


CMOS DATABOOK 

Introduction 

This Databook contains information on National Semicon­
ductor's standard SSI/MSI CMOS products. This includes 
the popular 54C/74C series logic family, which is pin for pin, 
function for function equivalent to the 7400 family of TTL 
devices. All device outputs are LPTTL compatible, capable 
of sinking more than 360j.lA (~1 LSTTL load). The AC param­
eters are specified with a 50 pF capacitive load. 

In addition this book describes National Semiconductor's 
extensive line of CD40XXB and CD45XXB series devices. 
These parts meet the standard JEDEC "B-Series" specifi­
cations. 

Special Function, LSI, AID Converters and Memory device 
specifications contained herein offer the designer unique 
high density low power system solutions. All devices are 
compatible with 54C/74Cseries and CD4XXBseries products. 
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LIFE SUPPORT POLICY 

NATIONAL!S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES 
OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF NATIONALSEMICONDUCTOR 
CORPORATION. As used herein: 

1. Life support devices or systems are devices or systems 
which, (a) are intended for surgical implant into the 
body, or (b) support or sustain life, and whose failure to 
perform, when properly used in accordance with in· 
structions for use provided in the labeling, can be rea­
sonably expected to result in a significant Injury to the 
user. 

2. A critical component is any component of a life support 
.. device or system whose failure to perform can be rea­

sonably expected to cause the failure of the life support 
device or system, or to affect its safety or effectiveness. 

TAI·STATE Is a registered trademark of National Semiconductor Corp. 
Touch Tone is a registered trademark of Bell Telephone 
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CD4011 BM/CD4011 BC Quad 2-lnput NAND Gate (Buffered) ............ 5-10 
CD4012M/CD4012C Dual4-lnput NAND Gate .. : ..................... 5-15 
CD4012BM/CD4012BC Dual 4-lnput NAN D Gate (Buffered) ............. 5-19 
CD4023M/CD4023C Triple 3-lnput NAND Gate ....................... 5-74 
CD4023BM/CD4023BCTripie 3-lnput NAND Gate (Buffered) ........... 5-78 

NOR Gates 

MM54C02lMM74C02 Quad 2-lnput NOR Gate ......................... 1-3 
CD4000M/CD4000C Dual 3-lnput ·NOR and Inverter .................... 5-3 
CD4001M/CD4001C Quad 2-lnput NOR Gate .......................... 5-6 
CD4001BM/CD4001BC Quad 2-lnput NOR Gate (Buffered) .....•....... 5-10 
CD4002M/CD4002C Dual4-lnput NOR Gate ......................... 5-15 
CD4002BM/CD4002BC Dual4-lnput NOR Gate (Buffered) .............. 5-19 
CD4025M/CD4025C Triple 3-lnput NOR Gate ........................ 5-74 
CD4025BM/CD4025BC Triple 3-lnput NOR ~ate (Buffered) ............. 5-78 

AND Gates 

MM54C08lMM74C08 Quad 2-lnput AND Gate ......................... 1-7 
CD4073BM/CD4073BC Triple 3-lnput AN D Gate (Buffered) ............ 5-182 
CD4081 BM/CD4081 BC Quad 2-lnput AND Gate (Buffered) ............ 5-174 
CD4082BM/CD4082BC Quad 4-lnput AND Gate (Buffered) ............ 5-179 

OR Gates 

MM54C321MM74C32 Quad 2-lnput OR Gate ......................... 1-16 
CD4071BM/CD4071BC Quad 2-lnput OR Gate (Buffered) ........... " .5-174 
CD4072BM/CD4072BC Dual4-lnput OR Gate (Buffered) .............. 5-179 
CD4075BM/CD4075BC Triple 3-lnput OR Gate (Buffered) ............. 5-182 

XOR Gates 

MM54C86/MM74C86 Quad 2-lnput XOR Gate ....................... ; 1-39 
CD4030M/CD4030C Quad 2-lnput XOR Gate ......................... 5-98 
CD4070BM/CD4070BC Quad 2-lnput XOR Gate (Buffered) ............ 5-170 
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Invertersllnverting Buffers 

MM54C04/MM74C04 Hex Inverters ....................................... 1-3 
MM54C240/MM74C240 Octal TRI-STATE<!l Buffers/Line Drivers .............. 1-97 
MM54C901/MM74C901 Hex Inverting TTL Buffer ............................ 2-3 
MM54C903/MM74C903 Hex Inverting PMOS Buffer ......................... 2-3 
MM70C96/MM80C96 Hex TRI-STATE Inverting Buffer ...................... 1-109 
MM70C981MM80C98 Hex TRI-STATE Inverting Buffer ...................... 1-109 
CD4009M/CD4009C Hex Inverter ........................................ 5-31 
CD4049M/CD4049C Hex Inverting Buffer ................................ 5-147 
CD4069/CD4069C Hex Inverters ........................................ 5-166 

Non-Inverting Buffers 

MM54C244/MM74C244 Octal TRI-STATE Buffers/Line Drivers ............... 1-97 
MM54C902lMM74C902 Hex TTL Buffers .................................. 2-3 
MM54C904/MM74C904 Hex PMOS Buffers ................................ 2-3 
MM54C906/MM74C906 Hex Open Drain N-Channel Buffer .................. 2-12 
MM54C907/MM74C907 Hex Open Drain P-Channel Buffer ................... 2-12 
MM54C941/MM74C941 Octal TRI-STATE Buffers .......................... 2-59 
MM70C95/MM80C95 Hex TRI-STATE Buffers ............................. 1-109 
MM70C97/MM80C97 Hex TRI-STATE Buffers ............................. 1-109 
CD4010M/CD4010C Hex Buffers ........................................ 5-31 
CD4050BM/CD4050BC Hex Buffers .................................... 5-147 
CD4503BM/CD4503BC Hex TRI-STATE Buffers (Buffered) .................. 5-152 

Schmitt Triggers 

MM54C14/MM74C14 Hex Schmitt Trigger ................................. 1-10 
MM54C914/MM74C914 Hex Schmitt Trigger with Extended Input Range ....... 2-33 
CD4093BM/CD4093BC Quad 2-lnput NAND Schmitt Triggers (Buffered) ..... 5-197 
CD40106BM/CD40106BC Hex Schmitt Triggers (Buffered) .................. 5-212 
CD4584BM/CD4584BC Hex Schmitt Triggers (Buffered) .................... 5-212 

Line Drivers/Recelvers 

MM54C240/MM74C240 Octal TRI-STATE Buffers/Line Drivers ................ 1-97 
MM54C244/MM74C244 Octal TRI·STATE BufferslLine Drivers ................ 1-97 
MM74C908 Dual30V CMOS Driver ...................................... 2-15 
MM74C918 Dual30V CMOS Driver ...................................... 2-15 
MM78C29 Quad Single Ended Drivers ................................... 1-114 
MM78C30 Dual Differential Drivers ..................................... 1-114 
DP731 0/DP831 0 Octal Latched Peripheral Drivers ......................... 6-24 
DP7311/DP8311 Octal Latched Peripheral Drivers ......................... 6-24 
DS1630/DS3630 Hex CMOS Compatible Drivers ............................ 6-8 
DS1631/DS3631 thru DS1634/DS3634 Dual Peripheral Drivers ................ 6-11 
DS16861DS3686 Positive Voltage Relay Driver: ............................ 6-17 
DS16871DS3687 Negative Voltage Relay Driver ............................ 6-19 
DS78C20/DS88C20 Dual Differential Line Receiver ........................ 6-21 
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Analog Switches and Analog Multiplexers/Demultiplexers 

CD4016BM/CD4016BC Quad Bilateral Switch ......................•...... 5-46 
CD4051BM/CD40S1BC Single 8-Chan,nel Analog Multiplexer ............... 5-152 
CD4052BM/CD4052BC Dual4-Channel Analog Multiplexer ................ 5-152 
CD4053BM/CD4053BC Triple 2-Channel Analog Multiplexer ............... 5-152 
CD4066BM/CD4066BC Quad Bilateral Switch ............................ 5-160 
CD4529BM/CD4529BC Dual 4-lnput Analog Decoder or Single 8-lnput 

Analog Data Selector .............................................. 5-284 

Special Function Gates 

MM54C909/MM74C909 Quad Analog Comparator (Bipolar) ................... 6-3 
CD4007M/CD4007C Dual Complementary Pair Plus Inverter ............. , ... 5-25 
CD4019BM/CD4019BC Quad AN D-OR Select Gate (Buffered) ................ 5-62 
CD4041M/CD4041C Quad True/Complement Buffer ....................... 5-117 
CD4048BM/CD4048BC Expandable 8-Function 8-lnput Ga:te (Buffered) ...... 5-141 
CD4519BM/CD4519BC 4-Bit AN D/OR Selector (Buffered) .....•............ 5-266 

Fllp-Flops/Latches/Registers 

MM54C73/MM74C73 Dual J-K Flip-Flop with Clear .............. , .......... 1-24 
MM54C74/MM74C74 Dual D Flip-Flop ...... .'; .•......•....•............. 1-28 
MM54C76/MM74C76 Dual J-K Flip-Flop with Clear and Preset ............... 1-24 
MM54C107/MM74C107 Dual J-K Flip-Flop with Clear ....................... 1-24 
MM54C173/MM74C173TRI-STATEI!> Quad D Flip-Flop .................•.... 1-76 
MM54C174/MM74C174 Hex D Flip·Flqp .•.. ',' •.•...........•............. 1-79 
MM54C175/MM74C175 Quad 0 Flip-Flop _ ..•............................. 1-82 
MM54C373/MM74C373TRHlTATEOctai Latch ........................... 1-102 
MM54C374/MM74C374 TRI-STATE Octal Flip-Flop ........................ 1-102 
CD4013BM/CD4013BC Dual D Flip-Flop .................................. 5-33 
CD4027BM/CD4027BC Dual J-K Flip-Flop with Set and Reset _ ............... 5-85 
CD4042BM/CD4042BCQuad Clocked 0 Latch .................. ~ ........ 5-121 
CD4043BM/CD4043BC TRI-STATE Quad NOR RIS Latches ... : ............. 5-125 
CD4044BM/CD4044BC TRI-STATE Quad NAND RIS Latches ................ 5-125 
CD4076BM/CD4076BC TRI-STATE Quad D Flip~Flop ...................... 5-186 
CD4099BM/CD4099BC8-Bit Addressable Latches ................ ; ...... 5-207 
CD40174BM/CD40174BC Hex D Flip-Flop ................. : .............. 5-221 
CD40175BM/CD40175BC Quad D Flip-Flop .................•............ 5-221 
CD4723BM/CD4723BC Dual 4-Bit Addressable Latch ..................... 5-309 
CD4724BM/CD4724BC 8-Bit Addressable,Latch ............... , ......... 5-309 

CMOS Memories 

MM54C89/MM74C89 64-Bit (16 x 4) Static RAM •.......................... 1-42 
MM54C200/MM74C200 256-Bit (256 x 1) Static RAM ....................... 1-92 
MM54C910/MM74C910256-Bit (64 x4) Static RAM ......................... 2-19 
MM54C920/MM74C920 1024-Bit (256 x 4) Static RAM .....•................ 2-40 
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CMOS Memories (Cont'd) 

MM54C921/MM74C9211024-Bit (256 x 4) Static RAM ....................... 2-40 
MM54C929/MM74C9291024-BIt(1024x1) Static RAM ...................... 2-51 
MM54C930/MM74C930 1024-Blt (1024 x 1) Static RAM ...................... 2-51 
MM54C989/MM74C989 64-!3lt (16 x 4) Static RAM ......................... 4-30 
NMC27C1616, 384-Bit (2048 x 8) CMOS EPROM ........................... 4-34 
NMC65044096 (4096 x1) Static RAM .................................... 4-39 
NMC65081024 (1024x1) Static RAM .................................... 4-46 
NMC65144096 (1024 X4) Static RAM ................. : ................. .4-52 
NMC65181024 (1024 x 1) Static RAM ........................•............ 4-58 
NMC65511024 (256 x 4) Static RAM ..................................... 4-64 
NMC65521024 (256 x 4) Static RAM ..................................... 4-70 

Counters 

MM54C90/MM74C904-Bit Decade Counter .............................. 1-43 
MM54C931MM74C934-Bit Binary Counter ................. : ............. 1-43 
MM54C160/MM74C160 Decade Counter with Asynchronous Clear ............ 1-63 
MM54C161/MM74C161 Binary Counter with Asynchronous Clear ............. 1-63 
MM54C1621MM74C162 Decade Counter with Synchronous Clear ............. 1-63 
MM54C163/MM74C163 Binary Counter with Synchronous Clear .............. 1-63 
MM54C1921MM74C192 Synchronous 4-Bit Up/Down Decade Counter ......... 1-85 
MM54C193/MM74C193 Synchronous 4-Bit Up/Down Binary Counter .......... 1-85 
MM74C925 4-Dlglt Counter with Multiplexed 7-Segment Outputs ........... 2-47 
MM74C926 4-Digit Counter with Multiplexed 7-Segment Outputs ........... 2-47 
MM74C927 4-Digit Counter wIth Multiplexed 7-Segment Outputs ........... 2-47 
MM74C928 4-Dlgit Counter with Multiplexed 7-Segment Outputs ........... 2-47 
MM74C9454V2-Dlglt Up·Counterwith LCD Decoder/Driver ................. 2-64 
MM74C9464-Diglt Up/Down Counter with LCD Decoder/Driver .............. 2-72 
MM74C947 4-Digit Up/Down Counter with LCD Decoder/Driver .............. 2-64 
CD4017BM/CD4017BM Decade Counter/Divider with 10 Decoded Outputs ..... 5-53 
CD4018BM/CD4018BM Presettable Divide·by·N Counter .. ; ................. 5-58 
CD4020BM/CD4020BM 14-Stage Ripple·Carry Binary Counter ............... 5-65 
CD4022BM/CD4022BM Divide-by-8 Counter Divider with 8 Decoded Outputs .. 5-53 
CD4024BM/CD4024BM 7-Stage Ripple·Carry Binary Counter ................ 5-82 
CD4029BM/CD4029BM Presettable Binary/Decode Up/Down Counter ......... 5-92 
CD4040BM/CD4040BM 12-Stage Ripple·Carry Binary Counter ... , " , " , "., ,5-65 
CD4060BM/CD4060BM 14-Stage Rlpple·Carry Binary Counter, .... , . , . , , .. , ,5-65 
CD4089BM/CD4089BM Binary Rate Multiplier •. , , .. , , , ... , , , . , . , , ......•. 5-166 
CD40160BM/CD40160BM Decade Counter with Asynchronous Clear, , , ... , . ,5-216 
CD40161 BM/CD40161 BM Binary Counter with Asynchronous Clear .. , , , , .... 5-216 
CD40162BM/CD40162BM Decade Counter with Synchronous Clear, , . , . , , , , ,5-216 
CD40163BM/CD40163BM Binary Counter with Synchronous Clear. , , . , ..... ,5-216 
CD40192BM/CD40192BM Synchronous 4-Bit Up/Down Decade Counter. , , ... 5-224 
CD40193BM/CD40193BC Synchronous 4-Bit Up/Down Binary Counter, , , , , . ,5-224 
CD4510BM/CD4510BC BCD Up/Down Counter .. ,." .. ".",.",.".",.,5-233 
CD4516BM/CD4516BC Binary Up/Down Counter .. , ... , , , , .... , , . , , , , . , , , .5-233 
CD4518BM/CD4518BC Dual Synchronous Up Counter ....... , . , .. , .. , .... ,5-261 
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Counters (Cont'd)' 

CD4520BM/CD4520BC Dual Synchronous Up Counter ..................... 5-261 
CD4522BM/CD4522BC Programmable Divide-By-N Decade Counter ......... 5-270 
CD4526BM/CD4526BC Programmable Divide-By-N Binary Counter .......... 5-270 
CD4527BM/CD4527BC BCD Rate Multiplier ............................. 5-190 

Shift Registers 

MM54C95/MM74C95 4-Bit Right Shift/Left Shift Counter ................... 1-47 
MM54C164/MM74C164 8-Bit Parallel-Out Serial-In Shift Register ............. 1-68 
MM54C165/MM74C165 Parallel-Load 8-Bit Shift Register ................... 1-72 
MM54C195/MM74C1954-Bit Parallel Shift Register ........................ 1-89 
CD4006BM/CD4006BC 18-Stage Static Shift Register ...................... 5-22 
CD4014BM/CD4014BC 8-Stage Static Shift Register ....................... 5-38 
CD4015BM/CD4015BC Dual 4-Bit Static Shift Register ..................... 5-42 
CD4021BM/CD4021BC 8-Stage Static Shift Register ....................... 5-70 
CD4031BM/CD4031BC 64-Stage Static Shift Register ..................... 5-101 
CD4034BM/CD4034BC TRI-STATE@ ParaliellSerialllO Bus Register .......... 5-105 
CD4035BM/CD4035BC 4-Bit Parallel-In Parallel-Out Shift Register .......... 5-113 
CD4094BM/CD4094BC 8-Bit Shift/Store TRI-STATE Register ............... 5-202 

Decoders/Multiplexers (Digital and Analog) 

MM54C42/MM74C42 BCDto DeCimal Decoder ............................ 1-18 
MM54C48/MM74C48 BCD to 7-Segment Decoder .......................... 1-20 
MM54C150/MM74C150 16-Line to 1-Line Multiplexer ....................... 1-49 
MM54C151/MM74C151 8-Channel Digital Multiplexer ...................... 1-54 
MM54C154/MM74C154 4-Line to 16-Line Decoder ......................... 1-58 
MM54C157/MM74C157 Quad 2-lnput Multiplexer .......................... 1-61 
MM54C915/MM74C915 7-Segment to BCD Decoder ........................ 2-36 
MM72C19/MM82C19 16-Line to 1-Line Multiplexer ......................... 1-49 
MM54C922/MM74C92216 Key Keyboard Encoder ......................... 2""41 
MM54C923/MM74C923 20 Key Keyboard Encoder ......................... 2-41 
CD4028BM/CD4028BC BCD to Decimal Decoder .......................... 5-89 
CD4051BM/CD4051BC Single 8-Channel Analog Multiplexer ............... 5-152 
CD4052BM/CD4052BC Dual4-Channel Analog Multiplexer ................ 5-152 
CD4053BM/CD4053BC Triple 2-Channel Analog Multiplexer ............... 5-152 
CD4512M/CD4512C 8-Channel Data Selector ............................ 5-246 
CD4512BM/CD4512BC 8-Channel Buffered Data Selector ................. 5-251 
CD4514BM/CD4514BC 4-Bit Latched 4-16 Line Decoder ................... 5-256 
CD4515BM/CD4515BC 4-Bit Latched 4-16 Line Decoder ................... 5-256 
CD4529BM/CD4529BC Dual 4-lnput Analog Decoders .................... 5-284 

Arithmetic Functions/Digital Comparators 

MM54C83/MM74C83 4-Bit Binary Full Adder .............................. 1-32 
MM54C85/MM74C85 4-Bit Magnitude Comparator ........................ 1-36 
MM54C933/MM74C933 Address Bus Comparator .......................... 2-56 
CD4008BM/CD4008BC 4-Bit Full Adder ................... ; .............. 5-28 
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Osciliators/One Shots/PLL's 

MM54C221/MM74C221 Dual Monostable Multivibrator ..................... 1-93 
MM54C932/MM74C932 Phase Detector .................................. 2-52 
CD4046BM/CD4046BC Micro-power Phase Lock Loop ... , ................. 5-129 
CD4047BM/CD4047BC Low Power Monostable/Astable Multivibrator ........ 5-136 
CD4528BM/CD4528BC Dual Monostable Multivibrator .................... 5-278 
CD4538BM/CD4538BC Dual Monostable Multivibrator .................... 5-290 
CD4541 BM/CD4541 BC Programmable Timer/Oscillator .................... 5-298 

Display Drlvers/Decoders 

MM54C481MM74C48 BCD to 7-Segment Decoder (LED) .................... 1-20 
MM74C911 4-Digit LED Display Controller ............................... 2-20 
MM74C912 6-Digit LED Display Controller (BCD) .......................... 2-27 
MM74C917 6-Digit LED Display Controller (HEX) .......................... 2-27 
MM74C925 4-Digit Counter with Multiplexed 7-Segment Output (LED) ....... 2-47 
MM74C926 4-Digit Counter with Multiplexed 7-Segment Output (LED) ....... 2-47 
MM74C927 4-Digit Counter with Multiplexed 7-Segment Output (LED) ....... 2-47 
MM74C928 4-Digit Counter with Multiplexed 7-Segment Output (LED) ....... 2-47 
MM74C945 4% -Digit Up/Down Counter/LatchlDecoder/Driver (LCD) .......... 2-64 
M M74C946 4-Digit Counter/Latch/Decoder Driver (LCD) .................... 2-72 
MM74C947 4-Digit Up/Down Counter/Latch/Decoder/Driver (LCD) ............ 2-64 
MM74C956 4-Character Alphanumeric Display Controller .................. 2-79 
CD4511BM/CD4511BC BCDto 7-Segment Latch/Decoder/Driver ............ 5-240 
CD4543BM/CD4543BC BCD to 7-Segment Latch Decoder Driver for LCD's ... 2-303 

Analog to Digital Converters 

ADC0808 8-Bit lAP Compatible AID Converter with 8-Channel Multiplexer ...... 3-3 
ADC0809 8-Blt lAP Compatible AID Converter with 8-Channel Multiplexer ...... 3-3 
ADC0816 8-Bit lAP Compatible AID Converter with 16-Channel Multiplexer .... 3-14 
ADC0817 8-Bit lAP Compatible AID Converter with 16-Channel Multiplexer .... 3-14 
ADC35113%-Digit lAP Compatible AID Converter .......................... 3-25 
ADC3711 3%-Digit lAP Compatible A/D Converter .......................... 3-25 
ADD3501 3%-Digit DVM with Multiplexed 7-Segment Output ............... 3-33 
ADD3701 3%-Digit DVM with Multiplexed I-Segment Output ............... 3-42 
MM54C905/MM74C90512-Bit Successive Approximation Register ............ 2-7 
ADC0801lADC0802/ADC0803/ADC0804/ADC0805 .......................... 3-53 . 

8-Bit lAP Compatible AID Converter 
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54C/74C Family Characteristics Guide 
Typical Characteristics Til = 25°C 

CPO (pF) tpo (ns) dtpo FANOUT 
Device Type/Description (Note 3) CL =50pF, VCE=5V Curve LP LS TTL 

MM54COO/MM74COO Quad 2-lnput NAND Gate 12 50 A 2 1 -
MM54C02/MM74C02 Quad 2-lnput NOR Gate 12 50 A 2 . 1 -
MM54C04/MM74C04 Hex Inverter 12 50 A 2 1 -
MM54C08/MM74C08 Quad 2-lnput AND Gate 14 80 A 2 1 -
MM54C10/MM74C10 Triple 3-lnput NAND Gate 18 60 A 2 1 -
MM54C14/MM74C14 Hex Schmitt Trigger 20 220 A 2 1 -
MM54C20/MM74C20 Dual 4-lnput NAND Gate 30 70 A 2 1 -
MM54C30/MM74C30 8-lnput NAND Gate 26 125 A 2 1 -
MM54C32/MM74C32 Quad 2-lnput OR Gate 15 80 A 2 1 -
MM54C42/MM74C42 BCD·to·Decimal Decoder 50 200 A 2 1 -
MM54C48/MM74C48 BCD-to-7-Segment Decoder NA 450(1) NA 2 1 -
MM54C73/MM74C73 Dual J·K Flip·Flops 40 180 A 2 1 -
MM54C74/MM74C74 Dual D Flip·Flop 40 180 A 2 1 -
MM54C76/MM74C76 Dual J·K Flip·Flops 40 180 A 2 1 -
MM54C83/MM74C83 4-Bit Binary Full Adder 120 300 A 2 1 -
MM54C85/MM74C85 4-Bit Magnitude Comparator 45 220 A 2 1 -
MM54C86/MM74C86 Quad 2-lnput 20 110 A 2 1 -
MM54C89/MM74C89 64-Bit RAM 230 270 A 2 1 -
MM54C90/MM74C90 4-Bit Decade Counter 45 400 A 2 1 -
MM54C93/MM74C93 4-Bit Binary Counter 45 400 A 2 1 -
MM54C95/MM74C95 4-Bit Shift Register 100 200 A 2 1 -
MM54C107/MM74C107 Dual J·K Flip·Flops 40 180 A 2 1 -
MM54C150/MM74C150 16-Line to 1-Line Multiplexer 100 250 A 10 5 1 
MM54C151/MM74C151 8-Channel Digital Multiplexer 50 200(1) A 2 1 -
MM54C154/MM74C154 4-16 Decoder/Demultiplexer 60 275(1) A 2 1 -
MM54C157/MM74C157 Quad 2-lnput Multiplexer 20 150(1) A 2 1 -
MM54C160/MM74C160 Decade Counter 95 250(2) A 2 1 -
MM54C161/MM74C161 Binary Counter 95 250(2) A 2 1 -
MM54C162/MM74C162 Decade Counter 95 250(2) A 2 1 -
MM54C163/MM74C163 Binary Counter 95 250(2) A 2 1 -
MM54C164/MM74C164 8-Bit Shift Register 140 230(2) A 2 1 -
MM54C165/MM74C165 8-Bit Shift Register 55 210(2) A 2 1 -
MM54C173/MM74C173 TRI·STATE® Quad D Flip·Flop 100 220(2) A 2 1 -
MM54C174/MM74C174 Hex D Flip·Flop 95 150(2) A 2 1 -
MM54C175/MM74C175 Quad D Flip·Flop 130 190(2) A 2 1 -
MM54C192/MM74C192 Decade Up/Down Counter 100 250(2) A 2 1 -
MM54C193/MM74C193 Binary Up/Down Counter 100 250(2) A 2 1 -
MM54C195/MM74C195 4-Bit Register 130 200(2) A 2 1 -
MM54C200/MM74C200 256-Bit RAM 400 850 A 2 1 -
MM54C221/MM74C221 Dual Monostable Multivibrator NA 250 A 2 1 -
MM54C240/MM74C240 Octal Buffers 100 60 B 13 6 1 
MM54C244/MM74C244 Octal Buffers 100 45 B 13 6 1 
MM54C373/MM74C373 Octal Latch 200 165 B 10 5 1 
MM54C374/MM74C374 Octal D·Type Flip·Flop 250 165 B 10 5 1 
MM54C901/MM74C901 Hex Inverting TTL Buffer 30 38 B 2 1 -
MM54C902/MM74C902 Hex Non·lnverting TTL Buffer 50 57 B 2 1 -
MM54C903/MM74C903 Hex Inverting PMOS Buffer 30 57 B 2 1 -
MM54C904/MM74C904 Hex Non·lnverting PMOS Buffer 50 38 B 2 1 -
MM54C905/MM74C905 12-Bit SAR 100 200 A 2 1 -
MM54C906/MM74C906 Hex Open Drain Buffer 30 NA NA 2 1 -
MM54C907/MM74C907 Hex Open Drain Buffer 30 NA NA 2 1 -
MM74C908 Dual CMOS 30 Volt Driver NA 150 NA NA NA NA 
MM54C914/MM74C914 Hex Schmitt Trigger 20 220 A 2 1 -
MM54C915/MM74C915 7-Segment-to-BCD Converter NA 150 NA 10 5 1 
MM54C918 Dual CMOS 30 Volt Driver NA 60 B NA NA NA 
MM54C922/MM74C922 16-Key Encoder NA NA B 2 1 -
MM54C923/MM74C923 20-Key Encoder NA NA B 2 1 -
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54C/74C Family Characteristics Guide (Cont'd.) 
Typical Characteristics TA = 25'C 

CpO (pF) tpo (ns) AtpD 
Device TypelDescription (Note 3) CL =50pF, VcE =5V Curve 

MM54C932/MM74C932 Phase Comparator NA NA B 
MM54C9411MM74C941 Octal Buffer 100 70 B 
MM70C95/MM80C95 TRI-STATE® Hex Buffers 60 60 B 
MM70C96/MM80C96 TRI-STATE Hex Inverters 60 70 B 
MM70C97/MM80C97 TRI-STATE Hex Buffers 60 60 B 
MM70C98/MM80C98 TRI-STATE Hex Inverters 60 70 B 
MM72C19/MM82C19 TRI-STATE 16-1 Multiplexer 100 250 A 
MM78C29/MM88C29 Quad Single-Ended Line Driver 150 200 NA 
MM78C30/MM88C30 Dual Differential Line Driver 200 350 NA 

Note 1: t po shown is from data input to output. For more detailed specifications see individual data sheet. 

Note 2: tpo shown is from clock to output. For more detailed specifications see individual data sheet. 

FANOUT 

LP LS TTL 

NA NA NA 
13 6 1 
10 5 1 
10 5 1 
10 5 1 
10 5 1 
10 5 1 
NA NA NA 
NA NA NA 

Note 3: Cpo numbers shown are for independent identical functions within a package. For instance the total Cpo for a MM74C157 is 
4 x 20 pF = 80 pF while the total Cpo for the MM74C173 is 100 pF because all flip-flops have a common clock. 

Normalized Typical Power 
Consu mption vs Frequency 

Typical Propagation Delay per p F of 
Load Capacitance vs Power Supply 

Guaranteed Noise Margin 
Over Temperature vs Vee 
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For complete explanation on use of curves see application note AN-gO, 54C/74C Family Characteristics. 

National Semiconductor's Megarad Radiation Hardened Product list 
The following device types are currently available from National Semiconductor as a radiation hardened 
product to the 106 RADS (Si) level. These parts will be processed to National's 883S/RETS flow in the 
bottom braised flat (F) or side braised dual-in-line (D) packages. 

RAD Hard CMOS 

Device Series Device Series Device Series Device Series 

CD4001 AlB CD4019 B CD4042 B CD4075 B 
CD4002 A CD4020 A CD4043 A CD4076 B 
CD4006 A CD4021 A CD4044 A CD4081 B 
CD4007 A CD4022 B CD4048 B CD4093 B 
CD4008 B CD4023 AlB CD4049 A CD4099 B 
CD4009 A CD4024 B CD4050 B CD40106 B 
CD4010 A CD4025 AlB CD4051 B CD40174 B 
CD4011 A CD4027 B CD4052 B CD40192 B 
CD4012 A CD4028 B CD4053 B CD40193 B 
CD4013 B CD4029 B CD4066 B CD4514 B 
CD4014 A CD4030 A CD4069 A CD4515 B 
CD4015 A CD4031 B CD4070 B CD4518 B 
CD4016 A CD4035 B CD4071 B CD4520 B 
CD4017 B CD4040 A CD4073 B CD4584 B 
CD4018 B CD4041 A 

xvii 

15V 

Device 

MM54C04 
MM54C14 
MM54C86 
MM54C173 
MM54C174 
MM54C192 
MM54C193 
MM54C200 
MM54C901 
MM54C902 
MM54C903 
MM54C904 
MM54C906 
MM54C907 



Cross Reference Guide 
A Listing of CD4000 Series Parts that make up the National Semiconductor family, 
with competitor equivalents, for easy reference 

Product Description RCA 

CD4000 Dual 3-lnput NOR Gate Plus Inverter CD4000 
CD4001 Quad 2-lnput NOR Gate CD4001 
CD4001B Buffered Quad 2-lnput NOR Gate CD4001B 
CD4002 Dual 4-lnput NOR Gate CD4002 
CD4002B Dual Buffered 4-lnput NOR Gate CD4002B 
CD4oo6B 18-Blt SIR CD4006B 

CD4007 Dual Complementary Pair Plus Inverter CD4007 
CD4008B 4-Blt Full Adder with Parallel Carry CD4008B 
CD4009 Hex Inverting Buffer CD4009 
CD4010 Hex Buffer CD401 0 
CD4011 Quad 2-lnput NAND Gate CD4011 

CD4011B Buffered Quad 2-lnput NAND Gate CD4011B 
CD4012 Dual 4-lnput NAND Gate CD4012 
CD4012B Dual Buffered 4-lnput NAND Gate CD4012B 
CD4013B Dual D Flip-Flop CD4013B 
CD4014B 8-Blt SIR CD4014B 
CD4015B Dual 4-Bit SIR CD4015B 

CD4016B Quad Bilateral Switch CD4016B 
CD4017B Decade Counter Divider CD4017B 
CD4018B Presettable Divide by uN" Counter CD4018B 
CD4019B Quad AND/OR Select Gate CD4019B 
CD4020B 14-Bit Ripple Carry Binary CounteriDivider CD4020B 

CD4021B 8-Bit SIR CD4021B 
CD4022B Divlde-by-8 Counter Divider CD4022B 
CD4023 Triple 3-lnput NAND Gate CD4023 
CD4023B Buffered Triple 3-lnput NAND Gate CD4023B 
CD4024B 7-Bit Binary Counter CD4024B 

CD4025 Triple 3-lnput NOR Gate CD4025 
CD4025B Double Buffered Triple 3-lnput NOR Gate CD4025B 
CD4027B Dual J-K Flip-Flop CD4027B 
CD4028B BCD-to-Decimal Decoder CD4028B 
CD4029B - Presettable Up/Down Counter CD4029B 

CD4030 Quad EX-OR Gate (dual marked as MM74C86) CD4030 
CD4031B 64-Bit SIR CD4031B 
CD4034B 8 Bit SIR CD4034B 
CD4035B 4-Bit P-In-P-Out SIR CD4035B 
CD4040B 12-Bit Binary/Ripple Counter CD4040B 

CD4041 Quad True/Complement Buffer CD4041UB 
CD4042B Quad D Latch CD4042B 
CD4043B Quad 3-State NOR R/S Latch CD4043B 
CD4044B Quad 3-State NAND R/S Latch CD4044B 
CD4046B Phase-Locked Loop CD4046B 

CD4047B Monostable-Astable Multivlbrator CD4047B 
CD4048B Expandable 8-lnput Gate CD4048B· 
CD4049 Hex Inverting Buffer CD4049UB 
CD4050B Hex Buffer CD4050B 
CD4051B Single 8-Channel Multiplexer CD4051B 

CD4052B Differential 4-Channel Multiplexer CD4052B 
CD4053B Triple 2-Channel Multiplexer CD4053B 
CD4060B 14-Stage Ripple Carry Binary Counter & Osc. CD4060B 
CD4066B Quad Bilateral Switch CD4066B 
CD4069 Hex Inverter (dual marked as MM74C04) CD4069UB 

xviii 

Motorola Fairchild 

MC14000 -
MC14001 -
MC14oo1B 4001B 
MC14002 -
MC14002B -
MC14006B 4oo6B 

MC14007 4007 
MC14008B 4008B 

- -
- -

MC14011 4011 

MC14011B 4011B 
MC14012 -
MC14012B -
MC14013B 4013B 
MC14014B 4014B 
MC14015B 4015B 

MC14016B 4016B 
MC14017B 4017B 
MC14018B 4018B 

- 4019B 
MC14020B 4020B 

MC14021B 4021B 
MC14022B 4022B 
MC14023 4023 
MC14023B 4023B 
MC14024B 4024B 

MC14025 -
MC14025B 4025B 
MC14027B 4027B 
MC14028B 4028B 
MC14029B 4929B 

MC14030 4030B 
MC14031B -
MC14034B 4034B 
MC14035B 4035B 
MC14040B 4040B 

- 4041B 
MC14042B 4042B 
MC14043B 4043B 
MC14044B 4044B 
MC14046B -

- 4047B 
MC14048B 4048B 
MC14049UB 4049B 
MC14050B 4050B 
MC14051B 4051B 

MC14052B 4052B 
MC14053B 4053B 
MC14060B -
MC14066B 4066B 
MC14069UB 4069 



W Cross Reference Guide (Cont'd.) 

