading. 

AC Performance Characteristics. 
During switching, the node capacitances. within a 

given circuit, and the load capacitances external to the 
circuit, are charged and discharged through the p- or 
ootype device conducting channel. As the magnitude of 
VDO increases, the impedance of the conducting channel 
decreases accordingly. This lower impedance results in a 
shortcr RC time constant (this non-linear property of 
MOS devices can be observed from a close scrutiny of 
the characteristic curves in Fig. 2). The result is that the 

maximum switching frequency of a COS/MOS device in­
creases with increasing supply voltage. (See Fig. 7a). 

Fig. 7b shows curves of propagation delay as a function 
of supply voltage for a typical gate device. However, the 
the trade·off for low supply voltage (i.c., lower output cunenl 
to drive a load) is lower speed of operation. 

The power dissipated during switching (if the load is 
assumed to be capacitive) is equal to: 

Co VbD f (power is equal to energy per unit time] 
where Co is the output and load capacitance, VOO is the 
supply voltage, and f is the operating frequency in hertz. A 
measure of this power dissipation as function of frequency can 
be obtained from the model shown in Figs. 8a and 8b which 
assumes step inputs and zero mode capacitance. 

The average power for the squ:]fe-wave input voltage 
shown (repetition rate fo = lito) is calculated as foHows: 

to to 

p=.l.\2, (tlV dt+...!...\ Ip(t)(VDD VoId! 
to J N _ 0 to J 

o ~ , 

dVo 
For P with 'N(t) = tpit} = Co dt (step inputs only). 

Thus, for a step input, the average power dissipated is 
directly related to the energy required to change and dis. 
charge the circuit capacitance to the supply voltage, VOO. It 
should be noted that this power is independent of the device 

parameters. Although this equation was derived using an input 
voltage with a rise time of zero, it has also been shown to be a 
good apprOximation for circuits where the input voltage rise 
and fall times are small with respect to the repetition rate. 

AMBIENT TEMPERATURE (TA l' 25 ·C 

Fig. 6- Tvpical power dissipation characteristics (a) Basic 
gate power dissipation characteristics (b) MSI device 
power dissipation characteristics. 
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Fig. 7- Operating frequency and propagation delav as a 
function of power·supply voltage (a) Maximum 
guaranteed operatil1/l frequency as a function of 
povver-supply voltage (b) Propagation delay as a 
function of power-supply voltage for the basic 
gate. 
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Calculating System Powor 
The foregoing material presented fundamental reasons why 

COS/MOS devices exhibit extremely low quiescent power. 
Also presented were reasons why ac power disSipation in­
creases with operating frequency and why it varies from 
device to device. 

For these reasons certain guidelines have been developed 
to assist the designer in estimating system power. Total sys­
tem power is equal to the sum of quiescent power and 
dynamic power. TIlerefore, the two-step approach outlined 
below can be used: 

1. Add up all typical package quiescent power dissipations 
(as shown in the RCA COS/MOS published data). 
Because quiescent power dissipation is equal to the 
product of quiescent device current times supply volt. 
age, this parameter may also be obtained by adding aU 
typical quiescent device currents, and multiplying the 
sum by the supply voltage, VDD. Quiescent device 
current is shown in the published data for supply volt­
ages of 5 volts and 10 volts only. 

In cases where the supply voltage is other than that 
shown in the published data, the quiescent device eur­
rent can be interpolated because this current varies 
apprOXimately linearly with voltage. 

I----TO------l 

(.J 

Fi9_ 8- Model for the evaluation of POWfIt' dissipation 
fa) Walleformg (b) Circuit 

2. Add up aU dynamic power dissipations using 
typical curves of dissipation per package as a 
function of frequency shown in the published 
data. In a fast-Switching system, most of the 
power dissipation is dynamic, therefore, quiescent 
power dissipation may be neglected. 

Types 

Gates 

The example below illustrates how these rules are 
used to calculate total system power dissipation. 
The system illustrated consists of ten 2-input NOR 
gates, eleven inverters, one D-type flip-flop, and 
one 7-stage binary counter. The system operates 
with a supply voltage of lOV at a frequency of 
100 kHz, and has a load capacitance of 15 pF. 
(See Table I) 

Table 1 

PQuiescent POynamic 

~W rr.W 

0.03 2 

Inverters 0.01 2 

D·type F/F 0.05 0.2 

Counter 5 0.6 

PT '" PQ + PD "" 4.8mW (neglecting Pal 

TItis example assumes that all devices are SWitching at 
the clock-rate (100 kHz). Not all of the logic circuits will 
be switching states at this rate, thus, the total power 
dissipation will be significantly lower than that stated in 
the example. 
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P-SUpplyRllllllat!on Roqulnm .. b. 
The preceding discussion demonstrated that COS/MOS 

devices exhibit reliable switching properties over a wldo 
range of power-supply ",Itages. This fact implies that an 
unregulated supply may be wed with the provision that 

(I) maximum voltage limit. are not exceeded or 

(2) system speed is no peater than the speed which 
can be supported by the COS/MOS devices ope!8!Ing at 
the lOwest wlue of the Vpp expecled from the !IJ!reBU' 
Iiltea suPPly. 

To establish the extent of the regulation requlred, the 
system cJesisner must rust determine the maximum 
operating frequency required. Usually, the maximum 
frequency of tho system is limited by the slowest 
responding devices in a logic chain. By reference to the 
QIIW of frequency as a function of VDD and CL given 
in the published data for that device, a minimum VDD 
wltage (required for proper operation) can be deter· 
milled. Any wluo abowl this VDD (minimum) will 
pIOYicIe acceptable perfimnanco In the system. By ae1ec· 
lion of a nominal VDD half way between VDD (mini­
.mim) and tho is...,lt maximum rating f~r CoS/MOS 
devices, the desJaner can estimate the percentage regula-
tion .roqulred for hls system t~ perform adequately. • 

For examplo, tho publishod data of the RCA 
CD4OO4A 7-otage binary counter shows a CUlVe (shown in 
Fig. 9) of frequoney as a function of operating voltage 
for that device. For operation of this counter at 5 MHz, 
with a loading capacitance of ISpF, the minimum operat­
Ing VDD permitted for re1isble operation is 10 volts, as 
shown on the cunoe. 

Because the maximum VDD is IS volt., a half-way 
voltage of 12.5 vallo should be tho nominal wlue used. 
In thls case, the maximum percentage roguIation is 20%. 
If the designer deoiroa a nominal VDD closer to VDD 
minimum, then better roguIation is requlred, (for example 
In battery-operated equipment where a standard cell is 
...nable). 

Flltarlng Roqulnm_ 
Power .... pply fdterlng requirements for COS/MOS 

systems are minimal. Two factors account for this 
situetion: (I) the low quiescent power dissipations 
involved, and (2) the fact that the peak wlue of the 
ripple does not go below a minimum VDD (which 
supporto the required swltehlng frequency), 10 that the 
COS/MOS logic performs satisfactorily. 

:I! "MBtENT TEMPERATURE ITA I • 25·C liS LOAD CAPACITANCE: (CL»· IS pF 

l 
1.0 

A • D40 4AIC CD4004AT 

.. 
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20 

Fig. 9- Maximum frrlquency .. a function of PD--. 
tJ/JfJPIy voIl1IfIB for tho CD4004 and CD4004A 
IypA 
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This performance baa been damonstrated in the 
laboratory (see FII. 10). The amount of ripple on the 
power RlppIy is quite hiah, yet tho device functions 
proJ*ly. 

TypIcoI Suppli. 
The foDowing _ indicate some examples of 

adequate IIIppIIes for COS/MOS systems. 

16r--_ 

~!IO. 
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, ... 

10000 
FREQUENCY-IIH;r 

Fig. 10- Peak-ta-peak ripple voltage as a function of 
frequency. 

BatWy Standby System 

0, 

voc COS/MOS 
SYSTEM 

Fig. 11- Barrery standby for COS/MOS systems. 

This system is advantageous in cases where the dc 
supply becomes open or short-circuited. 

With a low battery voltage the COS/MOS system will 
continue to function without interruption. In order to . 
drive this system the battery voltage and de supply 
voltage should relate as foDows: 

Vbattery = Vmin. + 0.7V. (0.7V '" one diode drop) 

Vmax. > VDC supply > Vniin. + 1.4V 

In the .vent the supply drops below V;.u.,., the 
battery wnl forward bias diode D2 to form a closed­
circuit and the COS/MOS system will continue to 
function properly through the battery. 

HighOCSoun:o 
For applications (especially in aircraft eqUipment) 

where the supply voltage exceeds the RCA COS/MOS 
maximum rating of VDD. the circuit of Frs. 12 can be 
used to reduce the high supply voltage to the normal 
COS/MOS voltage range. This conrrguration uses a Zoner 
diode. a resistor R and a capacitor C. 

The low current demand of the COS/MOS system 
permits an inexpensm. but effecti.. Zener cIIoda 
regulator. 

Some of the cJesisn considerations are as foDows: 

I. Selection of Zener Diode and Resistor R 
The amount of current that must be maintained 
through the diode (Id) i. a function of the difference 
between the worst-case average current required by the 
COS/MOS systems and the current required by the 
Zoner diode for regulation based on its particular 
breakdown characteristics. 
The diode current (Id) and the WOlSt..,. .. average sys-· 
tem current (IaVg) deteriolne the wlue of the resistor 
(R) for a particular Zener regulating voltage. 

2. Selection of Capacitance C 
Before the proper capacitance can be selected the 
foll~wing system requirements must be decided upon: 
•• Peak charge requirement. This requirement is a fune-

tionofthepeakcumnt and its pulse width. It must 
be measured for the particular system speed and 
load capacitance. 

b. Pennissible VDD minimum: As mentioned in pre­
vious sections. this minimum voltage wnl determine 
the maKimum operating speed of the COS/MOS 
system .• 

The size of the capaCitor (C) may then· be determined 
from the follOwing formula: 

Q = Ipt (charge = peak current x pulse width) 

1._ 
~GH 1:D 

~~ , 
Fig. 12-Clrcuit for interlace of COS/MOS system< to 

hlg'I-VoIl1IfIB supply. 

SUMMARY 

This Note shows that RCA COS/MOS devices offer many 
advantages in the area of Simplified power-supply require­
ments. The wide operating voltage range (3 to IS volts or 5 to 
IS volts) from a single supply, low power diosipation, and 
high noise immunity permit system designers to .se Ie .. ex­
pensive, unregulated. power supplies. This wide voltage nnp 
makes COS/MOS logic circuits Ideal for battery-operated 
equipment because a better selection of cells is feasible. 
Another advantage i. the direct compatibility of COS/MOS 
devices with bipolar devices which eliminates expensive and 
power-consuming interface circ.ib. (See Ref. I.) 

COS/MOS transistora show peat potential for use in 
large arrays because of the low power dissipation and 
effective use of chip area. The relatively omaD area 
consumed by COS/MOS _, as well u the elimina-
tion of area and powor<onsumIng nliston, remits in hiah 
circuit-denaity per unit1illcon ...... 

The pe.formance foatures mentioned In thl. Note, IS well 
as the roduced costs inherent in IC technology make COS/ 
MOS circuits oxtremely attractive in IIWIY diptal systems. 
1. "Interfacing COS/MOS WITH OTIfER LOGIC Families", 

ICAN6602 by A. Hava.y Ind M. Kutzin. 
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Noise Immunity of COS/MOS B-Series Integrated Circuits 

by T. Chesney 
R. Funk 

The excellent noise-immunity 
characteristics of COS/MOS (com­
plementary-symmetry Imetal-oxide­
semiconductor) digital IC's is a 
paramount reason for their preferred and 
successful use in high-noise automotive, 
process-control, production-monitoring, 
arid similar harsh-noise-prone ap­
plications. The introduction of the RCA 
B-series COS/MOS devices furthers the 
well-known noise,immunity advantages of 
the COS/MOS technology in two im­
portant ways: 

1. Improved noise-energy immunity 
as a result of balanced low­
impedance output circuitry in all 
RCA B-series COS/MOS devices. 

2. Standardized (EIA-JEDEC 
standards) de noise-immunity and 
noise-margin ratings covering 
buffered and unbuffered CMOS­
logic types. 

I ncluded in this Note are brief 
discussions of logic-system noise and 
rejection concepts, COS/MOS dc/ac 
noise-immunity specifications and 
definitions, and del ac noise-immunity 
performance data for several B-series 
COS/MOS gates, inverters, and high­
current drivers. 

Logic-System Noise Concepts 

Successful application of any digital­
logic IC family requires consideration of 
the following: 

I. Externally or internally generated 
noise - both radiated and con­
ducted. 

2. The inherent noise-immunity 
capability of the logic family 
selected. 

3. System noise-rejection measures. 

Without coordination of these three 
points, a system design may perform 
unfavorably. 

Consider first the various system or 
en vironmental noise generating sources. 
External system noise may include the 
noise imposed upon a logic system by 
electric motors, welders, rf transmitters, 
x-ray machines, high-current solenoids or 
relays, pulsed lasers, and circuit breakers. 
All of the preceding emit EMI (elec­
tromagnetic interference), and many 
produce power-line or ground-path noise 
disturbance. External noise is charac­
terized by randomly occurring high­
energy transients that are not easily an­
ticipated. Usually, this noise is coupled 
electromagnetically or capacitively to 
signal, supply, and ground lines. Internal 
logic-system noise is usually generated on 
logic-signal lines by capacitively coupled 
crosstalk or by logic-switching current 
surges on supply lines or ground lines. In 
ultra-high-speed logic families such as 
ECL, reflection noise resulting from an 
impedance mismatch is also an internal 
noise problem; but because of relatively 
long output transition times of CMOS 
devices (more than 10 nanoseconds), 
reflection noise can be excluded from 
further consideration. 

Since both external and internal noise 
must be considered, logic systems must be 
designed to survive in a medium to severe 
noise environment, a fact that leads to the 
second consideration, selection of an IC 
logic family having noise-rejection 
characteristics appropriate to the appli­
cation. As is demonstrated below by 
considerable data, B-se;ies COS/MOS 
devices have good de and ac and noise­
energy immunity characteristics. No 
matter how good the noise-rejection 
capability of a logic I C family, such as 
COS/MOS, system design measures to 
reduce noise entry into logic signal lines, 
power supply lines, and the ground are 
usually neces~ry to some extent. The 
methods most commonly used to minimize 
noise effects in COS/MOS logic systems ' 
are: 

1. Power-source line decoupling -
Good practice suggests use of a 
small-value series resistor and 

zener diode and a capacitor to 
ground on each logic card or each 
50 to 100 IC·s. High-voltage supply 
transients can usually be rejected 
by this simple measure. Separate 
lines should be used for logic 
circuits and power switching 
circuits. 

2. Ground-Line Noise - In a system 
in which many high·current 
switching components, such as 
motors, relays, and SCR's are 
involved. logic grounds should be 
separated from high energy 
component grounds. The logic 
grounds should be returned to a 
common point. 

3. AC noise on system signal inputs 
60 Hz is a commonly used 

frequency reference. Raw ac power 
lines should be isolated using a 
transformer or optical coupler. 
Zener-diode limiters are also ef­
fective. 60-Hz signals can be 
shaped by using COS/MOS Sch­
mitt-trigger circuits. 

NOISE SPECIFICATIONS 

COS/MOS noise immunity is 
characterized by de specifications. ac 
noise-immunity performance, and noise­
energy immunity performance. Each of 
these characteristics is defined below and 
supported by performance data. 

DC Specifications 

Table I shows the industry standardized 
(JEDEC) noise immunity and noise 
margin ratings, VIL and VIH, for B­
series devices. Note that separate 
specifications have been established for B 
(buffered) types and UB (unbuffered) 
types) 

Two important noise characteristics can 
he defined by using the VIL and VIH 
ratings: 

1. Noise Immunity - The VIL and 
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VIH limits are the device inpnt· 
signal noise-immunity ratings 
which, as defined in Table II, are 
30, 30, and 27 percent, respec­
tively, of the 5, 10, and 15-volt 
supply voltages for the B-series 
types. Percentages are lower for 
unbuffered gates, as shown in 
Table II. The VIL and VIH 
ratings define the maximum 
permissible additive noise voltages 
at an input terminal when input 
signals are 50 millivolts off the 
supply rails. 

Noise Margin - The difference 
between VIL and Vo or VIH and 
Vo is the device noise-margin 
voltage for the non inverting case. 
Table II designates the B and DB 
noise-margin voltages. Noise 
margin voltage is defined as that 
noise voltage that can be impressed 
upon VIN at any (or all} logic 110 
terminals without upsetting the 
logic or causing any output to 
exceed the V 0 ratings of Table I. 

Of the two COS/MOS dc noise 
definitions, immunity and margin, RCA 
prefers the noise-immunity specification 
as the more practical COS/MOS system 
definition because CMOS outputs are 
normally 50 millivolts off the rails. 

However, designers familiar with TTL 
may prefer to use the noise-margin voltage 
for system analysis. 

AC Noise Immunity 

COS/MOS ac noise immunity takes 
into account both the device switching 
threshold (dc noise immunity) and the 
noise-pulse width. The latter is affected 
primarily by the COS/MOS IC band­
width, especially ontput transitioll times. 
Fig. I shows the usual COS/MOS noise­
voltage amplitude, Vt , as a function of 
noise-pulse-width characteristic, tp' 

Because noise pulses are narrow compared 
with device output transition time, noise­
voltage rejection is high. As the pulse 

Table I - B·Series DC Noise Immunity and 
Noise Margin (T A = 250 C) 

Characteristics Test Conditions Input 
Vo VDD Voltage 
(V) (V) (V) 

Input Low Voltage 
VIL max. 

S types 0.5/4.5 5 1.5 
1/9 10 3 
1.5/13.5 15 4 

US types 0.5/4.5 5 1 
1/9 10 2 
1.5/13.5 15 2.5 

Input High Voltage 
VIH min. 

B types 0.5/4.5 5 3.5 
1/9 10 7 
1.5/13.5 15 11 

US types 0.5/4.5 5 4 
1/9 10 8 
1.5/13.5 15 12.5 

Table II - B-Series Noise Immunity, and Noise Margin 

Noise Immunity (%) Noise-Margin Voltage (V) 

VDD B-Series US-Series B-Series UB-Series 

5 30 20 1 0.5 

10 30 20 2 1 

15 27 17 2.5 1 

widths approach the IC bandwidth, the 
cnrve flattens out at the device switching­
threshold voltage. AC noise-voltage 

> , 
Z 

POINT USED FOR 
CAL~y~~TION OF ENmin' 

tpmin 
NOtSEPULSE WIDTH ffpl-ns 

Fig. Generic ac noise-immunity 
curve. 

immunity curves, such as those in Fig. I, 
are applicable to: 

Positive noise pulses on signal lines 
in the 0 state. 
Negative noise pulses on signal lines 
in the I state. 

Positive noise pulses on the ground 
terminal. 
Negative noise pulses on the positive 
supply terminal. 

Curves of this type indicate the frequency 
(as defined by noise-pulse characteristics) 
at which the user has satisfactory dc noise 
performance. The curves are especially 
useful in calculating typical noise-energy 
performance, a parameter that takes into 
account the circuit impedance. 

Noise-Energy Immunity 

Noise-energy immunity takes into 
account the pulse width and the circuit 
impedance at the point where the noise is 
introduced. Noise-energy immunity, E , 
in nanojoules, is calculated as follows: . 

where EN is noise-energy immunity in 
nanojoules, V th is the device switching­
voltage threshold for a given noise-pulse 
width, tp is the noise-voltage pulse width 
in nanoseconds, and RO is the impedance 
to ground in ohms at the point of noise 
entry. RO is usually the output resistance 
of the COS/MOS device. 

By using values of V and tl1 obtained 
from the curve of Fig. I, the noise-energy 
immunity curve of Fig. 2 is generated for a 



given value of RO. A comparison of Figs. 
I and 2 shows that the minimum values of 

i.b~ w Nmln : 
~, . 
~ Ipmln. 

NOISE PULSE wrOTH (Ipl-ns 

Fig. 2 Generic noise-energy-
immunity curve. 

noise-energy immunity occur at an input­
noise pulse width for which the noise­
voltage amplitude of Fig. I hegins to 
approach the dc noise-immunity or 
threshold voltage of a device. The 
minimum noise-energy immunity is the 
basis for the calculations and comparisons 
involving most Ie families. 

NOISE-IMMUNITY TEST DATA 

DC Noise-Immunity Test Data 

CMOS dc noise-immunity performance 
is obtained by plotting the voltage-transfer 
characteristic of a CMOS gate, inverter, 
or buffer. Figs. 3 and 4 show the voltage­
transfer characteristics of the CD400lB, a 
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I 
-;:. 
~o'~-----rt--+---~------
~ 

~ 
g 

• 10 IS 
INPUT VOL.TAGE (V1NI-V 

92CS-2.93n 

Fig. 3 CD400lB voltage transfer 
characteristic. 

buffered, quad 2-input NOR gate, and the 
CD400lUB, an unbuffered version of the 
same gate. Comparison of Figs. 3 and 4 
and Table I indicates that the values of 
VIL and VIH for these devices are well 

C0400lUB 
TA·23·C 

• 
~ 

0 \ --

'\ 
• 

l f"-.-"-t-
o • 10 

INPUT VOLTAGE IVINI-V 

Fig. 4 CD4001 UB voltage transfer 
characteristic. 

within the standard JEDEC 
specifications. The VIL and VIH values 
for any typical COS/MaS device indicate 
a typical dc noise immunity close to 50 
percent of the supply voltage, a 
paramount advantage of CMOS logic 
devices over TTL, ECL, PMOS, and 
NMOS logic devices. 

AC N oise-Immunity Test Data 

Fig. 5 shows the test circuit used in the 
evaluation of the ac noise immunity of B­
series COS/MaS devices. The criterion 
used is the trig~ering of a typical 
CD4013B flip-flop at the clock input. The 

I 
I 
I 
I 
I 
I 
I 
I I 

O.l~ __ J Vss 

J"L 
---u-

Fig. 5 Test circuit used in the 
evaluation of B-series COS/MaS devices_ 

circuit of Fig. 5 accounts for typical 
CMOS loading factors and generally 
reflects the ac noise performance of typical 
B-series devices. The device types used in 
the evaluation include the following: 

CD400IUB unbuffered quad 2-
input NOR gate, 
CD400lB buffered quad 2-input 
2-input NOR gate, 

leAN-6SS7 

CD4011UB unbuffered quad 2-
input NAND gate, 
CD4069UB hex inverter, 
CD4049UB hex inverting buffer. 

The above list includes the most 
commonly used COS/MaS gates, in­
verters, and buffered devices. The ac 
noise-immunity characteristics of the 
buffered NOR gate (CD400IBl reflectthe 
noise-immunity performance of buffered 
CMOS products of all descriptions. 

SIGNAL-LINE OR EXTERNAL 
NOISE IMMUNITY 

The following analysis was used to 
determine the immunity of a COS/MaS 
gate to noise on the input line at both the 0 
How-leveH and I (high-level) logic states. 

O-State Analysis 

The signal-line noise immunity of 
COS/MaS gates and inverters was 
evaluated by means of the test circuit 
shown in Fig. 6. The COS/MaS units 

CD400lB 1 CD~WIB 

fQi 
1100 [ 

---l>-J 
CD4069UB 

o.IJlFI~04gUB 

Fig. 6 Test circuit used to evaluate 
signal-line noise immunity of COS/MaS 
gates and inverters. 

tested were the CD400lUB, CD400lB, 
CD40llUB, CD4049UB, and 
CD4069UB. Fig. 7 shows the results 
obtained. The tesi circuit is designed to 
measure the voltage required at the input 
of the unit under test to trigger a CD40 13 
flip-flop. 

During test, a positive-going noise pulse 
is introduced into the signal line of the unit 
under test. At some voltage level, 
depending on the width of the pulse and 
the gate thresholds, this pulse causes the 
flip-flop to be clocked via the CD400IB 
gate. This voltage level defines the per­
missible input range for a logical O. 
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Fig. 7 Results of O'state signal-line 

noise-immunity tests. 

A dc analysis of the transfer charac­
teristics of the components included in the 
test setup can also be used to determine 
the noise level required to clock the flip 
flop. Fig. 8(a) shows that a signal of 4.15 
volts is required at the input to the 
CD4001B gate to produce an output of 4.5 
volts at a supply voltage, VDD, of 10 
volts. Fig. 8(b) shows that an input of 5.25 
volts is required to trigger the CD4013 
flip-flop at a supply voltage, V DD, of 10 
volts. All measured values shown in Fig. 8 
were obtained from measurements on 
gates that have typical threshold­
switching characteristics. 
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Fig. 8 Transfer characteristics of 
components used in the circuit of Fig. 6. 

Careful analysis of the ac noise curves of 
Fig. 7(c) (for the CD4049UB) for O-state 
signal-line noise shows a voltage-pedestal 
effect occurring at noise pulse widths 
associated with the noise-threshold region 
of the units under test. A comparison of 
the voltage-transfer curves of Fig. 8(c) 
with the dynamic input capacitance curves 
for the CD4049UB, Fig. 9, reveals that 
this pedestal effect occurs in the same 
region as the peak Miller input 
capacitance, where the inverter is in its 
maximum linear-gain region. Most 0- and 
I-state noise·voltage characteristics curves 
in this Note exhibit this pedestal effect to 
some degree. 

" 
0 

C04049U8 

0 

0 
VOO"SV 

0 10V 
15V 

0 

0 

>L 
r--

5 10 15 ro 
INPUT VOLTAGE (VINJ-V 

Fig. 9 Dynamic input capacitance 
curves for the CD4049UB. T A = 25°C. 

l-STA TE ANALYSIS 

Fig. 10 shows the test arraligement used 
and Fig. 11 the results obtained from 
noise-immunity measurements on the 
COS/MOS logic gates and inverters 
identified above when the input is high 
and a negative-going pulse is superim­
posed on the signal line. 

Fig. 10 Test circuit used to measure 
noise immunity of COS/MOS logic gates 
and inverters when the input is high and a 
negative-going pulse is superimposed on 
the signal line . 
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Results of l'state signal·line 
noise· immunity test. 

POWER-SUPPL Y NOISE IMMUNITY 

The test configuration shown in Fig. 12 
measures the ability of test units to 
withstand a negative-going noise pulse 
superimposed on the supply line without a 
change in state; Fig. 13 shows results of 
tests. A pulse of sufficient amplitude 
causes the output of the gate to decrease so 
that, at some point, the CD4013B flip-flop 
is triggered from the rising voltage at the 
output of the driving inverter stage. 

It should be noted that two power 
supplies are used in the arrangement of 
Fig. 12. An equivalent resistor or inductor 

EQUIVALENT RESISTANCE, MINIMUM PULSE WIDTH* 
REau {ohms I {nanoseconds I 

100 53.4 
50 55.5 
33 47.5 
25 51.1 

* VARIATION THE RESULT OF WAVE SHAPING 

Fig. 12 Test circuit used to measure 
the ability of test units to withstand a 
negative-going noise pulse on the supply 
line without a change in state. 

C0400lue 

"fi---I-.-- - -T;~f:PcOlt' __ --j __ ---i 

> "f-l-~- ----j----I---I---4 
th'l~""'-'-+-"--+-~-+---+--- -
~ 8 \ """-__ VDO"15Y 

i! 15 , ... _- iDv-

I. " 'V 
'r--·-+--4---r--·r----

, .. 200 so. ... 
PULSE WIDTH-~ 

(a) CD4001B, CD4001UB 

· CD40llU8 

~ 
T .. -2'·C 

"t--,. 
\'--., • , \ VOD"-m-

· , , 
, , 

0 , .. ... 'DO ... . 
PULSEWI01'tt-nt 

(b) CD4011UB 

,·,r---.,...--"T·c='"'c ..... "'."'."'u • .--~---
'4.~clt---t----I~ ---T~~~~UB _+ __ .J 

,,1I 
,'0 ~ '---- -1----1----+----1 
~ e ... ---- ~ VDD-I!lV 

! 6 \ .. --.- -------- -------- ----.--

I. '':--
'f--

--

>DO 
PULSE WIDTH - nt 

_. ______ 5V __ 

(e) CD4049UB, CD4069UB 

TA = 25°C. 

Fig. 13 Power-line noise immunity, 

ICAN-6587 

for simulating contact resistance and lead 
length is used in the VDD line of the unit 
under test. Without this resistance the test 
unit will not react to the noise pulse. 

GROUND-NOISE IMMUNITY 

Noise on the power line may be ef­
fectively reduced or eliminated by the use 
of decoupling capacitors; however, 
ground-line noise cannot be reduced so 
easily and, therefore, is more ob­
jectionable. Fig. 14 shows the test circuit 
used to measure the ground-line noise 
immunity of COS/MOS gates and in­
verters; Fig. 15 shows curves of the results 
obtained. Again, the units under test 
would not react to the noise unless a 25-
ohm resistor or small inductor simulating 
lead length or contact resistance were 
placed to ground . 

f OR 
25n 500 

.H 

Vss ALL UNUSED INPUTS 
CD4069U8 TO VSS 
CQ4049UB 

TO.1I£F 

b -.ILb~b~NATOR 

Fig. 14 Circuit used to 
ground-line noise immunity. 

measure 

CROSSTALK NOISE IMMUNITY 

A test circuit used to evaluate crosstalk 
is shown in Fig. 16. A noise pulse from a 
pulse generator is coupled to the signal 
line of the gate or inverter through a 
capacitor. The noise voltage necessary to 
trigger the flip-flop is then measured for 
different values of capacitance under high 
and low input conditions. Fig. 17 shows 
the effect of capacitance on the inputs of 
the units under test. 