Product Description RCA Motorola Fairchild 

CD4070B Quad Exclusive·OR Gate (dual marked as MM74C86) CD4070B MC14070B 4070B 
CD4071B Quad 2-lnput OR Gate CD4071B MC14071B 4071B 
CD4072B Dual 4-lnput OR Gate Buffered B Series CD4072B MC14072B -
CD4073B Triple 3-Ir.lput AND Gate CD4073B MC14073B 4073B 
CD4075B Triple 3-lnput OR Gate CD4075B MC14075B 4075B 

CD4076B TRI-STATE@ Quad D Flip-Flop (dual marked as MM74C173) CD4076B MC14076B 4076B 
CD4081B Quad 2-lnput AND Gate CD4081B MC14081B 4081B 
CD4082B Dual 4-lnput OR Gate Buffered B Series CD4082B MC14082B -
CD4089B Binary Rate Multiplier CD4089B - -
CD4093B Quad 2-lnput NAND Schmitt Trigger CD4093B MC14093B 4093B 

CD4099B 8-Bit Addressable Latch CD4099B MC14099B 4099B 
CD40106B Hex Schmitt Trigger (dual marked as MM74C14) .CD40106B MC14584B 40014 
CD40160B Sync Decade Counter (dual marked as MM74C160) CD40160B MC14160B -
CD40161B Sync Binary Counter (dual marked as MM74C161) CD40161B MC14161B 40161 B 
CD40162B Fully Sync Decade Counter (dual marked as MM74C162) CD40162B MC14162B -
CD40163B Fully Sync Binary Counter (dual marked as MM74C163) CD40163B MC14163B 40163B 
CD40174B Hex D Flip-Flop (dual marked as MM74C174) CD40174B MC14174B 40174B 
CD40175B Quad D Flip-Flop (dual marked as MM74C175) - MC14175B 40175B 
CD40192B Sync Up/Down Decade Counter(dual marked as MM74C192) CD40192B - -
CD40193B Sync Up/Down Binary Counter (dual marked as MM74C193) CD40193B MC140193B 40193B 

CD4503B Hex Bus Driver (dual marked as MM80C97) CD4503B MC14503B 40097 
CD4510B BCD Up/Down Counter CD4510B MC14510B 4510B 
CD4511B BCD-to-7 Segment Latch/Decoder/Driver CD4511B MC14511B 4511B 
CD4512B 8-Channel Data Selector CD4512B MC14512B 4512B 
CD4514B 4-Bit Latch/4 to 16 Line Decoder (High) CD4514B MC14514B 4514B 

CD4515B 4-Bit Latch/4 to 16 Lil)e Decoder (Low) CD4515B MC14515B 4515B 
CD4516B Binary Up/Down Counter CD4516B MC14516B 4516B 
CD4518B Dual BCD Up Counter GD4518B MC14518B 4518B 
CD4519B 4-Bit AND/OR Selector - MC14519B 4519B 
CD4520B Dual Binary Up Counter CD4520B MC14520B 4520B 

CD4522B Programmable Divide-by-N Counter (BCD) - MC14522B -
CD4526B Programmable Divide-by-N Counter (Binary) - MC14526B -
CD4527B BCD Rate/Multiplier CD4527B MC14527B -
CD4528B Dual Retriggerable/Resettable Monostable 

Multivibrator CD4528B MC14528B 4528 

CD4529B Dual 4-Channel Analog Data Selector - MC14529B -
CD4538B Dual Monostable Multivibrator - MC14538 -
CD4541B Programmable Oscillator Timer - MC14541B -
CD4543B BCD-to-7-Segment Decoder (LCD) - MC14543B -
CD4584B Hex Schmitt Trigger (marked as MM74C14N) 40106B MC14584B 40014 

CD4723B Dual 4-Bit Addressable Latch - - 4723 
CD4724B 8-Bit Addressable Latch CD4724B - 4724 

AID Converter Cross Reference Guide 

Product Description T.I. Mostek 

ADC0808CCN 8-Bit AID w/8-Channel Analog Mux ADC0808CN MK50808N 
ADC0809CCN 8-Bit AID w/8-Channel Analog Mux ADC0809CN MK50809N 
ADC0816CCN 8-Bit AID w/16-Channel Analog Mux ADC0816CN MK50816N 
ADC0817CCN 8-Eli! AID w/16-Channel Analog Mux ADC0817CN MK50817N 

xix 



~ Specifications for "B" Series 

National Semiconductor complies with the CMOS "B" Series specification as called out in JEDEC Standard No. 13A. All 
parts called out as "B" are double buffered and will meet as a minimum the electrical parameters listed in table A. As 
agreed upon in the JEDEC Spec, products callout out as "UB" are not double buffered but meet table A specifications 
with the exception of VIL and VIH, which will be 20% and 80%, respectively, of Voo. The 54CJ74C family meets or exceeds 
the "B"J"UB" specifications as given in table A but are not marked "B"J"UB". 

Table A 

Limits 

Temp. Voo TLOW· +25°C THIGH·· 
Parameter Range (Vdc) Conditions Min. Max. Min. Typ. Max. Min. Max. Units 

Quiescent 5 0.25 0.25 7.5 
100 Device Current Mil. 10 0.5 0.5 15 ,..Adc 

GATES 
15 VI = Vss or Voo 1.0 1.0 30 
5· All valid input combinations 1.0 1.0 7.5 

Comm. 10 2.0 2.0 15 ,..Adc 
15 4.0 4.0 30 

5 1.0 1.0 30 
Mil. 10 2.0 2.0 60. ,..Adc 

BUFFERS, 15 VI = Vss or Voo 4.0 4.0 120 
FLlp·FLOPS 5 All valid Input combinations 4.0 4.0 30 

Comm. 10 8.0 8.0 60 I'Adc 
15 16 16 120 

5 5.0 5.0 150 
Mil. 10 10 10 300 ,..Adc 

MSI 
15 VI = Vss or Voo 20 20 600 

5 All valid input combinations 20 20 150 
Comm. 10 40 40 300 I'Adc 

15 80 80 600 

Low·Level 
5 

VI = Vss or Voo 
0.05 0.05 0.05 

VOL All 10 0.05 0.05 0.05 Vdc 
Output Voltage 

15 1101 < 1,..A '0.05 0:05 0.05 

High-Level 
5 

VI = Vss or Voo 
4.95 4,95 4.95 

VOH All 10 9.95 9.95 9.95 Vdc 
Output Voltage 

15 1101 < 1,..A 14.95 14.95 14.05 

Input Low 
5 Vo=0.5Vor 4.5 V, 1101 < 11'A 1.5 1.5 1.5 

VIL All 10 Vo = 1.0V or 9.0 V, 1101 < 1,..A 3.0 3.0 3.0 Vdc 
Voltage 

15 Vo = 1.5V or 13.5V, 1101 < 11'A 4.0 4.0 4.0 

Input High 
5 Vo=0.5Vor 4.5V, 1101 < 1,..A 3.5 3.5 3.5 

VIH All 10 Vo = 1.0V or 9.0V, 1101 < 1,..A 7.0 7.0 7.0 Vdc 
Voltage 15 Vo = 1.5V or 13.5V, 1101 < 1,..A 11 11 11 

Output Low 5 Vo=0.4V, VI =OV or 5V 0.64 0.51 0.36 
10L (Sink) Current Mil. 10 Vo = 0.5 V, VI=OVor 10V 1.6 1.3 0.9 mAdc 

15 Vo=1.5V, VI =OV or 15V 4.2 3.4 2.4 

5 Vo=0.4V, VI =OV or 5V 0.52 0.44 0.36 
Comm. 10 Vo = 0.5 V, VI=OVor 10V 1.3 1.1 0.9 mAdc 

15 Vo= 1.5V, VI=OVor15V 3.6 3.0 2.4 

Output High 5 Vo = 4.6 V, VI=OVor 5V -0.25 -0.2 -0.14 
10H (Source) Current Mil. 10 Vo=9.5V, VI =OV or 10V -0.62 -0.5 -0.35 mAdc 

15 Vo = 13.5V, VI =OV or 15V -1.8 -1.5 -1.1 

5 Vo=4.6V, VI =OV or 5V -0.2 -0.16 -0,12 
Comm. 10 Vo=9.5V, VI=OVor 10V -0.5 -0.4 -0.3 mAdc 

15 Vo=13.5V, VI=OVor15V -1.4 -1.2 -1.0 

II Input Current 
Mil. 15 VI=OVor 15V ±0.1 ±0.1 ±1.0 ,..Adc 
Comm. 15 VI=OVor15V ±0.3 ±0.3 ±1.0 ,..Adc 

Input 
CI Capacitance - All - Any Input 7.5 pF 

per Unit Load 
, 

Note: For current flow the convention is positive for current flowing into the device and negative flowing out of the device. 
"how = -SS·C for Military Temp. Range device, -40·C for Commercial Temp. Range device. 

""THIGH = +12S·C for Military Temp. Range device, +85·C for Commercial Temp. Range device. 
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Section 1 

MM54CXX/MM74CXX 
Series Logic 





'?JI National 
. ~ Semiconductor 

MM54COO/MM74COO Quad 2-lnput NAND Gate 
MM54C02lMM74C02 Quad 2-lnput NOR Gate 
MM54C04lMM74C04 Hex Inverter. 
MM54C10/MM74C10 Triple3-lnput NAND Gate 
MM54C20/MM74C20 Dual 4-lnput NAND Gate 

General Description 
These logic gates employ complementary MOS (CMOS) 
to achieve wide power supply operating range, low 
power consumption, high noise Immunity and symmetric 
controlled rise and fall times. With features such as this 
the 54C/74C logic family is close to ideal for use in digital 
systems. Function and pin out compatibility with series 
54/74 devices minimizes design time for those designers 
already familiar with the standard 54174 logic family. 

Fe"tures 
• Wide supply voltage range 

• Guaranteed noise margin 

• High noise immunity 

• Low power 
consumption 

All inputs aie protected from damage due to static dis-, • Low power 
charge by diode clamps to Vce and GND. TTL compatibility 

Connection Diagrams 

3.0V to 15V 

1.0V 

0.45 Vcc (typ.) 

10 nW/package (typ.) 

fan out of 2 
driving 74L 

MM54COO/MM74COO MM54C02/MM74C02 MM54C04/MM74C04 

TOP VIEW TOP VIEW TOP VIEW 

MM54Cl0/MM74Cl0 MM54C20/MM74C20 
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Absolute Maximum Ratings 
Voltage at Any Pin - 0.3V to Vee + 0.3V 
Operating Temperature Range 

54C -55·C to +125·C 
74C -40·C to +85·C 

Storage Temperature Range -65·Cto +150·C 
Operating Vee Range 3.0Vto 15V 
Maximum Vee Voltage 18V 
Package Dissipation 500mW 
Lead Temperature (Soldering, 10 s,econds) 300·C 

DC Electrical Characteristics 
MinImax limits apply across the guaranteed temperature range unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

CMOS to CMOS 

VIN(l) Logical "1" Input Voltage Vee =5.0V 3.5 V 
Vee=10V 8.0 V 

VIN(O) Logical "0" Input Voltage Vee =5.0V 1.5 V 
Vee=10V 2.0 V 

VOUT(1) Logical "1" Output Voltage Vee = 5.0V, 10= -10,..A 4.5 V 
Vee =10V, 10= -10,..A 9.0 V 

VOUT(O) Logical "0" Output Voltage Vee = 5.0V, 10= +10,..A 0.5 V 
I Vee =10V, 10= +10,..A 1.0 V 

IIN(1) Logical "1" Input Current Vee = 15V, VIN = 15V 0.005 1.0 ,..A 

IIN(O) Logical "0" Input Current Vee =15V, VIN=OV -1.0 -0.005 ,..A 

Icc Supply Current Vee=15V I 0.01 15 ,..A 

Low Power to CMOS 

VIN(l) Logical "1" Input Voltage 54C, Vee=4.5V . Vee- 1.5 V 
74C, Vee=4.75V Vee- 1.5 V 

VIN(O) Logical "0" Input Voltage 54C, Vee = 4.5V 0.8 V 
74C, Vee = 4.75V 0.8 V 

VOUT(l) Logical "1" Output Voltage 54C, Vee = 4.5V, 10 = -10,..A 4.4 V 
74C, Vee=4.75V, 10=-10,..A 4.4 V 

VOUT(O) Logical "0" Output Voltage 54C, Vee = 4.5V, 10 = +10,..A 0.4 V 
74C, Vee=4.75V, 10=+10,..A 0.4 V 

CMOS to Low Power 

VIN(l) Logical "1" Input Voltage 54C, Vce=4.5V 4.0 V 
74C, Vee=4.75V 4.0 V 

VIN(O) Logical "0" Input Voltage 54C, Vee=4.5V 1.0 V 
74C, Vee=4.75V 1.0 V 

VOUT(l) Logical "1" Output Voltage 54C, Vee=4.5V, 10= -360,..A 2.4 V 
74C, Vee=4.75V, 10=-360,..A 2.4 V 

VOUT(O) Logical "0" Output Voltage 54C, Vee=4.5V, 10 = 360,..A 0.4 V 
74C, Vee=4.75V, 10 = 360,..A 0.4 V 

Output Drive (See 54C/74C Family Characteristics Data Sheet) (short circuit current) 

IsouReE Output Source Current Vee = 5.0V, VIN(O)=OV -1.75 mA 
TA =25·C, VOUT=OV 

ISOUReE Output Source Current Vee = 10V, VIN(O) = OV -8.0 mA 
TA =25·C, Vour=OV 

ISINK Output Sink Current Vee = 5.0V, VIN(l) = 5.0V 1.75 mA 
TA = 25·C, VOUT = Vee 

ISINK Output Sink Current Vee = 10V, VIN(l) = 10V 8.0 mA 
TA =25·C, VouT=Vee 
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AC Electrical Characteristics 
TA = 25°C, CL=50pF, unless otherwise specified. 

Parameter I Conditions 

MM54COO/MM74COO, MM54C02/MM74C02, MM54C04/MM74C04 

tpdO, tpd1 Propagation Delay Time to Vcc=5.0V 
Logical "1" or "0" Vcc=10V 

CIN Input Capacitance (Note 2) 

CPO Power Dissipation Capacitance (Note 3) Per Gate or Inverter 

MM54C10/MM74C10 

tpdO, tpd1 Propagation Delay Time to Vcc=5.0V 
Logical "1" or "0" Vcc=10V 

CIN Input Capacitance ,(Note 2) 

Cpo Power Dissipation Capacitance (Note 3) Per Gate 

MM54C20/MM74C20 

tpdO, tpd1 Propagation Delay Time to Vcc =5.0V 
Logical "1" or "0" Vcc=10V 

CIN Input Capacitance (Note 2) 

Cpo Power Dissipation Capacitance (Note 3) Per Gate 

Min. Typ. 

50 
30 
6.0 
12 

60 
35 

7.0 

18 

70 
40 

9 

30 

Max. 

90 
60 

100 
70 

115 
80 

Units 

ns 
ns 

pF 

pF 

ns 
ns 

pF 

pF 

ns 
ns 

pF 

pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Ope· 
rating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: Cpo determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Charac· 
teristics application note - AN·90. 

Typical Performance Characteristics 
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: 
~ 2D 

Vee = S.OV 
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"
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I 
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0.45 
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4.50V . lOV 15V 

50 

40 
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2D 
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Vee 

Propagation Delay vs 
Ambient Temperature 
MM54COO/MM74COO, 
MM54C02/MM74C02, 
MM54C04/MM74C04 

- ~iE ~~~~ST CIRCUIT 

I I 
CL " 50pF 

"'"' J....-or I 
Cl = 15pF I-.-

.-I-

..... 
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150 
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.. 
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~ 50 
~ 
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I 20 

J. 

Power Dissipation vs Frequency 
MM54COO/MM74COO, 
MM54C02/MM74C02, 
MM54C04/MM74C04 

10' 10' 10' 

INPUT FREQUENCV (H,I 

Propagation Delay Time vs 
Load Capacitance 
MM54COO/MM74COO, 
MM54C02/MM74C02, 
MM54C04/MM74C04 

10' 

T. -25"C -
~SEEACTEST-Vee = l.OV 

CIRCUIT -

Vee-S.D%-

io"[ 

Vee = tOV 

~ 

Vcc -15V 

20 50 100 150 

CL - LOAD CAPACITANCE (,FI 



Typical Performance Characteristic. tCont'd) 

Propagation Delay Time vs 
Load Capacitance 
MM54Cl0/MM74Cl0 

:! 150 T. = 25"C . 
;; VF =3.DV qSEEACtESTCIRCUIT 

~ 100 s:nflltlEt~~ 
_ Vcc'6'~',*,H++--l 

~ ii!ffmm !;i Vee '" 10V-:: 
~ 50 
co ~~++~~+~~~~ 
~ F-VO::-fSV 
I 

J. 
50 100 150 

CL - LOAD CAPACITANCE (pFI 

Propagation Delay Time vs 
Load Capacitance 
MM54C20IMM74C20 

:! 150 EH~S=~TA~'~2~5"C~::3 
.. I SEE AC TEST CIRCUIT 

~ t::tY.~~awl l< lDO ~CC·3.DV 

~ OO~i3 ~ Vcc-S.Oy 

~ Vee ·10V 

~ 50 ~++~~~~~~~'+4 
~ ~5V 
J 

50 100 150 

CL - LOAD CAPACITANCE (pFI 

Switching Time Waveforms and AC Test Circuits 

CMOS to CMOS 

- ',I- 1"-
Vee r·9 .91; 

Y'N 50% 50% 

OV 
.1 .1 

~- t -- r-Vee 

VOUT 

OV 

50% 50% 

NOTE: DELAYS MEASURED WITH INPUT t" tt S;; 20 RS. 
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~National 
~ Semiconductor 

MM54C08IMM74C08 Quad 2-lnput AND Gate 

General Description 
Employing complementary MOS (CMOS) transistors to 
achieve wide power supply operating range, low power 
consumption and high noise margin, these gates pro­
vide basic functions used in the Implementation of digi­
tal integrated circuit systems. The Nand P-channel 
enhancement mode transistors provide a symmetrical 
circuit with output swing essentially equal to the supply 
voltage. No dc power other than that caused by leakage 
current is consumed during static condition. All inputs 
are protected from damage due to static discharge by 
diode clamps to Vcc and GND. . 

Connection Diagrams 

Features 
• Wide supply voltage range 

• Guaranteed noise margin 

• High noise immunity 

• Lowpower 
TTL compatibility 

• Low power 
consumption 

MM54C08/MM74C08 

~ 48 ~ 4' 3B 3A lY 

fA 1B 2A 28 2V GNU 

TOP VIEW 

Truth Tables 
MM54C08/MM14C08 

INPUTS OUTPUT 

A B Y 

L L L 

L H L 

H L L 

H H H 

H = High Level L= Low Level 
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3.0Vto 15V 

1.0V 

0.45 Vcc (typ.) 

fan out of 2 
driving 74L 

10 nW/package (typ.) 



Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.3VtoVcc +0.3V 
Operating Temperature Range 

MM54COB, MM54CBS -55"Cto +125"C 
MM74COB, MM74CBS -40"Cto +B5"C 

Storage Temperature Range -S5"Cto +150"C 
Package Dissipation 500mW 
Operating Vcc Range 3.0Vto 15V 
Absolute Maximum Vcc 1BV 
Lead Temperature (Soldering, 10 seconds) 300"C 

, 
, 

DC Electrical Characteristics 
MinImax limits apply across the guaranteed temperature range, unless otherwise noted. 

. Parameter I Conditions I Min. I Typ. I Max. I Units 

CMOS to CMOS 

VIN(l) Logical "1" Input Voltage Vcc=5.0V 3.5 V 
Vcc=10V B.O V 

VIN(O) Logical "0" Input Voltage Vcc=5.0V 1.5 V 
Vcc=10V 2.0 V 

VOUT(l) Logical "1" Output Voltage Vcc=5.0V,10 =-10"A 4.5 V 
Vcc=10V, 10= -10"A 9.0 V 

VOUT(O) Logical "0" Output Voltage Vcc = 5.0V, 10= +10JAA , 0.5 V 
Vcc=10V,10=+10"A 1.0 V 

IIN(l) Logical "1" Input Current Vee = 15V, VIN=15V 0.005 1.0 JAA 

IIN(O) Logical "0" Input Current Vcc=15V, VIN=OV -1.0 -0.005 "A 
Icc Supply Current Vcc=15V 0.01 15 "A 

CMOS/LPTTL Interface 

VIN(l) Logical "1" Input Voltage 54C, Vcc = 4.5 V Vcc- 1.5 V 
74C, Vcc = 4.75V Vce- 1.5 V 

VIN(O) Logical "0" Input Voltage 54C, Vce=4.5V O.B V 
74C, Vce=4.75V O.B V 

VOUT(l) Logical "1" Output Voltage 54C, Vcc=4.5V,10= -3S0"A 2.4 V 
74C, Vcc=4.75V,10=-3S0JAA 2.4 V 

VOUT(O) Logical "0" Output Voltage 54C, Vcc= 4.5V, 10= +3S0"A 0.4 V 
74C, Vce = 4.75V, 10 = +3S0"A 0.4 V 

Output Drive (See 54C174C Family Characteristics Data Sheet) (short circuit current) 

ISOURCE Output Source Current Vec=5.0V, VOUT=OV -1.75 -3.3 mA 
(P·Channel) TA=25"C 

ISOURCE Output Source Current Vcc=10V, VOUT=OV -B.O 15 mA 
(P·Channel) TA=25"C 

ISINK Output Sink Current Vec= 5.0V, VOUT=VCC 1.75 3.S rnA 
(N·Channel) TA=25"C 

ISINK Output Sink Current Vce=10V, VouT=Vee B.O 1S rnA 
(N·Channel) TA=25"C 
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AC Electrical Characteristics 
(MM54COBlMM74C08) TA = 25°C, CL = 50pF, unless otherwise specified. 

tpdO. tpdl 

Parameter 

Propagation Delay Time to 
Logical "1" or "0" 
Input Capacitance 
Power Dissipation Capacltf\nce 

Con~ltIons 

Vcc=5.0V 
Vcc=10V 
(Note 2) 
(Note 3) Per Gate 

Min. Typ. Max. Units 

80 140 ns 
40 70 ns 
5.0 pF 
14 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Ope· 
rating Temperature Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: CpD determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Famliy Charac· 
teristlcs application note - AN-90. 

Typical Performance Characteristics 

AC Test Circuits 

SWitching Time Waveforms 

Propagation Delay Time vs 
Load Capacitance 
MM54C08/MM74C08 

150 r-T-,-r-T..,.....,..,....,--,--.-~"T""1-, 
:g H-!-IATA =Z5°C 
:E ttitfiSEE AC TEST CIRCUIT P-
;:: 
> Vee = l,OV 

~ 100 H-+t-l-t---l>,of'-t;:" 5.0V 

~ 
;:: 
~ 1-+"F-11-++ Vee::; 10!---bIo-1'9-H 
:l: 50 1-+-t--11-++-t~-:!;.o!"'f==t-H-+t::l 

~ ~ 
I H--I"9=t-H-vcc =15V 

50 100 150 
CL - LOAD CAPACITANCE (pFI 

V
,N o-G--rVOUT 

T CL =50 PF 

NOTE: DElAYS MEASURED WITH INPUT t •• tt = 20 ns 
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~National a Semiconductor 

MM54C141MM74C14 Hex Schmitt Trigger 

General Description Features 
The MM54C14/MM74C14 Hex Schmitt Trigger is a mono- _ Wide supply voltage range 
lithic complementary MOS (CMOS) integrated circuit 
constructed with Nand P-channel enhancement tran- _ High noise immunity 
slstors. The positive and negative going threshold volt-
ages, VT + and VT _, show low variation with respect to _ Low power 
temperature (typ. 0.0005 V/·C at Vee = 10V), and hystere- TIL compatibility 
sis, VT + - VT _ ~ 0.2Vec is guaranteed. 

All inputs are protected from damage due to static dis- - Hysteresis 
charge by diode clamps to Vee and GND. 

Connection Diagram 

Vee 

TOP VIEW 

1-10 

GND 

3.0Vto 15V 

0.70Vcc<typ.) 

0.4 Vce (typ.) 
0.2Vce guaranteed 

0.4 Vcctyp. 
0.2 Vce guaranteed 



Absolute Maximum Ratings 
Voltage at Any Pin - 0.3V to Vcc + 0.3V 
Operating Temperature Range 

MM54C14 -55·Cto +125·C 
MM74C14 -40·Cto +85·C 

Storage Temperature Range -65·Cto +150·C 
Package Dissipation 500mW 
Operating Vcc Range 3.0Vto 15V 
Absolute Maximum Vcc 18V 
Lead Temperature (Soldering, 10 seconds) 300·C 

DC Electrical Characteristics 
MinImax limits apply across the guaranteed temperature range unless otherwise rated. 

Parameter I Conditions I Min. I Typ. I Max. I Units 

CMOS to CMOS 

VT+ Positive GOing Threshold Voltage Vcc=5V 3.0 3.6 4.3 V 
Vcc=10V 6.0 6.8 8.6 V 
Vcc=15V 9.0 10.0 12.9 V 

VT- Negative Going Threshold Voltage Vcc=5V 0.7 1.4 2.0 V 
Vce=10V 1.4 3.2 4.0 .V 
Vcc=15V 2.1 5.0 6.0 V 

VT+-VT_ Hysteresis Vce=5V 1.0 2.2 3.6 V 
Vee=10V 2.0 3.6 7.2 V 
Vee=15V 3.0 5.0 10.8 V 

VOUT(1) Logical "1" Output Voltage Vee=5V, 10= -1O"A 4.5 V 
Vee = 10V, lo=-10"A 9.0 V 

VOUT(O) Logical "0" Output Voltage Vee=5V, 10= +101lA 0.5 V 
Vee =10V,lo=+10"A 1.0 V 

IIN(1) Logical "1" Input Current Vee=15V, VIN =15V 0.005 1.0 "A 
IIN(O) Logical "0" Input Current Vee=15V, VIN=OV -1.0 -0.005 "A 
Icc Supply Current . Vee = 15 V; VIN = OVI15 V Q.05 15 IlA 

Vee=5V, VIN =2.5V (Note 4) 20 "A 
Vee;: 10V, VIN = 5 V (Note 4) 200 "A 
Vec= 15V, VIN = 7.5V (Note 4) 600 "A 

CMOS/LPTTL Interface 

VIN(1) Logical "1" Input Voltage Vce=5V 4.3 V 

VIN(O) Logical "0" Input Voltage Vee=5V 0.7 V 

VOUT(1) Logical "1" Output Voltage 54C, Vee = 4.5 V, 10 = - 360 "A 2.4 V 
74C, Vee = 4.75 V, 10= -360"A 2.4 V 

VOUT(O) Logical "0" Output Voltage 54C, Vee=4.5V, 10 = 360 "A 0.4 V 
74C, Vee = 4.75 V, 10 = 360 "A 0.4 V 

Output Drive (See 54C174C Family Characteristics Data Sheet) (short circuit current) 

IsouReE Output Source Current Vec=5V, VOUT=OV -1.75 -3.3 mA 
(P·Channel) TA=25·C 

ISOURCE Output Source Current Vce=10V, VOUT=OV -8.0 -15 mA 
(P·Channel) TA=25·C 

ISINK Output Sink Current Vee=5V, VouT=Vee 1.75 3.6 mA 
(N·Channel) TA=25·C 

ISINK Output Sink Current Vce = 10V, VOUT = Vee 8.0 16 mA 
(N·Channel) TA=25·C 
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AC Electrical Characteristics 
TA = 25°C, CL = 50 pF, unless otherwise specified. 

Parameter Conditions 

t pdo, tpdl Propagation Delay from Input Vee=5V 
to Output Vee=10V 

CIN Input Capacitance Any Input (Note 2) 
Cpo Power Dissipation Capacitance (Note 3) Per Gate 

Min. Typ. Max. Units 

220 400 ns 
80 200 ns 

5.0 pF 
20 pF 

:i!: Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Ope· 
rating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 

Note 2: Capacitance Is guaranteed by periodic testing. 

Note 3: Cpo determines Ihe no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Charac· 
teristics application nole - AN-90. 

Note 4: Only one of the six Inpuls Is at 1/2 Vee, the others are either at Vee or GND. 

Typical Applications 

low Power Oscillator 

t, "= RCln vT + vT_ 

t2""'RC~n VCC-VT_ 
vee - VT-t 

Note: The equations assume I, + 12» t,x,o + tprl1 

Typical Performance Characteristics 

Typical T~ansfer Characteristics Guaranteed Trip Point Range 

20 15 

~ 15 
W 

~ 10 to 

" w :; to 
C 10 .~ > 
!; c 

> 
~ ~ 

5 
::> 4.3 c 

~ l.O 
2.0 
0.7 

0 
10 15 20 10 

INPUT VDLTAGE.(V) Vee (V) 

vee -----------

vccJjtfl ---...t2-

_____ I, -

o 
VOUT V5 t 

vee 

VT• 

INPUT 
12.9 VOLTAGE 

VT 

ov 

Vee 

OUTPUT 
VOLTAGE 

15 
ov 

Note: For more information on output drive characteristics, power dissipation, and propagation delays, see AN-gO. 
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~National 
~ Semiconductor 

MM54C30/MM74C30 a-Input NAND Gate 

General Description Features 
The logic gate employs complementary MOS (CMOS) to - Wide supply voltage range 
achieve wide power supply operating range, low power 
consumption and high noise Immunity. Function and _ Guaranteed noise margin 
pin out compatibility with series 54/74 devices mini-
mizes design time for those designers familiar with the _ High noise immunity 
standard 54/74 logic family. 

All inputs are protected from damage due to static dis- - Low power 
charge by diode clamps to Vee and GND. TTL compatibility 

Logic and Connection Diagrams 

ll--r--
12-""""1...~ 

Vee 

114 113 

1 2 

12 11 

3 4 

TOP VIEW 
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OUTPUT 

18 
L 

» 

P 
GNO 

3.0Vto 15V 

1.0V 

0.45 Vee (typ.) 

fan out of 2 
driving 74L 



Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin - 0.3V to Vec + 0.3V 
Operating Temperature Range 

MM54C30 -55°Cto +125°C 
MM74C30 -40°Cto +85°0 

Storage Temperature Range -65°Cto +150"0 
Package Dissipation 500mW 
Operating Vcc Range 3.0Vt015V 
Absolute Maximum Vcc 18V 
Lead Temperature (Soldering, 10 seconds) 300"0 

DC Electrical Characteristics 
Minimax limits apply across temperature range unless otherwise noted. 

Parameter I Conditions I Min. I Typ. I Max. I Units 

CMOS to CMOS 

VIN(') Logical "1" Input Voltage Vec=5.0V 3.5 V 
Vcc=10V 8.0 V 

VIN(O) Logical "0" Input Voltage Vee =5.0V 1.5 V 
Vee=10V 2.0 V 

VOUT(') Logical "1" Output Voltage Vee=5.0V, 10= -1O,.A 4.5 V 
Vee=10V, 10= -1O,.A 9.0 V 

VOUT(O) Logical "0" Output Voltage Vee=5.0V, 10= +10,.A 0.5 V 
Vee = 10V, 10 = +10,.A 1.0 V 

IIN(') Logical "1" Input Current Vee = 15V, VIN=15V 0.005 1.0 ,.A 

IIN(O) Logical "0" Input Current Vee =15V, VIN=OV -1.0 -0.005 ,.A 

Icc Supply Current Vec=15V 0.01 15 ,.A 

CMOS/LPTTL Interface 

VIN(1') Logical "1" Input Voltage 54C, Vcc=4.5V Vcc- 1.5 V 
74C, Vcc=4.75V Vcc- 1.5 V 

VIN(O) Logical "0" Input Voltage 54C, Vec=4.5V 0.8 V 
74C, Vcc= 4.75V 0.8 V 

VOUT(,) Logical "1" Output Voltage 54C, Vec=4.5V, 10= -360,.A 2.4 V 
74C, Vcc= 4.75V, 10= -360,.A 2.4 V 

I 

VOUT(O) Logical "0" Output Voltage 54C, Vcc = 4.5V, 10 = 360,.A 0.4 V 
74C, Vec=4.75V, 10=360,.A 0.4 V 

Output Drive (See 54C/74C Family Characteristics Data Sheet) (short circuit current) 

, ISOURCE Output Source Current Vcc = 5.0V, VOUT = OV -1.75 -3.3 mA 
(P·Channel) TA = 25°C 

ISOURCE Output Source Current Vec=10V, VOUT=OV -8.0 -15 mA 
(P·Channel) TA=25°C 

ISINK Output Sink Current Vcc= 5.0V, VouT=Vec 1.75 3.6 mA 
(N·Channel) TA = 25°C 

ISINK Output Sink Current Vcc=10V, VouT=Vee 8.0 16 mA 
(N·Channel) TA=25°C 
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AC Electrical Characteristics 
TA = 25°C, CL = 50 pF,. unless otherwise specified. 

Parameter Conditions Min. Typ. Max. Units 

tpd Propagation Delay Time to Vcc=5.0V 125 180 ns 
Logical "1" or "0" Vcc=10V 55 90 ns 

CIN Input Capacitance (Note 2) 4.0 pF 

Cpo Power Dissipation Capacitance (Note 3) Per Gate 26 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Ope· 
rating Temperature Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 

Note 2: Capacitance Is guaranteed by periodic testing. 

Note 3: CpD determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Charac· 
terlstics application note - AN-gO. 

Typical Performance Characteristics 

Propagation Delay Time vs 
Load Capacitance 

150 r-r-r1r-r"-'-r-J;J"~"'--r-r-r1""" 

LLl. "~,,, ...... A'9--<~+-l-l-+-+--l 
~ L~c.~~ TA=25°C 
>= I-+~q-+-+SEE AC TEST CIRCUIT 

~ tOO I-+-H-I-+-+++-++-H--H-I 

15 H-+++*\JCC '" ~'cJ.,..~+-+-l-I 
5 ~ 50tt~~~r~i~~~~e<~~~~~=j~~rfjj 
::: ~ 
I 

J. 
50 100 150 

CL - LOAD CAPACITANCE (pFI 

SWitching Time Waveforms AC Test Circuit 

Vee 
-"I -1"-

t o.9 
0.9 "' 

V,N 50% 50% 

OV 
.1 .1 

~- { -- r:-Vee 

VOUT 50% 50% 

OV 

VIN~VOUT 
CL =50pF 

~. 

NOTE: OELAVS MEASURED WITH INPUT '" ~: 20 .S. 
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~Nalional 
~ Semiconductor 

MM54C32/MM74C32 Quad 2-lnput OR Gate 

General Description Features 
Employing complementary MOS (CMOS) transistors to 
achieve low power and high noise margin, these gates 
provide the basic functions used in the implementation 
of digital integrated circuit systems. The Nand 
P-channel enhancement mode transistors provide a 
symmetrical circuit with output swings essentially 
equal to the supply voltage. This results in high noise 
immunity over a wide supply voltage range. No dc power 
other than that caused by leakage current is consumed 
during static conditions. All inputs are protected against 
static discharge damage. 

• Wide supply voltage range 

• Guaranteed noise margin 

• High noise Immunity 

• Lowpower 
TTL compatibility 

Connection Diagram 

Vee 

14 13 12 11 10 9 

4 6 

GND 
TDPVIEW 

1-16 

3.0Vto 15V 

1.0V 

0.45 Vee (typ.) 

fan out of 2 
driving 74L 



Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.3VtoVcc +0.3V Package Dissipation SOOmW 
Operating Temperature Range Operating Vcc Range 3.0Vto 1SV 

MMS4C32 -SS"Cto +12S"C 
MM74C32 -40"C to +8S"C Absolute Maximum Vcc 18V 

Storage Temperature Range -6S"Cto +1S0"C Lead Temperature (Soldering, 10 seconds) 300"C 

DC Electrical Characteristics 
MinImax limits apply across temperature range unless otherwise noted. 

Parameter I Conditions I Min. I Typ. I Max. I Units 

CMOS to CMOS 

VIN(l) Logical "1" Input Voltage Vcc=S.OV 3.S V 
Vcc=10V 8.0 V 

VIN(O) Logical "0" Input Voltage Vcc=5.0V 1.S V 
Vcc=10V 2.0 V 

VOUT(l) Logical "1" Output Voltage Vcc= S.OV, 10= -10!'A 4.S V 
Vcc =10V, 10= -10!,A 9.0 V 

VOUT(O) Logical "0" Output Voltage Vcc = S.OV, 10 = 101-lA O.S V 
Vcc =10V,10=10!'A 1.0 V 

IIN(l) Logical "1" Input Current Vcc=1SV, VIN=1SV O.OOS 1.0 !'A 

IIN(O) Logical "0" Input Current Vcc=1SV, VIN=OV -1.0 -O.OOS !'A 

Icc Supply Current Vcc=1SV O.OS 1S !,A 

CMOS/LPTTL Interface 

VIN(l) Logical "1" Input VOltage 
MMS4C32 Vcc=4.SV Vcc-1.S V 
MM74C32 Vcc=4.7SV Vcc-1.S V 

VIN(O) Logical "0" Input Voltage 
MMS4C32 Vcc=4.SV 0.8 V 
MM74C32 Vcc = 4.7SV 0.8 V 

VOUT(l) Logical "1" Output Voltage 
MM54C32 Vcc=4.SV, 10= -360!'A 2.4 V 
MM74C32 Vcc=4.75V, 10= -360!,A 2.4 V 

VOUT(O) Logical "0" Output Voltage 
MM54C32 Vcc =4.5V, 10 = 3601-lA 0.4 V 
MM74C32 Vcc=4.75V, 10 = 360!,A 0.4 V 

Output Drive (See 54C/74C Family Characteristics Data Sheet) (short circuit current) 

ISOURCE Output Source Current Vcc = 5.0V, VOUT=OV -1.7S -3.3 mA 
(P-Channel) TA=25"C 

ISOURCE Output Source Current Vcc = 10V, VOUT = OV -8.0 -15 mA 

! (P·Channel) TA=25"C 

ISINK Output Sink Current Vcc = 5.0V, VOUT = Vcc 1.75 3.6 mA 
(N-Channel) TA=25"C 

ISINK Output Sink Current Vcc=10V, VOUT=VCC 8.0 16 mA 
(N-Channel) TA=25"C 

AC Electrical Characteristics TA = 25"C, CL = 50 pF, unless otherwise specified. 

Parameter Conditions Min. Typ. Max. Units 

tpd Propagation Delay Time to Vcc=S.OV 80 150 ns 
Logical "1" or "0" Vcc=10V 35 70 ns 

CIN Input Capacitance Any Input (Note 2) 5 pF 

Cpo Power Dissipation Capacitance Per Gate (Note 3) 15 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Ope· 
rating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. \ 

Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: Cpo determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Charac-
teristics application note - AN-90. 
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~ 
Co) ~ National 
~ ~ Semiconductor 
:::!!E -~ MM54C42/MM74C42 BCD-ta-Decimal Decoder 
Co) .. 
It) 

:::!!E 
:::!!E 

General Description 
The MM54C421MM74C42 one-of·ten decoder Is a monoli· 
thlc complementary MOS (CMOS) integrated circuit 
constructed with N· and P·channel enhancement tran· 
sistors. This decoder produces a logical "0" at the out· 
put corresponding to a four bit binary input from zero to 
nine, and a logical "1" at the other outputs. For binary 
Inputs from ten to fifteen all outputs are logical "1". 

Features 
• Supply voltage range 

• Tenth power TIL 
compatible 

Schematic Diagram~.-

Connection Diagram 

I . . , 
" " " " 

n 
, , 3 . 

OUTPUTS 

3Vto 15V 

drive 2 I-PTIL loads 

OUTPUTS . . , 

" " " . 

~ 
, . , r 

• GIilD 

• High noise Immunity 

• Lowpower 

• Medium speed operation 

0.45 Vee (typ.) 

50nW(typ.) 

10 MHz (typ.) 
with 10V Vee 

Applications 
• Automotive • Alarm systems 
• Data terminals • Industrial electronics 
• Instrumentation • Remote metering 
• Medical electronics • Computers 

)O--"i">:>--oOUTPUTO 

rl+--!.-J<>--D<>---'ODUTPUT2 

,....I.~I--/.+=t./:>--iD<>--oOUTPUT4 

Truth Table 

INPUTS OUTPUTS 

DeB A o 1 23456789 
a 0 0 0 o 1 11 111 1 1 1 
o a 0 1 1 0 11 1111 1 1 
o 0 1.0 'II a 1 1 1 1 1 11 
o 0 1 1 1 1 1 a 1 1 1 1 11 
o 1 0 a 1 1 1 1 0 1 1 1 1 1 
a 1 0 1 11 1 1 1 0 1 1 1 1 
0 1 1 0 11 11 t 1 0 1 1 1 
o 1 1 1 11. 11 1 1 1 0 1 1 
1 o 0 0 11 11 111 1 0 1 
1 o 0 1 11 11 111 1 1 0 
1 o 1 0 11 11 111 1 1 1 
1 o 1 1 11 11 11.1111 
1 1 0 0 11 11 II 1 1 1 1 
1 1 a 1, 11 11 t 1 I 1 1 1 
1 1 1 0 11 , 1 111 1 11 
1 1 1 1 11 11 111 1 1 1 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin (Note 1) -0.3V to Vcc +0.3V 
Operating Temperature Range Package Dissipation SOOmW 

MM54C42 -55·C to +125·C Operating Vce Range 3.0Vto 15V 
MM74C42 -40·C.to +S5·C Absolute Maximum Vcc 1SV 

Storage Temperature Range -65·C to + 150·C Lead Temperature (Soldering, 10 seconds) 300·C 

DC Electrical Characteristics Min./max. limits apply across temperature range unless otherwise noted. 

Parameter I Conditions I . Min. I Typ. I Max. I Units 

CMOS to CMOS 

V'N(l) Logical "1" Input Voltage Vec=5.0V 3.5 V 
Vcc=10V S.O V 

V,N(O) Logical "0" Input Voltage Vcc=5.0V 1.5 V 
Vec=10V 2.0 V 

VOUT(l) Logical "1" Output Voltage Vce=5.0V, 10= -10,..A 4.5 V 
Vce = 10V;10 = -10,..A 9.0 V 

VOUT(O) Logical "0" Output Voltage Vce=S.OV,10 =10,..A O.S V 
Vce=10V, 10 = 10,..A 1.0 V 

I'N(l) Logical "1" Input Current Vcc=15V, V,N=15V 1.0 ,..A 

I'N(O) Logical "0" Input Current Vcc=1SV, V,N=OV -1.0 300 ,..A 

Icc Supply Current Vcc=15V 0.05 300 ,..A 

CMOS/LPTTL Interface 

V'N(l) Logical "1" Input Voltage 54C, Vcc=4.SV Vcc- 1.5 V 
74C, Vcc=4.75V Vee- 1.5 V 

V,N(O) Logical "0" Input Voltage 54C, Vcc=4.SV O.S V 
74C, Vcc=4.75V O.S V 

VOUT(l) Logical "1" Output Voltage 54C, Vce=4.SV,lo=-360,..A 2.4 V 
74C, Vcc=4.75V, 10= -360,..A 2.4 V 

VOUT(O) Logical "0" Output Voltage S4C, Vee=4.SV, 10 = 360,..A 0.4 V 
74C, Vcc=4.75V, 10 = 360,..A 0.4 V 

Output Drive (See 54C/74C Family Characteristics Data Sheet) TA = 25·C (short circuit current) 

ISOURCE Output Source Current Vee = 5.0V, V,N(O) = OV, VOUT = OV -1.75 mA 

ISOURCE Output Source Current Vcc=10V, V'N(O)=OV, VOUT=OV -S.O mA 

ISINK Output Sink Current Vec = 5.0V, V'N(l) = 5.0V, VOUT = Vec 1.75 mA 

ISINK Output Sink Current Vcc=10V, V'N(1)=10V, VouT=Vee 8.0 mA 

AC Electrical Characteristics TA=25·C, CL=50pF, unless otherwise specified. 

Parameter Conditions Min. Typ. Max. Units 

tpd Propagation Delay Time to Vcc=5.0V 200 300 ns 
Logical "0" or "1" Vec=10V 90 140 ns 

C,N Input CapaCitance (See note 2) 5 pF 

Cpo Power Dissipation Capacitance (See note 3) SO pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Ope· 
rating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: CapaCitance is guaranteed by periodic testing. 
Note 3: Cpo determines the no load ac· power consumption of any CMOS device. For complete explanation see 54C174C Family Charac· 
teristics application note - AN-90. 
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MM54C48/MM74C48 BCD-to-7 Segment Decoder 

General Description Features 

• Wide supply voltage range 

• Guaranteed noise margin 

• High noise immunity 

• Low power 
TTL compatibility 

3.0V to 15V 

1.0V 

0.45 Vee (typ.) 
fan out of 2 
driving 74L 

The MM54C48/MM74C48 BCD-to-7 segment decoder 
is a monolithic' complementary MOS (CMOS) integrated 
circuit constructed with N- and P-channel enhancement 
transistors. Seven NAN D gates and one driver are con­
nected in pairs to make binary-coded decimal (BCD) 
data and its complement available to the seven decoding 
AND-OR-INVERT gates. The remaining NAND gate and 
three input buffers provide test blanking input/ripple­
blanking output, and ripple-blanking inputs. 

• High current sourcing output (up to 50 mAl 

Connection Diagram 

• Ripple blanking for leading or trailing zeros (optional) 

• Lamp test provision 

OUTPUTS 

Vee / f 

I .. l' I. 13 12 11 10 • 

r- -

1 2 3 • , & J 
18 

LAMP RB RB o A GND 
~ TEST OUTPUTI INPUT ~ 

INPUTS INPUTS BLANKING 
INPUT 

TOP VIEW 

o 1 2 l 4 5 6 

10 11 12 13 14 15 

Segment Identification Numerical Designations 
and Resultant Displays 

1-20 



Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.3 V to Vee + 0.3V 
Operating Temperature Range 

MM54C48 -55'Cto +125'C 
MM74C48 -40'C to +85'C 

Storage Temperature Range -65'Cto +150'C 
Package Dissipation 500mW 
Operating Vee Range 3.0Vto 15V 
Absolute Maximum Vee 18V 
Lead Temperature (Soldering, 10 seconds) 300'C 

DC Electrical Characteristics 
MinImax limits apply across temperature range unless otherwise noted. 

Parameter I Conditions I Min. I Typ. I Max. I Units 

CMOS to CMOS 

VIN(1) Logical "1" Input Voltage Vee=5.0V 3.5 V 
Vee=10V 8.0 V 

VIN(O) Logical "0" Input Voltage Vee=5.0V 1.5 V 
Vee=10V 2.0 V 

VOUT(1) Logical "1" Output Voltage Vee=5.0V, 10= -1OI'A 4.5 V 
(RB Output Only) Vee=10V, 10= -101'A 9.0 V 

VOUT(O) Logical "0" Output Voltage Vee=5.0V,10=+10I'A 0.5 V 
Vee=10V, 10= +101'A 1.0 V 

IIN(1) Logical "1" Input Current Vee = 15.0V, VIN = 15V 0.005 1.0 I'A 

IIN(O) Logical "0" Input Current Vee=15V, VIN=OV -1.0 -0.005 flA 

Icc Supply Current Vee=15V 0.05 300 I'A 

CMOS/LPTTL Interface 

VIN(1) Logical "1" Input Voltage 54C, Vee=4.5V Vee- 1.5 V 
74C, Vee=4.75V Vee- 1.5 V 

VIN(O) Logical "0" Input Voltage 54C, Vee=4.5V 0.8 V 
74C, Vee=4.75V 0.8 V 

VOUT(1) Logical "1" Output Voltage 54C, Vee=4.5V, 10= -50flA 2.4 V 
(RB Output Only) 74C, Vee = 4.75 V, 10= -50flA 2.4 V 

VOUT(O) Logical "0" Output Voltage 54C, Vee=4.5V, 10 = 360/'A 0.4 V 
74C, Vec = 4.75V, 10 = 360flA 0.4 V 

Output Drive (See 54C/74C Family Characteristics Data Sheet) 

IsouReE Output Source Current Vee=4.75V, VOUT=0.4V -0.80 rnA 
(P·Channel) (RB Output Only) Vee=10V, VouT=0.5V -4.0 rnA 

ISINK Output Sink Current Vee = 5.0V, VOUT = Vee 1.75 3.6 rnA 
(N·Channel) TA=25'C 

ISINK Output Sink Current Vee=10V, VouT=Vee 8.0 16 rnA 
(N·Channel) TA=25'C 
Output Source Current Vee = 5.0V, VouT=3.4 -20 -50 rnA 
(NPN Bipolar) Vee = 5.0V, VOUT = 3.0 -65 rnA 

Vee=10V, VouT=8.4 -20 -50 rnA 
Vee=10V, VouT=8.0 -65 rnA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Ope' 
rating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance Is guaranteed by periodic testing. 
Note 3: Cpo determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Charac· 
terlstlcs application note - AN-gO. 
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~ o AC Electrical Characteristics T,,=25DC, CL=50pF, unless otherwise specified. 
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Parameter 

tpdO, tpd1 Propagation Delay to a "1" or "0" on 
Segment Outputs from Data Inputs 

tpdo Propagation Delay to a "0" on 
Segment Outputs from RB Input 

tpdO Propagation Delay to a "0" on 
Segment Outputs from Blanking Input 

tpd1 Propagation Delay to a "1" on 
Segment Outputs from Lamp Test 

tpd1 Propagation Delay to a "1" on RB 
Output from RB Input 

tpdO Propagation Delay to a "0" on RB 
Output from RB Input 

Typical Applications 

Typical Connection Utilizing the Ripple·Blanking Feature 

Conditions Min. Typ. Max. 

Vcc=5.0V 450 1500 
Vce=10V 160 500 

Vee=5.0V 500 1600 
Vee=10V 180 550 

Vee =5.0V 350 1200 
Vee=10V 140 450 

Vee=5.0V 450 1500 
Vee=10V 160 500 

Vec=5.0V 600 2000 
Vee=10V 250 800 

Vee=5.0V 140 450 
Vee = 10V 50 150 

Blanking I nput Connection Diagra~ 

Units 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

ns 
ns 

r=h­
~~J. 

RBO/BI!-_+--

TO DISPLAY READOUTS 

(FiBt dire sllges will blank Il!fding zeros. the fourth 
stagelMli not blink nros) 

Vee 

COMMON 
CATHODE LED 

+{>o--f .... 1 MM74C906 

L ___ 1j_ 

(When RBDIBI is 'oread low, all segment outputs are off 
re!llrdlessofth~state ofaBY other inputatnditlon) 

Light Emitting Diode (LEDI Readout 
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Typical Applications (Cont'd) 

Incandescent Readout 

"*A 'ilament pre-warm remtol'! recQmmended to reduce filament 
thermal shotk and increase the effec:tlve cold resistance of the 
filament. 

Gas Discharge Readout 

APPROPRIATE 
VOLTAGE 

Truth Table 
DECIMAL 

OR INPUTS 

FUNCTION IT RBI 0 C B 

0 H H L L L 

I H X L L L 
2 H X L L H 

3 H X L L H 

• H X L H L 
5 H X l H L 
6 H X L H H 

7 H X l H H 

B H X, H L L 

9 H X H L l 

10 H X H l H 

II H X H L H 

12 H X H H L 

13 H X H H L 

" 
H X H H H 

15 H X H H H 

BI X X X X X 
RBI H l l l l 

IT L X X X X 

H = high level. L = low level, X = irrelevant 

A 

L 
H 

L 
H 

L 
H 

L 

H 

L 
H 

l 

H 

L 

H 

L 

H 

X 
l 

X 

Fluorescent Readout 

Vee 

DIRECT 
(lOW BRIGHTNESS) 

Liquid Crystal (LCI Readout 

Direct de drive of Le's not recommended for lila of LC readouts. 

Bl/RBOt OUTPUTS NOTE , b , d . f 9 

H H H H H H H L I 

H L H H L L L L I 

H H H L H H L H 

H H H H H 'L L H 

H L H H L L H H 

H H L H H L H H 

H L L H H H H H 

H H H H L L L L 

H H H H H H H H 

H H H H L L H H 

H L L L H H l H 

H L L H H L L H 

H l H L l l H H 

H H L L H L H H 

H L L L H H H H 

H l L L L L L L 

L L L L L L L l 2 

L l l l l l l l 3 

H H H H H H H H • 

Nota 1: The blanking input (81) must be open when output functions 0-15 are desired. The ripple-blanking input (RBI) must be high, if blanking 
of a decimal zero is not desired. 
Note 2: Whe'n a low logic level is applied directly to the blanking input (BII. all segment outputs are low regardless of the level of any other input. 
Note 3: When ripple-blanking input (RBII and inputs A. B. C. and D are at a low level with the lamp-test input high, all segment outputs go low 
and the ripple-blanking output (RBO) goes to a low level (response condition). 
Note 4: When the blanking input/ripple-blanking output (BI/RBO) is open and a low is applied to the lamp-test input. all segment outputs are high. 

tOne BI/RBO is wire-AND logic serving as blanking input (BII andlor ripple-blanking output (RBO). 

1-23 



~National a Semiconductor 

MM54C731MM74C731MM54C761MM74C761MM54C107 
MM74C107 Dual J-K Flip-Flops with Clear and Preset 

General Description 
These dual J-K flip-flops are monolithic complementary 
MOS (CMOS) integrated circuits constructed with N-and 
P-channel enhancement transistors. Each flip-flop has 
independent J, K, clock and clear inputs and Q and Q 
outputs. The MM54C76JMM74C76 flip flops also include 
preset inputs and are supplied in 16 pin packages. 
These flip-flops are edge sensitive to the clock input 
and change state on the negative going transition of the 
crock pulses. Clear or preset is independent of the clock 
and is accomplished by a low level on the respective Input. 

Features 
• Supply voltage range 

• Tenth power TIL 
compatible 

3Vto 15V 

drive 2 LPTIL loads 

Logic and Connection Diagrams 

• High noise immunity 

• Lowpower 

• Medium speed operation 

Applications 
• Automotive 

• Data terminals 

• Instrumentation 

• Medical electro'nics 

0.45 Vcc (typ.) 

5OnW(typ.) 

10M Hz (typ.) 
with 10V supply 

• Alarm systems' 

• Industrial electronics 

• Remote metering 

• Computers 

Transmission Gate mm 
et Cl 

T T 
MM54C73IMM74C73 and MM54C107IMM74C107 

" " ClOCK~ 
MM54C76IMM74C76 

CLOtllA ~h-;::::===~ , , 
CUARA I nil. '. , 

.,' nO. ... , 

"OND 

ClOClte ~ " .. 0, . '. ' . . . .. 
Note:Alogic"O"ondearsetsOlologic"O." ' No •• : A logic "0" on clear uti 0 to logic "D." 

MM54C731MM74C73 MM54C1071MM74C107 
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Absolute Maximum Ratings 
Voltage at Any Pin (Note 1) -0.3Vto Vcc + 0.3V 
Operating Temperature Range 

MM54CXX -55·Cto 125·C 
MM74CXX -40·C to +85·C 

Storage Temperature -65·C to 150·C 
Package Dissipation 500mW 
Lead Temperature (Soldering, 10 seconds) 300·C 
Operating Vcc Range +3Vto 15V 

DC Electrical Characteristics Minimax limits apply across temperature range unless otherwise noted. 

Parameter I Conditions I Min. I Typ. I Max. I Units 

CMOS to CMOS 

VIN(1) Logical "1" Input Voltage Vcc=5.0V 3.5 V 
Vcc=10V 8.0 V 

VIN(O) Logical "0" Input Voltage Vcc=5.0V 1.5 V 
Vcc=10V 2.0 V 

VOUT(1) Logical "1" Output Voltage Vcc=5.0V 4.5 V 
Vcc=10V 9.0 V 

VOUT(O) Logical "0" Output Voltage Vcc=5.0V 0.5 V 
Vcc=10V 1.0 V 

IIN(1) Logical "1" Input Current Vcc=15.0V 1.0 fJA 

IIN(O) Logical "0" Input Current Vcc=15.0V -1.0 ",A 

Icc Supply Current Vcc =15.0V 0.050 60 ",A 

Low Power TIL to CMOS Interface 

VIN(1) Logical "1" Input Voltage 54C, Vcc=4.5V Vcc- 1.5 V 
74C, Vcc = 4.75V 

VIN(O) Logical "0" Input Voltage 54C, Vcc =4.5V 0.8 V 
74C, Vcc = 4.75V 

VOUT(1) Logical "1" Output Voltage 54C, Vcc =4.5V, 10= -360",A 2.4 V 
74C, Vcc=4.75V, 10= -360",A 

VOUT(O) Logical "0" Output Voltage 54C, Vcc =4.5V, 10 = 360 ",A 0.4 V 
74C, Vcc=4.75V, 10 = 360",A 

Output Drive (See 54C/74C Family Characteristics Data Sheet) (short circuit current) 

ISOURCE Output Source Current Vcc=5.0V, VIN(O)=OV -1.75 rnA 
TA=25·C, VOUT=OV 

ISOURCE Output Source Current Vcc=10V, VIN(O)=OV -8.0 rnA 
TA=25·C, VOUT=OV 

ISINK Output Sink Current Vcc = 5.0V, VIN(1) = 5.0V 1.75 rnA 
TA=25·C, VOUT=Vcc 

ISINK Output Sink Current \(cc = 10V, VIN(1) =.10V 8.0 rnA 
TA=25·C, VOUT=Vcc 
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AC Electrical Characteristics TA = 25°C, CL = 50 pF, unless otherwise noted. 

Parameter Conditions Min • Typ. Max. Units 

C'N Input Capacitance Any Input 5 pF 

tpdQ, tpdT Propagation Delay Time to a Vcc=5.0V 180 300 ns 
Logical "0" or Logical "1" from Vcc=10V 70 110 ns 
Clock to a or a 

tpdQ Propagation Delay Time to a Vcc=5.0V 200 300 ns 
logical "0" from Preset or Clear Vcc=10V 80 130 ns 

tpd Propagation Delay Time to a Vcc=5.0V 200 300 ns 
logical "1" from Preset or Clear Vcc=10V 80 130 ns 

ts Time Prior to Clock Pulse that Vcc= 5.0V 110 175 ns 
Data must be Present Vcc=10V 45 70 ns 

tH Time after Clock Pulse that J Vcc=5.0V -40 0 ns 
and K must be Held Vcc=10V -20 0 ns 

tpw Minimum Clock Pulse Width Vcc=5.0V 120 190 ns 
tWL=tWH Vcc=10V 50 80 ns 

tpw Minimum Preset and Clear Vcc =5.0V 90 130 ns 
Pulse Width ' Vcc=10V 40 60 ns , 

fMAX Maximum Toggle Frequency Vcc=5.0V 2.5 4.0 MHz 
Vcc=10V 7.0 11.0 MHz 

t" tf Clock Pulse Rise and Fall Time Vcc=5.0V 15 ,..s 
Vcc=10V 5 ,..s 

Note 1: "Absolute Maximum Ratings" are those values beyond which the' safety of the device cannot be guaranteed. Except for "Ope· 
rating Temperature Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: CapaCitance Is guaranteed by periodic testing. 
Note 3: Cpo determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Charac· 
terlstics application note - AN-gO. 

AC Test Circuit 

! ~t c, 

1- J CLEAR Q -1 h 
INPUTS --0 CLOCK eLI .J: 

- K PRESET ii -1 ~ 
.Y-! ":" 
Vee 
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Truth Table, 

tn t ... 
J K a 
0 0 an 
0 1 0 

1 0 1 

1 1 an 

tn = bit time before clock pulse. 

tn+1 ". bit time after clock pulse. 

Preset Clear an an 
0 0 0 0 

0 1 T 0 

T 0 0 T 
T T "an *Qn 

.. No change in output from 
previous state. 



Typical Applications 

Ripple Binary Countars 

c~~:~~~ ______ --4""' ______ --4""' ______ --' 

ii 

ClOCK------------------...... 

Shift Registers 

ClOCK-----_ .... -----_ .... --------J 

Switching Time Waveforms 

CMOS to CMOS 

vcc--~=i 
CLOCK, 

OV---------t~~~---------

vcc-+-_6"....-+-=~ 
Jar K 

JarK 

OV--1-1I'-"'''-+--'9 

Vee ---------t----------,-
DarO 50% 

Vee -----+-----'\ 
Daril tpdQ_ 50% 

OV-------------------~----
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74C Compatibility 

Vee 

Guaranteed Noise Margin as a 
Function of VCC 

15V r-:-========,-, 

4.05 

J.05 

4.S0V 10V 15V 

Vee 

13.5 

12.5 

2.5 
1.5 
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MM54C74/MM74C74 Dual D Flip-Flop 

General Description 
The MM54C74/MM74C74 dual D flip flop is a 
monolithic complementary MaS (CMOS) 
integrated circuit constructed with N- and 
P-channel enhancement transistors_ Each flip flop 
has independent data, preset, clear and clock 
inputs and Q and Q outputs_ The logic level 
present at the data input is transferred to the 
output during the positive going transition of the 
clock pulse_ Preset or clear is independent of the 
clock and accomplished by a low level at the 
preset or clear input_ 

Features 
• Supply voltage range 3V to 15V 

drive 2LPT2L 
loads 

• Tenth power TTL compatible 

Logic and Connection Diagrams 

Truth Table 

Preset 

0 

0 

1 

1 

ct Cl 

ClIlCK~ 

~~ALlPCHANNElSUBSTRATES II-- CONNECTED TO Vee 

-1;; ALL N C~ANNEL SUBSTRATES 

II-- CONNECTEOTOGND 

Clear Q n Q n 

0 0 0 

1 1 0 

0 0 1 

1 *On *lin 

* No change in output from 
previous state, 
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• High noise immunity 
• Low power 
• Medium speed operation 

Applications 
• Automotive 
• Data terminals 
• Instrumentation 
• Medical electronics 
• Alarm system 
• Industrial electronics 
• Remote metering 
• Computers 

T 
V" 

INPUTPROTECTION+TOHRNAlCIRCUIT 
FOR ALL INPUTS IN 

TOPVIEW 

Note; Aloglc"O"onclearsets Qta logic "0." 
A logic "0" on preset sets Oto logic "1." 

0.45 Vee (typ) 
50 nW (typ) 

10 MHz (typ) 
with 10V supply 



Absolute Maximum Ratings 
Voltage at Any Pin (Note 1) -0.3VtoVcc+ 0.3V 
Operating Temperature Range 

MM54C74 -55·Cto 125·C 
MM74C74 -40·Cto +B5·C 

Storage Temperature -65·Cto 150·C 
Package Dissipation 500mW 
Lead Temperature (Soldering, 10 seconds) 300·C 
Operating Vcc Range +3Vto +15V 

I 

DC Electrical Characteristics 
Minimax limits apply across temperature range unless otherwise specified. 

Parameter I Conditions I Min. I Typ. I Max. I Units 

CMOS to CMOS 

VIN(1) Logical "1" Input Voltage Vcc=5.0V 3.5 V 
Vcc=10V B.O V 

VIN(O) Logical "0" Input Voltage Vcc=5.0V 1.5 V 
Vcc=10V 2.0 V 

VOUT(1) Logical "1" Output Voltage Vcc= 5.0V 4.5 V 
Vcc=10V 9.0 V 

VOUT(O) Logical "0" Output Voltage Vcc=5.0V 0.5 V 
Vcc=10V 1.0 V 

IIN(1) Logical "1" Input Current Vcc =15.0V 1.0 p.A 

IIN(O) Logical "0" Input Current Vcc=15.0V -1.0 p.A 

Icc Supply Current Vcc=15.0V 0.05 60 p.A 

Low Power TTUCMOS Interface 

VIN(1) Logical "1" Input Voltage 54C, Vcc =4.5V Vcc-1.5 
74C, Vcc =4.75V 

VIN(O) Logical "0" Input Voltage 54C, Vcc =4.75V O.B V 
74C, Vcc =4.75V 

VOUT(1) Logical "1" Output Voltage 54C, Vcc=4.5V, 10= -360p.A 2.4 V 
74C, Vcc = 4.75V, 10 = -360p.A 

VOUT(O) Logical "0" Output Voltage 54C, Vcc=4.5V, 10 = 360p.A 0.4 V 
74C, Vcc =4.75V, 10 = 360p.A 

Output Drive (See 54C/74C Family Characteristics Data Sheet) 

ISOURCE Output Source Current Vcc = 5.0V, VIN(O) = OV -1.75 rnA 
TA =25·C, VOUT=OV 

ISOURCE Output Source Current Vcc=10V, VIN(O)=OV -B.O rnA 
TA =25·C, VOUT=OV 

ISINK Output Sink Current Vcc = 5.0V, VIN(1) = 5.0V 1.75 rnA 
TA =25·C, VOUT=VCC ' 

ISINK Output Sink Current Vcc=10V, VIN(1)=10V B.O rnA 
TA =25·C, VOUT=VCC 
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AC Electrical Characteristics TA = 25"C. CL = 50pF. unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

CIN Input Capacitance Any Input (See Note 2) 5.0 pF 

tpd Propagation Delay Time to a Vee=5.0V 180 300 ns 
logical "0" tpdO or Logical "1" Vee=10V 70 110 ns 
tpdl from Clock to Q or Q 

tpd Propagation Delay Time to a Vec=5.0V 180 300 ns 
Logical "0" from Preset or Clear Vee=10V 70 110 ns 

tpd Propagation Delay Time to a Vee = 5.0V 250 400 ns 
Logical "1" from Preset or Clear. Vec=10V 100 150 ns 

tso. tSl Time Prior to Clock Pulse that Vee=5.0V 100 50 ns 
Data must be Present tSETuP Vee=10V 40 20 ns 

tHO. tHl Time after Clock Pulse that Vec=.5.0V -20 0 ns 
Data must be Held Vee=10V -8.0 0 ns 

tPWl Minimum Clock Pulse Width Vee = 5.0V 100 250 ns 
(tWL=tWH) Vcc=10V 40 100 ns 

tPW2 Minimum Preset and Clear Vee=5.0V 100 160 ns 
Pulse Width Vec=10V 40 70 ns 

tn tf Maximum Clock Rise and Vee=5.0V 15.0 ,..s 
Fall Time Vee=10V 5.0 ,..s 

fMAX Maximum Clock Frequency Vee = 5.0V 2.0 3.5 MHz 
Vee=10V 5.0 8.0 MHz 

Cpo Power Dissipation Capacitance See Note 3 40 pF 

Nole 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Ope' 
rating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance Is guaranteed by periodic testing. 
Note 3: Cpo determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Charac· 
terlstics application note - AN-SO. 