The circuit shown in Fig. 18 more 
closely approximates crosstalk caused by 
adjacent signal lines. The response of the 
test circuit to a noise pulse may be ex­
plained by analysis of the response of a 
high-pass RC circuit to a ramp input of Vi 
= 0: t, where 0: is the coefficient of 
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coupling and t is rise time, 10 to 90 per­
cent. The output voltage Vo may be 
expressed by the following equation: 

Va=aRC(l-e-t/RC) (1) 

The equivalent circuit for the part of the 
test configuration used in this analysis is 
shown in Fig. 19. On the basis of this 
equivalent circuit, Eq. (I) may be 
rewritten as follows: 

(2) 

Va max ='" ex: (Za II ZIN C [(1-et/2ZaIiZin) C] 

If Viis assumed to be ex: t during the 
period in which the output voltage 
switches from 10 to 90 percent of its total 
value, this change in output voltage can be 
expressed as follows: 

• [i-e -t/2 Zo 1/ Zin) C] (3) 

The results of this analysis may be applied 
to the various crosstalk waveforms ob­
tained. 

Fig. 18 Circuit closely approximating 
conditions for crosstalk on adjacent signal 
lines. 

Z, 
GATE 
UNDER 
TEST 

Oc:.PLING Zln 
GATE 

T,COEF. UNDER 
[ICIENT -=- TEST 

V,N 

Fig. 19 Equivalent circuit used in 
crosstalk analysis of test configuration 
shown in Fig. 18. 

Crosstalk measurements that simulate 
actual operation are made by use of the 
test circuits shown in Figs. 20 and 21. The 

circuit of Fig. 20 simulates a round-cable 
system and Fig. 21 a ribbon-cable system. 

In Fig. 20, a sense line is placed tightly 
within five surrounding wires (No. 22 
gauge) to form a 6-foot-long cable with a 
capacitance of 18 picofarads per foot 
(determined by measurement). 

-{>o-­

P~I _ _ tL9>----
EQUIV.OF 6 FEET Of 

ROUND CABLE 

ALL WIRES ONE WIRE 

~:~ ~~1P. In. 5~:~ :~:rf. In . 

Fig. 20 Circuit simulating a round-
cable system. 

In Fig. 21, a sense line is placed bet­
ween two adjacent driving lines (No. 22 
gauge) of a 6-foot-long ribboJl cable with a 
capacitance of 16 picofarads per foot 
(determined by measurement!. 

IOpF/ll:lR, 
17.5,F/I'I. 

Fig. 21 Circuit simulating a ribbon-
cable system. 

The results of crosstalk are shown in the 
photographs of Figs. 22 and 23 for round 
cable and ribbon cable, respectively. The 
crosstalk was insufficient to trigger the 
CD4013B under all conditions of the 
circuits of Figs. 20 and 21. 
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Fig. 22 Crosstalk in the round-cable 
system. 

NOISE-ENERGY -IMMUNITY 
PERFORMANCE DATA 

Table III shows computed values of 
noise-energy immunity for the gate, in­
verter, and buffer types identified above. 
Noise pulse width, tp ' and noise threshold 
voltage, VT, data were obtained directly 
from the 1 and 0 signal-input ac noise­
immunity test curves presented earlier in 
this Note, Figs. 7 and 11. Values of Ro are 
typical output impedances for the 
CD4001B driving gate used in obtaining 
the curves. Fig. 24 is a plot of high- and 
low-input state noise-energy immunity for 
the CD4001B gate as a function of input 
pulse width. These curves show that noise­
energy immunity is high for noise band­
widths that exceed the speed capability of 
the device, and a minimum of ap­
proximately 1. 3 nanojoules where the 
noise-pulse width (50 to 100 nanoseconds) 
approximates the device output transition 
time. Noise-threshold energy increases 
steadily with greater pulse widths. 

773 

I 



ICAN-6587 

Table II I - Typical Values. of Noise-Energy Immunity. 

TYPICAL 

TYPE SUPPLY NOISE NOISE TYPICAL NOISE-ENERGY 
VOLTAGE PULSE WIDTH THRESHOLD SIGNAL LINE IMMUNITY' 

VOLTAGE IMPEDANCE 
LOGIC STATE 

VDDIV) tp Ins) Vt IV) . RO lohms) 
LOW HIGH 

CD4001UB 

CD4001B 

CD4011UB 

CD4049UB 

CD4049UB 

4V/.em 

IV/em 

4V/cm 

4V!cm 

5 

10 

15 

5 

10 

15 

5 

10 

15 

5 

10 

15 

5 

10 

15 

(el 

"I 

LOW 

100 

60 

40 

160 
80 

40 

100 

40 

60 

60 

40 

60 

150 

60 

40 

HIGH LOW 

100 

40 

40 

150 
40 

40 

140 

80 

40 

120 

40 

40 

150 

60 

60 

2.75 

6.3 

9.0 

2.58 
6.2 

9.6 

3.0 

5.0 

6.9 

2.0 

3.7 

4.9 

2.75 

6.4 

8.7 

VOD'" 5 V 
Ir.lf·IOns 

t.,IMHr: 
VIN" 

I STATE 

VOO'IO V 

',""," IOns 
f= I MHZ' 
VIN'" 

I STATE 

VOO"'ISV 
',:I,=IOns 
,-IMHz 
VIN'" 

I STATE 

Fig. 23 Crosstalk 

CONCLUSIONS 
The noise-immunity test data 

demonstrates the high noise immunity of 
COS/MOS dl'gital integrated circuits. 
Typical ac noise-voltage iinmunity for an 
unbuffered gate is 2 volts for a 5-volt 
supply, 5 volts for a IO-volt supply, and 7 
volts for a I5-volt supply. As expected, the 
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2.85 700 700 
5.6 270 270 
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2.67 700 700 
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9.1 190 190 

2.9 700 700 

6.7 270 270 

10.4 190 190 

2.60 700 700 
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8.0 190 190 
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1.29 
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0.343 

2.03 

7.58 

1.62 

9.10 

15.94 
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1.00 

3.85 
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1.74 
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92CS- 29365 
in the ribbon-cable system. 
low-level ac' noise-immunity for the 
CD4049UB buffer is slightly lower 
because of the lower effective input 
threshold of the large NMOS transistor 
used. 

Of paramount interest is the good noise­
energy performance of approximately 1.3 
nanojoules for B-series gates, which is 

'I. 
un~L~_~~~~~_~~ __ ~~ __ 9 

100 2 •• 400 
PULSE WIDTH Itpl -,It 

· (:040018 

'c------ Voo,"SV 
TA-e"C --

,f----f---

• 
VIN-l.OW ../ 4 

• v----- ---• V- ~ '\'-
V ___ -

I 

• 100 toO ... 400 500 
PULSE WIDTH Itpl- '" 

Fig. 24 High- and low-input state 
noise-energy immunity for the CD400IB 
gate as a function of input pulse width. 
TA= 25°C. 
comparable to the performance of bipolar 
TTL gates at 5 volts despite their much 
higher output drive current. At operation 
above 5 volts; the noise-energy immunity 
of COS/MOS devices ranges up to 20 
nanojoules at 15 volts, far exceeding the 
noise-energy immunity of TTL. This 
improved noise immunity makes CMOS 
logic devices far more economical to use in 
high-noise automotive and industrial 
control environments than TTL devices. 
This noise-rejection capability exceeds 
even that of bipolar high-threshold logic, 
which has only approximately 5 
nanojoules of noise·energy rejection in the 
high logic-input state. 

The good inherent noise immunity 
provided by COS/MOS devices leads to 
design economy, and complements the 
accompanying benefits of COS/MOS: 
low-cost, medium- to high-speed 
operation, wide operating voltage range, 
good temperature stability, wide selection 
of SSI, MSI, and LSI device types, etc. 
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Interfacing Analog and Digital 
Displays with CMOS Integrated Circuits 
by J. E. Gillberg 

Many forms of displays are available for 
interfacing digital and analog information 
from electronic circuits with the individual 
end user. The display choice generally 
takes into consideration not only technical 
feasibility but also visual impact and often 
aesthetic appeal. Until recently, the 
analog display, primarily motors (both 
synchronous and stepped with gears, 
hands, or drums, has been the most widely 
used. At present, however, new 
developments are making the digital 
display the more dominant method. 

This Note describes some of the 
COS/MOS integrated circuits most 
suitable for interfacing the electronic 
circuit and the display. In the case of 
digital displays, it describes basic display 
operation to help simplify the equipment 
designer's task in selecting both the most 
appropriate display and the most suitable 
interfacing device. 

Analog Display Drivers 

Analog displays are usually driven from 
either a synchronous motor or a stepper 
motor. The synchronous motor receives an 
incoming signal at a frequency of ap­
proximately 60 Hz and continuously 

rotates at that frequency. The stepper 
motor receives an incoming signal at about 
0.5 to 2 Hz and rotates only during the 
active pulse interval. The stepper motor 
gives the effect of a non-continuous 
movement of the motor or wheel. 

One of the major users of digital circuits 
with analog displays is the timekeeping 
market. This market has continued to use 
analog displays because of the many basic 
advantages of the familiar clock or watch 
face with moving hands. These ad­
vantages include low cost, high reliability, 
simplified electronics, familiarity of 
display mode, and low current drain. 

A number of IC's are available for 
interfacing the electronic clock circuitry 
and the analog display. An excellent 
example is the CD4045, a COS/MOS 21-
Stage Counter. As shown in Fig. 1, this 
device can be used in timing applications 
not only to generate the crystal oscillator 
output, but also, because of its output 
current capability, to directly drive a 
stepper motor. Fig. 2 gives curves 
illustrating the current capabilities of the 
CD4045. 

One method of reducing the current 
drain of a stepper motor is to terminate the 

XTAL " 2.097152 MHz 

RF : 20 Mn TVP 

CIN : 15 pF TYP. 

COUT : 30 pF TYP 

fOUT.= I Hz 

-IL..-..J"l... 
OUT-"---

92CS-29923 

Fig. 1 - CD4045, COSIMOS 21·stage counter, 
used to generate crystal oscillator output and to 

drive stepper motor. 

DRAIN TO SOURCE VOLTAGE tVosl-vI 

DRAIN-lO-SOURCE VOLTAGE "'osI-v 

Fig. 2 - Typical output n-channel and p­
channel drain chllracteristics of the CD4045. 
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incoming pulse at the precise moment the 
armature achieves enough momentum to 
rotate to the next position without any 
additional current. The Low-Voltage 
COS/MOS Analog Timepiece Circuit 
CD22010E has the capability of detecting, 
as shown in Fig. 3, when no additional 
current is required by the motor. It 
operates as follows. At the beginning of 
the output pulse because the load is in­
ductive no current will immediately flow 
IV = L di/dt) and the voltage at the 
output will be at ground, as shown in Fig. 
4 at to' After time', the current will begin 
to flow into the pull-down n-channel 
transistor of the CD22010E. This current 

Voo Voo 

~EO;~C'\- MOTOR 

~-~/ 
.--..--..---1 

CD22010E 

1 = Vss 
g2CS-29918 

Fig. 3 - CD2201OE, a ww-voltage COSIMOS 
analog timepiece circuit, used to detect status 
of stepper motor current. 

U'O ',"2',' 
, I , , , , , , 
I ........ : 
, , 
92CS-29922 

Fig. 4 - Nominal output pulse of stepper 
motor. 

flow raises the output voltage until the 
motor begins to rotate and cause a back 
electro-motive force thereby reducing the 
voltage at the output. Once the motor has 
achieved enough momentum to move on 
its own inertia, however, any added 
current again raises the output voltage. 
The time interval from tQ to t3 in Fig. 4 is 
the nominal output pulse. Time tl in­
dicates the end of an internal activation 
period after which any rising edge on the 
output will trigger internal circuitry to 
terminate the pulse width, thus saving 
battery current. 

The battery-operated wall clock is one 
of the major areas for analog displays 
primarily because of the low-voltage U.5 
to 3.0 V typical) and low-current (60 A 
typical) operation. A number of display 
interface circuits are available for this 
application. The most suitable depends 
upon the type motor and the voltage being 
used. Several of these circuits are 
illustrated in Fig. 5. In Fig. 5(c), the 
capacitor CD increases the maximum 
pulse or spike current supplied to the 
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(.) CD22013E OMaTa. STANOARD BRIDGE CIRCUIT 

CO) CD22010E 

uVDD 
ACTIVE PULL DOWN 

(0) COt20llE I) CAPACITIVE COUPLING 

92CS-Z99!1 

Fig. 5 - Typical motor inter/ace circuiu lor 
analog watch or wall clock circuit •• 

motor. The value of this added capacitor 
is typically between 1 and 10 microfarads 
and is dependent upon the frequency of 
operation. 

Many integrated circuits are available 
from RCA that can be used to interface an 
analog high-current-drive display. Table I 
lists several of these devices. For technical 
data on these devices see the RCA IN­
TEGRATED CIRCUITS DATABOOK 
SSD-250 or the technical data sheet for the 
specific device. 

Digital Display Systems 

LiqUiiJ Crystal Displays 

The most important advantage of the 
liquid crystal display is its very low power 
consumption, . typically 50 microwatts per 
character. The reason for this low power 
consumption is that the liquid crystal 
display does not generate or emit light, but 
controls reflected or transmitted light 
generated elsewhere. 

The liquid crystal display device 
consists of a layer of liquid crystal material 
sealed between two conductive-coated 
glass plates. The liquid crystals are fluids 
having molecule alignment characteriStics 
very similar to those of solid crystals. The 
alignment of the molecules can be changed 
by the application of an ac signal. This 
change in alignment can produce image 

NO FIELD APPLIED 

patterns determined by the physical 
construction of the device. Electrical 
contact is made to the liquid crystal by 
means of a transparent conductor. 
Because the image pattern depends upon 
molecular alignment, the direction which 
light strikes the liquid crystal is very 
critical. As a result, light polarizers are 
attached to the front and back to control 
whether the display is dark on a light 
background or light on a dark 
background. Fig. 6 shows the sandwich­
type construction and the arrows illustrate 
the molecular polarization of a liquid 
crystal material resulting from an ac field. 

There are two basic types of LCD's: 
dynamic scattering devices and field-effecJ! 
devices. When an ac field is applied to a 
dynamic scattering liquid crystal, the 

FIELD APPLIED 

92CS-2992D 

With the development of MSI and LSI, 
digital displays emerged as an important 
method of information transfer and many 
new display systems appeared. The most 
popular or promising types of digital 
displays are listed in Table II along with a 
brief summary of their major advantages 
and disadvantages. In the following 
material each display system is discussed 

Fig. 6 - Basic operation of field-effect type 
liquid crystal device showing molecule 
alignment and major elements. 

with the emphasis on adaptability to 
interfacing electr~:>Dic circuitry. 

Table I - Analog-Display Driver and Counter COS/MOS Integrated Circuits 
Type Family Package Volts Freq. Description 

Dev. No. 
Oocks 
CD220lOE TA6656 

CD2201lE TAI0294 

Auto Oocks 
CD22012E TA6489 

CD22013E TAI0176 

CD22014E TA6817 
CD22015E TAI0177 

Industrial Timers 
CD22017E 

8·D1P 1.5 32kHz Portescap stepping-motor drive, 
with pulse·width control (I Hz) 

8·D1P 1.5 4 MHz SOS stepping-motor drive 
(2 Hz push·pull) 

14-D1P 12 4MHz Quartz analog auto clock 
(0.5 Hz push·pull) 

8·D1P 12 3 MHz Quartz analog auto clock 
(64 Hz push.pull) 

8·D1P 12 4MHz Quartz analog clock (60 Hz) 
8·DIP 12 2 MHz Quartz analog auto dock 

(30 Hz push·pull) 

16·DIP 10 Universal industrial timer 
Table II - Digital Display Technologies 

Type Advantage Disadvantage 

liquid Crystal 
light·emitting diode 
Gas discharge 
Fluorescent 
Incandescent 

Low power, low voltage 
Low cost, simple interface 

Easily read 
Low segment current, low cost 
Brightness, low cost 

AC signal - difficult to multiplex 
High current, visibility 
High voltage 
High filament current/fragile 
High current 
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molecules which are normally aligned, 
and hence transparent, are rearranged to 
scatter any available light, and the display 
becomes opaque. The field-effect type 
displays a visual change when the 
molecule alignment is rotab.'Il from one 
plane to another, as illustrated in Fig. 6. 
The field-effect liquid-crystal device has 
become the more popular display. 

Two kinds of liquid-crystal devices are 
available in either the dynamic-scattering 
or field-effect cateogry: reflective and 
transmissive. The only difference is that 
for the former, reflective material is added 
to the back of the display to reflect the 
light entering the front. This type is well­
suited for applications where substantial 
ambient light is available. In applications, 
where the ambient light is small, the· 
transmissive display could be used with 
some form of back lighting. 

Liquid-crystal devices require an ac 
drive signal having no dc component. A de 
component can cause an electrolysis 
plating action which can eventually 
damage the display. For field-effect 
displays, this drive signal may be from 2 to 
10 volts at 60 to 10,000 hertz; for dynamic-



scattering devices, the signal may be from 
7 to 30 volts at 20 to 400 hertz. 

When a liquid-crystal segment is ac­
tivated by a drive signal, the phase 
relation between it and the transparent 
electrode applied to the glass backplane is 
1800 and a visual display results. When no 
drive signal is applied to the segment, the 
backplane and segment are in phase and 
the visual display is off. 

The usual method of activating a 
segment is to apply a square wave which is 
out of phase with the square wave applied 
to the common backplane. As shown in 
Fig. 7, when the segment square wave is in 
phase with the back-plane square wave, 
the segment is not activated. By the use of 
a square wave for both the common 
{backplane) and the selected segment 
drive signal, the effective dc voltage across 
the display is always zero regardless of 
whether the display is activated or not. 

Liquid crystals offer the important 
advantages of requiring very little power 
and low voltage. Their disadvantages are: 

1. Because they need an ac signal for 
operation, multiplexing is difficult. 

2. They need good ambient light or 
back lighting. 

3. They have a limited operating 
temperature range: -20 to 60 or 
85°C. 

4. Theh- cost in relation to other 
displays is high. 

5. Their response time is slow: 100 to 
300 milliseconds. 

RCA offers several display drivers for 
liquid crystal devices: the CD4054, a 4-
segment display driver; the CD4055, a 
BCD-to-7-segment decoder/driver with 
"display frequency" output; and the 
CD4056, a BCD-to-7-segment 
decoder/driver with strobed-latch func­
tion. These devices have level-shifting 
capability for interfacing low-voltage logic 
signals to higher-voltage display signals. 
In addition, a full line of direct drive LCD 
watch chips is available; 

SELECT 

BACK PLANE 

SEGMENT 

Light-Emitting Diodes 

The light-emitting diode {LED) has also 
received wide acceptance as a digital 
display in the last several years because of 
its low-voltage operation, long life, ease of 
multiplexing, high reliability, and fast 
response time. An LED is a semicon­
ductor diode composed of a p-n junction. 
In forward-biased operation, because of 
recombination of holes .and electrons, the 
diodes radiate a colored light in a narrow 
spectrum. LED displays are normally 
constructed of either gallium phosphide 
{GaP) or gallium arsenide phosphide 
{GaAsP) semiconductor material. Both 
types of LED displays have approximately 
equal advantages and disadvantages. The 
GaAsP type, however, is more prevalent 
for red displays. The forward drop is 
approximately 1.6 volts for GaAsP diodes 
and 2.1 volts for GaP diodes. Two con­
figurations of LED are available: common 
anode {requiring sink current) and 
common cathode {requiring source 
current). Fig. 8 illustrates both types of 
device. 

Any single LED segment is electrically 
the same as any conventional solid-state 
diode although the LED does have a 
slightly higher forward voltage drop. Once 
the forward voltage reaches approximately 
1.6 volts, the current which up to that 
point has been very small increases 
rapidly. A typical GaAsP LED needs 
approximately 5 to 30 milliamperes for a 
reasonable amount of brightness. If 
current Continues to increase, the LED 
will reach a light saturation mode at 
approximately 100 to 150 milliamperes. At 
this point any increase in current will not 
increase the amount of light generated. 
Because the efficiency is greater for higher 
currents and the electrical and light output 
rise times are in nanoseconds, LED's are 
well suited for multiplexed or pulsed 
output drive. Pulsed output drive can also 
decrease the total amount of power 
required to achieve a given brightness by 
as much as 30 per cent. 

VDD 
Vss 

VDD 
Vss 
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As an example, consider the design of a 
four-digit multiplexed LED display 
system to interface with a four-digit in­
formation storage device. The LED needs 
an average of 6 milliamperes of current to 
achieve the desired brightness. Because 
there are four digits, the multiplexed 
signal requires a 25 per cent duty cycle. 
The peak current, therefore, must be 4 x 6 
milliamperes to achieve the 6-milliampere 
average current. The CD4511 BCD-tO: 
seven-segment latch decoder driver is 
designed with emitter-follower n-p-n 
bipolar outputs and is therefore able to 
supply the needed peak current of 24 
milliamperes. The digit driver must be 
able to sink a peak current of 7 x 24 or 168 
milliamperes when all segments are turned 
on. Many available discrete or integrated 
bipolar devices can meet this requirement. 
Fig. 9 illustrates a suitable circuit. This 
circuit uses a CD4511, a BCD-to-7-
segment latch decoder driver; CD4052's, 
differential four-channel multiplexers; 
CD4094' s, eight-stage shift-and-store bus 
registers; and CD4011 NAND gates. 

The multiplexing digit signai, which 
can also be used to clock a counter to 
control the CD4052, can be derived by use 
of a CD4017 as shown in Fig. 10. The 
CD4017 is a counter/divider having ten 
decoded outputs. The number of digits 
multiplexed can be increased beyond four 
by taking the digit drive from a higher 
output on the CD4017. Theoutputshould 
be N + I where N equals the number of 
digits to be multiplexed. The CD4017 
must be interfaced to a bipolar driver to be 
able to sink or source the current needed 
by each digit {I68 milliamperes). 

Fig. 11 shows a typical digit driving 
circuit. The calculation of the value of 
resistor R I can be made as follows: 

Let {3 =;. the gain of the transistor I 
then {311 = 168 mA 

> 
orIl = 168/{3 mA 

Once VDD is established, a given VDS 
can be taken from Fig. lib for current I I' 

Therefore, R 1 = {VDS - 0.7)/1 I 
kilohms 

VDD 
Vss 

DIGIT COMMON ANODE 17- SEGMENT DRIVER I 
DIFFERENTIAL 
VOLTAGE 

92CS-29917 

Fig. 7 - Timing diagram of liquid crystal 
element voltages showing how segments are 
activated by .quare waves to avoid damaging 
effect. of a dc component. 

VD. 

Vss 
-Voo 

T 

t!!!!!! I' 
COMMON CATHODE 

92C5-29916 

Fig. 8 - Common cathode and common anode 
light-emitting diode configurations. 
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CD4011 

,-----1----1"---0 STROBE 

SEVEN-SEGMENT 
OUTPUT 92CS- 29915 

~lD'G'T ~ SEQUENCE 

92CS-29914 

CLOCK~ 

Fig. 10 - Use of CD4017, a counter/divider 
having ten decoded output., to provide the 
multiplexing digit signal. 

Fig. 9 - Interfacing of four-digit multiplexed 
LED display system with a four-digit in­
formation storage device. 

optical filter in front of the LED. This 
filter increases the contrast ratio of the 
LED display and makes it easier to read in 
any ambient light. 

1 
I 

~ I~ 

i 12.5 
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(a) 92eS-29913 

GATE-TO-SOURCE VOLTAGE (Vas)-'5V 

'OV 

5 2.s !5V 
o 

5 10 IS 
DRAIN-TO-SOURCE VOLTAGE (Vosl-V 

(b) 

Fig. 11 - Typical digit driving circuit and 
mlR.mum output n-channel drain charac­
teristic used for calculating value of resistor 
Rl. 

Fig. 12 shows the segment and digit 
drive. Resistor R f is necessary to avoid 
current "hogging' in the LED segments. 
The value of R2 is calculated from the 
curves in Fig. 13 showing output current 
as a function of output voltage for the 
CD4511B and from the infonnation 
supplied with the LED. 

Let IS = peak current in segment 
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VOUT = voltage out of the CD4511B 
from Fig. 13 at the VDD being 
used in the system 

VD = voltage across LED segment for 
required brightness 

V CE = voltage across digit driver 
transistor 

Then, 
VDD - (VOUT + VD + VCE) 

R2= IS . . 

In this example 

VDD - (VOUT + VD + VCE) 
R2 - -==-----=:..::::'--:-='----==-

24mA 
kilohms 

If the value chosen for R2 is too low, 
uneven segment lighting can occur. 
Resistor R2' therefore, should be as large 
as possible . 

One major drawback to the use of LED 
displays is that the contrast ratio of the 
display is very low in bright light. The 
easiest means of correction is to place an 

Voo 
ONE OF SEVEN --y 

I SEGMENT,DRIVE 
_.J 

92CS-29912 

Fig. 12 - Segment and digit drive circuit for 
LED. 

AMBIENT TEMPERATURE ITA )-2S·C 

o o~ 

SUPPLY VOLTAGE -OUTPUT DRIVE vqLTAGE (Yoo-Votel-Y 
9ZeS-21011 

Fig. 13 - Typical voltage drop (V DD to output) 
vs. output source current as a function of 
supply for the CD4511. 

Gas-Discharge Displays 

Gas-discharge or cold-cathode displays 
are available in both seven-segment and 
one-of-ten decoded displays. The one-of­
ten decoded displays operate by energizing 
one of a series of stacked cathodes each in 
the shape of the numeral to be displayed. 
This stacked arrangement causes some 
viewing problems because the different 
numbers appear to move in or out within 
the display. A CD4028 BCD-to-decimal 
decoder could be used for the one-of-ten­
decoding neCessary for this type of device. 
The seven-segment decoded gas-discharge 
displays operate in a very similar manner 
to the seven-segment LED displays 
mentioned earlier. 

One disadvantage of gas-discharge 
displays is the high potential needed to 
activate the display. TypicaUy, a voltage 
between 80 and 200 volts is necessary to 
cause ionization of the enclosed gas. Once 
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Fig. 14 - 8/J3ic series and shunt circuits for 
multiplexing gas-discharge display". 

ionization takes place, the cathode glows a 
dull red or orange-like color. In 
multiplexing these devices, care must he 
taken to make sure that segments 
energized for one digit are completely 
deionized hefore the next digit is ac­
tivated. 

For multiplexing gas-discharge 
displays, either the shunt or the series 
method can he used. See Fig. 14. The 
series method has the advantage of lower· 
power dissipation, but it requires that the 
switching transistor have higher voltage 
and lower leakage than the shunt method 
requires. Fig. 15 illustrates the 
multiplexing of a one-of-ten gas-discharge 
display. Because of diode Dl, the 
oscillator using the CD4011 produces a 
non-symmetrical output havifig an off 
period long enough to assure that all 
characters are deionized. 
Fluorescent Displays 

The fluorescent display, like the LED, 
is a seven-segment device. Its operation is 
similar to that of a vacuum tube. The 
major difference is that the anode of the 
display has 'a phosphorescent coating 
which when struck by an electron beam 
emits blue-green light. Because this light 
is of a very wide spectrum, it can be 
filtered with little loss of display 

to 25 volts from anode to cathode is 
typically used to accelerate electrons 
emitted from the cathode. When the 
cathode is activated, the current flow is 
approximately 0.5 to 2 milliamperes 
depending upon the type of display. 
. The potentials of the anode, grid, and 

fdament are crucial in the operation of the 
f!uoresce?t display. The potential of the 
filament m the fluorescent display must he 
directly related to both the grid and anode 
voltages because the filament is acting 
both as a heater and as the cathode of the 
display. The potential at which the 
electrons are emitted from the cathode or 
filament, therefore, is critical in deter­
mining whether or not those electrons are 
accelerated toward the phosphor-coated 
anode. 

Advantages of fluorescent display 
systems include low power, low cost, ease 
of multiplexing, and ease of interfacing to 
integrated circuits. A disadvantage is that 
they are more fragile than many other 
forms of display because they require an 
evacuated envelope. 

A typical circuit for driving a 
fluorescent display is given in Fig. 16. The 
display segments are connected to the 
anodes of the display device and can he 
driven directly from any COS/MOS High­
Voltage B-Series Integrated Circuit at 
about 20 volts. In many instances, 
however, the control logic for the in­
formation heing displayed is operating at a 
voltage lower than the 20-volt display 
supply. In these cases, the CD40109B 
Quad Low-to-High Voltage Level Shifter 
can be used to interface the device. 

In a multiplexed system, the griif or 
cathode of the fluorescent display device 
operates in a manner equivalent to the 
digit drive on LED devices. A typical grid 
voltage value necessary to activate the 
display is 10 volts. If a system is operating 
below 10 volts, it may be necessary to shift 
the voltage levels of both the segment and 
the digit information. 
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Fig. 15 - Series-type multiplexing of a one-of­
ten gas-discharge display. 
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In an unmultiplexed system, the grid 
voltage should always be enabled to allow 
the display of the seven-segment in­
formation. An example of such a system is 
given in Fig. 17. Because the grid voltage 
is constant and not at the control of the 
system, the only possible level shifting 
necessary would be for the segment 
display. 

Unlike the LED display, the fluorescent 
display quite often needs the level-shifting 
capability of a transistor-inductor flyhack 
circuit to achieve the high potentials 
necessary for operation. Fig. 18 gives 
three typical up-convener circuits. The 
circuit of Fig. 18(a) is pulsed by VIN thus 
causing a current flow through L. This 
change in current causes an increase in the 
voltage across the inductor (VL = L­
di/dd. The amount of current (ipeak = 
VDD/R2) is inversely proportional to the 
value of R2' With R2 adjustable in value, 
the output voltage can he increased by 
lowering the value of R2 or decreased by 
raising its value. Capacitor C2 filters the 
voltage spikes caused by the input 
frequency, and diode DI keeps the 
capacitor charged while the voltage spike 
from L dil dt is low. 