Switching Time Waveforms 

CLOCK 

CMOS to CMOS 

_ "r­
v~-------+.~~----------'s:"'0% 

OV ____ ... 1:.:::0%~1 

--t-".r. r::::--+,,",":::-1:::"ll.·~ --
DATA So% 50% 

vee--tI 90% 90%~ 

OV'.!!!. Is. 1~I",O%:.... __ _ 

f-----<~ ...... _.--ll 
'so 'HO 

vee9D%'~ y"'o% SO% SO% 1'-

DATA __ f-l;.;.IO%;;;;...-+......:I.:.:o%~ 
OV __ ~ f-- -i ~ I-
V~--------r--------,----~-­

r---,,,,,-!sO% Oor ii 
OV 

nodi 

Vee --------I------_"'\, 
1--..... _\50% 

OV ------------------' ..... --

1-30 



AC Test Circuit 

Typical Applications 

INPUT --1 OATA a'~ 1 
INPUT ~I-C_LO_C_K_---I~ 

T Cl T Cl 

-= -= 

Ripple Counter (Divide by 2n l 

Shift Register 

74C Compatibility 

~ 

w 

a 

15V 

Guaranteed Noise Margin as a 
Function of Vee 

13.5 

12.5 

~ 4.05 
u 

~ 
3.05 

~V'~N§(O§I ~~~~~~~~ 2.5 1.45 ~ 1.5 

0.45 L-__ .........l ___ -l 

4.50V 10V 15V 

Vee 
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MM54C831MM74C83 4-Bit Binary Full Adder 

General Description Features 
:7; 
:E 
:E The MM54C831MM74C83 4-blt binary full adder' per­

forms the addition of two 4-blt binary numbers. A carry 
Input (Co) is included and the sum (I) outputs are pro­
vided for each bit and the resultant carry C4) Is obtained 
from the fourth bit. Since the carry-ripple-time is the 
limiting delay in the addition of a long word length, 
carry look-ahead circuitry has been .included In the 
design to minimize this delay. Also, the logic levels of 
the Input and output, including the carry, are in their 
true form. Thus the end-around carry is accomplished 
without the need for level inversion. 

• Wide supply voltage range 3Vto 15V 

1V 

0.45 Vee (typ.) 

fan out of 2 
driving 74L 

Logic Diagram 

• Guaranteed noise margin 

• High noise immunity 

• Lowpower 
TIL compatibility 

• Fast carry ripple 
(Co toC4) 

• Fast summing 

<l:IN to !oUT) 

.-----------~--~~>o--, 

-
-

~(161·1 ~L...f-++-H-++-I--'---;-"'I 
A.(1I~ .J 110------, 

--

:::1£2 
8'

I1I T2 
A,181....:D _./ 

8'(111T2 

50ns (typ.)@Vee=10V 

and CL =50pF 

125ns (typ.)@Vee=10V 

andCL =50pF 

C.(141 

D--",121 

A'(101..:::rJ )X>------_+---+-<lLL-../ I.. 
__________ ..,--+-1 ">C~~ "0---1 ~>O----I "1D-' ",191 

Co 1131 -'" "" -'" 
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Absolute Maximum Ratings (Note 1) . 

Voltage at Any Pin 
Operating Temperature Range 

MM54CB3 
MM74CB3 

Storage Temperature Range 
Package Dissipation 
Operating Vee Range 
Absolute Maximum Vee 

-0.3Vto Vee +0.3V 

-55·Cto 125·C 
-40·C.to +B5·C 

-65·Cto +150·C 
500mW 

3\{to 15V 
1BV 

Lead Temperature (Soldering, 10 seconds) 300·C 

DC Electrical Characteristics Minimax limits apply across temperature range unless otherwise noted. 

VIN(l) 

VIN(O) 

VOUT(l) 

VOUT(O) 

IIN(l) 

IIN(O) 

Icc 

VIN(l) 

VIN(O) 

VOUT(l) 

VOUT(O) 

ISOUReE 

IsouReE 

ISINK 

ISINK 

Parameter I Conditions I Min. I Typ. I Max. I Units 

CMOS to CMOS 

Logical "1" Input Voltage Vee=5.0V 
Vee=10V 

logical "0" Input Voltage Vee=5.0V 
Vee=10V 

Logical "1" Output Voltage Vee=5.0V, 10= -1O,..A 
Vee=10V, 10= -10,..A 

Logical "0" Output Voltage Vee = 5.0V, 10 = + 10,..A 
Vee =10V,lo =+10,..A 

Logical "1" Input Current Vee=15V, VIN=15V 

Logical "0" Input Current Vee = 15V, VIN =OV 

Supply Current Vee=15V 

CMOS/LPTTL Interface 

Logical "1" Input Voltage 54C, Vee =4.5V 
74C, Vee=4.75V 

Logical "0" Input Voltage 54C, Vee=4.5V 
74C, Vee =4.75V 

Logical "1" Output Voltage 54C, Vee = 4.5V, 10 = -360,..A 
74C, Vee=4.75V, 10= -360,..A 

logical "0" Output Voltage 54C, Vee = 4.5V, 10 = 360,..A 
74C, Vee=4.75V, 10 = 360,..A 

3.5 
B.O 

4.5 
9.0 

-1.0 

0.005 

-0.005 

0.05 

1.5 
2.0 

0.5 
1.0 

1.0 

300 

Vee -1.5 V 
Vee-1.5 V 

O.B V 
O.B V 

2.4 V 
2.4 V 

0.4 V 
0.4 V 

Output Drive (See 54C/74C Family Characteristics Data Sheet) (short circuit cllrrent) 

Output Source Current Vee = 5.0V, VOUT = OV -1~75 -3.3 mA 
(P,Channel) T A = 25°C 

Output Source Current Vee = 10V, VOUT = OV -B.O -15 rnA 
(P·Channel) TA=25°C 

Output Sink Current Vee = 5.0V, "OUT = Vee 1.75 3.6 mA 
(N·Channel) TA = 25°C 

Output Sink Current Vee = 10V, VouT=Vee B.O 16 mA 
(N-Channel) TA = 25°C 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaraoteed. Except for "Ope· 
rating Temperature Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: Cpo determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Charac· 
teristics application note - AN-90. . 
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C") 
co o AC Electrical Characteristics TA=25°C, CL =50pF, unless otherwise specified. 

t:!: 
:i 
:i -C") 
CO 
o 
-.:t 
It) 

:i 
:i 

Parameter Conditions Min. Typ. 

tpdl Propagation Delay from Co Vcc =5.0V 120 
to C4 Vcc=10V 50 

tpdl Propagation Delay from Sum Vcc= 5.0V 250 
Inputs to C4 Vcc=10V 90 

tpdl Propagation Delay from Co to Vcc=5.0V 350 
Sum Outputs Vcc=10V 125 

tpdl Propagation Delay from Sum Vcc= 5.0V 300 
Inputs to Sum Outputs Vcc=10V 90 

CIN Input Capacitance Any Input (Note 2) 5.0 

Cpo Power Dissipation Capacitance Per Package (Note 3) 120 

Connection Diagram Switching Time Waveforms 
B4 " 

16 15 

'--

r--

I 2 

A4 ~3 

Truth Table 

C4 co 
GiD BI AI " 

" 1J 12 " 10 9 - r 2O ", --j -20 .. 

Vee 
./.;0% 9~' 

INPUT '0% 

ov-3 10% - - _t .. , - __ tpdO 

Vee 
90% 90% 

DUTPUT '0% \'0% . 

,~ 10% 
OV 

_ I--t, --I f--t, 
, 

..I' 
Inputs must be bed to.ppropriate logic level. 

J 4 6 1 B 

AJ BJ Vee '2 B2 A2 

OUTPUT 

~ ~ INPUT CO° L CO° H 
WHEN WHEN 
C2 = L C2= H 

~ A3 ~ B3 ~ A4 x. B4 ~ ~3 ~ ~4 ~ C4 ~ ~3 ~ ~4 X. C4 

L L L L L L L H L L 

H L L L H L L L H L 

L H L L H L L L H L 

H H L L L H L H H L 

L L H L L· H L H H L 

H L H L H H L L L H 

L H H L H H 'L L L H 

H H H L L L H H L H 

L L L' H L H L H H L 

H L L H H H L L L H 

L H L H H H L L L H 

H H L H L L H H L H 

L L H H L L H H L H 

H L H H H L H L H H 

L H H H H L H L H H 

H H H L H H H H H H 

H = high level, L = low level 

Not.: Input conditions at A3, A2, B2 and CO are used to determine outputs I:l and I:2 and the 
value of the internal carry C2. The values at C2, A3, B3, A4, and B4 are then used to determine 
outputs I:3, I:4, and C4. 
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200 ns 
80 ns 

450 ns 
150 ns 

550 ns 
200 ns 

550 ns 
150 ns 

pF 

pF 



Typical Applications 

APPLICATION 

Connect the MM54C83/MM74C83 in the following 
manner to implement a dual single bit full adder. 

CIN tBIT1) 

A, 
~, ~letT II 

!:2 COUT 181T 21 

----
BITZ 

~3 

A(BIT21 A, 

BIBIT 21 B, 
~4 ~IBIT21 

COUT (BIT2) 
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CASCADING 

Connect the MM54C83/MM74C83 in the following 
manner to implement full adders with more than 4 bits. 

"::" 

Co ! AIBIT 11 A, 

lSO B (BIT 11 ~1 'IBIT 11 
B, 

AIBIT21 A, 
~2 , IBIT21 

B IBIT21 B, 
MM54CB3 

OR 

AIBIT 31 A, MM14C83 

B IBIT31 
~J ~ (BIT3) 

B, 

AIBIT41 A, 
~(BIT4) 

BIBIT41 
~4 

B, 

C, 

Co 

AIBIT 51 A, 
~ (BITSI 

B IBIT 51 B, " 
A IBIT61 A, 

BIBIT61 
~2 , IBIT61 

B, 
MM54C83 

OR 

AIBIT7) A, MM14C83 

B (BIT1) 
~J 'IBITII 

B, 

I A(BITB) A, 
MSB ~4 'IBIT 81 

B IBIT81 B, 

C, 

CouT (C81 

(TO NEXT PACKAGE) 



~National a Semiconductor 

MM54C851MM74C85 4-Bit Magnitude COmparator 

General Description 
The MM54C85/MM74C85 is a four-bit magnitude compa­
rator which wlil perform comparison of straight binary 
or BCD codes. The circuit consists of eight comparing 
Inputs (AO, A1, A2, A3, BO, B1, B2, B3), three cascading 
Inputs (A> B, A < B and A = B), and three outputs (A> B, 
A < B and A = B). This device compares two four-bit 
words (A and B) and determines whether they are 
"greater than," "less than," or "equal to" each other by 
a high level on the appropriate output. For words greater 
than four-bits, units can be cascaded by connecting the 
outputs (A> B, A < B, and A = B) of the least significant 
stage to the cascade inputs (A> B, A < B and A = B) of 
the next-significant stage. In addition the least signifi­
cant stage must have a high level voltage (VIN(1) applied 
to the A= B input and low level voltages (V1N(O) applied 
to A> B and A < B inputs. . 

Logic Diagrams 

Features 

• Wide supply voltage range 

• Guaranteed noise margin 

• High noise Immunity 

• Low power 
TTL compatibility 

• Expandable to 'N' stages 

• Applicable to binary or BCD 

• The MM54C85/MM74C85 follows the 
DM54LS85IDM74LS85 Pinout. 
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3.0Vto 15V 

1.0V 

0.45 Vee (typ.) 

fan out of 2 
driving 74L 



Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.3 V to Vcc + 0.3 V Package Dissipation 500mW 
Operating Temperature Range Operating Vcc Range 3.0V to 15V 

MM54CB5 -55°C to +125°C Vcc 1BV 
MM74CB5 -40°C to +B5°C Lead Temperature (Soldering, 10 seconds) 300°C 

Storage Temperature Range -65°C to +150°C 

DC Electrical Characteristics Min./max. limits apply across temperature range unless otherwise noted. 

Parameter I Conditions I Min. I Typ. I Max. I Units 

CMOS to CMOS 

VIN(1) Logical "1" Input Voltage Vcc=5.0V 3.5 V 
Vcc=10V B.O V 

VIN(O) Logical "0" Input Voltage Vcc=5.0V 1.5 V 
Vcc=10V 2.0 V 

VOUT(1) Logical "1" Output Voltage Vcc=5.0V, 10= -1Of'A 4.5 V 
Vcc =10V, 10= -lOf'A 9.0 V 

VOUT(O) Logical "0" Output Voltage Vcc=5.0V, 10= +10f'A 0.5 V 
Vcc = 10V, 10 = +10f'A 1.0 V 

IIN(1) Logical "1" Input Current Vcc = 15V, VIN = 15V 0.005 1.0 f'A 

IIN(O) Logical "0" Input Current Vcc=15V, YIN=OV -1.0 -0.005 f'A 

Icc Supply Current Vcc=15V 0.05 300 f'A 

CMOS/LPTTL Interface 

VIN(1) Logical "1" Input Voltage 54C, Vcc=4.5V Vcc- 1.5 V 
74C, Vcc=4.75V Vcc- 1.5 V 

VIN(O) Logical "0" Input Voltage 54C, Vcc=4.5V .o.B V 
74C, Vcc=4.75V O.B V 

VOUT(1) Logical "1" Output Voltage 54C, Vcc=4.5V, 10= -360f'A 2.4 V 
74C, Vcc = 4.75V, 10= -360f'A 2.4 V 

VOUT(O) Logical "0" Output Voltage 54C, Vc~ = 4.5 V, 10 = 360 f'A 0.4 V 
74C, Vcc=4.75V, 10 = 360f'A 0.4 V 

Output Drive (See 54C/74C Family Characteristics Data Sheet) (short circuit current) 

ISOURCE Output Source Current Vcc=5.0V, VOUT=OV -1.75 -3.3 mA 
(P·Channel) TA = 25°C 

ISOURCE Output Source Current Vcc=10V, VOUT=OV -B.O -15 mA 
(P·Channel) TA=25°C 

ISINK Output Sink Current Vcc = 5.0V, VOUT = \(cc 1.75 3.6 mA 
(N·Channel) TA = 25°C 

ISINK Output Sink Current Vcc = 10V, VOUT = Vcc B.O 16 mA 
(N·Channel) TA=25°C 

AC Electrical Characteristics TA=25°C, CL=50pF, unless otherwise specified. 

Parameter Conditions Min. Typ. Max. Units 

tpd Propagation Delay from any A Vcc=5.0V 250 600 ns 
or B Data Input to any Vcc=10V 100 300 ns 
Data Output 

tpd Propagation Delay Time from Vcc=5.0V 200 500 ns 
any Cascade Input to Vcc=10V ,100 250 ns 
any Output 

CIN Input Capacitance Any Input 5.0 pF 

Cpo Power Dissipation Capacitance (Note 3) Per Package 45 pF 

Nole 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Ope· 
rating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Nole 2: Capacitance is guaranteed by periodic testing. 
Nole 3: Cpo determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Charac· 
teristics application note - AN-SO. 
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Typical Applications 

WORD A 

"LSD" 

" 
11 

12 

" 

" 
"MSD" 

Ii 

II 

rour Digit Comparator 

-LONGER WORD CQMPARISON­
CO .. "RINII TWO ' ... IT WORDS 

.... 
"'" 

Truth Table 

COMPARING INPUTS 

A3.B3 A2.B2 Al.Bl AD.BD 

A3>B3 x x x 
A3<B3 x x x . 
A3 - B3 A2>B2 x x 
A3 - B3 A2<B2 x x 
A3 - B3 A2· B2 AI >BI x 
A3 - B3 A2· B2 Al <Bl x 
A3' 83 A2· B2 A,· 81 AO>BO 

A3' 83 A2· 82 Al - Bl AD<BO 

A3' 83 A2' 82 AI - Bl AD' 80 

A3' B3 A2' B2 Al '" B1 AD' 60 

A3· B3 A2' 82 Al - BI AD' BO 

A3' 83 A2' 82 AI' Bl AD' BO 

A3' 83 A2' B2 Al - Bl AD· BO 

A3' B3 A2· B2 Al - Bl AD· BO 

A3' B3 A2' B2 AI· Bl AD· BO 

A3' B3 A2' B2 AI· Bl AD' BO 

H = high level, L = low level. X " Irrelevanl 

Connection Diagram 

WORD I 

( 
B2 

INPUTS 
A2 

16 
Vee 

15 A3 } 

14 INPUTS 
B3 OUTPUT A=B 

"LSO" ! . A>B 

CASCADING A<B 
INPUTS 

A-B 

13 

INPUT AI 

GND BI 

TOP VIEW 

" 
Switching Time Waveforms 

11 

12 

1~ 
Vee 

13 
INPUT 

" OUTPUT 

ov 
Ii 

J 
UOllled inputs mun be tied to In appropriltt logit level. 

" 

CASCADING INPUTS OUTPUTS 

A>B A<B A-B A>B A<B A-B 

x x X H L L 

x x- X L H L 

x x X H L L 

x x X L H L 

x x X H L L 

x x X L H L 

X x x H L L 

x x x L H L 

H L L H L L 

L H L L H L 

c L H L L H 

L H H L H H 

H L H H L H 

H H H H H H 

H H L H H L 

L L L L L L 
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~National a Semiconductor 

MM54C861MM74C86 Quad 2-lnput EXCLUSIVE·OR Gate 

General Description Features 
• Wide supply voltage range 

• Guaranteed noise margin 

• High noise immunity 

• Lowpower 
TTL compatibility 

3.0Vto 15V 

1.0V 

0.45 Vee (typ.) 

fan out of 2 
driving 74L 

Employing complementary MOS (CMOS) transistors to 
achieve wide power supply operating range, low power 
consumption and high noise margin these gates pro· 
vide basic functions used in the implementation of dlgi· 
tal integrated circuit systems. The Nand P·channel 
enhancement mode transistors provide a symmetrical 
circuit with output swing essentially equal to the supply 
voltage. No dc power other than that caused by leakage 
current is consumed during static condition. All inputs 
are protected from damage due to static discharge by 
diode clamps to Vce and GND. 

• Low power consumption 10nW/package (typ.) 

Connection Diagram 

Vee 

lA 

Truth Table 

48 

18 

4A 

IV 

• The MM54C861MM74C86 follows the 
MM54LS861MM74LS86 Pinout. 

4V 

2V 

TOP VIEW 

3V 

2A 

38 JA 

28 GNo 

MM54COS/MM74C08 

INPUTS OUTPUT 

A B V 

L L L 

L H H 

H· L H 
H H .L 

H = High Leyel L= Low Level 
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Absolut .. Maximum Ratings 
Voltage at Any Pin (Note 1) -0.3V to Vee + 0.3V 
Operating Temperature Range 

MM54C86 -55°Cto +125°C 
MM74C86 -4O°Cto +85°C 

Storage Temperature Range -65°C to + 150°C 
Package Dissipation 500mW 
Operating Vcc Range 3.0Vto 15V 
Absolute Maximum Vec 18V 
Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics 
MinImax limits apply across temperature range unless otherwise noted. 

Parameter I Conditions I Min. I Typ. I Max. I Units 

CMOS to CMOS 

VIN(1) logical "1" Input Voltage Vcc=5.0V 3.5 V 
Vec=10V 8.0 V 

VIN(O) logical. "0" Input Voltage Vcc= 5.0V 1.5 V 
Vcc=10V 2.0 V 

VOUT(1) Logical "1" Output Voltage Vcc= 5.0V, 10= -101lA 4.5 V 
Vee=10V,lo=,-10IlA 9.0 V 

VOUT(O) logical "0" Output Voltage Vec = 5.0V, 10 = + 10llA 0.5 V 
Vee=10V, 10= +1OIlA 1.0 V 

IIN(1) logical "1" Input Current Vec = 15V, VIN = 15V 0.005 1.0 IlA 

IIN(O) Logical "0" Input Current Vee = 15V, VIN=OV -1.0 -0.005 IlA 

Icc Supply Current Vcc=15V 0.01 15 IlA 

CMOSILPTTL Interface 

VIN(1) Logical "1" Input Voltage 54C, Vec=4.5V Vcc- 1.5 V 
74C, Vee=4.75V Vcc- 1.5 V 

VIN(O) Logical "0" Input Voltage 54C, Vec=4.5V 0.8 V 
74C, Vee=4.75V 0.8 V 

VOUT(1) Logical "1" Output Voltage 54C, Vcc=4.5V, 10= -36OIlA 2.4 V 
74C, Vce = 4.75V, 10 = -3601lA 2.4 V 

VOUT(O) Logical "0:' Output Voltage 54C, Vee = 4.5V, 10 = +360IlA 0.4 V 
74C, Vce = 4.75V, 10 = +3601lA ,0.4 V 

Output Drive (See 54C/74C Family Characteristics Data Sheet) (short circuit current) 

ISOURCE Output Source Current Vec=5.0V, VOUT=OV -1.75 -3.3 mA 
(p·Channel) TA=25°C 

ISOURCE Output Source Current Vec = 10V, VOUT = OV -8.0 -15 mA 
(P·Channel) TA=25°C 

ISINK Output Sink Current Vce = 5.0V, VOUT = Vec 1.75 3.6 mA 
(N·Channel) TA=25°C 

ISINK Output Sink Current Vec=10V, VouT=Vce 8.0 16 mA 
(N·Channel) TA = 25°C 

AC Electrical Characteristics 
(MM54C86IMM74C86) TA = 25°C, CL = 50pF, unless otherwise specified. 

Parameter Conditions Min. Typ. Max. 'Units 

tpd Propagation Time to Logical Vcc =5.0V 110 185 ns 
"1" or "0" Vee=10V 50 90 ns 

CIN Input Capacitance Note 2 5.0 pF 

Cpo Power Dissipation Capacitance (Note 3) Per Gate 20 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which'the safety of the device cannot be guaranteed. Except for "Ope· 
rating Temperature Range" they are not meant to Imply, that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: capacitance Is guaranteed by periodic testing. 
Note 3; Cpo determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Chara,c, 
teristics application note - AN-gO. 
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Typical Performance Characteristics 

AC Test Circuits 

Switching Time Waveforms 

Propagation Delay Time vs 
Load Capacitance 
MM54C86/MM74C86 

50 100 

LOAO CAPACITANCE I,F) 

150 

NOTE: DELAYS MEASURED WITH INPUT t" t," 20 ns 

VOUT 

Vcc---+r---, 
Y50% 50% 

OV 
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~National a Semiconductor 

MM54C89/MM74C89 54-Bit TRI-STATE® 
Random Access ReadIWrite Memory 

General Description 
The MM54C89/MM74C89 is a 16-word by 4-blt random 
access read/write memory. Inputs to the memory con· 
sist of four address lines, four data input lines, a write 
enable line and a memory enable line. The four binary 
address Inputs are decoded internally to select each of 
the 16 possible word locations. An internal address 
register, latches the address information on the positive. 
to negative transition of the memory.enable input. The 
four TRI·STATE@ data output lines working in conjunc· 
tion with the memory enable input provides for easy 
memory expansion. 

Address Operation: Address inputs must be stable tSA 
prior to the positive to negative transition of memory 
enable. It is thus not necessary to hold address informa­
tion stable for more than tHA after the memory is 
enabled (positive to negative transition of memory enable). 

Note: The timing Is different that the DM7489 in that a 
positive to negative transition of the memory enable 
must occur for the memory to be selected. 

Write Operation: Information present at the data inputs 
is written into the memory at the selected address by 
bringing write enable and memory enable low. 

TAI·STATE Is a registered trademark of National Semiconductor Corp. 

Read Operation: The complement of the Information 
which was written into the memory is non-destructively 
read out at the four outputs. This Is accomplished by 
selecting the desired address and bringing memory 
enable low and write enable high. 

When the device is writing or disabled the output 
assumes a TRI-STATE (Hi-z) condition. 

Features 
• Wide supply voltage range 

• Guaranteed noise margin 

• High noise Immunity 

• Lowpower 
TTL compatibility 

• Low power consumption 

• Fast access time 

• TRI·STATE output 

3.0Vto 15V 

1.0V 

0.45 Vee (typ.) 

fan out of 2 
driving 74L 

100 nW/package (typ.) 

130 ns (typ.) at Vee = 10V 

See page 4-3 
for Detai led 

Specifications 
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~National 
~ Semiconductor 

MM54C90/MM74C90 4-Bit Decade Counter 
MM54C931MM74C93 4-Bit Binary Counter 

General Description 
The MM54C90/MM74C90 decade counter and the 
MM54C93/MM74C93 binary counter and complementary 
MOS (CMOS) integrated circuits constructed with Nand 
P-channel enhancement mode transistors. The 4-bit 
decade counter can reset to zero or preset' to nine by 
applying appropriate logic level on the Ro1, R02, R91 and 
R92 inputs. Also, a separate flip·flop on the A-bit enables 
the user to operate it as a divide-by-2, 5 or 10 frequency 
counter. The 4-bit binary counter can be reset to zero by 
applying high logic level on inputs Rol and Roo, and a 
separate flip-flop on the A-bit enables the user to ope­
rate it as a divide-by-2, -8, or -16 divider. Counting 
occurs on the negative gOing edge of the input pulse. 

A" inputs are protected against static discharge damage. 

Features 
• Wide supply voltage range 

• Guaranteed noise margin 

• High noise immunity 

• Lowpower 
TIL compatibility 

• The MM54C931MM74C93 follows the 
MM54L93/MM74L93 Pinout 

Logic and Connection Diagrams 

MM54C90/MM74C90 

·'N NO nA Go GND 

114 13 12 11 " 
L, 
-

I 2 3 • 5 

B'N NC 

TOPVIEW 

MM54C93/MM74C93 

n, 
·'N n, DD GND 

0, 114 13 12 11 " 

·'N eLK 0 1-i---iCLK n ~ 
r-

I 2 , 4 5 

Roo NC NC 

TOPVIEW 
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3Vt015V 

1V 

0.45 Vcc (typ.) 

fan out of 2 
driving 74L 

n, 
, B 

-

, I' 
R" 

n, B" , B 

f-

• I' 
NC NC 



Absolute Maximum Ratings 
Voltage at Any Pin (Note 1) -0.3Vto Vcc+0.3V Operating Vcc Range 3Vto 15V 
Operating Temperature Range Absolute Maximum Vcc 1BV 

.MM54C90, MM54C93 -55°C to +125°C Storage Temperature Range -65°C to + 150°C 
MM74C90, MM74C93 -40°C to +B5°C Lead Temperature (Soldering, 10 seconds) 300°C 

Package Dissipation 500mW 

DC Electrical Characteristics Min./max. limits apply across temperature range unless otherwise noted. 

Parameter I Conditions I Min. I Typ. I Max. I Units 

CMOS to CMOS 

V'N(1) Logical "1" Input Voltage Vcc=5.0V 3.5 V 
Vcc=10V B V 

V,N(O) Logical "0" Input Voltage Vcc=5.0V 1.5 V 
Vcc=10V 2 V 

VOUT(1) Logical "1" Output Voltage Vcc=5.0V, 10= -101'A 4.5 V 
Vcc=10V, 10= -101'A 9 V 

VOUT(O) Logical "0" Output Voltage Vcc= 5.0V, 10= +10!lA 0.5 V 
Vcc=10V, 10= +101'A 1 V 

liN(1) Logical "1" Input Current Vcc = 15V, V,N = 15V 0.005 1 I'A 

I'N(O) Logical "0" Input Current Vcc = 15V, V,N = OV -1 -0.005 I'A 

Icc Supply Current Vcc=15V 0.05 300 I'A 

CMOS/LPTTL Interface 

V
'
N(1) Logical "1" Input Voltage 

MM54C90, MM54C93 Vcc=4.5V Vcc- 1.5 V 
MM74C90, MM74C93 Vcc=4.75V Vcc- 1.5 V 

V,N(O) Logical "0" Input Voltage 
MM54C90, MM54C93 Vcc=4.5V O.B V 
MM74C90, MM74C93 Vcc=4.75V O.B V 

VOUT(1) Logical "1" Output Voltage 
MM54C90, MM54C93 Vcc=4.5V, 10= -36OI'A 2.4 V 
MM74C90, MM74C93 Vcc=4.75V, 10= -3601'A 2.4 V 

VOUT(O) Logical "0" Output Voltage 
MM54C90, MM54C93 VCC=4.5V, 10 = 360l'A 0.4 V 
MM74C90, MM74C93 VCC=4.75V, 10 = 360l'A 0.4 V 

Output Drive (See 54C/74C Family Characteristics Data Sheet) (short circuit current) . 

ISOURCE Output Source Current Vcc=5.0V, VOUT=OV -1.75 -3.3 mA 
(P·Channel) TA=25°C 

ISOURCE Output Source Current Vcc = 10V, VOUT = OV -B -15 mA 
(P·Channel) TA = 25°C 

ISINK Output Sink Current Vcc = 5.0V, VOUT = Vcc 1.75 3.6 mA 
(N·Channel) TA=25°C 

ISINK Output Sink Current Vcc=10V, VOUT=VCC B 16 mA 
(N·Channel) TA = 25°C 

AC Electrical Characteristics TA = 25°C, CL = 50 pF, unless otherwise specified. 

Parameter Conditions Min. Typ. Max. Units 

tpdO, tpd1 Propagation Delay Time from Vcc=5.0V 200 400 ns 
A'N to OA Vcc=10V BO 150 ns 

tpdO, tpd1 Propagation Qelay Time from Vcc=5.0V 450 B50 ns 
A'N to OB (MM54C93/MM74C93) Vcc=10V 160 300 ns 

tpdQ, tpd1 Propagation Delay Time from Vcc=5.0V 450 BOO ns 
A'N to OB (MM54C90/MM74C90) Vcc=10V 160 300 ns 
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AC Electrical Characteristics (Cont'd.) TA = 25°C, CL = 50 pF, unless otherwise specified. 

Parameter Conditions Min. Typ. Max. Units 

tpdO, tpd1 Propagation Delay Time from Vee=5.0V 500 1050 ns 
AIN to Oe (MM54C93/MM74C93) Vee=10V 200 400 ns 

tpdO, tpd1 Propagation Delay Time from Vee;= 5.0V 500 1000 ns 
AIN to Oe (MM54C90/MM74C90) Vee=10V 200 400 ns 

tpdO, tpd1 Propagation Delay Time from Vce=5.0V 600 1200 ns 
AIN to OD (MM54C93/MM74C93) Vee=10V 250 500 ns 

tpdO, tpd1 Propagation Delay Time from Vee=5.0V 450 800 ns 
AIN to OD (MM54C90/MM74C90) Vee=10V 160 300 ns 

tpdO, tpd1 Propagation Delay Time from Vee =5.0V 150 300 ns 
R01 or R02 to OA, Os, Oe or OD Vee =10V 75 150 ns 
(MM54C93/MM74C93) 

tpdO, tpd1 Propagation Delay Time from Vee=5.0V 200 400 ns 
R01 or R02 to OA, Os, Oc or OD Vec=10V 75 150 ns 
(M M54C90/MM7 4C90) 

tpdO, tpd1 Propagation Delay Time from Vee=5.0V 250 500 ns 
R91 or R92 to OA or OD Vee=10V 100 200 ns 
(MM54C90/MM74C90) 

tpw Min. R01 or R02 Pulse Width Vee=5.0V 600 250 ns 
(MM54C93/MM74C93) Vee=10V 300 125 ns 

tpw Min. R01 or R02 Pulse Width Vee =5.0V 600 250 ns 
(MM54C90/MM74C90) Vee=10V 300 125 ns 

tpw Min. R91 or R92 Pulse Width Vee =5.0V 500 200 ns 
(MM54C90/MM74C90) Vee=10V 250 100 ns 

t r , tf Maximum Clock Rise and Vee =10V 15 I'S 
Fall Time Vee=10V 5 I'S 

tw Minimum Clock Pulse Width Vee=5.0V 250 100 ns 
Vee=10V 100 50 ns 

fMAX Maximum Clock Frequency Vee =5.0V 2 MHz 
Vee=10V 5 MHz 

CIN Input Capacitance Any Input (Note 2) 5 pF 

CPD Power Dissipation Capacitance Per Package (Note 3) 45 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Ope· 
rating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: Cpo determines the no load ac power consumption of any CMOS device. For complete explanation see 54CI74C Family Charac· 
teristics application note - AN-gO. 

AC Test Circuits 

FR" 
R" 

R" 
Roo 

0.1-'----------, 
...l...T'50" 0,1--------, 

..l...SOPF ":" 

0.1-----------, 

T.L'50" 
0,1-------..., 

.LT '50" ":' 
0,1------, CLOCK ':' 

--fl.- 0-- A" 

0, T 
-LSDPF ":" 

OAf--<.-, T r--- BIN ....J...... 

L.._.;;IO'-----I T_ 50 pF -

G!O 

-L.SDPF -= 
OArD- T 

T 50 'F -

CLOCK 

--fl.- 0-- A" 

11 

Clock rise and fall time If ~ 11 = 20 ns Clock rI~eand fall lime If = I, = 20 os 

MM54e90/MM74C90 MM54C93/MM74C93 
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Switching Time Waveforms 

Truth Tables 
\ 

-----' 

,--,111 
\ 
'-'------------

v'" --r---t--r"""'\ 

A" 

v'" 

V'" 

D, 

Note l' MM54C90, MM74C90 and MM54C93, MM14C93 
I,e sohd hn. waveforms. Dished hne waveforms Ire tal 
MM54C9O/MM74C90 only 

MM54C90fMM74C90 4·Bit Decade Counter 

BCD Count Sequence 

MM54C93fMM74C93 4·Bit Binary Counter 

Binary Count Sequenca 

OUTPUT 
COUNT 

°D Oc OS 

0 L L L 

1 L L: L 

2 L L H 

3 L L H 

4 L H L 

5 L, H L 

6 L H H 

7 L H H 

8 H L L 

9 H L L 

Output QA IS connected to mput B for 
BCD count. 

H ,. High level 

L " Low level 
X ,. Irrelevant 

°A 
L 

H 

L 

H 

L 

H 

L 

H 

L 

H 

ResetfCount Function Table 

RESET INPUTS OUTPUT 

Ro. R02 RD. R92 °D Oc Os 

H H L X L L L 

H H X L L L L 

X X H H H L L 

X L X L COUNT 

L X L X COUNT 

L X X L COUNT, 

X L L X COUNT 

OA 

L 

L 
H 
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OUTPUT 
COUNT 

°D Oc Os OA 

0 L L L L 

1 L L L H 

2 L L H L 

3 l. L H H 

4 L H L L 

5 L H L H 

6 L Ii H L 

7 L H H H 

8 H L L L 

9 H L L H 

10 H L H L 

11 H' L H H 

12 H H L L -
13 H H L H 

14 H H H L 

15 H H H H 

Ouwut QA IS connected to mput B for 
bmary count sequence. 

H = High level 
L = Low level 
X = Irrelevant 

ResetfCount Function Table 

RESET INPUTS OUTPUT 

Ro. R02 °D Oc Os 
H H L L L 

L X COUNT 

X L COUNT 

OA 

L 
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MM54C951MM74C954-Bit Right-Shift Left-Shift Register 

General Description 
This 4-blt shift register Is a monolithic complementary 
MOS (CMOS) Integrated circuit composed of four D flip 
flops. This register will perform right-shift or left-shift 
operations dependent upon the logical input level to the 
mode control. A number of these registers may be con­
nected In series to form an N-bit right-shift or left-shift 
register. 

When a logical "0" level is applied to the mode control 
input, the output of each flip flop is coupled to the Din­
put of the succeeding flip flop. Right-shift operation is 
performed by clocking at the clock 1 input, and serial 
data entered at the serial input, clock 2 and parallel 
inputs A through D are Inhibited. With a logical "1" level 
applied to the mode control, outputs to succeeding 
stages are decoupled and parallel loading is pOSSible, 
or with external interconnection, Shift-left operation can 
be accomplished by connecting the output of each flip 
flop to the parallel Input of the previous flip flop and 
serial data is entered at input D. 

Block and Connection Diagrams 

CLDCK·2 
L-IHIFT -...-, • .,.,--, 

Features 
• Medium speed operation 

• High noise immunity 

• Lowpower 
• Tenth power TTL compatible 

10 MHz (typ.) 
Vcc= 10V, CL =50pF 

0.45 Vee (typ.) 
100nWI (typ.) 

Drive 2 LTTL loads 
3Vto 15V • Wide supply voltage range 

• Synchronous parallel load 
• Parallel inputs and outputs from each flip flop 
• Negative edge triggered clocking 
• The MM54C95/MM74C95 follows the 

MM54L95/MM74L95 Pinout. 

Applications 
• Data terminals • Alarm systems 

• Instrumentation • Remote metering 

• Automotive • Industrial electronics 

• Medical electronics • Computers 

SERIAL n..J...---.'----' 
IN'UT 

. r- Mc 

MODECDNTAOL~MC CLtlCIH 
UiHlfT- .~'.'."" 1 

o!--Vcc 

Me 
~GND 

Function Table 
INPUTS OUTPUTS 

MODE CLOCKS 
SERIAL 

PARALLEL 
CONTROL 21L1 1 (R) A B C 0 

a, a, Dc 

H H X X X X X X aM 0" Dc, 
H , X X , b , d , b , 
H , X X a,' a,' Do' d D," D," Do" 
L L H X X X X X DM 0" D" 
L X , H X X X X H DA" D," 
L X , L X X X X L DA" D," , L L X X X X X DM D" D" 
I L L X X X X X DM D" D" , L H X X X X X DM D" D" , H L X X X X X DM D" D" , H H X X X X X DM D" D" , L H X X X X X Undefined , H L X X X X X OperatlngCondmons 

'Shilling lefl reQuores external conne<:110n of aB 10 A, aC 10 B, and aD 10C. SerIal dala Ii enlered al U'pUI 0 
H ~ hIgh LeveL (Sleady nalel, L • Low LeveL hteady Slalel, X = Irrelevant {any .npul, mctudong tranSlt.ons) 
, • mm,.t,on from h.gh 10 Low level, I " 'rans.\.on Irom low 10 h.gh level 
a.b.c,d" the Levet 01 5teitdy-stale onput at onputtA,B,Cor D,retpectoveLv 

aD 

aD, 
d 

d 

DO~ 

D," 
D," 
Do, 
Do, 
Do, 

Do, 

DO~ 

OAO, OBC). aco. 000 - Ihe level of 0A, 0B, Cle, or 00, re&p«tlllely, before the mdlcated tteadv-t1aU mput conditions MIre establl,hed. 
ClAn. aBn, 0(:." aOn ~ Ihe levet of 0A. 0B. Cle. Or 00. respect.vely. before the most·recent L traosillon 01 the clock. 
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IN'UlA DOTPUTA INPUT a OUTPUT I INPUTt INPUTO OUT'IITD 

Mode control = o for right shift 
Mode control = 1 for left shift or parallel load 

IN'UT OUTPUT OUT,UT OUTPUT OUTPUT CLOCICZ 
, A • C 0 l-SHIFT 

SERIAL IN'UT INPUT Vee INPUT MODE CLOCK I 
INPUT • C 0 CONTROL RSHIFT 

s: 
s: 
CJ1 .,.. 
o 
CD 
CJ1 -s: 
s: ..... .,.. 
o 
CD 
CJ1 



Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.3 V to Vcc+O.3 V Maximum Vcc Voltage 18V 
Operating Temperature Package Dissipation 500mW 

MM54C95 -55"C to +125"C Operating Vcc Range +3Vto+15V 
MM74C95 -40"C to +85"C Lead Temperature (Soldering, 10 sec.) 300"C 

Storage Temperature -65"C to +150"C 

DC Electrical Characteristics Max.lmin. limits apply across temperature range unless otherwise noted. 

Parameter I Conditions I Min. I Typ. I Max. I Units 

CMOS to CMOS 

VIN(l) Logical "1" Input Voltage Vcc=5.0V 3.5 V 
Vcc=10V 8.0 V 

VIN(O) Logical "0" Input Voltage Vcc=5.0V 1.5 V 
Vcc=10V 2.0 V 

VOUT(l) Logical "1 i, Output Voltage Vce=5.0V 4.5 V 
Vee=10V 9 V 

VOUT(O) Logical "0" Output Voltage Vee=5.0V 0.5 V 
Vee=10V 1 V 

IIN(l) Logical "1" Input Current Vee=15V 1 ,..A. 

IIN(O) Logical "0" Input Current Vee=15V -1 ,..A. 

Icc Supply Current Vee = 15V 0.050 300 ,..A. 

Low Power TTL/CMOS Interface 

VIN(l) Logical "1" Input Voltage 
54C, Vee = 4.5 V Vee- 1.5 V 
74C, Vee=4.75V Vee- 1.5 V 

VIN(O) Logical "0" Input Voltage 
54C, Vec = 4.5 V 0.8 V 
74C, Vee=4.75V 0.8 V 

VOUT(l) Logical "1" Output Voltage 
54C, Vee = 4.5 V, 10 = 360l'A 2.4 V 
74C, Vee = 4.75V, 10=360,..1\ 2.4 V 

VOUT(O) Logical, "0" Output Voltage 
54C, Vee = 4.5 V, 10 = 360I'A 0.4 V 
74C, Vee = 4.75 V, 10 = 360l'A 0.4 V 

Output Drive (See 54C/74C Family Characteristics Data Sheet) 

IsouReE Output Source Current Vee = 5.0 V, VIN(O)=OV -1.75 mA 
TA=25"C, Voul'=OV 

IsouReE Output Source Current Vee = 10 V, VIN(O) = 0 V -8.0 mA 
TA = 25"C, VOUT = 0 V 

ISINK Output Sink Current Vcc = 5.0 V, VIN(l) = 5.0 V 1.75 mA 
TA = 25"C, VOUT = Vce 

ISINK Output Sink Current Vee=10V, VIN(1)=10V 8.0· mA 
TA = 25"C, VOUT = Vee 

AC Electrical Characteristics TA = 25"C, CL = 50 pF, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

tpd Propagation Delay Time to a Logical Vee=5.0V 200 400 ns 
"0" or Logical "1" from Clock to Q or Q Vee = 10V 80 160 ns 

tso, tSl Time Prior to Clock Pulse that Data Vee=5.0V 60 30 ns 
must be Preset Vee=10V 25 10 ns 

tHO, tHl Time After Clock Pulse that Data must Vee=5.0V· 25 10 ns 
be Held Vee = 10V 10 50 ns 

tpw Minimum Clock Pulse Width (tWL= tWH) Vce=5.0V 100 ns 
Vee=10V 50 ns 

tSM Time Prior to Clock Pulse that Mode Vee=5.0V 200 100 ns 
Control must be Preset Vee = 10V 100 50 ns 

fMAX Maximum Input Clock Frequency Vee=5.0V 3 5 MHz, 
Vec=10V 6.5 10 MHz 

CIN Input CapaCitance 
/ 

Any Input. (Note 2) 5 pF 

Cpo Power Dissipation Capacitance (Note 3) 100 pF 
No •• 1: "Absolute Maximum Ratings" are those values beyond which the safety of the devIce cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to imply that the devices should be operated atJheae limits. The table of "Electrical 
Characteristics" provides condItions tor actual devIce operation. 
Note 2: CapacItance is guaranteed by periodic testing. 
Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 540174C Family 
Characteristics application note AN-gO. 
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MM54C150/MM74C150 16-Line to 1·Line Multiplexer 
MM72C19/MM82C19 TRI·STATE® 16-Line to 1·Line 

Multiplexer 

General Description 
The MM54C150/MM74C150 and MM72C19/MM82C19 
multiplex 16 digital lines to 1 output. A 4-blt address 
code determines the particular 1-of-16 inputs which is 
routed to the output. The data is inverted from input to 
output. 

All inputs are protected from damage due to static 
discharge by diode clamps to Vee and GND. 

Features 
• Wide supply voltage range 

A strobe override places the output of MM54C1501 
MM74C150 in the logical "1" state and the output of 
MM72C19/MM82C19 in the high-impedance state. 

• Guaranteed noise margin 
• High noise immunity 

• TTL compatibility 

Connection Diagram 

DATA INPUTS DATA SELECT 

Vcc • E8 
" . 

E9 El0 E11 E12 E13 E14 E15' 'A B C \ 

124 23 22 21 20 19 18 17 16 15 14 13 

-

4 

E6 E5 E4 E3 E2 EI 

10 11 .1.12 

E7 ED STB OUTPUT 0 GND ''-_____ ..... ____ --J. DATA 

DATA INPUTS SELECT 
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3.0Vto 15V 
1.0V 

0.45 Vee (typ.) 

Drive 1 TTL Load 

s:: 
s:: 
en 
0l=Io o ..... 
en 
o -s:: 
s:: ..... 
0l=Io o ..... 
en p 
s:: 
s:: ..... 
N 
o ..... 
CD -s:: 
s:: 
Q) 
N o ..... 
CD 
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('\II 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.3 V to Vcc+O.3 V 
Operating Temperature Range 

MM54C150, MM72C19 -55·C to +125·C 
MM74C150, MM82C19 -40·C to +85·C 

Storage Temperature Range -65·C to +150·C 
Package DIssipation 500mW 
Operating Vcc Range 3.0Vto 15V 
Vcc 18V 
Lead Temperature (Soldering, 10 sec.) 300·C 

DC Electrical Characteristics MaxJmln. limits apply across temperature range, unless otherwise noted. 

Parameter I Conditions I Min. I Typ. I Max. I Units 

CMOS to CMOS 

VIN(l) logical "1" Input Voltage 
Vcc=5.0V 3.5 V 
Vcc=10V 8.0 V 

, 

VIN(O) Logical "0" Input Voltage 
Vcc=5.0V 1.5 V 
Vcc=10V 2.0 V 

VOUT(l) Logical "1" Output Voltage 
Vcc =5.0V,lo =-1OI'A 4.5 V 
Vcc=10V, lo=-1OI'A 9.0 V 

VOUT(O) Logical "0" Output Voltage 
Vcc = 5.0 V, lo=+1OI'A 0.5 V 
Vcc=10V, lo=+1OI'A 1.0 V 

IIN(l) logical "1" Input Current Vcc=15V, VIN =15V 0.005 1.0 I'A 

IIN(O) Logical "0" Input Current Vcc =15V, VIN=OV -1.0 -0.005 I'A 

loz Output Current In High 
Impedance State 

MM73C19/MM82C19 Vcc=15V, Vo=15V 0.005 1.0 I'A 
Vcc=15V, Vo=OV -1.0 -0.005 I'A 

Icc Supply Current Vcc=15V 0.05 300 I'A 

TTL Interface 

VIN(l) Logical "1" Input Voltage 
54C,72C Vcc=4.5V Vcc- 1.5 V 
74C,82C Vcc=4.75V Vcc- 1.5 V 

VIN(O) Logical "0" Input Voltage 
54C,72C Vcc=4.5V 0.8 V 
74C,82C Vcc =4.75V 0.8 V 

VOUT(1) logical "1" Output Voltage 
54C,72C Vcc=4.5V, lo=-1.6mA 2.4 V 
74C,82C Vcc =4.75V,lo=-1.6mA 2.4 V 

VOUT(O) logical "0" Output Voltage 
54C,72C Vcc = 4.5V, 10=1.6mA 0.4 V 
74C,82C Vcc = 4.75 V, 10 =1.6mA 0.4 V 

Output Drive (Short Circuit Current) 

ISOURCE Output Source Current 
Vcc = 5.0 V, VOUT=OV, TA=25"C -4.35 -8 mA (P·Channel) 

ISOURCE Output Source Current 
Vcc =10V, VOUT=OV, TA=25·C -20 -40 mA (P·Channel) 

ISINK Output Sink Current 
Vcc = 5.0 V, VOUT= Vcc, TA=25·C 4.35 8 mA (N·Channel) 

ISINK Output Sink Current 
Vcc = 10 V, VOUT = Vcc, TA = 25·C 20 40 mA (N·Channel) 
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AC Electrical Characteristics TA = 25°C, CL = 50 pF, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

tpdo, tpd1 Propagation Delay Time to a Vcc =5.0V 250 600 ns 
Logical "0" or Logical "1" Vcc=10V 110 300 ns 
from Data Inputs to Output Vcc=5.0V, CL=150pF 290 650 ns 

Vcc=10V, CL=150pF 120 330 ns 

tpdO, tpd1 Propagation Delay Time to a Vcc=5.0V 290 650 ns 
Logical "0" or Logical "1" Vcc=10V 120 330 ns 
from Data Select Inputs to 
Output 

tpdo, tpd1 Propagation Delay Time to a Vcc=5.0V 120 300 ns 
Logical "0" or Logical "1" Vcc=10V 55 150 ns 
from Strobe to Output 

MM54C150/MM74C150 

t1H, tOH Delay from Strobe to High Vcc=5.0V, RL=10~, CL=5pF 80 200 ns 
Impedance State Vcc=10V, RL=10k, CL=5pF 60 150 ns 

MM72C19/MM82C19 

tH10 tHO Delay from Strobe to Logical Vcc=5.0V, RL=10k, CL=5pF 80 250 ns 
"1" Level or- to Logical "0" Vcc =10V, RL=10k, CL=5pF 30 120 ns 
Level (from High Impedance 
State) 

MM72C19/MM82C19 

CIN Input Capacitance Any Input, (Note 2) 5.0 pF 

COUT Output Capacitance (Note 2) 11.0 pF 
MM72C19/MM82C19 

Cpo Power Dissipation (Note 3) 100 pF 
Capacitance 

Note 1: "Absoluie Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to imply that the deylces should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family 
Characteristics application note AN -90. 

, 
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Truth T~a=b=l~e _________________ M~M~~~C~1~OO~/M_M_7_~_1_00 __________________ -T __ -' 
INPUTS OUTPUT 

c A STROBE fD E1 E2 E3 E4 E5 E6 E7 f8 E9 E10 Ell E12 E13 E14 E15 W 

x 

x 

x 

x 

x 

x 
x 

x 
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x 

x 

x x 

x 
x 

x 

x' 

x 

x 

x 

x 

x 

x 
x 

x 
x 
X " X 

x 

x 

x 

'For MM72C19/MM82C19 this would be Hi-t. everything else is the same. 

Switching Time Waveforms 

Vee 
0.9-\ 

V,N 

x 
x 
x 

x 
x 
x 
x x 
x 

x 

50%\ 
~D,:...' ____ _ 

VOUT

vee
--"\ :y-

DV-------------~. _______ _J. 

DISABLE 
Vee -:1° 5 Vee 

DV 

t1H~ 

Vee ----. ~ 0',1 Vee 

DV--------__ ~~ __ __ 

OUTPUT 

'NPUT ---Q::--I1":""'-Dk---I-'- OUTPUT 

DISABL. J e, 

Vee· 

~Ok 
INPUT OUTPUT 

DISABL. *" e, 

':---1"'" 
---j *---Vee _p-

DV-----':...-'I 

Note: Delays measured with input t r• tf :5 20 ns. 0.1 Vee 

DISABLE 

OUTPUT 
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tH1 

DlSABL:ee~'5VCC 
DV 

-'lEH vee ---------j-,...,--------
OUTPUT 

D.5:ee 
DV-----<·L---.t =-

vee=t 
avos Vee 

IHD!t Vee ----------
0.' Vee 

DV -------__ ~~ 

DISABLE 

OUTPUT 



Logic Diagram MM54C150/MM74C150 

EI5 --{>o--t-H-j----i:llh-...... 

STROBE --l>o--t-ttt---++++--------

MM72C19/MM82C19 

'14 --{>O-"i=Fl=I===t=tii=l-, 
EI5 --{>o--t-H-t----i:llh---.._ 

STROBE --{>O---Hrt-t---+t++-------.-J 
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~National a Semiconductor 

MM54C151/,MM74C151 8-Channel Digital Multiplexer 

General Description Features 
• Supply voltal!e range The MM54C151/MM74C151 multiplexer Is a monolithic 

complementary MOS (CMOS) Integrated circuit con­
structed with N- and P-channel enhancement transistors. 

• Tenth power TTL compatible 

, 3Vt015V 

drive 2 LPTTL loads 
0.45 Vce (typ.) 

50nW (typ.) This data selector/multiplexer contains on-chip pi nary 
decoding. Two outputs provide true (output Y) and com­
plement (output W) data. A logical "1" on the strobe Input 
forces W to a logical "1" and Y to a logical "0". 

All inputs are protected against electrostatic effects. 

Logic and Connection Diagrams 

D. 

D, 

D, 

DATA 
'.PUTS 

D. 

D. 

D. 

SELECT c' 
DATAj A 

STAD'Eo-..-LJO-~~~ __ ----l 

DATAI.PUT 

v= 

11 " .. .. 

D. D. .. 
D, 

• High noise Immunity 

• Lowpower 

Applications 
• Automotive 
• Data terminals 

• Instrumentation 
• Medical electronics 

DAlUELECT 

• 
" n " 

D • 

TO' VIEW 
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• Alarm systems 
• Industrial electronics 

• Remote metering 

• Computers, 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.3 V to Vee+0.3 V 
Operating Temperature Range 

MM54C151 -55°C to +125°C 
MM74C151 -40°C to +85°C 

Storage Temperature Range -65°C to +150°C 
Maximum Vee Voltage 18V 
Package Dissipation 500mW 
Operating Vee Range 3Vto 15V 
Lead Temperature (Soldering, 10 sec.) 300°C 

DC Electrical Characteristics Max.lmin. limits appiy across temperature range, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

CMOS to CMOS 

VIN(l) Logical "1" Input Voltage 
Vee =5.0V 3.5 V 
Vee=10V 8 V 

VIN(O) Logical "0" Input Voltage Vee=5.0V 1.5 V 
Vee = 10V 2 V 

VOUT(l) Logical "1" Output Voltage Vee = 5.0 V, 10 =-1OJ.tA 4.5 V 
Vee =10V, 10=-10J.tA 9.0 V 

VOUT(O) Logical "0" Output Voltage 
Vee = 5.0 V, 10 = +10J.tA 0.5 V 
Vee=10V, 10=+10J.lA 1.0 V 

IIN(l) Logical "1" Input Current Vee = 15V, VIN =15V 1.0 J.lA 

IIN(O) Logical "0" input Current Vee = 15V, VIN=OV -1.0 J.lA 

Icc Supply Current Vee = 15V 0.05 300 J.tA 

CMOS to LPT,TL Interface 

VIN(l) Logical "1" input Voltage 
54C Vee =4.5V Vee- 1.5 V 
74C Vee = 4.75 V Vee -1.5 mA 

VIN(O) Logical "0" Input Voltage 
54C Vee=4.5V 0.8 V 
74C Vee=4.75V 0.8 V 

VOUT(l) Logical "1" Output Voltage 
54C Vee=4.5V, 10=-360J.lA 2.4 V 
74C Vee = 4.75 V, 10=-360J.tA 2.4 V 

VOUT(O) Logical "0" Output Voltage 
54C Vce=4.5V, 10 = 360J.tA 0.4 V 
74C Vec=4.75V, 10 = 360J.tA 0.4 V 

Output Drive (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

IsouReE Output Source Current Vee = 5.0 V, VIN(O) = 0 V -1.75 mA 
TA=25°C, Vour=OV 

IsouReE Output Source Current Vee = 10 V, VIN(O) = 0 V -8.0 mA 
TA = 25°C, VOUT=OV 

ISINK Output Sink Current Vee = 5.0 V, VIN(l) = 5.0 V 
1.75 mA 

TA = 25°C, VOUT = Vee 

ISINK Output Sink Current Vee = 10 V, VIN(l) = 10 V 
8.0 mA 

TA = 25°C, VOUT = Vee 
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AC Electrical Characteristics TA = 25°C, CL = 50 pF, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

tpdO,.tpdl Propagation Delay Time to a Vcc= 5.0V, 170 270 ns 
Logical "0" or Logical "1" from Vcc= 10V 80 130 ns 
Data to Y 

tpdo, tpdl Propagation Delay Time to a Vcc=5.0V, 200 300 ns 
Logical "0" or Logical "1" from Vcc= 10V 90 140 ns 
Data to W 

tpdO, tpdl Propagation Delay Time to a Vcc=5.0V, 240 360 ns 
Logical "0" or Logical "1" from Vcc=10V 110 170 ns 
Strobe or Data Select to Y 

CIN Input Capacitance (Note 2) 5.0 pF 

Cpo Power Dissipation Capacitance (Note 3) 50 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family 
Characteristics application note AN-90. 

Switching Time Waveforms 

CMOS to CMOS (tpdl & tpdOI 

,""""WI ,~ ~ t ov 
'pd' 'pdO--

Vee 

\ OUTPUT IV) 50% 

\ I ov 
I - _tpdO tpd'_ f-

Vee -
90% 90% 

DATA INPUT 1/ 50% DATA SELECT 50% 

STROBE 
10% 

\ 10% 
OV--.J 

- t,f- -- tff--
t" tf = 20 ns 
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AC Test Circuit 

Vee 

'1 
OUTPUT (W) 

[i '~~L=5DPF ",ml 
OUTPUT (V) 

GND "t"",",, J. 

Truth Table 

INPUTS OUTPUTS 

C B A STROBE DO D1 D2 D3 D4 D5 DS D7 V W 

x x X 1 X X X X X X X X 0 1 

0 0 0 0 0 x x x x x x x 0 ' 1 

0 0 0 0 1 X X X X X X X 1 0 

0 0 1 0 X 0 X X X X X X 0 1 

0 0 1 0 X 1 X X X X X X 1 0 

0 1 0 0 x x 0 x x x x, x 0 1 

0 1 0 0 x X 1 X X X X X 1 0 

0 1 1 0 X X X 0 X X X X 0 1 

0 1 1 0 X X X 1 X X X X 1 0 

1 0 0 0 x x x x 0 x x x 0 1 

1 0 0 0 x x x X 1 X X X 1 0 

1 0 1 0 X X X X X 0 X X 0 1 

1 0 1 0 X X X X X 1 X X 1 0 

1 1 0 0 x x x x x x 0 x 0 1 

1 1 0 0 x x x x x X 1 X 1 0 

1 1 1 0 X X X X X X X 0 0 1 

1 1 1 0 X X X X X X X 1 1 0 
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~National 
~ Semiconductor 

MM54C154/MM74C154 4-Line to 16-Line 
Decoderl Demultiplexer 

General Description Features 
• Supply voltage range The MM54C154/MM74C154 one of sixteen decoder is a 

monolithic complementary MOS (CMOS) integrated "cir­
cuit constructed with N- and P-channel enhancement 
transistors. The device is provided with two strobe 
inputs, both of which must be in the logical "0" state for 
normal operation. If either strobe input Is in the logical 
"1" state, all 16 outputs will go to the logical "1" state. 

• Tenth power TTL compatible 

3Vt015V 
drive 2 LPTTL loads 

1 V guaranteed 

0.45 Vee (typ.) 

To use the product as a demultiplexer, one of the strobe 
inputs serves as a data input terminal, while the other 
strobe input must be maintained in the logical "0" state. 
The information will then be transmitted to the selected 
output as determined by the 4·line input address. 

Logic and Connection Diagrams 

INPUTS 

.2<>-~-..J 

Glo-~-..J 

• High noise margin 
• High noise immunity 

Applications 
• Automotive 

• Data terminals 

• Instrumentation 
• Medical electronics 

INPUTS 

OUTPUTS 
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• Alarm systems 
• Industrial electronics 

• Remote metering 

• Computers' 

STROBE OUTPUTS 

OUTPUTS 

TOP VIEW 



Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.3 V to Vee+0.3 V 
Operating Temperature Range 

MM54C154 -55°C to +125°C 
MM74C154 -40°C to +B5°C 

Storage Temperature Range -65°C to +15O°C 
Maximum Vee Voltage 1BV 
Package Dissipation 500mW 
Operating Vee Range 3Vto 15V 
Lead Temperature (Soldering, 10 sec.) 300°C 

DC Electrical Characteristics Max./min. limits apply across temperature range, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

CMOS to CMOS 

VIN(1) Logical "1" Input Voltage 
Vee=5.0V 3.5 V 
Vee=10V B.O V 

VIN(O) Logical "0" Input Voltage 
Vee=5.0V 1.5 V 
Vee=10V 2.0 V 

VOUT(1) Logical "1" Output Voltage 
Vee=5.0V,lo=-1O,..A 4.5 V 
Vee=10V, lo=-10,..A 9.0 V 

VOUT(O) Logical "0" Output Voltage 
Vee = 5.0 V, lo=+10,..A 0.5 V 
Vee=10V, lo=+10,..A 1.0 V 

IIN(1) Logical "1" Input Current Vee = 15V, VIN =15V 0.005 1.0 ,..A 

IIN(O) Logical "0" Input Current Vee = 15V, VIN=OV -1.0 -0.005 ,..A 

Icc Supply Current Vcc=15V 0.05 300 ,..A 

CMOS to LPTTL Interface 

VIN(1) logical "1" Input Voltage 
54C Vec=4.5V Vee- 1.5 V 
74C Vee =4.75V Vee -1.5 V 

VIN(O) Logical "0" Input Voltage 
54C Vee =4.5V O.B V 
74C Vee=~.75V O.B V 

VOUT(1) Logical "1" Output Voltage 
54C Vee = 4.5 V, lo=-100,..A 2.4 V 
74C Vee =4.75V,lo=-100,..A 2.4 V 

VOUT(O) Logical "0" Output Voltage 
54C Vce=4.5V, 10 = 360,..A 0.4 V 
74C Vec=4.75V, 10 = 360,..A 0.4 V 

Output Drive (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

IsouReE Output Source Current Vec=5.0V, VIN(Or=OV -1.75 rnA TA = 25°C, VOUT=OV 

ISOURCE Output. Source Current 
Vec=10V, VIN(O)=OV -B.O rnA TA=25°C, VOUT=OV 

ISINK Output Sink Current Vee = 5.0 V, VIN(1)=5.0V 
1.75 rnA 

TA = 25°C, VOUT = Vcc 

ISINK Output Sink Current 
Vee = 10V, VIN(1) = 10:V 

B.O rnA 
TA = 25°C, VOUT = Vee 
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AC Electrical Characteristics TA = 25°C, CL = 50 pF, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

tpdO Propagation Delay to a Logical W;e= 5.0V, 275 400 ns 
"0" From Any Input to Any Output Vee=10V 100 200 ns 

tpdo Propagation Delay to a logical Vee = 5.0V, 275 400 ns 
"0" from G1 or G2 to Any Output Vee = 10V 100 200 ns 

tpd1 Propagation Delay to a Logical Vee = 5.0 V, 265 400 ns 
"1" from Any Input to Any Output Vee = 10V 100 200 ns 

Propagation DelilY toa Logical 
\ 

tpd1 Vec = 5.0V, 265 400 ns· 
"1" from G1 or G2 to Any Output Vee = 10V 100 200 ns 

CIN Input Capacitance (Note 2) 5.0 pF 

Cpo Power Dissipation Capacitance (Note 3) 60 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family 
Characteristics application note AN-90. 

Switching Time Waveforms 

Vee Vee 

A. B. COR D j 5D% G1 OR G2 

j:( 
50% 

OV OV 

.:; '"{; Vee '·'F ANY OUTPUT 
Vee 

ANY OUTPUT 50% 50% 

Vee 

OV OV 
. OV 

, 
tr = t, = 20 ns 

Truth Ta~le 
INPUTS OUTPUTS 

G1 G2 o ·c B A 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 
L L L L L L L H H H H H H H H H H H H H H H 
L L L L L H H L H H H H H Ii H H H H H H H H 
L L L L H L H H L H H H H H H H H H H H H H 

L L L L H H H H H L H H H H H H H H H H H H 
L L L H L L H H H H L H H H H H H H H H H H 
L L L H L H H H H H H L H H H H H H H H H H 
L L L H H L H H H H H. H L H H H H H H H H H 
L L L H H H H H, H H H H H L H H H H H H H H 
L L H L L L H H H H H H H H L H H H H H H H 
L L H L L H H H H H H H H H H L H H H H H H 
L L H L H L H H H H H H H H H H L H H H H H 
L L H L H H H H H H H H H H H H H L H H H H 
L L H H L L H H H H H H H H H H H H L H H H 
L L H H L H H H H H H H H H H H H H H L H H 
L L H H H L H H H H H H H H H H H H H H L H 

L L H H H H H H H H H H H H H H H H H H H L 
L H X X X X H H H H H H H H H H H H H H H H 
H L X X X X H H H H H H H H H H H H H H H H 
H H X X X X H H H H H H H H H H H H H H H H 

X = "Don't Care" Condition 
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~National 
~ Semiconductor 

MM54C157/MM74C157 Quad 2-lnput Multiplexers 

General Description 
These multiplexers are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N· and 
P-channel enhancement transistors. They consist of 
four 2-lnput multiplexers with common select and enable 
inputs. When the enable input is at logical "0" the four 
outputs assume the values as selected from the inputs. 
When the enable input is at logical "1", the outputs 
assume logical "0". Select decoding Is done internally 
resulting In a single select input only. 

Logic Diagram 

Truth Table 

ENABLE SELECT A B OUTPUTY 

1 X X X a 
a a a x a 
a a 1 x 1 

a 1 x a a 

Features 
• Supply voltage range 

• High noise immunity 

• Lowpower 

• Tenth power TIL compatible 

Connection Diagram 

3Vto 15V 

0.45 Vee (typ.) 

50nW (typ.) 

drive 2 LPTIL loads 

Vee ENABLE lA 38 3V 4A 48 4Y 

SELECT lA 18 IV 2A 2B 2Y GNO 

4.05 

3.05 

TOP VIEW 

Guaranteed Noise Margin as a 
Function of VCC 

13.5 

12.5 

a 1 x 1 1 
74L Compatibility LV§'N~10§)~~~~~~9 2.5 1.45 §: 1.5 

0.45 

4.50V 10V 15V 

Vee 
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Absolute Maximum Ratings (Note 1) 
-

Voltage at Any Pin -0.3 V to Vee+O.3 V Maximum Vee Voltage 18V 
Operating Temperature Range Package Dissipation 500mW 

MM54C157 -'55°C to +125°C Operating Vec Range 3Vt015V 
MM74C157 -40~C to +85°C Lead Temperature (Soldering, 10 sec.) 300°C 

Storage Temperature Range -65°C to +150°C 

DC Electrical Characteristics Max.lmln. limits apply across temperature range, unless otherwise noted. 