Fig. 18(b) differs from Fig. 18(a) in that 
it has a self-contained RCL oscillator and 
obtains its voltage increase by transformer 
action. The oscillator formed by R C 
and L drives the n-p-n bipolar d:~ce~ 
forcing an ac signal across the transformer 
input windings. Because the turns ratio of 
the transformer from output to input is 
greater than one, there is an increase in 
output voltage. The transformer gives a 
more precise increase in voltage than the 
circuit in Fig. 18(a) provides. Capacitor C 
and diodes D and DZ clamp the voltage 
VOUT to the breakdown voltage of DZ 
and filter and isolate C from discharging 
during the period of low output voltage 
from the transformer. 

Fig. 18(c) is similar to Fig. 18(b) in the 
transformer action, but its input is similar 
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16 - Typical circuit for driving 
a fluorescent digital display. 
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Fig. 19 - Circuit for interfacing a multiplexed 
driving a fluorescent display. 

to that of Fig. ISlal in that it is driven by 
an external input. 

Circuits similar to those in Fig. IS can 
be used to level-shift voltages for the gas-
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Fig. 18 - Typical up-converter circuit. for 
fluorescent digital displays. 
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. incandescent-type digital display. 

discharge type of display discussed tervals needed to multiplex four digits. 
previously. It is necessary, however, that For a typical incandescent display 
the transformer, capacitors, transistors, requiring 4.5 volts, the voltage necessary 
and other components be rated to for the four-digit display is 4 x 4.5 = 9 
withstand the 2()()-volt signals which may volts. The CD40107 dual NAND buf-
be necessary to operate the gas-discharge fer/driver and the p-n-p transistor 40537 
display and be capable of meeting the assure that sufficient current is generated 
higher power requirements. at this voltage_ With a typical filament 

segment current of 50 milliamperes, the 
current sourced from transistor 40537 is 50 Incandescent Displays 

One other display which has had wide 
acceptance is the incandescent display. Its 
low cost, high brightness, and ready 
availability have lead to considerable use 
of this display. Its disadvantages are its 
high power dissipation and the high 
amount of heat it generates. Typical 
power requirements are 1. 5 to 5 volts at S 
to 24 milliamperes. 

Incandescent displays are available in 
many sizes and colors. Multiplexing of the 
digits is easily accomplished by pulsing 
each segment for a given time period. The 
wattage for an incandescent lamp at the 
stated brightness remains constant 
regardless of duty cycle or waveform 
shape provided that the multiplexing rate 
is faster than the thermal time constant of 
the filament. When incandescent displays 
are multiplexed, an increase in the forcing 
voltage by an amount equal to the square 
root of the number of mUltiplexed displays 
will maintain the same brightness on each 
display that it would have in a static 
condition. 

With incandescent displays, it is 
recommended that diodes be used in series 
with each segment to prevent erroneous 
display indication through stray electrical 
paths. Fig. 19 illustrates the interfacing of 
a multiplexed incandescent display. In 
this circuit, the CD40l3 dual "D"-type 
flip-flop combines with the CD4069 
oscillator to generate the four pulse in-

x 7 or 350 milliamperes. The minimum 
beta of the 40537 is 20. Its base current, 
therefore, is given by 

IBI = 350/20 = 17.5 rnA. 

At VDD of 12 volts and lOUT of 17.5 
rnA, VOUT from the CD40107B is 0.11 
volt. Then, 

Rl = 111.3 - 0.1ll/17.5 = 640 ohms. 

For 50 milliamperes in each segment 
anda~ of40 

IB2 = 50/40 = 1.25 rnA 

At VDD of 12 volts and lOUT of 1.25 
rnA, VOUT from the CD4511B is 11.4 
volts. Then, 

R2 = (11.4 - 0.71/1.25 = S.56 kilohms. 

These calculations depend upon the 
current gain of each bipolar device and the 
voltage necessary on the incandescent 
display. As mentioned previously, the 
diodes in series with each display segment 
minimize the possibility of stray leakage 
currents. Use of the blanking input of the 
CD4511 assures that if the oscillator were 
to cease to function for any reason, the 
indexed digit and segments would not be 
destroyed by the static voltage and current 
applied to the display. 



Simplified Design of Astable RC Oscillators 
Using the CD4060B or Two CMOS Inverters 
D. Rodman 

Application Notes are available that 
deal with theoretical approaches to 
oscillator design; this Note stresses prac· 
tical aspects of design and provides easy· 
to·use algebraic equations that permit 
values of Rand C for a given oscillator fre· 
quency to be quickly determined. 

Astable Design Approach 
The most basic RC oscillator circuit is 

that shown In Fig. 1. Tt\e time period T for 
one cycle of this oscillator Is given by the 
equation:1 

r. VOO-VTR VTRJ 
T= -RC Ln VOO +In VOO (1) 

where: 

VOO = supply voltage 
VTR = transfer voltage 

By letting VTR = 0.5 VOO, equation 1 can 
be simplified to: 

T = - RC (In 0.5 + In 0.5) 
T = 1.39RC (2) 

The problem with this circuit is that 
transfer voltage can vary from 33 to 67 
percent of VOO. Therefore, the maximum 
variation In the time period, T, can be as 
high as 9 percent, with a ± 33 percent 
variation In transfer voltage from unit to 
unit. 

OUTPUT 

Fig. 1· The most basic RC oscll/ator circuit. 

An Improvement to this basic circuit 
can be made by adding resistor Rs, as 
shown In Fig. 2. The resistor makes the 
frequency Independent of supply·voltage 
variations and reduces the time-period 
variations to less than 5 percent with 
variations in transfer voltage. 

Rs should be-10 times the value of Rx. If 
Rs is made less than 10 Ax, the variation 
in period T Increases to about 10 percent 
as the value of Rs approaches zero.1 If Rs 
Is made too large, a time constant and 
phase shift is produced by Rs and stray 
wiring and breadboard capacitance. This 
shift creates a switching delay in the cir­
cuit which changes the time period. 

R, c, 

/V'~-OUTPUT 

Fig. 2· An improved oscll/ator circuit made 
by adding resistor Rs to the circuit 01 
Fig. 1. 

The time period T for the circuit In Fig. 2 
Is:1 

T= _ RxCx~n VTR 

L VOO+VTR 

VOO-VTR] 
+In -----

2 VOO - VTR (3) 

If VTR = 0.5 VOO, equation 3 can be 
simplified to: 

T -RxCx (In V. + In Yo) 
T = 2.2 AxCx (4) 

Equation 4 will only be true In the 
C04060B for values of R greater than 50 
kilohms and for values of C greater than 
1000 picofarads. At values of C less than 
1000 picofarads, stray capacitance will 
have a much greater effect on the entire 
system. 

It Is advised that a buffer circuit, Fig. 3, 
be added to the circuit of Fig. 2to prevent 
the jitter that would otherwise be In­
troduced Into the circuit by noise picked 
up by connecting cables and by stray 
wiring and breadboard capacitance. The 
buffer circuit Is not needed with the 
C04060B since It has an Internal buffer 
and Is Internally connected to a counter. 

R. ex 

R. 

OUTPUT • 

92C5-32.505 

Fig. 3· A buffer circuit used to improve the 
performance of the circuit of Fig. 2. 
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Compensation for SO-Percent Duty Cycle 
A true square-wave pulse Is obtained 

only when the transfer voltage occurs at 
the 50-percent point. If the transfer 
voltage is at either 33 or 67 percent, the 
duty cycle will not be 50 percent. The duty 
cycle can be controlled, however, If part 
of the resistance of the RC time constant 
is shunted out with a diode, as shown In 
Fig. 4. 

e. 

-:>c.....-..... -OUTPUT 

92CS~32.~07 

Fig. 4· Method of controlling the duty cycle 
of the RC oscillator. 

Because adjustment of this diode 
shunt to obtain a specific pulse factor 
causes the frequency of the circuit to 
stray, a frequency control, R1, II added. 
This circuit Is not needed when ullng the 
C04060B since It II uled In conjunction 
with a counter. A 5O-percent duty cycla 
will be derived from the divider/counter 
outputs. 

Reference. and Bibliography 
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Using RCA COSIMOS Digital In­
tegrated Clrcultl," RCA Solid State 
Application Note ICAN-6466. 
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Binary CounterlOlvlder and 
OSCillator," RCA Solid State Data 
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Parallel Clocking of Sequential 
CMOS Devices 

T. Chesney 

R. Funk 

It is a well-established fact that process 
variations lead to different input MOS­
transistor thresholds, and that these 
differences directly affect the clock input 
trigger voltage of sequential CMOS logic 
circuits. Fig. 1 (a) illustrates a cascade of 
two different sequential CMOS devices (D­
type flip-flops, type CD4013) that causes a 
logic error when data is transferred from 
ICA to ICB.ln this example, the same clock 
transition triggers ICA at its trigger voltage 
of VTA and ICB at a voltage of VTB' As 
shown in Fig. 1(b), the propagation of data 
from the output stage of ICA to the input of 
ICB Is faster than the clock transition time 
from VT A to VTB' Hence, I Cs responds to 
the wrong logic state, and its output goes 
low when It should stay high. 
The solution to this logic-error condition is 
a clock transition time that is fast enough 
compared to the propagation delay for a 
worst-case VTA and VTB combination to 
assure that logic-state errors will not occur. 

Parallel Clocking Limits 
A study of the parallel clocking condition 
for any combination of two different 
sequential devices has resulted in the 
development of equations for modeling the 
maximum permitted clock input rise time, 
tRCL 
For A-series devices: 

0.8V~~(V) 
tRCL (max) = 1.2 V) x tp (ns) 

For B-series devices: 
0.8VDRjV) 

tRCL(max) = 1.15) x tp (ns) 

The factor tp is equivalent to tpHL or tpLH' 
whichever is smaller, for ICA,Fig. 1. The 
typical value at a specified value of VDD is 
selected at the loading condition shown on 
the device data sheet. The factor 0.8 VDD 
specifies tRCL for a rise or fall time offrom 
10 to 90 percent. The voltages in the' 
denominator (1.25V for A-series types and 
1.15V forB-series types), are the expected 
deviations in clock input transfer voltages. 
Tables I and \I list the maximum clock rise 
times permitted when cascading CD4000A 
and CD4000B-series types, respectively. 

The maximum values of tRCL are 
applicable when sequentially cascading 
identical or dissimilar IC types when ICA 
(see Fig. 1) is the type listed In the "Type" 

" column in the table. However, some 
'restrictions apply; namely both ICA and 
ICB must accept positive or negative 
(CD4006 type) clock pulses, and the logic 
combination of ICA and ICB must be 
meaningful. The connections assumed are 
primarily of the parallel-clocked shift 
register or counter type. 
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The tRCL limits shown in Tables I and \I are 
less than those shown on individual 
CD4000-series data sheets; the data sheet 
limits are for individual IC operation, not 
cascaded operation. Recommended 
operating-temperature ranges remain as 
shown in the data sheets for cascaded as 
well as individual device operation. 

TABLE I - Maximum Clock Rise Time 
When Cascading CD4000A Types1 

Type Rise Time (/is) VOO (V) 
Ci54006A2 0.80 "5;'10 
CD4013A 0.48 5,10 
CD4014A 0.96 5 

0.64 10 
CD4015A 0.96 5 

0.64 10 
CD4018A 1.12 5 

0.80 10 
CD4021A 0.96 5 

0.64 10 
CD4027A 0.48 5,10 
CD4029A 1.04 5 

0.74 10 
CD4031A 1.28 5,10 
CD4034A 1.92 5 

1.54 10 
CD4035A 0.80 5 

0.64 10 
Notes: 
1. CL = 15 picofarads. 

2. Negative-edge-triggered device, 
cascades only with itself. 

DATA 

TABLE II - Maximum Clock Rise Time 
When Cascading CD4000B Types1 

Type Rise Time (ps) 

CD4006B2 0.70 
CD4013B 0.45 
CD4014B 0.40 
CD4015B 0.55 
CD4021 B 0.40 
CD4027B 0.45 
CD4029B 0.84 
CD4031 B 0.80 
CD4034B 0.85 
CD4035B 0.70 
CD4076B 0.90 
CD4089B 0.40 
CD4094B 0.90 
CD4095B 0.70 
CD4096B 0.70 
CD4510B 0.70 
CD4516B 0.70 
CD4517B 0.84 
CD40100B 1.20 
CD40102B 0.91 
CD40103B 0.91 
CD40104B 0.70 
CD40160B 0.66 
CD40161 B 0.66 
CD40162B 0.66 
CD401638 0.66 
CD40174B 0.50 
CD40192B 0.56 
CD40193B 0.56 
CD40194B 0.70 

Notes: 
1. VDD = 5, 15V: 

CL = 50 picofarads. 
Data does not apply to units with 
Schmitt triggers in the clock input. 

2. Negative-edge-triggered device, 
cascades only with itself. 
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Fig.1-Parallel clocking of sequential CMOS IC's. 



logarithmic Units Of Measure In Telecommunications 
ICAN-7037 

by Dennis Rodman 

This Application Note is an introduction to the logarithmic 
units used in the telecommunications industry. The Note 
will be useful as a learning tool for those entering the 
telecommunications industry and as a handy reference for 
experienced individuals. 

Logarithmic units are used in the telecommunications 
industry for measurements that define the functions and 
qualities of transmission circuits. Examples of 
measurements involving logarithmic units are gain, noise 
and distortion. Since common logarithms are based on 
exponents of powers of ten, the application of logarithms 
permits complex multiplication or division operations to be 
transformed into simple addition or subtraction. This 
property of logarithms is valuable in telecommunications 
because many measurements involve large numbers, and 
logarithms facilitate calculation of these numbers. 

Logarithms 

The logarithm or "log" to a given base of a positive number 
is the exponent that indicates the power to which the base 
must be raised in order to obtain the number. In the example 
23 = 8, 3 is the exponent of 2 and is also the log of 8, or in 
other words, 3 isthe log tothe base 20f 8. This expression is 
written as3 = 1092 8. Base 10 is the most used system and is 
known as the "common logarithm." In the example 102 = 
100,2 is the log to the base 10 of 100. The subscript 10 is 
usually eliminated and the equation becomes 2 = log 100, 
with the base 10 understood. 

Decibels 

Power gains or losses are measured in decibels. The 
decibel is defined as: 

Po 
dB= 1010g-­

PI 
where Po is the output power and PI the input power. 
Conversion of the power into voltage yields the equation: 

Vo 
dB=2010g --

VI 
where Vo is the output voltage and VI the input voltage. If 
the output is greater than the input (gain), dB will always be 
a positive number. If the output is less than the input 
(attenuation), dB will always be a negative number. dB 
equals 0 when the input equals the output. 

The decibel is never an absolute measurement, but rather a 
ratio between two quantities. Thus, the gain or attenuation 
of a system can be characterized without specifying input 
or output quantities. As an example, a system that has a 
gain of 20 dB will always have a power ratio of 100; I.e., the 
output power will be 100 times greater than the input 
power. A list of ratios is given in Table I. 

Table I - Power Ratios for Various dB Values 

dB Power Ratio 

0 1 
1 1.26 
2 1.58 
3 2.00 
4 2.51 
5 3.16 
6 3.98 
7 5.01 
8 6.31 
9 7.94 
10 10 
15 31.6 
20 100 
25 316 
30 1000 
35 3.16 x 103 
40 104 
45 3.16 x 104 
50 105 
60 106 
70 107 
80 108 
90 109 
100 1010 

dBm 

In many instances, it is desirable to have a common 
reference power. In the telecommunications industry, the 
most common reference power is 1 milliwatt. When the 1 
milliwatt reference figure is used, the equation for decibels 
becomes: 

Po 
dBm = 10 log --

0.001 
where dBm is defined as decibels referenced to 1 milliwatt. 
As an example, a gain of 30 dBm would be equivalent to an 
output power of 1 watt. 
When converting power into voltage in dBm, 1 milliwatt is 
always measured across 600 ohms. Then the input reference 
voltage becomes: 

P(R) = V2 

(0.001) (600) = V2 

0.775 = V 

Therefore, the expression for dBm when using voltage 
becomes: Vo 

dBm = 20 log ---
0.775 
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dBr 

Gain and attenuation have no significance unlessa reference 
level is defined for the system. The point at which the 
reference appears is designated the "zero test-level point," 
or 0 TLP. A 0 TLP is also equivalent to a 0 dBr point (dB 
relative to transmission level). dBr indicates the difference 
between the point at which a measurement is taken and an 
established zero or reference level. That is: 

measured power level 
dBr = 10 log 

reference power level 
As an example, assume that 25 milliwatts will be used as the 
o TLP in a particular system. If a level of 10 milliwatts is 
measured, tnen: ' 

0.010 
dBr= 10 log ---

0.025 
dBr= -4 

Thus, the 10-milliwatt signal would be at a -4 dBr point with 
reference to 25 milliwatts. 

dBmO 

When a power level measured in dBm is referred or 
measured to a 0 TLP, it is converted into dBmO, where the 
"0" indicates that the measurement is referred to a point of 
zero relative level. The unit dBmO is an absolute unit of 
power in dBm. dBm can be related to dBr and dBmO by the 
following equation: 

dBmO = dBm - dBr 

As an example, assume that 8 dBm will be used as the 0 TLP 
or 8 dBmO. A signal is then measured at -12 dBm. To 
calCUlate the dBr pOint, the values are substituted into the 
equation: 

dBmO = dBm - dBr 

8 = -12 - dBr 

-20 = dBr 

Therefore, -12 dBm is at a -20 dBr poi nt when 8 d Bm is used 
as the OTLP. 

This unit, dBmO, is used extensively in telecommunications 
for recording results of such tests as gain, gain tracking, 
and frequency response. 

dBm and dBmO are generally intended as power 
measurements at a given point. However, many power 
measurements in the telecommunications industry are 
referenced to noise. The following is a discussion of these 
units. 

dBm 

In order to develop a unit of measure for noise interference, 
both the response ofthe human ear and the efficiency ofthe 
telephone equipment used had to be considered. It was 
found that a frequency of 1000 Hz produced greater 
interference for the average listener than any other 
frequency. The designers of the early-model Western 
Electric 144 handset used this fact to produce a weighting 
curve, Fig. 1, that showed the interference effect of 
frequencies in the voice band as compared to 1000 Hz. The 
144 weighting curve shows that 500 Hz causes 15 dB less 
interference that a 1000 Hz signal of the same amplitude, 10 
dB at 600 Hz, 6 dB at 800 Hz and so on. 
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Fig. 1 - Weighting curve used with Western Electric 144 handset. 

The noise-measurement referred to the 144 handset was 
the dBrn (dB referenced to noise). The reference power 
selected was 1 picowatt (10-12 watt), or-90 dBm at 1000 Hz. 
dBrn can then be expressed as: 

dBrn = 10 log 
(noise signal) 

10-12 
or 

dBrn = dBm + 90 

dBa 

Subsequent to the 144 handset, Western Electric developed 
an improved handset, the F1A. This new handset had a 
broader response than the 144, but was 5 dB less sensitive 
at 1000 Hz. That is, the same interfering effect was produced 
using -85 dBm with the F1A weighting as was produced 
using -90 dBm with the 144 weighting. Thus, a new noise 
unit known as dBa (decibels above reference noise, 
adjusted) was adopted. This noise unit uses a reference 
power of -85 dBm at 1000 Hz. dBa is expressed as: 

dBa = dBm + 85 

dBmC and dBrnCO 

In the 1950's, a third, more sensitive handset, the type 500, 
was put into. service in North America. This handset 
produced yet another weighting curve called "C-message 
weighting," Fig. 2. The C-messageweighting curve is3.5dB 
more sensitive at the reference frequency than the F1A 
curve, and ,1.5 dB less sensitive than the 144 weighting 
curve. However, instead of creating a new reference power 
level of -88.5 dBm, the -90 dBm level was maintained. The 
new noise unit became dBrnC (decibels 'above reference 
noise, C-message weighted), and can be expressed as: 

dBrne = dBm + 90 

When noise measurements are taken with a 3000-Hz 
bandwidth (white noise), the level of interference changes. 
White noise, having a power of 0 dBm, produces an 
interference of only 82 dBa or 88 dBrnC. Therefore, the 
conversion from dBrnC to dBa is given by: 

dBrnC = dBa + 6 dB 



o 

-10 

.; -20 

'" > 
~ 

~ -30 
;:: 
<[ 
..J 

'" Il: 
-40 

-50 

;:Y 

"/ PSOPHOMETRIC 

(EUROPEI/~ 

~ C-MESSAGE 
I (NORTH AMERICAI 

IJ 

;/ 

4 8 
100 1000 

ICAN-7037 

... 

'\ 
~ 

'\ 
\\ 

4 6 8 
10,000 

FREQUENCY (Hzl 
92CM-34013 

Fig. 2 - Comparison of psophomatric with C-massage weighting. 

where the conversion factor has a 5 dB difference, and 
weighting over the 3000-Hz band with adds 1 dB of 
difference. 

It becomes convenient at times to refer an absolute noise 
power measurement to a known noise-power level. The 
zero transmission point (0 TLP) is then used and identified 
as dBrnCO where: 

dBrnCO = dBrnC - dBr 

and 

dBrnCO = dBm + 90 - dBr 

As an example, 0 dBr is used as the reference. Noise is then 
measured at -82 dBm. To calculate the dBrnCO, the values 
are substituted into the equation above: 

dBrnCO = dBm + 90 - dBr 

=-82+90-0 

dBrnCO = 8 

Therefore, noise at -82 dBm is equivalent to 8 dBrnCO. 
dBrnCO is used in test documentation and data sheets to 
describe idle-channel noise. It gives the advantage of the 
use of a small positive number rather than a large negative 
number. 

Psophometrlc Weighting 

In Europe and other parts of the world, CCITT (International 
Telephone and Telegraph Consultative Committee) has 
established the psophometric weighting curve as the 
standard for noise measurements, Fig. 2. The referrence 
frequency used for this weighting is 800 Hz rather than the 
previously mentioned 1000 Hz. 

dBmP (dBm psophometrically weighted) is the unit of 
power in dBm measured with psophometric weighting. The 
referenca level is 1 picowatt and is designated as 1 pWp 
(picowatt psophometrically weighted), which is equivalent 
to an 800-Hz signal at -90 dBm. Approximate conversions 
are as follows: 

dBrnC = 10 log pWp 

For flat noise in the 300-3400-Hz frequency range: 

dBmp = dBa - 84 

dBa = 10 log pWp - 6 

A list of dB measurements is given in Table II. 

Table II - dB Conversions 

Power (W) dBm dBrn dBa dBrnC dBmP 

10 40 130 125 130 40 
1 30 120 115 120 30 

0.1 20 110 105 110 20 
10-2 10 100 95 100 10 
10-3 0 90 85 90 0 
10-4 -10 80 75 80 -10 
10-5 -20 70 65 70 -20 
10-6 -30 60 55 60 -30 
10-7 -40 50 45 50 -40 
10-8 -50 40 35 40 -50 
10-9 -60 30 25 30 -60 

10-10 -70 20 15 20 -70 
10-11 -80 10 5 10 -80 
10-12 -90 0 -5 0 -90 
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Abstracts of Other Application Notes 

ICAN-6080 ............... 6 pages 
Digital.to-Analoll Conversion Using the RCA­
CD-4007A COS/MOS IC 

The use of the RCA-CD4007 A COS/MOS 
dual complementary pair plus inverter as a 
digital-te-analog (D/ A) switch is demonstrated. 
The op-amp output stage for the digital-to­
analog converter (DAC) uses COS/MOS and 
bipolar transistor-array IC's. Resistance networks 
for P!,-C's, the. design of a voltage-follower 
amplifier for smgle supply operation, and a 
9-blt COS/MOS DAC are described. 

ICAN-6166 ............... 16 pages 
COS/MOS MSI Counter and Register Design 
and Applications ' 

Logic and schematic diagrams for counter 
and register types CD4006A, CD4014A, 
CD401SA, CD4018A, CD4020A, CD4021A, 
CD4022A, and CD4024A are presented; cir­
cuit designs are outlined and device-design 
trade-off's are discussed. Performance criteria 
are summarized and applications by type are 
outlined by means of logic or subsystems dia­
grams and waveforms photographs. 

ICAN-6176 ................ 8 pages 
Noisa Immunity of COS/MOS Integrate~Circuit 
Logic Gates 

The types of noise usually ,encountered in a 
logic system are discussed and the noise im-, 
munity of a COS/MOS integrated-circuit logic­
gate test circuit in relation to system variables 
is evaluated. The evaluation is performed on a 
circuit that includes a CD4000A dual 3-input 
gate plus inverter and a CD4001A quad 2-input 
gate connected in cascade to drive a CD4013A 
flip-flop. Measurement of the voltage required 
at various gate leads to switch the flip-flop 
defines the noise immunity threshold of the 
gate circuits. 

ICAN-62'tO ..•...•........ 11 pages 
A Typical Data-Gathering and Processing Sys. 
tem Using CD4000A-Series COS/MOS Parts 

This Note is developed in terms oca typical 
system for process controls. The flexibility of 
system design and common data-bus architec­
ture made possible by the three-state outputs 
and bidirectional input/outputs incorporated iii ' 
many COS/MOS circuits are stressed, as is the 
ease ot system design for data handling in 
increments of 4 bits made possible by the 
CD4000A family. The implementation of the 
system is shown in terms of the COS/MOS stand­
ard parts that csn be usee! to perform the 
desirea system luncttons. Attention is focused 
on the m-uffiplicity of applications and the 
scope of information processing that can be 
covered by standard parts. 

ICAN-6289 ............... 12 pages 
A COS/MOS PCM Telemetry and Remote Data 
Acqu isition Design 

Descriptive background material on tele­
metry systems is given along with systems for 
both immediate and remote data conversion 
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and transmission. Parts from the CD4000 family 
are used to show how various sections of the 
system may be realized, i/l the general case. The 
exact configuration of any specific system will, 
of course, depend on the unique requirements 
of the application. 

ICAN-6362 ... -. . . . . . . . . . . . 10 pages 
Using the CD4520B to Design Dividers with 
Symmetrical Outputs 
. The general-purpose CO~/MOS dual, up: 
counter, the CD4520B, a counter that may be 
used in various counting and dividing aplllica­
tions is d~scussed_ Dividers of the form N=2i: ± 1 
and N=21 ± 1 and described. Applications of 
symmetrical dividers are also discussed. 

ICAN-6374 ............... 8 pages 
The COS/MOS CD4059A Programmable Divide­
by-N Counter In, FM and Citizens-Band-Trans­
ceiver Tuners 

The frequency synthesis. capability of the 
CD4059A programmable divide-by-N counter 
is demonstrated in applications in an FM 
digital tuner and in the digital tuner for a 
citizens-band tranceiver .. The digital approach 
described in the paper allows desired frequen­
cies to be selected ~y depressing numbered 
buttons on a keyboard. By using the appre­
priate basic circuitry along with a phase-locked- , 
loop circuit, the local oscillator of the receiver 
is adjusted and locked to the proper frequency, 
thus assuring proper station selection. Alternate 
methods of station selection that enhance the 
flexibility of the system are described. 

ICAN-6498. . . . . . . . . . . . . .. 6 pages 
Design of Fixed and Programmable Counters 
Using the RCA CD4018A COs/MOS Presattable 
Divide-by-N Counter 

The use of the CD4018A single-decade and 
multidecade fixed and programmable divide-by­
N countei:s are described. System considerations 
such as switch simplifications, components 
minimization, and speed are also discussed. 

ICAN-6600 ............... 6 pages 
Arithmetic Arrays Using Stendard COS/MOS 
Building Blocks , 

The design of a COS/MOS arithmetic uni t 
capable of adding, subtracting, multiplying, and 
dividing is described. The device is also able 
tOjerform tbe logical functions of OR, AND 
an the Exclusive OR of two 4-bit words. Three 
4-bit registers are provided that permit either of 
two words to perform a desired operation with 
a third. word. The system is configured with 
standard, ,commercially available COS/MOS 
devices, which include registers, AND-OR select 
gates, a full adder, and NOR and NAND gates. 

ICAN-6601 ........ , ...... ~2 pages 
Transmission and Multiplexing of Analog or 
Digital Signals' Utilizing the CD4016A Quad 
Bilateral Switch 

The CD4016A quad bilateral switch is the 

ideal semiconductor switch for use in switching 
applications; it can be used for the transmission 
of analog or digital signals with low distortion. 
The Note discusses features of the device; opera­
tion of the COS/MOS switch; switch and logic 
applications, including switch and logic func­
tions; multiplexing/demultiplexing; digital con­
trol of signal gain, frequency, and impedance, 
including resistor networks, and variable fre­
quency con trol; digital-to-analog conversion, in­
cluding weighted resistor networks for the Df A 
converter, and. al\ R-2R resistor ladder D/ A 
converter; samrle-and-hold applications; and 
squelch contro Oevel detection). 