Parameter I Conditions I Min. I Typ. I Max. I Units 

CMOS to CMOS 

VIN(1) Logical "1" Input Voltage Vec=5.0V 3.5 V 
Vec=10V 8 V 

VIN(O) Logical "0" Input Voltage 
Vce=5.0V 1.5 V 
Vce=10V 2 V 

VOUT(1) Logical "1" Output Voltage 
Vce=5.0V 4.5 V 
Vee=10V 9.0 V 

VOUT(O) Logical "0" Output Voltage 
Vee=5.0V 0.5 V 
Vee = 10V 1.0 V 

IIN(1) Logical "1" Input Current Vec=15V 0.005 1.0 "A 
IIN(O) Logical "0" Input Current Vee = 15V, -1.0 -0.005 "A 
Icc Supply Current Vee=15V 0.05 60 "A 

CMOS to Tenth Power Interface 

VIN(1) Logical "1" Input Voltage 
54C Vee=4.5V Vcc- 1.5 V 
74C Vee =4.75V Vcc- 1.5 

VIN(O) Logical "0" Input Voltage 
54C Vec=4.5V 0.8 V 
74C Vce = 4.75 V 0.8 V 

VOUT(1) Logical "1" Output Voltage 
54C Vce=4.5V, 10=-360/lA 2.4 V 
74C Vee = 4.75 V, lo=-360/lA 2.4 V 

VOUT(O) Logical "0" Output Voltage 
54C Vec=4.5V, 10 = 360 "A 0.4 V 
74C Vee = 4.75 V, 10 = 360/lA 0.4 V 

Output Drive (See 54C174C Family Characteristics Data Sheet) (Short Circuit C"rrent) 

ISOURCE Output Source Current Vee = 5.0 Y, VIN(V!''' 0 V 
TA=25°C, VOUT=OV 

-1.75 mA 

IsouReE Output Source Current Vee=10V, ViN(O)=OV -8.0 mA 
TA = 25°C, VOUT=OV 

ISINK Output Sink Current Vce = 5.0V, VIN(1)=5.0V 1.75 mA 
TA = 25°C, Vour=Vee 

ISINK Output Sink Current Vee = 10 V, VIN(1) = 10 V 8.0 mA 
TA = 25°C, Vour=Vcc 

AC Electrical Characteristics TA = 25°C, CL = 50 pF, unless otherwise specified. 

Parameter Condltlonll! Min. Typ. Max. Units 

tpdO, tpd1 Propagation Delay from Vcc=5.0V 150 250 ns 
Data to Output Vee=10V 70 110 ns 

tpdO, tpd1 Propagation Delay from Vee=5.0V 180 300 ns 
Select ~o Output Vee=10V 80 130 flS 

tpdo, tpd1 Propagation Delay from Vcc=5.0V 180 300 ns 
Enable to Output Vec= 10V 80 130 ns 

CIN Input Capacitance ("!ote 2) 5 pF 

Cpo Power Dissipation (Note 3) 20 pF 
Capacitance 

Note 1: "Absolute Maximum Ratings" ,are thOSe values beyond Which the safety of the device cannot be guaranteed., Except for 
"Operating Temperature Range" they are,not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family 
Characteristics application note AN -90. 
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~National a Semiconductor 

MM54C160/MM74C160 Decade Counter with 
Asynchronous Clear 

MM54C161/MM74C161 Binary Counter with 
Asynchronous Clear 

MM54C162/MM74C162 Decade Counter with 
Synchronous Clear 

MM54C163/MM74C163 Binary Counter with 
Synchronous Clear 

General Description 
These (synchronous presettable up) counters are mono­
lithic complementary MOS (CMOS) integrated circuits 
constructed with N- and P·channel enhancement mode 
transistors. They feature an internal carry lookahead for 
fast counting schemes and for cascading packages 
without additional gating. 

A low level at the load input disables counting and 
causes the outputs to agree with the data Input after the 
next positive clock edge. The clear function for the C162 
and C163ls synchronous and a low level at the clear Input 
sets all four outputs low after the next positive clock 
edge. The clear function for the C160 and C161 Is asyn­
chronous and a low level at the clear Input sets all four 
outputs low regardless of the state of the clock. 

Counting Is enabled when both count enable inputs are 
high. Input T Is fed forward to also enable the carry out. 
The carry output is a positive pulse with a duration ap· 
proximately equal to the positive portion of QA and can 

Connection Diagram 
CLEAR- 1 

CLOCK- 1 

IN ... - 3 

IN._ 4 

IN.:_ i 

I"D_ • 

ENA8LEP- 1 

6"0-1 

U 

be used to enable successive cascaded stages. Logic 
transitions at the enable P or T Inputs can occur when 
the clock is high or low. 

Features 
• High noise margin 1 V goaranteed 

• High noise Immunity 0.45 Vee (typ.) 

• Tenth power TTL compatible drives 2 LPTTL loads 

• Wide supply voltage range 3 V to 15 V 

• Internal look-ahead for fast counting schemes 

• Carry output for N·blt cascading 

• Load control line 

• Synchronously programmable 

1&~VCi: 

151-~~':~~ 
141-a... 
131-0-

Ill-a.: 
"I-CIa 
10 rEllAllET 

'I-LQAD 

LogiC Waveforms· 
C160 •. - C162 Decade Counters ~ C161 ••.. C163 Binary Counters 

ClIARL....-Jr---------
LOAD~r---------

... ...r----J~ ______ _ 

... ...r----J _______ _ 
~...r----J~ ______ _ 

... _---------
tIlA'LE'~ 

E .... LlT~ 

tLOCX~ 

II.~ 

a.L.L.rI I 
~L.L.rI~ _____ _ 

"'~ 
""" ___ ..Jrl ... ____ _ 

J I • 0 I 2 J J J J 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.3 V to Vee+0.3 V 
Operating Temperature Range 

MM54C160/1/2/3 -55°C to +125°C 
MM74C160/1/2/3 -40°C to +85°C . 

Storage Temperature Range -65°C to +150°C 
Maximum Vee Voltage 18V 
Package Dissipation 500mW 
Operating Vee Range 3Vto 15V I 

Lead Temperature (Soldering, 10 sec.) 300°C 

DC Electrical Characteristics Max.lmln. limits apply across temperature range, unless otherwise noted. 

Parameter Conditions Min .. Typ. Max. Units 

CMOS to CMOS 

VIN(1) Logical "1" Input Voltage Vee=5.0V 3.5 V 
Vee = 10V 8.0. V 

VIN(O) Logical "0" Input Voltage Vee=·5.0V 1.5 V 
Vee=10V 2.0 V 

VOUT(1) Logical "1" Output Voltage Vee = 5.0 V, 10 = -10 "A 4.5 V 
Vee =10V, 10=-10"A 9.0 V 

VOUT(O) Logical "0" Output Voltage Vce=5.0V,lo=+10"A 0.5 V 
Vee = 10V, 10=+10"A 1.0 V 

IIN(1) Logical "1" Input Current Vee = 15V, VIN =15V 0.005 1.0 "A 
IIN(O) Logical "0" Input Current Vee=15V, VIN=OV -1.0 -0.005 "A 
Icc Supply Current Vec=15V 0.05 300 "A 

CMOS to LPTTL Interface 

VIN(1) Logical "1" Input Voltage 54C Vec=4.5V Vee- 1.5 V 
74C Vee = 4.75 V Vee- 1.5 V 

VIN(O) Logical "0" Input Voltage 54C Vee=4.5V 0.8 V 
74C . Vee=4.75V 0.8 V 

VOUT(1) Logical "1" Output Voltage 54C Vee = 4.5V, 10=-3601lA 2.4 V 
74C Vee = 4.75 V, 10 = -360 IlA 2.4 V 

VOUT(O) Logical "0" Output Voltage 54C Vee=4.5V, 10 = +360 "A ( 0.4 V 
74C Vee = 4.75 V, 10 = +360 "A 0.4 V 

Output Drive (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

IsouReE Output Source Current Vee = 5.0 V, VIN(O) = 0 V 
1.75 mA TA = 25°C, VOUT=OV 

IsouReE Output Source Current Vee = 10 V, VIN(O) = 0 V 8.0 mA TA=25°C, VOUT=OV 

ISINK Output Sink Current Vee=5.0V, VIN(1)=5.0V 
1.75 mA TA = 25°C, VOUT = Vee 

ISINK Output Sink Current Vee=10V, VIN(1)=10V 
8.0 mA TA = 25°C, VOUT = Vee 
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AC Electrical Characteristics TA = 25°C, CL = 50 pF, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

tpd Propagation Delay Time from Clock to a Vcc=5.0V 250 400 ns 
Vee=10V 100 160 ns 

tpd Propagation Delay Time from Clock to Carry Out Vee=5.0V 290 450 ns 
Vee = 10V 120 190 ns 

tpd Propagation Delay Time from T Enable to Carry Out Vee=5.0V 180 290 ns 
Vee = 10V 70 120 ns 

tpd Propagation Time from Clear to a Vee=5.0V 190 300 ns 
(C160 and C161 only) Vee=10V 80 150 ns 

ts Time prior to Clock that Data or Load must be Present Vee=5.0V 120 ns 
Vee=10V 30 ns 

ts Time prior to Clock that Enable P or T must be Present Vee=5.0V 170 280 ns 
Vee=10V 70 120 ns 

ts Time prior to Clock that Clear must be Present Vcc=5.0V, 120 190 ns 
(162, 163 only) Vee = 10Vr 50 80 ns 

Iw Minimum Clock Pulses Width Vee=5.0V ' 90 170 ns 
Vee = 10V 35 70 ns 

t" If Maximum Clock Rise or Fall Time Vee=5.0V 15 jlS 

Vee=10\V 5.0 jlS 

fMAx Maximum Clock Frequency Vcc= 5.0\V 2.0 3.0 MHz 
Vee=10~ 5.5 8.5 MHz 

Cpo Power Dissipation Capacitance NOle 3 \ 95 pF 

Input Capacitance Note 2 
\ 

5.0 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of t\le device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to Imply that the devices should be 0P\lrated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family 
Characteristics application note AN -90. 
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Logic Diagrams 

MM74C160, MM74C162; Clear is Synchronous for the MM74C162 

CLEAR 

CLOCK 

LOAD 

ENABLEP 

ENABLET-4~------------------------------------_..J 

MM74C161, MM74C163; Clear is Synchronous for the MM74C163 

CLEAR 

CLOCK 

LOAD 

ENABLEP 

ENABLET~~---________________________________ .....J 
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Switching Time Waveforms 

LOAD 

INPUT 

ENABLE. 
DRT 

CLOCK 

OUTPUT 

tpdCLEARforC16DandC181 only 

Note 1: AU input pulslS are from generators having the following characteristics: tr "tf '" 
20 05 PHR:S: 1 MHz duty cycle::;; 50%. ZOUT "" son. 

Note 2: All times ItB measured from 50% to 50%. 

Cascading Packages 

+V 

+V 

CDUNT-4~-------""------_""'---__ 
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MM54C164/MM74C164 8-Bit Parallel;;Qut 
Serial Shift Register ' 

, 
General Description 
The MM54C164/MM74C164 shift registers are a mono­
lithic complementary MOS (CMOS) Integrated circuit 
constructed with N- and P-channel enhancement tran­
sistors. These 8-bit shift registers have gated serial in­
puts and clear. Each register bit is a D-type master/slave 
flip flop. A high-level Input enables the other input which 
will then determine the state of the flip flop. . 

Data is serially shifted In and out of the 8-bit register 
during the positive going transition of clock pulse. Clear 
Is independent of the clock and accomplished by a low 
level at the clear input. All inputs are protected against 
electrostatic effects. 

Block Diagram 

CLOCK 

Features 
• Supply voltage range 
• Tenth power TTL compatible 

3V to 15V 
drive 2 LPTTL loads 

0.45 Vcc (typ.) 
50nW (typ.) 

8.0MHz (typ.) 
with 10V supply 

• High noise immunity 
• Lowpower 
• Medium speed operation 

Applications 
• Data terminals • Industrial electronics 
• Instrumentation • Remote metering 
• Medical electronics • Computers 
• Alarm systems 

CLEARC>----t :::OO---+--+-_--+--_--+--+--+-__<l_-+-.. --II--_-+---' 

Connection Diagram Truth Tables 

Serial I "puts A and B 

INPUTS OUTPUT 

tn tn+l 

A B QA 

1 1 1 

0 1 0 
1 0 0 
0 0 0 
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s: 
Absolute Maximum Ratings (Note 1) s: 

Con 
Voltage at Any Pin -0.3 V to Vcc+0.3 V 0l:Io 
Operating Temperature Range 0 ..... 

MM54C164 -55·C to +125·C en 
MM74C164 -40·C to +85·C 0l:Io -Storage Temperature Range -65·C to +150·C s: 

Absolute Maximum Vcc 18V s: 
Package DIssipation 500mW ...... 
Operating Vcc Range 3Vto 15V 0l:Io 
Lead Temperature (Soldering, 10 sec.) 300·C 0 ..... 
DC Electrical Characteristics 

en 
Max.lmin. limits apply across temperature range, unless otherwise noted. 0l:Io 

Parameter I Conditions I Min. I Typ. I Max. I Units 

CMOS to CMOS 

VIN(1) Logical "1" Input Voltage 
Vcc=5.0V 3.5 V 
Vcc=10V 8.0 V 

VIN(O) Logical "0" Input Voltage 
Vcc=5.0V 1.5 V 
Vc~ = 10V 2.0 V 

VOUT(1) Logical "1" Output Voltage 
Vcc = 5.0V, lo=-10,..A 4.5 V 
Vcc=10V, lo=-1O,..A 9.0 V 

VOUT(O) Logical'''O'' Output Voltage 
Vcc = 5.0 V, 10 = +10,..A 0.5 V 
Vcc =10V, 10=+10,..A 1.0 V 

IIN(1) Logical "1" Input Current Vcc =15V, VIN =15V 0.005 1.0 ,..A 

IIN(O) Logical "0" Input Current Vcc = 15V, VIN=OV -1.0 -0.005 ,..A 

Icc Supply Current Vcc=15V 0.05 300 ,..A 

CMOS to LPTTL Interface 

VIN(1) Logical "1" Input Voltage 
54C Vcc=4.5V Vcc- 1.5 V 
74C Vcc =4.75V Vcc- 1.5 v 

Logical "0" Input Voltage 
54C Vcc=4.5V 0.8 V 

VIN(O) 74C Vcc =4.75V 0.8 V 

VOUT(1) Logical "1" Output Voltage 
54C Vcc=4.5V, 10=-360,..A 2.4 V 
74C Vcc = 4.75 V, 10 = -360,..A 2.4 V 

VOUT(O) Logical "0" Output Voltage 
54C Vcc=4.5V, 10 = 360,..A 0.4 V 
74C Vcc=4.75V, 10 = 360,..A 0.4 V 

Output Drive (See 54CI14C Family Characteristics Data Sheet) (Short Circuit Current) 

ISOURCE Output Source Current 
Vcc=5.0V, VIN(O)=OV -1.75 mA TA =25·C, VOUT=OV 

ISOURCE Output Source Current Vcc =10V, VIN(O)=OV -8.0 mA 
TA =25·C, Vour=OV 

ISINK Output Sink Current 
Vcc=5.0V, VIN(1) = 5.0 V 

1.75 mA 
TA = 25·C, VOUT = Vcc 

ISINK Output Sink Current 
Vcc=10V, VIN(1)=10V 

8.0 mA 
TA = 25·C, VOUT = Vcc 
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~ 
CQ o AC Electrical Characteristics TA = 25°C, CL =50pF, unless otherwise noted. 

~ .... 
:IE 
:IE -~ ...... 
o 
~ 
1.0 
:IE 
:IE 

Parameter Conditions Min • Typ. Max. Units 

tpdl Propagation Delay Time to a logical "0" or a Vcc =5.0V 230 310 ns 
logical "1" from Clock to a Vce=10V 90 120 ns 

tpdO Propagation Delay Time to a logical "0" from Vee =5.0V 280 380 'ns 
Clear to a Vee=10V 110 150 ns 

ts Time Prior to Clock Pulse that Data Must be Vce=5.0V 200 110 ns 
Present Vcc=10V 80 30 ns 

tH Time After Clock Pulse that Data Must be Held Vee=5.0V 0 0 ns' 
Vce=10V 0 0 ns 

tMAX Maximum Clock Frequency Vee=5.0V 2.0 3 MHz 
Vee = 10V 5.5 8 MHz 

tw Minimum Clear Pulse Width Vee =5.0V 150 250 ns 
Vee = 10V 55 90 ns 

tr, tf Maximum Clock Rise and Fall Time Vce=5.0V 15 liS 
Vee=10V 5.0 liS 

CIN Input Capacitance Any Input (Note 2) 5 pF 

Cpo Power Dissipation Capacitance (Note 3) 140 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family 
Characteristics application note AN-90. 

Switching Time Waveforms 
",,'-ur-'----------------.u..-----

" 
" 
" 
" :::: . .1.1 ________ r-:L....n __ --'-_ 

" ::::1 r--IL..-fl-----'. =::' r--JI-____ _ 
'. ::::l nL..1 ____ _ 

tlJAR ClJAR 

CMOS to CMOS, TTL to CMOS 

V~------t-J~--------- <DV------f-J.-----------
CLOCK 

DV----=q DV-----q 

4.DV -t-,r.;;;--+---;;ui 
DATA 

DATA 
DV DV 

Vox Vee 

'11% 1.5V 

OV OY 

Vox Vox 

1.5V 

OV OV 

t,=t,=ZOns 
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AC Test Circuit 

INPUTS! 

CLOCK 

Typical Applications 

74C Compatibility 

1-71 

Guaranteed Noise Margin as a Function of Vee 

15V r--:-:-=--:-====:::--, 
13.5 

12.5 

~ 
; 4.05 
Z; 3.05 

~ 

1V~'N~(0§)~~~~~~~9 2.5 1.45 t 1.5 
0.45 

4.50V 10V 

Vee 

15V 



II) 

~ ~National 
~ ~ Semiconductor 
:IE 
:IE 

MM54C165/MM74C165 Parallel-Load a-bit 
Shift Register 

General Description 
The MM54C165/MM74C165 is an 8-bit serial shift register 
which shifts data from QA to QH when clocked. Parallel 
inputs to each stage are enabled by a low level at the 
shift/load Input. Also included Is a gated clock Input and 
a complementary output from the eighth bit. 

Clocking is accomplished through a 2-lnput NOR-gate 
permitting one input to be used as a clock-Inhibit func­
tion. Holding either of the clock Inputs high Inhibits 
clocking, and holding either clock input low with the 
shlftfload high enables the other clock Input. Data trans­
fer occurs on the positive edge of the clock. The clock 
inhibit input should be changed to a high level only while 
the clock Input is high. 'Parallel loading Is Inhibited as 
long as the shlftfload input is high. When taken low, data 
at the parallel inputs Is loaded directly into the register 
Independent of the state of the clock. 

Connection 'Diagram 

Features 
• Wide supply voltage range 

• Guaranteed noise margin 

• High noise Immunity 

• Low power TIL compatibility 

• Direct overriding load 

• Gated clock inputs 

• Fully static operation 

PARAllEL INPUTS 

Block Diagrams 
CLOCK 

CLOCK INHIBIT 

SHIFTI 
LOAD 

Sll 

;>0--_;;;: 

TOP VIEW 

~O--~--~---'----'-----1------'------~--------, 
iii:o---t-~---+~~--+-~---t--.---+-~---t--1---;--'---' 

SERIAL 10 
INPUT 

PARALLEL INPUTS 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.3 V to Vcc + 0.3 V 
Operating Temperature Range 

MM54C165 -55·C to +125·C 
MM74C165 -40·C to +85·C 

Storage Temperature Range -65·C to +150·C 
Absolute Maximum Vcc 18V 
Package Dissipation 500mW 
Operating Vcc Range 3Vto 15V 
Lead Temperature (Soldering, 10 sec.) 300·C 

DC Electrical Characteristics Max.lmln. limits apply across temperature range, unless otherwise noted. 

Parameter I Conditions I Min. I Typ. I Max. I Units 

CMOS to CMOS 

VIN(l) Logical "1" Input Voltage 
Vcc=5.0V 3.5 V 
Vcc=10V 8.0 V 

VIN(O) logical "0" Input Voltage 
Vcc=5.0V 1.5 V 
Vcc=10V 2.0 V 

VOUT(l) Logical "1" Output Voltage 
Vcc = 5.0 V, 10=-10,..A 4.5 V 
Vcc = 10 V, 10 = -10 lolA 9.0 V 

VOUT(O) logical "0" Output Voltage 
Vcc=5.0V,lo=+10,..A 0.5 V 
Vcc=10V, lo=+10,..A 1.0 V 

IIN(l) Logical "1" Input Current Vcc=15V, VIN =15V 0.005 1.0 ,..A 

IIN(O) Logical "0" Input Current Vcc=15V, VIN=OV -1.0 -0.005 ,..A 

Icc Supply Current Vcc=15V 0.05 300 ,..A 

CMOS to LPTTL Interface 

VIN(l) Logical "1" Input Voltage 
54C Vcc=4.5V Vcc- 1.5 V 
74C Vcc =4.75V Vcc -1.5 v 

Logical "0" Input Voltage 
54C Vcc=4.5V 0.8 V 

VIN(O) 74C Vcc=4.75V 0.8 V 

VOUT(l) logical "1" Output Voltage 
54C Vcc=4.5V, lo=-360,..A 2.4 V 
74C Vcc=4.75V,lo=-360,..A 2.4 V 

VOUT(O) Logical "0" Output Voltage 
54C Vcc=4.5V, 10 = 360,..A 0.4 V 
74C Vcc=4.75V, 10 = 360,..A 0.4 V 

Output Drive (Set! 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

ISOURCE Output Source Current Vcc=5.0V -1.75 -3.3 rnA (P·Channel) TA=25·C, VOUT=OV 

ISOURCE Output Source Current Vcc=10V -8.0 -15 rnA (P·Channel) TA=25"C, VOUT=OV 

ISINK Output Sink Current Vcc=5.0V 
1.75 3.6 rnA (N·Channel) TA=25"C, VOUT= Vcc 

ISINK Output Sink Current Vcc=10V 
8.0 16 rnA 

(N·Channel) TA = 25·C, VOUT = Vcc 

1-73 

s:: 
s:: 
en 
~ o ...... 
CD en -s:: 
s:: ..... 
~ o ...... 
CD en 



It) 
CD .... 
(,) 
~ ..... 
::E-
::E -It) 
CD .... 
(,) 
~ 
It) 

::E 
:E 

AC Electrical Characteristics TA=25"C, CL =50pF, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

tpdQ, tpdl Propagation Delay Time to a Logical "0" or Vcc=5.0V 200 400 ns 
Logical "1" from Clock or Load to a or a Vcc"=10V 80 200 ns 

tpdQ' tpdl Propagation Delay Time to a Logical "0" or Vcc =5.0V 200 400 ns 
logical "1" from H to a ora Vcc= 10V 80 200 ns 

ts Clock Inhibit Set-up Time Vcc =5.0V 150 75 ns 
Vcc=10V 60 30 ns 

ts Serial Input Set-up Time Vcc=5.0V 50 25 ns 
Vcc=10V 30 15 ns 

tH Serial Input Hold Time Vcc =5.0V 50 0 ns 
Vcc=10V 30 0 ns 

ts Parallel Input Set·up Time Vcc=5.0V 150 75 ns 
Vcc=10V 60 30 ns 

tH Parallel Input Hold Time Vcc =5.0V 50 0 ns 
Vcc= 10V 30 0 ns 

tw Minimum Clock Pulse Width Vcc =5.0V 70 200 ns 
Vcc=10V 30 100 ns 

tw Minimum Load Pulse Width Vcc=5.0V 85 180 ns 
Vcc=10V 30 90 ns 

fMAX Maximum Clock Frequency Vcc =5.0V 2.5 6.0 MHz 
Vcc=10V 5.0 12 MHz 

tt> tf Maximum Clock Rise and Fall Time Vcc=5.0V 10 ".s 
Vcc= 10V 5.0 ".s 

C1N Input Capacitance (Note 2) 5.0 pF 

Cpo Power Dissipation Capacitance (Note 3) 65 pF 

Nota 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Nota 2: Capacitance Is guaranteed by- periodic testing. 
Nota 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family 
Characteristics application note AN-gO. 

Switching Time Wavefonns 

v" I} I~~~~~ os Vee 

v::----~ _~'" ~~----:-~-IW"-COC,, 
CLOCK 0.5 Vee 

DV------------------
IW1ClOCKI- -- - lti 

Voc----------------------~----·,__r_.I 
s~:;~~ 0.5 v~ I 

.. " INPUTS 

VOC , ,---__.I,,:-r--- I"DC.,t:.- -=-i I,,, r, 
0.5 Vee ~ / L 
DV-~ -=:1 ~lwn.OADI 

TI V" --+------/,---."-.11 SHIF 0.5 Vee 
LOAD BV -+-:-_--1 

- - I,.., _j ::=.:::-.... nH D.5::-n r---~ I 
DV '-----+'1 
__ Ipdl - ... -tp.,o 

VOC 
OH O.5Vcc 

DV---J 

NOli A: Tbe remallilng Sill data .nd 1ha SUI,I input afe low, 
NoteB: Pnof 10 len, high 'lYel dallIS Inaded Into H Ulpllt. 
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Truth Table 

INPUTS INTERNAL 

SHIFTI CLOCK PARALLEL OUTPUTS OUTPUT 

LOAD INHIBIT 

L X 

H L 

H L 

H L 
H H 

H = VINIII. L = VINIO) 
X ::: Irrelevant 

CLOCK 

X 

L 
1 
1 
I 

I'" transition from VINIOI to VINllI 
a ... h = the level at data inputs A thru H 

SERIAL 
A ••• H OA GB 

X a ... h a b 

X X GAO GBO 

H X H GAn 

L X L GAn 

X X GAO GB~ 

QAO. aBO. aHO::: the level of CA. aS or 0H. before the indicated input conditions were established 

0An. 06n = the level of QA or 06 before the most recent 1 transition of the clock 

Logic Waveforms 

CLOCK 

CLDCKINHI81T 

SERIALINPUT=:::;-,-;==t============== 
SHlnfLOAD 

DATA 

DUTPUlOti 

OUTPUT~ 

_!-____ SERIALSHlfT _____ _ 
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MM54C173/MM74C173 TRI-STATE® Quad D' Flip-Flop 

General Description 
The MM54C173/MM74C173 TRI-STATE quad D flip flop 
is a monolithic complementary MOS (CMOS) integrated 
circuit constructed with N- and P-channel enhancement 
transistors. The four D-type flip' flops operate synchro­
nously from a common clock. The TRI-STATE output al­
lows the device to be used in bus-organized systems. 
The outputs are placed in the TRI-STATE mode when 
either of the two output disable pins are in the logic "1" 
level. The input disable allows the flip flops to remain in 
their present states without disrupting the clock. If 
either of the two input disables are taken to a logic "1" 
level, the Q outputs are fed back to the inputs and in 
this manner the flip flops do not change state. 

Features 
- Supply voltage range 

- Tenth power TTL compatible 

3Vto 15V 

Drive 2 LPTTL loads 

0.45 Vee (typ.) - High noise immunity 

- Low power 
- Medium speed operation 

- High Impedance TRI-STATE 

- Input disable without gating the clock 

Applications 
- Automotive - Alarm systems 
- Data terminals - Industrial electronics 

Clearing is enabled by taking the input to a logic "1" • Instrumentation • Remote metering 

- Computers level. Clocking occurs on the positive-going transition. - Medical electronics 

Logic Truth Table and Connection Diagrams 

.. 'IITAo----------r, 

DATAIIPIIT [ 
DISAILE 

CLOCK 

CLEAR 

II'OTI'o------I"+-""11'1 

1"'UTCo-----.-,H---I~ 

IIPUT0 0--------1+--r"""'\ 

OUTPUT [ 
DIIAILE 

OUTPUTC 

OUl1'UTD 
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DATA 
INPUT INPUT INPut INrUT INPUT ''''IIT 

Vee; CLEAR ABC 0 DlIIIIU DISABLE 

OU11'UTOUTPUT ourpuTOIITPutOurrtlt OUTPUT CP 
DISAILEDISAIU II • C [l 

Tr"th Table {Both Output Disable. Lowl 

t" tn+1 

DATA INPUT DISABLE 
DATA 
INPUT OUTPUT 

Logic "1" on One or Both Inputs X On 
Logic "0" on Both Inputs 1 1 
Logic uO" on Both Inputs 0 0 



Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.3 V to Vee + 0.3 V 
Operating Temperature Range 

MM54C173 -55·C to +125·C 
MM74C173 -40·C to +S5·C 

Storage Temperature Range -65·C to +150·C 
Maximum Vee Voltage 1SV 
Package Dissipation 500mW 
Operating Vee Range 3Vto 15V 
Lead Temperature (Soldering, 10 sec.) 300·C 

DC Electrical Characteristics Max.lmin. limits apply across temperature range, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

CMOS to CMOS 

VIN(1) Logical "1" Input Voltage 
Vee =5.0V 3.5 V 
Vee=10V S.O V 

VIN(O) Logical "0" Input Voltage 
Vee=5.0V 1.5 V 
Vee=10V 2.0 V 

VOUT(1) Logical "1" Output Voltage 
Vee =5.0V 4.5 V 
Vee=10V 9.0 V 

VOUT(O) Logical "0" Output Voltage 
Vee=5.0V, 0.5 V 
Vee = 10V 1.0 V 

IIN(1) Logical "1" Input Current Vee = 15V 0.005 1.0 /lA 

IIN(O) Logical "0" Input Current -1.0 -0.005 /lA 

Output Current in High Vee =15V, VQ =15V 0.001 1.0 /lA , 
Impedance State Vee =15V, Vo=OV -1.0 0.001 /lA 

Icc Supply Current Vee=15V 0.05 300 /lA 

Low Power TTL/CMOS Interface 

VIN(1) Logical "1" Input Voltage 
54C Vec =4.5V Vee -1.5 V 
74C Vec=4.75V Vce -1.5 v 

Logical "0" Input Voltage 
54C Vec=4.5V O.S V 

VIN(O) 74C Vcc =4.75V O.S V 

VOUT(1) Logical "1" Output Voltage 
54C Vec=4.5V, 10=-360/lA 2.4 V 
74C Vec=4.75V,lo=-360/lA 2.4 V 

VOUT(O) Logical "0" Output Voltage 
54C Vec = 4.5V, 10 = 360/lA 0.4 V 
74C Vec = 4.75V, 10 = 360/lA 0.4 V 

tpdO, tpd1 Propagation Delay Time to 
a Logical "0" or Logical Vee=5.0V, CL =50pF, 
"1" from Clock TA=25·C 500 ns 

Output Drive (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

ISOURCE Output Source Current Vce = 5.0 V, VIN(O) = 0 V -1.75 mA 
TA = 25·C, VOUT = 0 V 

ISOURCE Output Source Current 
Vcc =10V, VIN(O)=OV -S.O mA 
TA = 25·C, VOUT =DV 

ISINK Output Sink Current Vee = 5.0 V, VIN(1) = 5.0 V 
1.75 mA 

TA = 25·C, VOUT = Vee 

ISINK Output Sink Current 
Vee = 10V, VIN(1) = 10V 

S.O mA 
TA = 25·C, VOUT = Vee 
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(I) ..... 
AC Electrical Characteristics ..... TA = 25DC, CL = 50 pF, unless otherwise noted. 

0 
"'It 

Parameter Conditions Min. Typ. Max. Units ..... 
:E tpdo, tpd1 'Propagation Delay Time to a Logical "0" or Vce=5.0V 220 400 ns 
:E Logicaf "1" from Clock to Output Vee=10V 80 200 ns -(I) ts Input Data Set-up Time Vee=5.0V 40 80 ns ..... ..... Vee = 10V 15 30 ns 
0 tH Input Data Hold Time Vee=5.0V 0 0 ns "'It 
it) Vee=10V 0 0 ns 
:E ts Input Disable Set-up Time, ts OISS Vee=5.0V 100 200 ns 
:E Vee = 10V 35 70 ns 

tH Input Disable Hold Time, tH OISS Vee=5.0V 0 0 ns 
Vee=10V 0 0 ns 

t1H, tOH Delay from Output Disable to High Impedance Vee = 5.0 V, Ri.=10k 170 340 ns 
State (from Logical "1" or Logical "0" Level) Vee = 10V, RL = 10k 70 140 ns 

tH1 Delay from Output Disable to Logical "1" Vee=5.0V 170 340 ns 
Level (from High Impedance State) Vee = 10V 70 140 ns 

tHO Delay from Output Disable to Logical "0" Vee=5.0V 170 340 ns 
Level (from High Impedance State) Vee = 10V 70 140 ns 

tpdo, tpd1 Propagation Delay from Clear to Output Vee=5.0V 240 490 ns 
Vee=10V 90 180 ns 

fMAx. Maximum Clock Frequency Vcc=5.0V 3.0 4.0 MHz 
Vcc=10V 7.0 12 MHz 

tw Minimum Clear Pulse Width Vcc=5.0V 150 ns 
Vcc=10V 70 ns 

tr, t, Maximum Clock Rise and Fall Time Vcc=5.0V 10 /AS 
Vce=10V 5.0 /As 

CIN Input Capacitance (Note 2) 5.0 pF 

Cpo Power Dissipation Capacitance (Note 3) 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot 'be guaranteed. Except for 
"Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of '"Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family 
Characteristics application note AN -90. 

Switching Time Waveforms 

CLEAR 

I~~~~ ---r-----/--, 

CLOCK ---I----J 
' ... 

ou~~~---'I 
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M~54C174/MM74C174 Hex D Flip-Flop 

General Description 
The MM54C174/MM74C174 hex D flip-flop is a monolithic 
complementary MOS (CMOS) integrated circuit con­
structed with N- and P-channel enhancement transistors. 
All have a direct clear input. Information at the D inputs 
meeting the setup time requirements is transferred to the 
Q outputs on the positive-going edge of the clock pulse. 
Clear is independent of clock and accomplished by a low 
level at the clear input. All inputs are protected by diodes 
To Vcc and GND. 

Logic Diagrams 

OATA 

ClEAR----------*------' 

Connection Diagram 

Vee 60 60 50 50 40 40 CLOCK 

CLEAR 10 10 20 20 30 30 GND 

TOP VIEW 

Features 
• Wide supply voltage range 

• Guaranteed noise margin 

• High noise immunity 

• Low power TTL compatibility 

3.0Vto 15V 

1.0V 

0.45 Vcc (typ.) 

fan out of 2 
driving 74L 

CL Cl 

Illillli 
Ci Cl 

j" 

Truth Table 

INPUTS OUTPUT 

CLEAR CLOCK 0 Q 

L X X L 

H t H H 

H t L L 

H L X Q 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.3 V to Vee + 0.3 V 
Operating Temperature Range 

MM54C174 -55°C to +125°C 
MM74C174 -40°C to +85°C 

Storage Temperature Range -65°C to +150°C 
Package Dissipation 500mW 
Operating Vee Range 3.0Vto 15V 
Absolute Maximum Vee 18V 
Lead Temperature (Soldering, 10 sec.) 300°C 

DC Electrical Characteristics Max.lmin. limits apply across temperature range, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

CMOS to CMOS 

VIN(l) Logical "1" Input Voltage 
Vee=5.0V 3.5 V 
Vee = 10V 8.0 V 

VIN(O) Logical "0" Input Voltage 
Vee =5.0V 1.5 V 
Vee=10V 2.0 V 

VOUT(l) Logical "1" Output Voltage 
Vee = 5.0 V, 10 = -10 "A 4.5 V 
Vee=10V,lo=-10"A 9.0 V 

VOUT(O) Logical "0" Output Voltage 
Vee = 5.0 V, 10 = +10 "A 0.5 V 
Vee=10V,lo=+10"A 1.0 V 

IIN(l) Logical "1" Input Current Vee = 15V, VIN=15V 0.005 1.0 "A 

IIN(O) Logical "0" Input Current Vee =15V, VIN=OV -1.0 -0.005 "A 

Icc Supply Current Vee = 15V 0.05 300 "A 

CMOSILPTTL Interface 

VIN(l) Logical "1" Input Voltage 
54C Vee=4.5V Vee- 1.5 V 
74C Vee=4.75V Vee -1.5 v 

Logical "0" Input Voltage 
54C Vee =4.5V 0.8 V 

vIN(O) 74C Vee=4.75V 0.8 V 

VOUT(l) Logical "1" Output Voltage 
54C Vee=4.5V, 10=-360,..A 2.4 V 
74C Vee = 4.75 V, 10 = -360 "A 2.4 V 

VOUT(O) logical "0" Output Voltage--
54C Vee =4.5V, 10 = 360 "A 0.4 V 
74C Vee = 4.75 V, 10 = 360"A 0.4 V 

Output Drive (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

ISOURCE Output Source Current Vee =5.0V 
-1.75 -3.3 rnA (P·Channel) TA=25°C, VOUT=OV 

ISOURCE Output Source Current Vee=10V -8.0 -15 rnA (P·Channel) TA=25°C, VOUT=OV 

ISINK Output Sink Current Vee=5.0V 
1.75 3.6 rnA (N-Channel) TA = 25°C, VOUT =Vee 

ISINK Output Sink Current Vee=10V 8.0 16 rnA (N·Channel) TA = 25°C, VOUT = Vce 

"' 
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AC Electrical Characteristics TA=25·C, CL=50pF, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

tpd Propagation Delay Time to a Logical Vee =5.0V 150 300 ns 
"0" or Logical "1" from Clock to Q Vee=10V 70 110 ns 

tpd Propagation Delay Time to a Logical Vee=5.0V 110 300 ns 
"0" from Clear Vee=10V 50 110 ns 

ts1, tso Time Prior to Clock Pulse that .Data Vee=5.0V 75 ns 
must be Present Vee=10V 25 ns 

tH1, tHO Time after Clock Pulse that Data Vee=5.0V 0 -10 ns 
must be Held Vee=10V 0 -5.0 ns 

tw Minimum Clock Pulse Width Vee=5.0V 50 250 ns 
Vee=10V 35 100 ns 

tw Minimum Clear Pulse Width Vee=5.0V 65 140 ns 
Vee=10V 35 70 ns 

t"t, Maximum Clock Rise and Fall Time Vee=5.0V 15 >1200 ,..s 
Vee=10V 5.0 >1200 ,..s 

fMAx Maximum Clock Frequency Vee=5.0V 2.0 6.5 MHz 
Vee = 10V 5.0 12 MHz 

CIN Inp.ut Capacitance Clear Input (Note 2) 11 pF 
Any Other Input 5.0 pF 

Cpo Power Dissipation Capacitance Per Package (Note 3) 95 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family 
Characteristics application note AN-SO. 

Switching Time Waveforms 

CLOCK 

CMOS to eMOS 

Vee--1-+·'."r."r-~-JF.90% 
50% ___ ,,,,,D%~I 

v:::Jf:iI'r:% ,~{, 
DATA 50% 50% 

OV 1D% IS " 11o-!'::0%:...-__ 
tH I _I 

IS. 'H 0 

ve~,~ ! DATA 50% 50% 

DV --jl'~% '0% 
--j I, 

Vee ' 
___ IPdl __ !SO% 0 

DV 

Vee 
'-''''0-\,0% Q 

DV 
t,"'t,=20ns 

AC Test Circuit 

INPUT- DATA 

INPUT - CLOCK 
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~ ~National 
t! ~ Semiconductor 
::i 
::i 
ie MM54C175/MM74C175 Quad D Flip-Flop .... 
o • &I) 

2 
:IE General Description 

The MM54C175/MM74C175 consists of four positive­
edge triggered D type flip-flops implemented with 
monolithic CMOS technology. Both are true and com­
plemented outputs from each flip-flop are externally 
available. All four flip flops are controlled by a common 
clock and a common clear. Information at the D Inputs 
meeting the set-up time requirements is transferred to 
the a outputs on the positive-going edge of the clock 
pulse. The clearing operation, enabled by a negative 
pulse at Clear Input, clears all four a outputs to logical 
"0" and a's to logical "1". 

All inputs are protected from static discharge by diode 
clamps to Vee and GND. 

Features 
• Wide supply voltage range 

• Guaranteed noise margin 

• High noise Immunity 

• Low power TTL compatibility 

Connection Diagram and Truth Table 

Vee 40 40 40 3D 30. 30 CLOCK 

CLEAR 10 tii 10 20 

TOP VIEW 

Logic Diagram 

C[ 

CLOCK~CL 

2ii ZQ GNU 

CLEAR TYPICAL ONE OF FOUR 
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Each Flip·Flop 

INPUTS 

CLEAR CLOCK 

L 

H 

H 

H 

H 

H "" High level 
L = Low level 
X = Irrelevant 

X 

t 
t 
H 

L 

0 

X 

H 

L 

X 

X 

OUTPUTS 

Q Q 

L H 

H L 

L H 

NC NC 

NC NC 

t = Transition from low to high level 
, NC = No change 

fi CL 

mH' C[ 

Ci. 

mH' CL 

3.0Vto 15V 

1.0V 

0.45 Vee (typ.) 

fan out of 2 
driving 74L 



Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.3 V to Vcc + 0.3 V 
Operating Temperature Range 

MM54C175 -55·C to +125·C 
MM74C175 -40·C to +85·C 

Storage Temperature Range -65·Cto +150·C 
Package Dissipation 500mW 
Operating Vcc Range 3Vto 15V 
Absolute Maximum Vcc 18V 
Lead Temperature (Soldering, 10 sec.) 300·C 

DC Electrical Characteristics MaxJmin. limits apply across temperature range, unless otherwise noted. 

Parameter I Conditions I Min. I Typ. I Max. I Units 

CMOS to CMOS 

VIN(l) Logical "1" Input Voltage 
Vcc=5.0V 3.5 V 
Vcc=10V 8.0 V 

VIN(O) Logical "0" Input Voltage 
Vcc=5.0V 1.5 V 
Vcc = 10V 2.0 V 

VOUT(l) Logical "1" Output Voltage 
Vcc = 5.0 V, 10 = -10 I'A 4.5 V 
Vcc=10V,lo=-10",A 9.0 V 

VOUT(O) Logical "0" Output Voltage 
Vcc = 5.0 V, 10 = +10 ",A 0.5 V 
Vcc =10V,lo=+10",A 1.0 V 

IIN(l) Logical "1" Input Current Vcc= 15V, VIN =15V 0.005 1.0 ",A 

IIN(O) Logical "0" Input Current Vcc=15V, VIN=OV -1.0 -0.005 ",A 

Icc Supply Current Vcc=1SV 0.05 300 ",A 

CMOSILPTTL Interface 

VIN(l) Logical "1" Input Voltage 
54C Vcc=4.5V Vcc- 1.5 V 
74C Vcc= 4.75V Vcc- 1.5 Y 

Logical "0" Input Voltage 
54C Vcc =4.5V 0.8 V 

YIN(O) 74C Vcc=4.75V 0.8 V 

VOUT(l) logical "1" Output Voltage 
54C Vcc =4.5V, 10=-360",A 2.4 V 
74C Vcc = 4.75 V, 10 = -3601'A 2.4 V 

VOUT(O) Logical "0" Output Voltage 
54C Vcc=4.5V, 10 = 360/'A 0.4 V 
74C Vcc =4.75V, 10 = 360l'A 0.4 V 

Output Drive (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

ISOURCE Output Source Current Vcc=5.0V 
-1.75 -3.3 mA (P-Channel) TA=25"C, VOUT=OV 

ISOURCE Output Source Current Vcc=10V -8.0 -15 mA (P-Channel) TA = 25·C, VOUT = 0 V 

ISINK Output Sink Current Vcc=5.0V 
1.75 3.6 mA (N-Channel) TA = 25·C, VOUT = Vcc 

ISINK Output Sink Current Vcc=10V 
8.0 16 mA (N-Channel) TA = 25·C, VOUT = Vcc 
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AC Electrical Characteristics TA=25·C, CL=50pF, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

tpd Propagation Delay Time to a Logical 
"0" or Logical "1" from Clock to a Vee =5.0V 190 300 ns 
or a Vee = 10V 75 110 ns 

tpd Propagation Delay Time to a Logical Vee=5.0V 180 300 ns 
"0" from Clear to a Vee = 10V 70 110 ns 

tpd Propagation Delay time to a Logical Vee =5.0V 230 400 ns 
"1" from Clear to a Vee = 10V 90 150 ns 

ts Time Prior to Clock Pulse that Data Vee=5.0V 100 45 ns 
must be Present Vee=10V 40 16 ns 

tH Time After Clock Pulse that Data Vee=5.0V 0 -11 ns 
must be Held Vee = 10V 0 -4 ns 

tw Minimum Clock Pulse Width Vee=5.0V 130 250 ns 
Vee = 10V 45 100 ns 

tw Minimum Clear Pulse Width Vee =5.0V 120 250 ns 
Vee = 10V 45 100 ns 

tr Maximum Clock Rise Time Vee=5.0V 15 450 flS 
Vee = 10V 5.0 125 ·flS 

tf Maximum Clock Fall Time Vee=5.0V 15 50 flS 
Vee = 10V 5.0 50 flS 

fMAX Maximum Clock Frequency Vee=5.0V 2.0 3.5 MHz 
Vee = 10V 5.0 10 MHz 

CIN Input Capacitance Clear Input (Note 2) 10 pF 
Any Other Input 5.0 pF 

Cpo Power Dissipation Capacitance Per Package (Note 3) 130 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual devlce.operation. 
Note 2: Capacitance is guaranteed by periodiC testing. 
Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family 
Characteristics application note AN-90. 

, 

Switching Time Waveforms 

CMOS to CMOS 

Vee 
--j"r 

DV lDJ 

90% 
ClOCK 50% 

~"r t:. Vee 90% 90% 

DATA ;JfO% 50% 
10% 10. 

DV lsi, tHI1 _I 

ts:o 'H' ~ , , 
ve~~ I ~ DATA 50% 50% 

DV=r~~ 
10% 

--j" 
Vee .-

nOR fi f--- tpdl ---/50% 
DV 

Vee 

Q OR 0: f--,,,,'_\sD% 

DV 

1,"lf"'20ns 

! 
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~National 
~ Semiconductor 

MM54C192/MM74C192 Synchronous 4aBit Up/Down 
Decade Counter 

MM54C193/MM74C193 Synchronous 4-Bit Up/Down 
Decade Counter 

General Description Features 
These up/down counters are monolithic complementary 
MOS (CMOS) integrated circuits. The MM54C192 and 
MM74C192 are BCD counters, while the MM54C193 and 
MM74C193 are binary counters. 

• High noise margin 

III Tenth power TTL compatible 

I!I Wide supply range 

1 V guaranteed 

drive 2 LPTTL loads 

3Vto 15V 

Counting up and counting down is performed by two 
count inputs, one being held high while the other is 
clocked. The outputs change on the positi:e·going 
transition of this clock. 

I!I Carry and borrow outputs for N·bit cascading 

• Asynchronous clear 

II High noise immunity 0.45 Vee (typ.) 

These counters feature preset inputs that are set when 
load is a logical "0" and a clear which forces all outputs 
to "0" when it is at a logical "1". The counters also have 
carry and borrow outputs so that they can be cascaded 
using no external circuitry. 

Connection Diagram 
INPUTS OUTPUTS 
~~ 

D~TA CLEAR BORROW CARRY 

I" 15 14 1J 12 

,.-

1 2 3 4 5 

DATA Os aA COUNT COUNT 
B -----...-... DOWN UP 

INPUT OUTPUTS . 
INPUTS 

TOP VIEW 

Cascading Packages 

, 

LOAD 

11 

6 

INPUTS 

DATA 
C 

10 

7 

lie a. -----...-... 
OUTPUTS 

, 

" 

GNa 

-----------------------------------------------------------
laAD--.... --------..-------

UP 
CLOCK 

DOWN 
CLOCK 

DATA INPUTS 

OUTPUTS 

DATA INPUTS 

OUTPUTS 

ClEAR--+--------.... -------
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TO NEXT 
STAGE 

Guaranteed Noise Margin as 
A Function of Vee 

15V 
13.5 

12.5 

4.05 
3.05 

2.5 

1.45 1.5 

0.45 

4.50V IOV 15V 

v" 



Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.3Vto Vee+0.3V 
Operating Temperature Range 

MM54C193 -55·C to +125·C 
MM74C193 -40"C to +85"C 

Storage Temperature Range -65"C to +150·C 
Package Dissipation 500mW 
Operating Vee Range 3.0Vto 15V 
Absolute Maximum Vee 1BV 
Lead Temperature (Soldering, 10 sec.) 300·C 

DC Electrical Characteristics Max.lmln. limits apply across temperature range, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

CMOS to CMOS 

VIN(l) Logical "1" Input Voltage Vee=5.0V 3.5 V 
Vee=10V 8.0 V 

VIN(O) Logical "0" Input Voltage 
Vee=5.0V 1.5 V 
Vee=10V 2.0 V 

VOUT(l) Logical "1" Output Voltage 
Vee = 5.0V, 10=-1OfAA 4.5 V 
Vee=10V,I<;>=-1OfAA 9.0 V 

VOUT(O) Logical "0" Output Voltage 
Vee=5.0V,lo=+10fAA 0.5 V 
Vee = 10V, 10 = +10fAA 1.0 V 

IIN(l) Logical "1" Input Current Vee = 15V, VIN =15V 0.005 1.0 fAA 

IIN(O) Logical "0" Input Current Vee=15V, VIN=OV 1.0 -0.005 fAA 

Icc Supply Current Vee=1SV 0.05 300 fAA 

CMOS to Tenth Power Interface 

. VIN(l) Logical "1" Input Voltage 
54C Vee=4.5V Vee- 1.5 V 
74C Vee=4.75V Vee -1.5 v 

Logical "0" Input Voltage 
54C Vee=4.5V ,O.B V 

VIN(O) 74C Vee = 4.75 V O.B V 

VOUT(l) Logical "1" Output Voltage 
54C Vee = 4.5V, 10=-360fAA 2.4 V 
74C Vee'!'4.75V,lo=-360fJA 2.4 V 

VOUT(O) Logical "0" Output Voltage 
54C Vee = 4.5V, 10 = 360fAA 0.4 V 
74C Vee = 4.75 V, 10 = 360fAA 0.4 V 

Output Drive (See 54C/74C Family Characteristics !lata Sheet) (Short Circuit Current) 

IsouReE Output Source Current Vee = 5.0 V, VIN(O)=OV -1.75 rnA TA=25·C, VOUT=OV 

IsouReE Output Source Current Vee = 10V, VIN(O)=OV -B.O mA TA=25·C, VOUT=OV 

ISINK Output Sink Current 
Vee = 5.0 V, VIN(1) = 5.0 V 

1.75 mA 
TA = 25"C, VOUT = Vee 

ISINK Output Sink Current 
Vee=10V, VIN(1)=10V 

8.0 rnA 
TA = 25"C, VOUT = Vee 
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AC Electrical Characteristics TA = 25°C, CL = 50 pF, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

tpd Propagation Delay Time to Q Vee=5.0V 250 40.0 ns 
from Count Up or Down Vee = 10V 100 160 ns 

tpd Propagation Delay Time to Vee=5.0V 120 200 ns 
Borro~ from Count Down Vee=10V 50 80 ns 

tpd Propagation Delay Time to Vee=5.0V 120 200 ns 
Carry from Count Up Vec= 10V 50 80 ns 

ts Time Prior to Load that Data Vec=5.0V 100 160 ns 
must be Present Vee=10V 30 50 ns 

tw Minimum Clear Pulse Width Vee=5.0V 300 480 ns 
Vee=10V 120 190 ns 

tw Minimum Load Pulse Width Vee=5.0V 100 160 ns 
Vee=10V 40 65 ns 

tpdO, tpd1 Propagation Delay Time to Q Vee =5.0V 300 480 ns 
from Load Vec=10V 120 190 ns 

tw Minimum Count Pulse Width Vee=5.0V 120 200 ns 
Vee = 10V 35 80 ns 

fMAX Maximum Count Frequency Vec =5.0V 2.5 4 MHz 
Vec = 10V 6 10 MHz 

tr,t, Count Rise and Fall Time Vee =5.0V 15 "s 
Vee = 10V 5 "s 

CIN Input Capacitance (Note 2) 5 pF 

Cpo Power Dissipation Capacitance (Note 3) 100 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance Is guaranteed by periodic testing. 
Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family 
Characteristics application note AN-gO. 

Timing Diagrams 

LOAD 

DATA[A:B~==::::::::=::::::::::::::::::::==::::::::::::::= ~----------------1 ________________ _ 

COUNT 
UP 

cg:~-+t-H--t------t--, 

CARRV =:J:+=H==+=----, ;::==1=:(::==~-~1= 
BORROW 

SEQUENCE 
ILLUSTRATED CLEAR PRESET 

COUNT UP 

• I 

COUNTDOWN 

Nate I: anroutputiIDl.,D. 
Natali: Lotd (preset) to binary thirte,n. 
Notelll: COllntuptofourtetn,fifhln,clrrv,zero,onelndtwa. 
Note IV: Count down to one, zero, bOfJow, fifteen, fourteen, and mimen. 

MM54C192/MM74C192 

NOTE A: Clnr overrides IOld, dill. Ind count inputs. 

CARRV 

BORROW 

ILL~~~~!~~~ CillR PRrnr COUNTDOWN 

Note I: Clliroutputstozerl1. 
NOltll: Lo" (presell to BCD sev.n. 
Not. III: Countuptoeiaht,nine,earry,zero,one.andtwo. 
NotalV: CountdoWII to ane,lera, borrow, nine, eight. and seven. 

MM54C193/MM7'4C193 

NOTE B: When countiag up, countdown input mUlt be high; when counting down, caunt ... p input must be high. 
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Schematic Diagrams 

VCC~II 
r GND 

LOAD 

Vcc!-J II 

r GNO 

MM54C192 Synchronous 4·Bit Up/Down Decade Counter 

MM54C193 Synchronous 4·Bit Up/Down Binary Counter 
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~National 
~ Semiconductor 

MM54C195/MM74C195 4-bit Registers 

General Description 
The MM54C195/MM74C195 CMOS 4-bit registers feature 
parallel inputs, parallel outputs, J-K serial inputs, shift! 
load control input and a direct overriding clear_ The fol­
lowing two modes of operation are possible: 

Parallel Load 
Shift in direction QA towards QD 

Parallel loading is accomplished by applying the four bits 
of data and taking the shift/load control of Input low. The 
data Is loaded into the associated flip-flops and appears 
at the outputs after the positive transition of the clock in­
put. During parallel loading, serial data flow is inhibited. 

Serial shifting is accomplished synchronously when the 
shift/load control input is high. Serial data for this mode 
is entered at the J-K inputs. These inputs allow the first 
stage to perform as a J-K, D, or T-type flip flop as shown 
In the truth table. 

Schematic and Connection Diagrams 

,lMaTOGNO 
PIN 16TOVcc 

... 

Features 
• Medium speed operation 

• High noise immunity 
• Low power 
• Tenth power TIL compatible 

8.5MHz(tYP.)with 10V 
supply and 50pF load 

0.45 Vcc (typ.) 
100nW (typ.) 

drive 2 LPTIL loads 
3Vto 15V • Supply voltage range 

• Synchronous parallel load 
• Parallel inputs and outputs from each flip-flop 
• Direct overriding clear 
• J and K inputs to first stage 
• Complementary outputs from last stage 
• Positive-edge triggered clocking 
• Diode clamped inputs to protect against static charge 

Applications 
• Automotive 
• Data terminals 
• Instrumentation 
• Medical electronics 

" , 

SHIFTI 
lOAD 

'" . 

• Alarm.systems 
• Remote metering 
• Industrial electronics 
• Computers 

.. 

TOP VIEW 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.3 V to Vee + 0.3 V 
Operating Temperature Range 

MM54C195 -55°C to +125°C 
MM74C195 -40OC to +85°C 

Storage Temperature Range -65°C to +150°C 
Package Dissipation 500mW 
Operating Vee Range 3.0Vto 15V 
Absolute Maximum Vee 18V 
Lead Temperature (Soldering, 10 sec.) 300°C 

DC Electrical Characteristics Max.lmin. limits apply across temperature range, unless otherwise noted. 

Parameter I Conditions I Min. I Typ. I Max. I Units 

CMOS to CMOS 

VIN(1) Logical "1" Input Voltage 
Vee =5.0V 3.5 V 
Vee=10V B.O V 

VIN(O) Logical "0" Input Voltage 
Vee =5.0V 1.5 V 
Vee = 10V 2.0 V 

VOUT(1) Logical "1" Output Voltage 
Vee =5.0V 4.5 V 
Vee=10V 9.0 V 

VOUT(O) Logical "0" Output Voltage 
Vee=5.0V, 0.5 V 
Vee = 10V 1.0 V 

IIN(1) Logical "1" Input Current Vee=15V 0.005 1.0 ,..A 

IIN(o) Logical "0" Input Current Vee=15V -1.0 -0.005 ,..A 

Icc Supply Current Vee=15V 0.05 300 ,..A 

CMOSILPTTL Interface 

VIN(1) Logical "1" Input Voltage 
54C Vee=4.5V Vee- 1•5 V 
74C Vee =4.75V Vee- 1.5 v 

Logical "0" Input Voltage 
54C Vee=4.5V O.B V 

VIN(O) 74C Vee=4.75V O.B V 

VOUT(1) Logical "1" Output Voltage 
54C Vee=4.5V, 10=-360,..A 2.4 V 
74C Vee = 4.75 V, 10=-360,..A 2.4 'V 

~ 

Vee=4.5V, 'lo =360,..A 
VOUT(O) Logical "0" Output Voltage 

54C 0.4 V 
74C Vee = 4.75 V, 10 = 360,..A 0.4 V 

Output Drive (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

ISOURCE Output ~ource Current 
Vee = 5.0 V, VIN(O)=OV -1.75 mA 
TA = 25°C, VOUT=OV 

IsouReE Output Source Current 
Vee =10V, VIN(O)=OV -8.0 mA 
TA = 25°C, VOUT=OV 

ISINK Output Sink Current 
Vee = 5.0 V, VIN(1) = 5.0 V 

1.75 mA 
TA = 25°C, VOUT = Vee 

ISINK Output Sink Current 
Vee = 10 V, VIN(1) = 10 V B.O mA 
TA = 25°C, VOUT = Vee 

Truth Table 
Guaranteed noise Margin as 
a Function of Vee 

INPUTS AT ... OUTPUTS AT tn+l 15V 

~ 
13.5 

J K aA Os Oc 00 00 
VOUT (1)@INPUTS=V IN IO) 

12.5 
VIN (1) 

L H a Ao a Ao aBo Cleo a co 

L L L a Ao OBn Cleo Oco 
4.05 

H H H a AO aBo Cleo Oco 3.05 UARANTEED OUTPUT "0" LEVEl 
VOUT (OJ@INPUTS= VIN (1) 

H L OAn a Ao aBo Cleo Oc" VON 101____ "- 2.5 

1.45 1.5 
Note: H - HIGH LEVEL. L . LOW LEVEL 

0.45 I-" to & bit time before clock pulse 
tntl ~ blilime after clock pulse 

4.50V 10V 15V OAn - State of QA at In 
Vc~ 
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AC Electrical Characteristics TA = 25°C, CL = 50 pF, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

tpd Propagation Delay Time to a Logical "0" or Vee=5.0V 150 300 ns 
Logical "·1" from Clock to Q or Q Vee=10V 75 130 ns 

tpd Propagation Delay Time to a Logical "0" or Vee=5.0V 150 300 ns 
Logical "1" from Clear to Q or Q Vee=10V 50 130 ns 

ts Time Prior to Clock Pulse that Data must be Vee=5.0V 80 200 ns 
Present Vee = 10V 35 70 ns 

ts Time Prior to Clock Pulse that Shift/Load must Vee=5.0V 110 150 ns 
be Present Vee = 10V 60 90 ns 

tH Time After Clock Pulse that Data must be Held Vee=5.0V -10 0 ns 
Vee = 10V -5.0 0 ns 

tw Minimum Clear Pulse Width (tWL = tWH) Vee=5.0V 100 200 ns 
Vee=10V 50 100 ns 

tw Minimum Clear Pulse Width Vee=5.0V 90 130 ns 
Vee=10V 40 60 ns 

tr, tf Maximum Clock Rise and Fall Time Vee=5.0V 5.0 flS 
Vee = 10V 2.0 flS 

'MAX Maximum Input Clock Frequency Vee=5.0V 2.0 3.0 MHz 
Vee = 10V 5.5 8.5 MHz 

CIN Input Capacitance (Note 2) 5.0 pF 

CpD Power Dis~ipation Capacitance (Note 3) 100 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 

Note 2: CapaCitance is guaranteed by periodic testing. 

Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family 
Characteristics application note AN-90. 

Switching Time Waveforms 

vee 
Qora 

CMOS to CMOS 

Ov'-----+-----"' 
vee-----+-----""\. 

OorO 

OV 

t.;: If;; 20n5 

TTL to CMOS 

4V 

ov ___ "";';:;:.Jr 

4.0V 

ov 

4.0V 

ov 

t. = It" 20 ns 
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~National 
~ Semiconductor 

MM54C200/MM74C200 256-Bit TRI·STATE® 
Random Access Read/Write Memory 

General Description 
The MM54C200/MM74C200 is a 256-llit random access 
read/write memory. Inputs consist of eight address lines, 
and three chip enables. The eight binary address inputs 
are decoded internally to select each of the 25610catioris. 
The Internal address register, latches, and address in­
formation are on the positive to negative edge of CEa. 
The TRI-STATE data output line, working in conjunction 
with CE1 or CE2 inputs, provides for easy memory ex­
panSion. 

Address Operation: Address inputs must be stable tSA 
prior to the positive to negative transition of CEa. It is 
therefore unnecessary to hold address information 
stable for more than tHA after the memory is enabled 
(positive to negative transition). 

Note: The timing is different from the DM74200 in that a 
positive to negative transition of the CEa must occur for 
the memory to be selected. 

Read Operation: The data Is read out by selecting the 
proper address and bringing CEa low and WE high. 

Holding either CEl> CE2, or CEa at a high level forces the 
output into TRI-STATE. When used in bus-organized sys· 
tems, CE1, or CE2, a TRI-STATE control provides for fast 
access times by not totally disabling the chip. 

Write Operation: Data is written into the memory with 
CEa low and WE low. The state of CE1 or CE2 has no 
effect on the write cycle. The output assumes TRI-STATE 
with WE low. 

Features 
• Wide supply voltage range 
• Guaranteed noise margin 
• High noise immunity 
• TTL compatibi I ity 

• Lowpower 
• Internal address register 

3.0Vto 15V 
1.0V 

0.45 Vce (typ.) 
fan out of 1 

driving standard TTL 
500 nW (typ.) 

See page 4-7 
for detailed 

specifications 
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~National 
~ Semiconductor 

MM54C221/MM74C221 Dual Monostable Multivibrator 

General Description 
The MM54C221/MM74C221 dual monostable multivibra­
tor is a monolithic complementary MOS integrated cir­
cuit. Each multivibrator features a negative-transtion­
triggered input and a positive-transltlon-triggered input, 
either of which can be used as an inhibit input, and a 
clear input. 

Pulse stability will be limited by the accuracy of external 
timing components. The pulse width is approximately 
defined by the relationship tW(OUT) ::: CEXT REXT. For 
further information and applications, see AN-138. 

Once fired, the output pulses are independent of further 
transitions of the A and B inputs and are a function of the 
external timing components CEXT and REXT. "fhe.pulse 
width is stable over a wide range of temperature and Vee. 

Connection Diagrams 

Features 
• Wide supply voltage range 

• Guaranteed noise margin 

• High noise immunity 

• Low power TIL compatibility 

Vr 1 Rt" 1 cr 10 20 2 CLR 

16 15 ·14 13 12 11 

Timing Component 

Vee 

---' '--

2B 

T. 10 

~ 
1?~ ~ .. :(1 ~'+' CeXT '----...-- -

TO CexT TO R/CeXT 

If TERMINAL TERMINAL 

l' 2 3 4 5 J6 I' 18 

1A 1B 1 CLR 10 20 2 CexT 2 R/C exT GNO 

TOP VIEW 

Truth Table 

INPUTS OUTPUTS 
CLEAR A B Q Q H = High level 

L = Low level 
L X X L H t :: TranSition from low to high 

X H X L H 
j ::: TranSition from high to low 

-.-f1... :: One high level pulse 
X X L L H L..J == One low level pulse 

H L t JL LJ X = Irrelevant 

H i H JL LJ 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.3 V to Vee + 0.3 V 
Operating Temperature Range 

MM54C221 -55·C to +125·C 
MM74C221 -40·C to +S5·C 

Storage Temperature Range -65·C to +150·C 
Package Dissipation 500mW 
Operating Vee Range 4.5Vt015V -
Absolute Maximum Vee 1SV 
RExT~ SO Vcc (Q) 
Lead Temperature (Soldering, 10 sec.) 300·C 

DC Electrical Characteristics MaxJmin. limits apply across temperature range, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

CMOS to CMOS 

VIN(l) Logical "1" Input Voltage 
Vcc=5.0V 3.5 V 
Vcc= 10V - S.O V 

VIN(O) Logical "0" Input Voltage 
Vce=5.0V 1.5 V 
Vec=10V 2.0 V 

VOUT(l) Logical "1" Output Voltage 
Vec = 5.0 V, 10 = -10,..A 4.5 V 
Vec=10V,10=-10/AA 9.0 V. 

VOUT(O) Logical "0" Output Voltage Vcc= 5.0V. 10=+10/AA 0.5 V 
Vcc = 10V; 10 = +10/AA 1.0 V 

IIN(l) Logical "1" Inpu(Current Vec=15V, VIN=15V 0.005 1.0 /AA 

IIN(O) Logical "0" Input Current Vec=15V, VIN=OV -1.0 -0.005 /AA 

Icc Supply Current (Standby) Vcc = 15 V, REXT = 00, 0.05 300 /AA Q1, Q2=Logic "0" (Note 3) 

Icc Supply Current Vcc = 15 V, Q1 = Logic "1", 
15 mA (During Output Pulse) Q2 = Logic "0" (Figure 4) 

Vcc = = 5.0V, Q1 = Logic "1", 
2.0 mA Q2 = Logic "0" (Figure 4) 

Leakage Current at R/CEXT Pin Vee = 15 V, VeEXT = 5.0 V 0.01 3.0 /AA 

CMOS/LPTTL Interface ! 