ICAN-6602 ;....'.......... 12 pages 
Interfacing COS/MOS with Other Logic Families 

The RCA CD4000A COS/MOS series circuits 
operate from power-supplies of 3 to 15 volts. 
Thus, they can drive and be driven by a num­
ber of logic families, including all DTL and TTL 
families, within certajn conditions and limita­
tions. This Note describes the conditions of 
interface. 

lCAN-6716 ............... IS pages 
Low-Power Digital Frequency Synthesizers Uti­
lizing COS/MOS IC's 

A digital frequency synthesizer that employs 
a digital phase-locked loop and other COS/MOS 
circuits is described. Following a reveiw of 
phase-locked-loop fundamentals, the use of 
COS/MOS devices in FM receiver systhesizers 
is discussed. 

lCAN-6733 ............... 16 pages 
Battery·Powered Digital-Display Clock/Timer 
and Metering Applications Utilizing the RCA 
CD4026A and CD4033A Decode Counters -
7 Segment Output Tvpes 

This Note describes the CD4033A and 
CD4026A and their use with various 7 -segment 
display units presently available. Interface 
packages and methods are discussed to help the 
the designer select the best system to meet his 
demands. Also included are battery-operated 
systems for digital clocks and watches. 

lCAN-6739 ............... 12 pages 
COS/MOS Rate Multipliers - Versatile Circuits 
for Synthesizing Digital Functions 

COS/MOS 'rate multipliers, the CD4S27B 
and CD4089B, can be used as building blocks 
to generate a range of digital functions' in 
low-power systems where minimum package 
count is desirable. The circuits may be em­
ployed in numerical control, instrumentation, 
digital filtering, and frequency synthesis. When 
used with an up/down counter and control 
logic, they can be used to perform such opera­
tions as multiplication, addition, subtraction, 
generation of algebraic equations and differen­
tial equations, integration, and to raise num­
bers to various powers. Symmetric rate multi­
plication, the problem of eliminating round-off 
error in a direct frequency-synthesis application 
in a common-carrier multiplex system is also 
covered. 
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5230 West 73rd Street 
Edina, MN 55435 
Tel: (612) 830-1800 

Hamilton Avnet Electronics 
\0300 Bren Road, East 
Minnetonka, MN 55343 
Tel: (612) 932-0600 
KlerulfJ Electronics, Inc. 
7667 Cahill Road 
Edina, MN 55435 
Tel: (61l) 941-7500 

Schw.her Electronics Corp. 
7422 Washington Avenue, So. 
Eden Prairie, MN 55344 
Tel: (612) 941-5280 

MISSOURI 
Arrow Electronics, Inc. 
2380 Sch uetz Road 
St. Louis, MO 63141 
Tel: (314) 567-6888 

'Woburn, MA 01801 
Tel: (617) 933-1130 "Chip distributor only. 
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Hamilton A met Electronics 
13743 Shoreline Court East 
Earth City, MO 63045 
Tel: (314) 344-1200 

Klerullf Electronics, Inc. 
2608 Metro Park Boulevard 
Maryland Heights, MO 63043 
Tel: (314) 739 .... 55 

NEW HAMPSHIRE 
Arrow Electronics, Inc. 
One Perimeter Drive 
Manchester, NH 03103 
Tel: (603) 668-6968 

NEW JERSEY 
Arrow Electronics, Inc. 
Pleasant Valley Avenue 
Moorestown, NJ 08057 
Tel: (609) 235-1900 

Arrow Electronics, Inc. 
Two Industrial Road 
Fairfield, NJ 07006 
TeI~ (201) 575-5300· 
Hamilton Avnet Electronics 
Ten Industrial Road 
Fairfield, NJ 07006 
Tel: (201) 575-3390 

Hamilton Avnet Electronics 
One K.eystone Avenue 
Cherry Hill, NJ 08003 
Tel: (609) 424-0110 

Klerullf Electronics, Inc. 
37 Kulick Road 
Fairfield, NJ 07006 
Tel: (201) 575-6750 

Schweber Electronics Corp, 
18 Madison Road 
Fairfield, NJ 07006 
Tel: (201) 227-7880 

NEW MEXICO 
Arrow Electronics, Inc. 
2460 Alamo, SE 
Albuquerque, NM 87106 
Tel: (505) 243-4566 

Hamilton Amet Electronics 
2524 Baylor S.E. . 
Albuquerque, NM 87 \06 
Tel: (505) 765-1_ 

Sterllnl Electronics, Inc. 
3540 Pan American 
Freeway, N.E. 
Albuquerque, NM 87107 
Tel: (505) 884-1900 

NEW YORK 
Arrow Electronics, Inc. 
20 Oser Avenue 
Hauppauge, L.I., NY 11788 
Tel: (516) 231-1000 

Arrow Electronics, Inc. 
7705 Maltlage Drive 
Li'VCrpool, NY 13088 
Tel: (315) 652-1000 
Arrow Electronics, Inc. 
25 Hub Drive 
Melville, LI, NY 11747 
Tel: (516) 391-1640 

Arrow Electronics, Inc. 
3000 South Winton Road 
Rochester, NY 14623 
Tel: (716) 275-0300 



RCA Authorized Distributors 
U.S. and Canada (Cont'd) 
u.s. NEW YORK 

Hamilton A vnet Electronic. 
Five Hub Drive 
Melville, L.I., NY 11746 
Tel: (516) 454-6000 
Hamilton A vnet Electronic. 
333 Metro Park 
Rochester, NY 14623 
Tel: (716) 475·9130 
Hamilton Avnet Electronic. 
16 Corporate Circle 
East Syracuse, NY 13057 
Tel: (315) 437·2641 
Mlliray Electronic., Inc. 
191 Hanse Avenue 
Freeport, L.I., NY 11520 
Tel: (516) 546·5600 
Schweber Electronic. Corp. 
Three Townline Circle 
Rochester, NY 14623 
Tel: (716) 424·2112 
Schweber Electronics Corp. 
Jericho Turnpike 
Westbury, L.I., NY 11590 
Tel: (516) 334·7474 
Summit Distributors, Inc. 
916 Main Street 
Buffalo, NY 14202 
Tel: (716) 884·3450 

NORTH CAROLINA 
Arrow Electronics, Inc. 
5240 Greensdairy Road 
Raleigh, NC 27604 
Tel: (919) 876·3132 
Hamilton Avnet Electronics 
3510 Spring Forest Road 
Raleigh, NC 27604 
Tel: (919) 878-0810 
Kierulff Electronics Inc. 
I North Commerce Center 
5249 North Boulevard 
Raleigh, NC 27604 
Tel: (919) 872-8410 
Schweher Electronics Corp. 
5285 North Boulevard 
Raleigh, NC 27604 
Tel: (919) 876·0000 

OHIO 
Arrow Electronics, Inc. 
7620 McEwen Road 
Centerville, 0 H 45459 
Tel: (513) 435·5563 
Arrow Electronics, Inc. 
6238 Cochran Road 
Solon, OH 44139 
Tel: (1l6) 248·3990 
Hamilton A vnet Electronics, 
Inc. 
4588 Emery Industrial Parkway 
Cleveland, OH 44128 
Tel: (216) 831·3500 
Hamilton Avnet Electronics 
954 Senate Drive 
Dayton, OH 45459 
Tel: (513) 433-0610 

HUlhes·Peters, Inc. 
481 East Eleventh Avenue 
Columbus, OH 43211 
Tel: (614) 294·5351 
Klerulff Electronics, Inc. 
23060 Miles Road 
Cleveland, OH 44128 
Tel: (216) 587-6558 

Schweber Electronics Corp. 
23880 Commerce Park Road 
Beachwood, OH 44122 
Tel: (216) 464·2970 

OKLAHOMA 
Klerulrr Electronics, Inc. 
Metro Park 12318 East 60th 
Tulsa, OK 74145 
Tel: (918) 252·7537 

OREGON 
Hamilton Avnet Electronics 
6024 S.W. Jean Road, 
Bldg. B·Suite J, 
Lake Oswego, OR 97034 
Tel: (503) 635·8157 
Wyle Distribution Group 
5289 N.E. Ezram Young Parkway 
Hillsboro, OR 97123 
Tel: (503) 640-6000 

PENNSYLVANIA 
Arrow Electronics, Inc. 
650 Seco Road 
Monroeville, PA 15146 
Tel: (412) 856·7000 
Herbach & Rademan, Inc. 
401 East Erie Avenue 
Philadelphia, PA 19134 
Tel: (215) 426·1700 
Schweber Electronics Corp. 
231 Gibralter Road 
Horsham, PA 19044 
Tel: (115) 441-0600 

TEXAS 
Arrow Electronics, Inc. 
13715 Gamma Road 
Dallas, TX 75240 
Tel: (214) 386·7500 
Arrow Electronics, Inc. 
10899 Kinghurst Dr., Suite 100 
Houston, TX 77099 
Tel: (713) 530-4700 
Hamilton A vnet Electronics 
2401 Rutland Drive 
Austin, TX 78758 
Tel: (51l) 837·8911 
Hamilton Avnet Electronics 
2111 West Wall!ut Hill Lane 
Irving, TX 75060 
Tel: (214) 659-4111 
Hamilton Avnet Electronics 
8750 West park 
Houston, TX 77063 
Tel: (713) 975·3515 
Klerulff Electronic., Inc. 
3007 Longhorn Blvd., Suite 105 
Austin, TX 78758 
Tel: (51l) 835·2090 
Kierulrr Electronic., Inc. 
9610 Skillman Avenue 
Dallas, TX 75243 
Tel: (214) 343·2400 
Klerulff Electronic., Inc. 
10415 Landsbury Drive, Suite 210 
Houston, TX 77099 
Tel: (713) 530·7030 
Schweber Electronics Corp. 
4202 Beltway, 
Dallas, TX 75234 
Tel: (214) 661·5010 
Schweber Electronic. Corp. 
10625 Richmond Ste. 100 
Houston, TX 77042 
Tel: (713) 784·3600 

Sterllal EIec~aJcl,lDe. 
2335A Kramer Lane, Suite A 
Austin, TX 78758 
Tel: (511) 1341·1341 
Sterllnl I!IectionlCI, IDe. 
11090 Stemmons Freeway 
Stem mons at Southwell 
Dallas, TX 75229 
Tel: (114) 143·1600 

Sterllnl Electronics, Inc. 
4201 Southwest Freeway 
Houston, TX 77027 
Tel: (713) 617·9100 

UTAH 
Hamilton A vnet Electronics 
1585 West 2100 South 
Salt Lake City, UT 84119 
Tel: (BOl) 971·2BOO 
Kierulrr Electronics, Inc. 
2121 S. 3600 West Street 
Salt Lake City, UT 84119 
Tel: (BOl) 973-6913 
Wyle Distribution Group 
1959 South 4130 West Unit B 
Salt Lake City, UT 84104 
Tel: (BOl) 974·9953 

WASHINGTON 
Arrow Electronics, Inc. 
14320 N.E. 21st Street 
Bellevue. W A 98005 
Tel: (206) 643-4800 

Hamilton A vnet Electronics 
14212 N.E. 21st Street 
Bellevue, W A 98005 
Tel: (206) 453·5874 
Klerulrr Electronic., Inc. 
1005 Andover Park E. 
Tukwila, WA98188 
Tel: (206) 575-4420 
Priebe Electronics 
2211 Fifth Avenue 
Seattle, W A 98121 
Tel: (206) 682-8242 
Wyle Distribution Group 
1750 132nd Avenue, N.E. 
Bellevue, W A 98005 
Tel: (206) 453-8300 

WISCONSIN 
Arrow Electronic., Inc. 
430 West Rawson Avenue 
Oak Creek, WI 53154 
Tel: (414) 764-6600 
Hamilton A vnet Electronic. 
2975 South Moorland Road 
New Berlin, WI53151 

II 
Tel: (414) 784-4510 

Klerulff Electronics, Inc. 
2236G West Bluemond Road 
Waukesha, WI 53186 
Tel: (414) 784-8160 
Taylor Electric Company 
1000 W. Donges Bay Road 
Mequon, WI 53092 
Tel: (414) 241-4321 

Canada Alberta 
Hamilton Avnel Elec. 
2816 21st St. N.E., Calgary 
Alberta, T2E 6Z2 
Tel: (483) 230·3586 
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RCA Authorized Distributors 
U.S. and Canada (Cont'd) 
Caaada L. A. Varab, Ltd. 

6420 6A Street SE, 
Calgary, Alberta T2H ZB7 
Tel: (403) 255·9550 

Brldsb Columbia 
L. A. Varab, Ltd. 
2077 Alberta Street, 
Vancouver, B.C. V5Y I C4 
Tel: (604) 873·3211 

R.A.E. Industrial Electronics, 
Ltd. 
3455 Gardner Court, Burnaby, 
B.C. V5G4J7 
Tel: (604) 291-8866 

Manitoba 
L. A. Varab, Ltd. 
#12 1832 King Edward Street 
Winnipeg, Manitoba R2R ONI 
Tel: (204) 633-6190 

Ontario 
Ceseo Electronics Ltd. 
24 Martin Ross Road 
Downsview, Ontario M3J 2K9 
Tel: (416) 661-0220 
Electro Sonic, Inc. 
1100 Gordon Baker Road 
Willowdale, Ontario M2H 3B3 
Tel: (416) 494·1666 . 

Hamilton Avnet (Canada) Ltd. 
6845 Rexwood Drive 
Units 3,4,5 
Mississauga, Ontario LAV IM5 
Tel: (416) 677·7432 

Hamilton Avnet (Canada) Ltd. 
210 Colonnade Street 
Nepean, Ontario K2E 7L5 
Tel: (613) 226·1700 

Europe, Middle East, and Africa 
AUltria 

Denmark 

Egypt 

Etbiopia 

Finland 

France 

Germany 
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Bacber Elektronlsebe Gerate 
GmbH 
Rotenmublgasse 26, 
A·i 120 Vienna 
Tel: 0222/8356460 

Inelco Belilum S.A. 
Avenue des Croix de Guerre 94 
1120 Bruxelles 
Tel: 02/216.01.60 

Tage Olsen A/S 
P.O. Box 225 
OK . 2750 Ballerup 
Tel: 02/6581 11 

Sakrco Enterprises 
P.O. Box 1133, 
37 Kasr EI Nil Street, Apt. 5 
Cairo 
Tel: '744440 

General Trading Agency 
P.O. Box 1684 
Addis Ababa 
Tel: 132718 137275 

Telercas OY 
P.O. Box 33 
SF·04201 Kerava 
Tel: 0/248.055 

AlmexS.A. 
48, rue de l'Aubepine, 
F· 92160 - Antony 
Tel: (I) 66621 12 

Radio Equipments 
Antares S.A. 
9, rue Ernest Cognacq, 
F • 9230 I - Levallois Perret 
Tel: (I) 758 11 II 
Tekelec Alrtronlc S.A. 
Cite des Bruyeres, 
Rue Carle Vernet, 
F • 92310 • Sevres 
Tel: (I) 534.75.35 

Alfred Neye Enatecbnlk GmbH 
Schillerstrasse 14, 
2085 Quickborn 
West Germany 
Tel: 04106/6121 

ECS Hilmar Frebsdod GmbH 
Electronic Components Service 
Carl-Zeiss Strasse 3 
2085 Quickborn 
West Germany 
Tel: 04106/71058·59 

Beck GmbH" Co. 
Elektronik Bauelemente KG 
Ellersdorfer Strasse 7, 
8500 Nurnberg 15 
West Germany 
Tel: 0911/34961-66 

Elkose GmbH 
Bahnhofstrasse 44. 
7141 Moglingen 
West Germany 
Tel: 07141/4871 

Saseo GmbH 
Hermann·Oberth·Strasse 16 
80 II Putzbrunn bei Munchen 
West Germany 
Tel: 019/46111 

Spoerle Electronk KG 
Max·Planck Strasse 1·3, 
6072 Dreieich bei Frankfurt 
West Germany 
Tel: 06103/3041 

Greece Semicon Co. 
104 Aeolou Str. 
TT.131 Athens 
Tel: 3253626 

Holland Vekano BV 
Postbus 6115, 
N - 5600 HC Eindhoven 
Tel: (40) 81 09 75 

Hungary Hungagent 
P.O. Box 542 
H·1374 Budapest 
Tel: 01/669·385 

Iceland Georg Amundason 
P.O. Box 698, Reykjavik 
Tel: 811SO 

II .. el Aviv Electronics 
Kehilat Venezia Street 12 
69010 Tel·Aviv 
Tel: 03-494450 

Italy 

Kuw.lt 

Morocco 

Norway 

Portugal 

Soudl Africa 

Spain 

L. A. V ..... , Ltd. 
50S Kenara Avellue. Hamilton, 
Ontario LIE U8 
Tel: (416) 561-9311 

Quebec 
Ceseo Electronics, Ltd. 
4050 Jean Talon Street, West 
Montreal, Quebec H4P IWI 
Tel: (514) 735·5511 

Hamilton Avnel (Canada) Ltd. 
2670 Sabourin Street, St. 
Laurent, Quebec H4S 1M2 
Tel: (514) 331-6443 

DEDO Elettronlea SpA 
Strada Statal. 16 Km 403·550 
64019 Tortoreto Lido (Te) 
Tel: 0161/11.67.46-48 

Eledra 3S SpA 
Viale Elvezia 18, 
1·20154, Milano 
Tel: (02) 349751 

IDAC Elettronlea SpA 
Via Verona 8, 
I ·35010 Busa di Vigonza 
Tel: (049) 72.56.99 

LASI Elellronlea SpA 
Viale Lombardia 6, 
I . 20092 Cinisello 
Balsamo (MI) 
Tel: (02) 61.20.441·5 

SlIft"tar Ltd. 
Via dei Gracchi 20, 
1·20146 Milano 
Tel: (02) 49.96 

Morad Yousuf Bebbehanl 
P.O. Box 146 
Kuwait 

Societe d'Equipement Meeanlque 
et Electrlque .... (S.E.M.E.) 
rue Ibn Batouta 29 
Casablanca 
Tel: (212) 22.01.65 

N.tlon.1 Elektro A/S 
Ulvenveien 75, P.O. Box 53 
Okern, Oslo 5 
Tel: (472) 64 49 78 

Telect .. Sari 
Rua Rodrigo da Fonseca, 103 
Lisbon I 
Tel: 68.60.72·75 

AIDed Electronic 
Components (PTY) Ltd. 
P.O. Box 6387 
Dunswart 1508 
Tel: (011) 521-661 

Kontron S.A. 
Salvatierra 4, 
Madrid 34 
Tel: 1/719.11.55 



RCA Authorized Distributors 
Europe, Middle East, and Afrlca(Cont'd) 
S .. ln Novoleclric 

Villaroel, 40, 
Barcelona II 
Tel: 25 ... 1.17.-

Sweden Ferner Electronics AB 
Snormakarvagen 35, 
P.O. Box 125, 
S-161 26 Bromma Stockholm 
Tel: 08/80 25 40 

Swlturland Baerlocher A G 
Forrlibuckstrasse 110 
8005 Zurich 
Tel: (01) 42.99.00 

Turkey Teknim Company Ltd. 
Riza Sah Pehlevi Caddesi 7 
Kavaklidere Ankara 
Tel: 27.58.00 

Asia Pacific 
AuslnUa A W A Microelectronics 

348 Victoria Road 
Rydalmere N.S.W. 2116 
Amtron Tyree Pty. Ltd. 
176 Botany Street, Waterloo, 
N.S.W.2017 

Bangladesh Electronic Engineers & 
Consultants Ltd. 
103 Elepha nt Road, 1st Floor 
Dacca 5 

Hong Kong Gibb Livingston & Co., Ltd. 
77 Leighton Road 
Leighton Centre 
P.O. Box 55 
Hong Kong Electronic 
Components Co. 
Flat A Yun Kai Bldg. 1/ FI 
466-472 Nathan Road 
Kowloon 

India Photophone -Ltd. 
179-5 Second Cross Road 
Lower Palace Orchards 
Bangalore 560003 

Latin America 
Argentina 

Brazil 

Eneka S.A.I.C.F.I. 
Tucuman 299. 
1049 Buenos Aires 
Tel: 31-3363 
Radiocom S.A. 
Conesa 1003, 
1426 Buenos Aires 
Tel: 551-2780 
Teenos S.R.L. 
Independencia 1861 
1225 Buenos Aires 
Tel: 37.0239 
Commercial Bezern Ltda. 
Rua Costa Azevedo, 139, 
CEP~9.000 Manaus! AM 
Tel: (092) 232·5363 

U.K. 

Indonesia 

Japan 

Korea 

Nepal 

New 
Zealand 

Philippines 

Chile 

ACCESS Electronic Components 
Ltd. 
Austin House, Bridge Street 
Hitchin, Hertfordshire SG5 2DE 
Tel: Hitchin (0462) 31 221 
Gothic Crellon Electronics Ltd. 
380 Bath Road, Slough, 
Berks, SLI 6JE 
Tel: Burnham (06286) 4434 
Jermyn Distribution 
Vestry Industrial Estate 
Sevenoaks, Kent 
Tel: Sevenoaks (0732) 450144 
Macro Marketing Ltd. 
Burnham Lane, 
Slough, Berkshire SLI 6LN 
Tel: Burnham (06286) 4422 

NVPD Soedarpo Corp. 
Samudera Indonesia Building 
J L Letten. Jen. S 
Parman No. 35 Slipi 
Jakarta Barat 
Ok un & Company Ltd. 
3~ Ginza, Nichome, Chuo-Ku 
Tokyo 104 
Panwest Company, Ltd. 
c.P.O. Box 3358 
Room 603, Sam Duk Building 
131 Da-Dong, Chung-Ku 
Seoul. RepUblic of South Korea 

Continental Commercial 
Distributor. 
Durbar Marg. 
Kathmandu 
AWA NZ Ltd. 
N.Z. P.O. Box 50-248 
Porirua 
Philippine Electronics Inc. 
P.O. Box 498 
3rd Floor, Rose 
Industrial Bldg., II Pioneer SI. 
Pasig, Metro Manila 

Panamericana Comercial 
Importadora Ltda. 
Rua Aurora, 263, 
01209, Sao Paulo, SP 
Tel: (011) 212-3211 
Raylex Ltds. 
Av Providencia 1244, 
Depto. D, 3er Piso 
Casilla 13373, Santiago 
Tel: 749835 
Industria de Radio y 
Television S.A. (IRT) 
Vic. MacKenna 3333 
Casilla 170-D, Santiago 
Tel: 561667 

Yugoslavia 

Zambia 

Zimbabwe 

Singapore 

Sri Lanka 

Taiwan 

Thailand 

Colombia 

Costa Rica 

Dominican 
Republic 

STC Electronic Services 
Edinburgh Way, Harlow 
Essex, CM20 2DF 
Tel: Harlow (0279) 26777 
VSl Electronics (U.K.) Ltd. 
Roydonbury Industrial Park 
Horsecroft Road, Harlow 
Essex CM 195 BY 
Tel: Harlow (0279) 29666 
Avtotehna 
P.O. Box 593, Celovska 175 
Ljubljana 61000 
Tel: 552341 
African Technical Associates Ltd. 
Stand 5196 Luanshya Road 
Lusaka 
BAK E1ectrioal Holdings (Pvt) Ltd. 
P.O. Box 2780 
Salisbury 

Semltronlcs Philippines 
216 Ortego Street 
San Juan 3134, Metro Manila 

Device Electronics Pte. Ltd. 
101 Kitchener Road No. 02-<l4 
Sinsspore 0820 
Mlcrotronics Asso. Pte. Ltd. 
Block 1003, Unit 35B 
Aljunied Avenue 5 
Singa pore 1438 

C.W. Mackie & Co. Ltd. 
36 D.R. Wijewardena Mawatha 
Colombo 10 

Delta Enclneerina Ltd. 
No. 42 Hsu Chang Street 
8th Floor, Taipei 
Multitech International Corp. 
No. 977 Min Shen F.ast Road 
Taipei 
Anglo Thai Enclneerinl Ltd. 
2160 Ramkambaeng Road 
Highway Hua Mark, Bangkok 
Better Pro Co. Ltd. 
71 Chakka wat Road 
Wat Tuk, Bangkok 

Miguel Antonio Pena Pena 
Y Cia. S. En C. 
Carrera 12 # 1906 
Bogota 
Electroniea Moderna 
Carrera 9A, NRO 19-52 
Apartado Aereo 5361 
Bogota, D.E.I 
J. G. Valldeperas, S.A. 
Calle I, Avenidas 1-3, 
Apartad 0 Postal 3923 
San Jose 
Tel: 32-36·14 
Humberto Garcia, C. por A. 
EI Conde 366 
Apartado de Correo. 771 
Santo Domingo 
Tel: 682·3645 
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RCA Authorized Distributors 
Latin America (Cont'd) 
Ecuador Elecom. S.A. Mexico 

Padre Solano 202-0F. 8, 
P.O. Box 9611, Guayaquil 

EI Sal""dor Radio Electrica, S.A. 
4A Avenida Sur Nb. 228 
San Salvador 
Tel: 21-5609 
Radio Parts. S.A. 
2A C. O. No. 319 Postalla 
Dalia, P.O. Box 1262 
San Salvador 
Tel: 21-3019 

Guatemala Electronics Goatemalte .. 
13 Calle 5-59, Zona I 
P.O. Box514 
Guatemala City 
Tel: 25~49 
Tele-Equipos. S.A. NetherIand 
lOA Calle 540, Zona I Antilles 
Apartado Postal 1798 
Guatemala City Nicaragua 
Tel: 29-805 

Haiti Societe Haltienne 
O'Automobiles. S.A. 
P.O. Box 428, Panama 
Port-Au-Prince 
Tel: 2-2347 

Honduras Francisco J. Yones Paraguay 
3A Avenida S.D. 5 
San Pedro Sula, 
Honduras, Central America 
Tei: 52-00-10 

Peru 

Eleetronlca Rembert. S.A. Surinam 
deC.V. 
Republica del Salvador No. 
30-102, Mexico City I, D.F. 
Tel: 510-4749 
Mexicana de Bulbos. S.A. 
Michoacan No. 30 
Mexico II, D.F. 
Tel: 564-92-33 
Partes Eleetronlcas. S.A. Trinidad 
Republica Del Salvador 30-501 
Mexico City 
Tel: (905) 585-3640 
Ray tel. S.A. 
Sullivan'47 Y 49 Uruguay 
Mexico 4, D.F. 
Tel: 566~7-86 
EI Louvre. S.A. 
P.O. Box 138, Curacao 
Tel: 54004 
Comercial F. A. Mendieta. S.A.Venezuela 
Apartado Postal No. 1956 
C.S.T. 5c AI Sur 2c 1/2 Abajo 
Managua 

Tropelco. S.A. 
Via Espana 20-18,Panama 7 
Rep. de Panama 
Compania Comereial Del 

West Indies 

Paraguay. S.A. 
Casilla de Correo 344 
Chile 877, Asuncion 
ArvenS.A. 
PS] Adan Mejia 103, OF. 33 
Lima II 
Tel: 716229 

K1rpalanl's Ltd. 
17-27 Maagdenstreet, 
P.O. Box 251, Paramaribo 
Tel: 71400 
Surinam Dectronicl 
Keizerstreet 206 
P.O. Box412 
Paramaribo 
Tel: 76·555 
K1rpalanl's Umlted 
Kirpalani's Komplex 
Churchill Roosevelt Highway 
San Juan, Port-oC-Spain 
Tel: 638-2224/9 
American Products S.A. 
(APSA) 
Casilla de Corre 0 1438 
Canelones 1133 
Montevideo 
Tel: 594210 
P. Benavldes .. P •• S.R.L. 
Residencies Camarat, Local 7 
La Candelaria:, Caracas 
MAIL ADDRESS: Apartado Posta 
20.249 
San Martin, Caracas 
Tel: (58-2) 571-2146 
Da Costa and Musson Ltda. 
Carlisle House 
Hincks Street 
P.O. Box 103 
Bridgetown, Barbados 
Tel: 608·50 



RCA Manufacturers' Representatives - U.S. 

Alabama 
CSR Eledronics 
7272-E2 Arcadia Ci. N.W. 
Huntsville, AL 3580 I 
Tel: (205) 533-2444 

Arizona 
Thom Luke Sales, Inc. 
2940 North 67th Place 
Suite H 
Scottsdale, AZ 85251 
Tel: (602) 941-1901 

California 
CK Associates 
8333 Clairemont Mesa Blvd. 
Suite 105 
San Diego, CA 92111 
Tel: (714) 279-0420 

Connecticut 
New England Technical Sales 
(NETS) 
240 Pomeroy Avenue 
Meriden, CT 06450 
Tel: (203) 237-8827 

Florida 
G.F. Bohman Assoc., Inc. 
130 N. Park Avenue 
Apopka, FL 32703 
Tel: (305) 886-1882 
G.F. Bohman Assoc., Inc. 
2020 W. McNab Road 
Ft. Lauderdale, FL 33309 
Tel: (305) 979-0008 

Georgia 
CSR Electronics 
1530 Dunwoody Village Pkwy. 
Suite 110 
Atlanta, GA 30338 
Tel: (404) 396-3720 

Kansas 
Electrl-Rep 
7070 W. 107th Street 
Suite 160 
Overland Park, KS 66212 
Tel: (913) 649-2Ui8 

Massachusetts 
New England Technical Sales 
(NETS) 
135 Cambridge Street 
Burlington, MA 01803 
Tel: (617) 212-0434 

Minnesota 
Comprehensive Technical Sales 
8053 Bloomington Freeway 
Minneapolis, MN 55420 
Tel: (612) 888-7011 

New Jersey 
Astrorep, Inc. 
717 Convery Blvd. 
Perth Amboy, NJ 08861 
Tel: (201) 816-8050 

New York 
Astrorep, Inc. 
103 Cooper Street 
Babylon, L.t., NY 11702 
Tel: (516) 422-2500 

North Carolina 
CSR Electronics 
4208 Six Forks Road 
Suite 305 
Raleigh, NC 27609 
Tel: (919) 787-2137 

Ohio 
Lyons Corporation 
4812 Frederick Road 
Suite 101 
Dayton, OH 45414 
Tel: (513) 278-0714 

Lyons Corpol'l1don 
4615 W. Streetsboro Road 
Richfield, OH 44286 
Tel: (116) 659-9214 

South CaroUna 
CSR Electronics 
1506 Winding Way 
So. Carolina 
Taylors, SC 29687 
Tel: (803) 191-1388 

Texa. 
Southern State. Markedn, 
400 E. Anderson Lane 
Suite 218-6 
Austin, TX 78752 
Tel: (511) 451-9459 
Southern States Marketlo, 
9730 Townpark Drive #105 
Houstan, TX 77036 
Tel: (713) 988-0991 

Southern States Markednl 
1142 Rockingham 
Suite 106 
Richardson, TX 75080 
Tel: (214) 238-7500 . 

Utah 
Simpson As.oca. 
7324 So. 1300 E. 
Suite 350 
Midvale, UT 84047 
Tel: (801) 566-3691 

W.shinstun 
Vantage Corp. 
300 120th Avenue N.E. 
Bldg. 7, Suite 207 
Bellevue, W A 98005 
Tel: (206) 455-3460 
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