VIN(l) Logical "1" Input Voltage 
54C Vce=4.5V Vce- 1.5 V 
74C Vec = 4.75 V Vee- 1.5 V 

VIN(O) Logical "0" Input Voltage 
54C Vcc=4.5V O.S V 
74C Vec = 4.75V O.S V 

VOUT(l) Logical "1" Output Voltage 
54C Vec=4.5V, 10=-360/AA 2.4 V 
74C Vce = 4.75 V, 10 = -360/AA 2.4 V 

VOUT(O) Logical "0" Output Voltage 
54C Vcc=4.5V, 10 = 360,..A 0.4 V 
74C Vee = 4.75 V, lo=36O/AA 0.4 V 

Output Drive (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

ISOURCE Output Source Current Vce=5.0V -1.75 mA (P·Channel) TA=25·C, VOUT=OV 

ISOURCE Output Source Current Vee = 10V -S.O mA (P·channel) TA=-25·C, VOUT=OV 

ISINK Output Sink Current Vee =5.0V 
1.75 mA (N·channel) TA=25·C, VOUT= Vec 

ISINK Output Sink Current Vee=10V 
S.O mA (N-channel) TA = 25~C, VOUT = Vee 
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AC Electrical Characteristics TA = 25°C, CL = 50 pF, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

tpd A,B Propagation Delay from !,rigger Vee=5.0V 250 500 ns 
Input (A,B) to Output Q, Q Vee=10V 120 250 ns 

tpd eL Propagation Delay from_Clear Vee=5.0V 250 500 ns 
Input (CL) to Output Q, Q Vee = 10V 120 250 ns 

ts Time Prior to Trigger Input (A,B) Vee =5.0V 150 50 ns 
that Clear must be Set Vee = 10V 60 20 ns 

tW(A,B) Trigger Input (A,B) Pulse Width Vee=5.0V 150 50 ns 
Vee=10V 70 30 ns 

tW(eL) Clear Input (CL) Pulse Width Vee=5.0V 150 50 ns 
Vee=10V 70 30 ns 

tw(oun Q or a Output Pulse Width Vee = 5.0 V, REXT = 10 k, 
CEXT=OpF 

900 ns 

Vee = 10 V, REXT = 10 k, 
350 ns 

CEXT=OpF 
Vee = 15 V, REXT = 10 k, 320 ns 
CEXT=OpF 
Vee = 5.0V, REXT = 10k, 

9.0 10.6 12.2 ,..s 
\ CEXT= 1000pF (Fig. 1) 

Vee = 10 V, REXT = 10 k, 
9.0 10 11 ,..s 

CEXT = 1000pF (Fig. 1) 

Vee = 15V, REXT= 10k, 8.9 9.8 10.8 ,..s 
CEXT = 1000 pF (Fig. 1) 

Vee = 5.0 V, REXT = 10 k, 
900 1020 1200 ,..s 

CEXT =0.1,..F (Fig. 2) 

Vee = 10 V, REXT = 10 k, 
900 1000 1100 ,..s 

CEXT=0.1,..F (Fig. 2) 

Vee = 15 V, REXT = 10 k, 
900 990 1100 ,..s 

CEXT=0.1,..F (Fig. 2) 

RON ON Resistance of Transistor Vee = 5.0V (Note 4) 50 150 Q 

between R/CEXT to CEXT Vec = 10V (Note 4) 25 65 Q 

Vec = 15 V (Note 4) 16.7 45 Q 

Output Duty Cycle R=10k, C=1000pF 90 % 
R = 10k, C =0.1,..F 90 % 
(Note 5) 

CIN Input Capacitance R/CEXT Input (Note 2) 15 25 pF 
Any Other Input (Note 2) 5.0 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Eleclrical 
Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance Is guaranteed by periodic testing. 
Note 3: In Standby (0 = logic "0") the power dissipated equals the leakage current plus Vcc/REXT. 
Note 4: See AN-138 for detailed explanation o(RON. 
Note 5: Maximum output duty cycle = REXT I REXT + 1000. 

-
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Typical Performance Characteristics 
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i 
1.0 :5 

u 0.8 
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" 0.6 

~ 
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:> 
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Figure 1 

Typical Distribution of Units for 
Output Pulse Width 

TA " 25 C 

REXT '" 10k t--f-t+-+-H+-+-H 
CEXT '" 1000 pF+-+-H-++H-l 

f-t+-Hf-t-ill'HII-+--tvcc " 5V 
f-t+-Hf-t--R+H-+04 Vee = lDV 

-Vee - t5V 

5 2 0 2 5 

OUTPUT PULSE WIDTH (Tw, %) 

Figure 3 

Typical Variation in Output 
Pulse Width vs Temperature 

0% POint pulse Width: 

At Vee" 5V, Tw" 10.6)1s 
At Vee" lOY, Tw" lDl-Is 
AtVcc =15V, Tw=9.BiJ S 

Percentage of unltswlthm '4%: 

AtVcc ,,5V, 90%ofumts 
At Vee'" lOY, 95% of units 
At Vee" 15V, 98% of Units 
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Figure 2 

Typical Distribution of Units for 
Output Pulse Width 

TA '" 25 C 
REXT "10k 
CEXT "O.lJfF +H-++-+-H+1 

W..I 

-5 -2 0 2 5 

OUTPUT PULSE WIDTH (Tw• %)-

Figure 4 

Typical Power Dissipation 
per Package 

NOTE: POWER SHOWN IS MEASURED 
WITH BOTH ONE·SHOTS SWITCHING ~ 

TOGETHER, A~O ~EXT" lOOk 7r-
V 

Vee -15V 

/ Vcc "10V ~I-" 

H/y::;;oooj.-""F ..... +f-f-+}cc "5V r­/._-
-55 25 125 50 100 

T A - AMBIENT TEMPERATURE ee) OUTPUT OUTY CYCLE 1%) 

Switching Time Waveforms 

Vee 

A INPUT , 
Vee 

B INPUT , 
Vee 

CLEAR , 
Vee 

Q , 
Vee 

ii , 

',- I- - C', 
90% 

50% 

---,;;-;:,:;"%,,-
50% 

10% 

----r-'.·-'~-%~"d~I--1bl--~',------~ 
9~~.% lsi~% ~ 50% J ~ 

10% 10% '----I 

---t---------t-'" ------::::::-i';:,'r --1r::::::--~9D:': -+-----t---
50% 50% 
10% 10% 

- 'eo. I- -[J'o, - - '.ee 1==""'-
---t--JI 50% ,,,.\ 50% 50% 

_ IpDA ~- '.'0"" ----1- _I "DC' _'-------J 

----....,.~,.'o""~~~:-:,-_.J r----.... '-__ ~ 
,~,,~1D"' :1 
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10% Pomt pulse width: 

At Vee" 5V, Tw" 1020115 
At Vee'" IOV, Tw" 1000l1s 
At Vee" 15V, Tw" 982IJs 

Percentage of uOItswlthm 2-4%: 

At Vee:: 5V, 95% of units 
AtVcc "10V, 97%ofunlts 
At Vee" 15V, 98% of units 



~National a Semiconductor 

MM54C240/MM74C240 Inverting 
MM54C244/MM74C244 Non-Inverting 
Octal Buffers and Line Drivers with TRI-STATE® Outputs 

General Description 
These octal buffers and line drivers are monolithic com­
plementary MOS (CMOS) integrated circuits with TRI­
STATE") outputs. These outputs have been specially 
designed to drive highly capacitive loads such as bus­
oriented systems. These devices have a fan-out of 6 low 
power Schottky loads'. A high logic level on the output 
disable control input G makes the outputs go into the 
high impedance state. For improved TTL input compati­
bility see MM74C941. 

Logic and Connection Diagrams 
MM54C240/MM74C240 

CONTROLS FOUR OF 
EIGHT DEVICES r ----, 

OUTPUT .xHH~---r"" L OISABLE 

------! 
DATA 
INPUT 

MM54C2441MM74C244 

CONTROLS ONE OF 
EIGHT DEVICES 

Features 
• Wide supply voltage range (3V to 15V) 

• High noise immunity (0.45 Vcc typ) 

• Low power consumption 
• High capacitive load drive capability 

• TRI-STATE outputs 
• Input protection 
• TIL compatibility 
• 20-pin dual-in-line package 
• High speed 25 ns (typ.) @ 10V, 50 pF (MM74C244) 

MM54C240/MM74C240 
Dual-In-Line Package 

vcc OOB OAI IB4 OA2 IB3 OA3 IB2 OA4 IBI 

OOA IAI OB4 IA2 OB3 IA3 OB2 1M OBI GNO 

TOP VIEW 

MM54C244/MM74C244 
Dual-In-Line Package 

vcc OOB OAI 184 OA2 IB3 OA3 IB2 OA4 181 1-------:;-, 
I VCC I 

CONTROLS FOUR OF 

I I 
I I 

EIGHT DEVICES r ----, 
OUTPUT 

L OISABLE ------! 
I~~~~-----+-+--· 

OOA IAI 084 IA2 OB3 IA3 OB2 IA4 OBI GNO 

TOP VIEW 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.3VtoVee +0.3V 
Operating Temperature Range 

MM54C240, MM54C244 - 55·Cto + 125·C 
MM74C240, MM74C244 -40·Cto +85·C 

Storage Temperature Range -65·Cto + 150·C 
Package Dissipation 500mW 
Operating Vee Range 3Vto15V 
Absolute Maximum Vee 18V 
Lead Temperature (Soldering,10 seconds) 300·C 

\ 

DC Electrical Characteristics 
MinImax limits apply across temperature range, unless otherwise noted. 

Parameter I Conditions I Min I Typ I Max I Units 

CMOS TO CMOS 

Logical "I" Input Voltage (VIN(l~ Vee=5.0V 3.5 V 
Vee=10V 8.0 V 

Logical "0" Input Voltage (VIN(O~ Vee=5.0V 1.5 V 
Vee=10V 2.0 V 

Logical "I" Output Voltage (VOUT(l») Vee=5.0V,lo= -10,..A 4.5 V 
Vee=10V,10= -10,..A 9.0 V 

Logical "0" Output Voltage (VOUT(O») Vee = 5.0V, 10 = 10,..A 0.5 V 
Vee =10V,10=10,..A 1.0 V 

Logical "1" Input Current (IIN(l~ Vee = 15V, VIN = 15V 0.005 1.0 ,..A 

Logical "0" Input Current (IIN(O~ Vee= 15V, VIN =OV -1.0 -0.005 ,..A 

Supply Current (Ieel Vee=15V 0.05 300 ,..A 

CMOS/LPTTL INTERFACE 

Logical "I" Input Voltage (VIN(l~ 54C, Vee = 4.5V Vee- 1.5 V 
74C, Vee = 4.75V Vee -l.5 V 

Logical "0" Input Voltage (VIN(O») 54C, Vee=4.5V 0.8 V 
74C, Vee =4.75V 0.8 V 

Logical "1" Output Voltage (VOUT(l~ 54C, Vee = 4.5V, 10 = - 450 ,..A Vee- 0.4 V 
74C, Vee=4.75V, 10= -450,..A Vee- O.4 V 

54C, Vee=4.5V,10= -2.2 rnA 2.4 V 
74C, Vee = 4.75V, 10= -2.2 rnA 2.4 V 

Logical "0" Output Voltage (VOUT(O~ 54C, Vee = 4.5V, 10=2.2 rnA 0.4 V 
74C, Vee = 4.75V, 10=2.2 rnA 0.4 V 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

Output Source Current (I SOURCE! Vee = 5.0V, VOUT=OV -14.0 -30.0 rnA 
(P-Channel) TA=25·C 

Vee = 10V, VOUT=OV -36.0 -70.0 rnA 
TA=25·C 

Output Sink Current (IslNKl Vee = 5.0V, VOUT= Vee 12.0 20.0 rnA 
(N·Channel) TA=25·C 

Vee =10V, VouT=Vee 48.0 70.0 rnA 
TA=25·C 
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AC Electrical Characteristics TA = 25 ·C, CL = 50 pF, unless otherwise specified. 

Parameter Conditions Min Typ Max Units 

t pd(l)' t Pd(O) Propagation Delay 
(Data In to Out) 
MM54C240/MM74C240 Vee =5V, CL =50 pF 60 90 ns 

Vce =10V,C L =50pF 40 70 ns 
Vee =5V,CL =150pF 80 110 ns 
Vee= 10V, CL = 150 pF 60 90 ns 

M M54C244/M M7 4C244 Vee =5V, CL =50 pF 45 70 ns 
Vee= 10V, CL =50 pF 25 50 ns 
Vee = 5V, CL = 150 pF 60 90 ns 
Vee = 10V, CL = 150 pF 40 70 ns 

t 1H, tOH Propagation Delay Output RL=1k,CL=50pF 
Disable to High Impedance Vee=5V 45 80 ns 
State (from a Logic Level) Vee=10V 35 60 ns 

tH, tH Propagation Delay Output RL=1k,CL=50pF 
Disable to Logic Level Vee=5V 50 90 ns 
(from High Impedance State) Vee= 10V 30 60 ns 

tT(HL)' tT(LH) Transition Time Vee =5V, CL=50 pF 45 80 ns 
Vee= 10V, CL=50 pF 30 60 ns 
Vee =5V,CL=150pF 75 140 ns 
Vee= 10V, CL = 150 pF 50 100 ns 

CpO Power Dissipation 
Capacitance (See Note 3) 
(Output Enabled Per Buffer) 
MM54C240/MM74C240 100 pF 
M M54C244/M M7 4C244 100 pF 

(Output Disabled Per Buffer) 
M M54C240/M M 74C240 10 pF 
MM54C244/MM74C244 0 pF 

CIN Input Capacitance - VIN=OV, f=1MHz, TA=25·C 10 pF 
(Any Input) 

Co Output Capacitance VIN=OV, f=1MHz, TA=25·C 10 pF 
(Output Disabled) 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Range" they 
are not meant to Imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: Capacitance Is guaranteed by periodic testing. 

Note 3: CpO determines the no load AC power consumption 01 any CMOS device. For complete explanation see 54e/74C Family Characteristics appll· 
cation nots, AN-90. ' 

. Typical Application 

OUTPUT 
DISABLE 

CONTROL OR MICROPROGRAM ROM/PROM 
OR 

MEMORY ADDRESS REGISTER 

SYSTEM AND/OR MEMORY ADDRESS BUS 
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OUTPUT 
DISABLE 
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Truth Tables 

MM54C240/MM74C240 

ODA IA OA ODB IB OB 

l' X Z 1 X z 
1 X Z 1 X z 
0 0 1 0 0 1 

0 1 0 0 1 0 

MM54C2441MM74C244 

ODA IA OA ODB IB OB 

1 X z 1 x z 
1 X Z 1 X z 
0 0 0 0 0 0 

0 1 1 0 1 1 

1 =Hlgh 

o = Low 

X = Don't Care 

Z = TRI-STATE 

Typical Performance Characteristics 
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N·Channel Output Drive 
@ 25°C 

120 n-rrTTl"TTJ:::;::'I""r''''!"'1'''''! 

'" ~C'15V 
100 

I 
80 

VCC'10V 

60 

40 /1 
'f/ VCC'5V 

12 

VOUT IV) 

MM54C240/MM74C240 
Propagation Delay Vs. 
Load Capacitance 

15 

150 r---..-----,-----, 

100 --~ VCC'10V 
50 -- VCC' lr 

O 
0 50 100 150 

CL - LOAD CAPACITANCE (pF) 
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P·Channel Output Drive 
@ 25°C 

Or-T""T"""1r-r-.,.-,-,-,....,.-,-.,..,--,-r::o 
-10 H-++-+-l-l-f-+-yI:-:+-I-:J.;"h"'fl 

YCC'5V " 
:< -20 1-+-HH--H-+-+-+-I"''F+--hlH 

~ -30 1-t+1H-+-t+H+H/-HH 

~ ~o I-+-HH--H-+-+-+-+-~V~/~~ 
~ -50 I-+-HH--H-+-+-+~"""rv:of-lrl--l 
l:l -60 l++y,.ICC-.l-:ltOV+-t..,.of-t++-t-H 

g; -70 H-+-"i+i""'f=+-I---h;,\-H--HH 
lil -80 H-+:\,-+-+:±:-bH-+-H--HH 

-90 I++tY,:::CCf-,':I;o1",,59-H+H+H 

> 

-100 ........ ..J...+1"=.J...J...,.l....1....L...Jl....I....L..J....J...l..J 

15 12 9 6 3 

VCC - VOUT IY) 

MM54C244/MM74C244 
. Propagation Delay Vs. 
Load Capacitance 

150 .----..-----,-----, 

~ <> 100 1---+---+---1 
'" <> 
~ co 
:: 
~ 50 __ 

VCC~ 

I-~~~~~~~VCC'~""----
I 

VCC i 15V 

0L-__ -'-__ ...L __ --1 
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AC Test Circuits and Switching Time Waveforms 

t pdO• tpdl CMOS to CMOS 

VINo--f:>o--rVOUT 

J"eL :5DPF 

~veeRL:lk 
INPUT OUTPUT 

DISABLE ~eL : 50 pF 

OISABLE 

OUTPUT 

. Note: Delays measured with input tr• tf .. 20 ns 

Vee--------+-~--------------~ 

DV------';;,;,Jl 

Vee ----------...., 

VOUT 

DV---------------~----------------J 

OISABLE veer·5vee 

DV 

"H~ 
VOH-------,i 0.1 VOH 

. vee 

OUTPUT 

DV------------~~--

DISABLE 

DV------'f-"-------

OUTPUT 
~

HI' 
VOH 

0.5 VOH 

DV I 
Note: VOH Is defined as the DC output high voltage when the device is loaded 
with a 1 kll resistor to ground. 

vee=t: 0.5 Vee 

DV 

~
DH 

Vee 

VOL --+ 
OISABLE vee~ 0.5 Vee 

DV 

'HO 

OUTPUT 

Vee---------"""'\:-+---'--

VOL---------------"--'--

0.1 (Vee - VOL) 

Note: VOL is defined as the DC output low voltage when the device is loaded 
with a I kll resistor to V CC . 
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~National . a Semiconductor 

MM54C373/MM74C373 TRI-STATE® Octal D-Type Latch 
MM54C374/MM74C374 TRI-STATE® Octal D-Type Flip-Flop 

General Description 
The MM54C373/MM74C373, MM54C374/MM74C374 are 
integrated, complementary MOS (CMOS), B-bit storage 
elements with TRI-STATE@ outputs_ These outputs have 
been specially designed to drive highly capacitive loads, 
such as one might find when driving a bus, and to have 
a fan-out of 1 when driving standard TIL. When a high 

. logic level is applied to the OUTPUT DISABLE input, all 
outputs go to a high Impedance state, regardless of 
what signals are present at the other inputs and the 
state of the storage elements_ 

The MM54C3731MM74C373Is an 8-bit latch_ When LATCH 
ENABLE Is high, the Q outputs will follow the D inputs. 
When LATCH ENABLE goes low, data at the D inputs, 
which meets the set-up and hold lime requirements, will 
be retained at the outputs until LATCH ENABLE returns 
high again. 

The MM54C374/MM74C374 Is an B-bit, D-type, positive­
edge triggered flip-flop. Data at the D Inputs, meeting the 
set-up and hold lime requirements, is transferred to the Q 
outputs on positive-golng transitions of the CLOCK Input_ 

Both the MM54C373/MM74C373 and the MM54C3741 
MM74C374 are being assembled In 20-pln dual-In-line 
packages with 0.300" pin centers. 

Connection Diagrams 

OUTPUT 
OISABLE 

01 

01 

D2 

QZ 

Q3 

03 

04 

Q4 

GNO 10 

MM54C373/MM74C373 
Dual-In-Line Package 

TOP VIEW 

20 
VCC 

OB 

OB 

01 

Q1 

Q6 

06 

D5 

Q5 

11 LATCH 
ENABLE 

Features 
• Wide supply voltage range 

• High noise Immunity 

• Low power consumption 

• TIL compatibility 

• Bus driving capability 

• TRI-STATE outputs 

3.0Vto 15V 

0.45 Vee (typ.) 

fan-out of· 
1 driving standard TIL 

• Eight storage elements In one package 

• Single CLOCK/LATCH ENABLE and OUTPUT DISABLE 
control inputs 

• 20-pin dual-In-line package with 0.300" centers takes 
half the board space of a 24-pln package 

OUTPUT 
OISABLE 

Ql 

01 

02 

MM54C374/MM74C374 
Dual-In-line Package 

VCC 

OB 

H--i"'--OB 

H--T'--01 

Q7 

06 

H---t:.::..-06 

H---F--05 

Q5 

CLOCK 

TOP VIEW· 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.3 V to Vee + 0.3 V 
Operating Temperature Range 

MM54C373 -55·C to +125·C 
MM74C373 -40·C to +85·C 

Storage Temperature Range -65·C to +150·C 
Package Dissipation 500mW 
Operating Vee Range 3Vto 15V 
Absolute Maximum Vee 18V 
Lead Temperature (Soldering, 10 sec.) 300·C 

DC Electrical Characteristics Max.lmin. limits apply across temperature range, unless otherwise noted. 

Parameter I Conditions I Min. I Typ. I Max. I Units 

CMOS to CMOS 

VIN(l) Logical "1" Input Voltage 
Vee =5.0V 3.5 V 
Vee = 10V 8.0 V 

VIN(O) Logical "0" Input Voltage Vee=5.0V 1.5 V 
Vee=10V 2.0 V 

VOUT(l) Logical "1" Output Voltage 
Vee = 5.0 V, Ip=-1O",A 4.5 V 
Vee =10V,lo=-10",A 9.0 V 

VOUT(O) Logical "0" Output Voltage Vee=5.0V,lo=+10",A 0.5 V 
Vee =10V,lo =+10",A 1.0 V 

IIN(l) Logical "1" Input Current Vee =15V, VIN =15V 0.005 1.0 ",A 

IIN(O) Logical "0" Input Current Vee =15V, VIN=OV -1.0 -0.005 ",A 

TRI·STATE@ Leakage Current 
Vee = 15V, Vo=15V 0.005 1.0 fAA 

loz . Vee = 15V, Vo=OV -1.0 -0.005 fAA 

Icc Supply Current Vee=15V 0.05 300 ",A 

CMOSILPTTL Interface 

Logical "1" Input Voltage 
54C Vee=4.5V Vee -1.5 V 

VIN(l) 74C Vee = 4.75V Vee- 1.5 v 

Logical "0" Input Voltage 
54C Vee =4.5V 0.8 V 

VIN(O) 74C Vee =4.75V 0.8 

VOUT(l) Logical "1" Output Voltage 
54C Vee=4.5V, lo=-360",A Vee- 0.4 V 
74C Vee =4.75V,lo=-360",A Vee- O.4 

54C Vee=4.5V, 10=-1.6mA 2.4 V 
74C Vee = 4.75 V, lo-1.6mA 2.4 V 

Logical "0" Output Volt~ge 
54C Vee=4.5V, lo=1.6mA 0.4 V 

VOUT(O) 74C Vee = 4.75 V, 10=1.6mA 0.4 V 

Output Drive (Short Circuit Current) 

'SOURCE Output Source Current Vcc = 5·0V, VOUT = OV -12 -24 rnA TA =25·C (Note 4) 

ISOURCE Output Source Current 
Vee=10V, VOUT=OV -24 -48 rnA TA =25·C (Note 4) 

ISINK Output Sink Current Vec = 5.0 V, VOUT = Vcc 6.0 12 rnA (N·Channel) TA =25·C (Note 4) 

ISINK Output Sink Current Vee = 10 V, VOUT = Vee 24 48 rnA (N·Channel) TA =25·C (Note 4) 
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AC Electrical Characteristics 
MM54C373/MM74C373 TA = 25°C, CL =50pF, t, =t, = 20ns, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

tpdO, tpdl Propagation Delay, LATCH/ENABLE Vee=5.0V, CL=50pF 165 330 ns 
to Output Vee = 10V, CL =50pF 70 140 ns 

Vee = 5.0V, CL=150pF 195 390 ns 
Vee = 10V, CL = 150pF 85 170 ns 

tpdO, tpdl Propagation Delay Data In to Output LATCH ENABLE = Vee 
Vee = 5.0 V, CL=50pF 155 310 ns 
Vee =10V, CL=5().pF 70 140 ns 
Vee = 5.0 V, CL = 150pF 185 370 ns 
Vee = 10V, CL = 150pF 85 170 ns 

tSET.UP Minimum Set·Up Time Data In to tHoLO=Ons 
CLOCK/LATCH ENABLE Vee =5.0V 70 140 ns 

Vee=10V 35 70 ns 

fMAx Maximum LATCH ENABLE 
Frequency Vee =5.0V 3.3 6.7 MHz 

Vee=10V 4.5 9.0 MHz 

tPWH Minimum LATCH ENABLE Pulse Vcc =5.0V 75 150 ns 
Width ' Vee=10V 55 110 ns 

t" t, Maximum LATCH ENABLE Rise and Vee=5.0V NA /As 
Fall Time Vee = 10V NA /AS 

tlH, tOH Propagation Delay OUTPUT RL = 10k, CL =50pF 
DISABLE to High Impedance State Vee =5.0V 105 210 ns 
(from a Logic Level) Vee=10V 60 120 ns 

, tHl, tHO Propagation Delay OUTPUT RL = 10k, CL =50pF 
DISABLE to Logie Level Vec=5.0V 105 210 ns 
(from High Impedance State) , Vee = 10V 45 90 ns 

tTHL, tTLH Transition Time Vee = 5.0 V, CL=50pF 65 130 ns 
Vee =10V, CL=50pF 35 70 ns 
Vee=5.0V, CL= 150pF 110 220 ns 
Vee = 10V, CL 150pF 70 140 ns 

CLE Input Capacitance LE Input (Note 2) 7.5 10 pF 

, Coo Input Capacitance OUTPUT DISABLE Input 7.5 10 pF 
(Note 2) 

CIN Input Capacitance Any Other Input (Note 2) 5.0 7.5 pF 

COUT Output Capacitance High Impedance State 10 15 pF 
(Note 2) 

Cpo Power DIssipation Capacitance Per Package (Note 3) 200 pF 
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AC Electrical Characteristics 
MM54C374/MM74C374 TA = 25°C, CL =50pF, t, =t, =20ns, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

tpdO' tpd1 Propagation Delay, CLOCK to Vee=5.0V, CL=50pF 150 300 ns 
Output Vee = 10V, CL = 50pF 65 130 ns 

Vee=5.0V, CL=150pF 180 360 ns 
Vee = 10V, CL = 150pF 80 160 ns 

tSET·UP Minimum Set·Up Time Data In to tHoLO=Ons 
CLOCK/LATCH ENABLE Vee=5.0V 70 140 ns 

Vee=10V 35 70 ns 

tpWH, tpwL Minimum CLOCK Pulse Width Vee=5.0V 70 140 ns 
Vee=10V 50 100 ns 

fMAX Maximum CLOCK Frequency Vee=5.0V 3.5 7.0 MHz 
Vee=10V 5.0 10 MHz 

t1H, tOH Propagation Delay OUTPUT DISABLE RL=10k, CL=50pF 
to High Impedance State Vee=5.0V 105 210 ns 
(from a Logic Level) Vee=10V 60 120 ns 

tH1, tHO Propagation Delay OUTPUT DISABLE RL=10k, CL=50pF 
to Logic Level Vee =5.0V 105 210 ns 
(from High Impedance State) Vee = 10V 45 90 ns 

tTHL, tTLH Transition Time Vee = 5.0 V, CL=50pF 65 130 ns 
Vee =10V, CL=50pF 35 70 ns 
Vee = 5.0 V, CL = 150pF 110 220 ns 
Vee = 10V, CL = 150pF 70 140 ns 

t"t, Maximum CLOCK Rise and Fall Time Vee=5.0V 15 >2000 I's 
Vee=10V 5.0 >2000 f's 

CeLK Input Capacitance CLOCK Input (Note 2) 7.5 10 pF 

Coo Input Capacitance OUTPUT DISABLE Input 7.5 10 pF 
(Note 2) 

CIN Input Capacitance Any Other Input (Note 2) 5.0 7.5 pF 

COUT Output Capacitance High Impedance State 10 15 pF 
(Note 2) 

Cpo Power Dissipation Capacitance Per Package (Note 3) 250 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance Is guaranteed by periodic testing. 
Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family 
Characteristics application note AN·90. 
Note 4: These are peak output current capabilities. Continuous output current is rated at 12 rnA max. 
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Typical Performance Characteristics TA = 25°C 

MM54C373/MM74C373 
Propagation Delay, LATCH MM54C373/MM74C373 MM54C374/MM74C374 
ENABLE to Output vs Load Propagation Delay, Data In to Output Propagation Delay, CLOCK to Output 
Capacitance vs Load Capacitance vs Load Capacitance 

300 300 300~ 

] ] ] .. .. .. 
~ 200 ~ 200 ~ 200 co '" z VCC' 5V z z 
co co ~CC~ 

co VCC = 5V ;:: ;:: ~ c c 
co co co 
f f f 

100 co 100 co 100 co 

== 
VCC = 10V 

== 
VC~ -IOV 

== 
VCC',OV 

I I I 
co 

V~c= 15V E- =:VYCi~5V 
co 

&- &-
-tVCC"5 v 

0 
I-j I I 

0 0 
0 50 100 150 0 50 100 150 0 50 100 150 

CL - LOAD CAPACITANCE (pF) CL - LOAD CAPACITANCE (pF) CL - LOAD CAPACITANCE (pFI 

MM54C373/MM74C373, 
MM54C374/MM74C374 
Change in Propagation Delay per pF of MM54C373/MM74C373, MM54C373/MM74C373, 
Load Capacitance (~tPD/pFI vs r>ower MM54C374/MM74C374 MM54C374/MM74C374 Output 
Supply Voltage Output Sink Current vs VOUT Source Current vs VCC - VOUT 

~ 0.75 100 

JC~="5~ 
0 

~ 90 -10 I 
w 
u 80 VCc= 5VI'" z 
c -20 ... 70 ;:; 0.5 C 
§ C 60 .! -30 

.! VCC = 10V 
~ -40 co '" 50 ~CC = 10V 

'" z a: 

:: J!> 40 ::> 

~ 0.25 
~ -50 

J. co 30 
~ -60 VCC = 15V 
~ 20 VCC' 5V iJ..I...r a: 

-70 ~ 10 
co I II 
~ 0 0 -80 

0 5 10 15 0 2 4 6 8 10 12 14 16 16 14 12 10 8 6 4 2 0 

VCC - POWER SUPPLY VOLTAGE (V) VOUT(V) VCC - Your (V) 

Truth Tables 

MM54C373/MM74C373 MM54C374/MM74C374 

OUTPUT LATCH OUTPUT CLOCK D a L = low logic level 

DISABLE E'NAiiIT D a DISABLE H = high logiC level 

L H H H L .-r H H X = irrelevant 

L H L .-r L L 
~= low to high logic level transition 

L L Q = preexisting output level 
L L X a L L X a Hi-Z = high impedance output state 

H X X Hi-Z L· H X a 
H X X Hi·Z 

Typical Applications 
Data Bus I nterfacing Element Simple, Latching, Octal, LED Indicator Driver with Blanking 

For Use As Data Display, Bus Monitor, 
fJP Front Panel Display, Etc. 

BlANKIN~ <>--t Vee 
CONTROL y 

~ TRI·STATE DATA BUS '<"' 

u,,]~ 
00 Vee d. o • 

..of~ ~.7 02 02 

MM64C373! MMS4C3131 D3 MM54C37J/ .3 
MM14C313 MM14CJ13 04 MMlri~313 04 

OR OR 
MM54C374J MM54C314f 

IN _ 
OS MM54C374/ OS 

MM74C374 MM14C314 - D6 MM14C374 .. ..,r:--- -..:!.J.. - 01 ., 
- DB DB !N:N=N::::: PERIPHERAL DEVICE eLK/IT GNU 

~ 
CLOCKING/LATCHIN~ 0----1 

CONTROL 
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Logic Diagrams MM54C373/MM74C373 (1 of 8 Latches) 

OUTPUT 
DISABLE 

--C>o-Lt>JD 00 

T 

G 

--L 

-IIE--.--
G 

f 

MM54C374/MM74C374 (1 of 8 Flip-Flops) 

-[>J~t>o.r fi CL 

CLOCK --L- -L-

-IiI- -i~I-
~OD 

-.- -.-
CL CI 

OUTPUT 
T T DISABLE 

TRI-STATE® Test Circuits and Timing Diagrams 

t1H. tH1 t1H. CL =5 pF 

Vee 

=1'r vee ---
OUTPUT 90% 
DISABLE 50% 

OUTPUT GND 
tD% 

DISABLE 

~ Q VOH 90% 

':' OUTPUT 
GNO 

tOH. tHQ tOH. CL = 5 pF 

vee vee 

'r-
tOk vee -- -90% 

OUTPUT 
50% DISABLE 

OUTPUT GND 
DISABLE 

eL 

~ 1" Vee --

':' OUTPU~ to% 
VOL 
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Switching Time Waveforms 
"\ 

MM54C373/MM74C373 

DATA 
IN 

GND 

VCC 
DIm 

ENABLE 
GND 

U 
OUTPUT 

GND 

OUTPUT DISABLE = GND 
MM54C374/MM74C374 

DATA 
IN 

GNo 

CLOCK 

GNo 

VCC 
Q 

OUTPUT 
GND 

OUTPUT DISABLE = GND 
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~National 
~ Semiconductor 

MM70C95/MM80C95, MM70C97/MM80C97 TRI·STATE® 
Hex Buffers 

MM70C96/MM80C96, MM70C98/MM80C98 TRI·STATE® 
Hex Inverters 

General Description Features 
These gates are monolithic complementary MOS (CMOS) - Wide supply voltage range 3.0 V to 15 V 
Integrated circuits constructed with N· and P·channel 
enhancement mode transistors. The MM70C95/MMBOC95 - Guaranteed noise margin 1.0V 
and the MM70C97/MMBOC97 convert CMOS or TTL out· _ High noise immunity 0.45 Vee (typ.) 
puts to TRI·STATE outputs with no logic inversion, 
the MM70C96/MMBOC96 and the MM70C9B/MMBOC9B - TTL compatible drive 1 TTL Load 
provide the logical opposite of the input signal. The Appll'catl'ons 
MM70C95/MMBOC95 and the MM70C96/MMBOC96 have 
common TRI·STATE controls for all six devices. The _ Bus drivers Typical propagation delay 
MM70C97/MMBOC97 and the MM70C9B/MMBOC9B have into 150pF load is 40ns. 
two TRI·STATE controls; one for two devices and one for 
the other four devices. Inputs are protected from damage 
due to static discharge by diode clamps to Vee and GND. 

Connection Diagrams (Dual·ln·Line and Flat Packages) 

MM70C95/MM8OC95 MM70C96/MM8OC96 

DIS, IN, OUT, IN, DUlz IN, oUT3 GND DIS, IN, OUT, IN, OUT:z IN, OUT3 GND 

TOPYIEW TOPVIEW 

MM7OC97/MM80C97 MM7OC98/MM8OC98 

V", DI52 IN, OUTa IN, OUTs IN, OUT4 V", DIS2 IN, OUT, IN, OUTs IN, OU14 

DIS. IN, OUT 1 INz OUT z INl OUT 1 GND 

lOP VIEW TOP VIEW 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin 
Operating Temperature Range 

MM70CXX 
MMBOCXX 

Storage Temperature Range 
Package Dissipation 
Power Supply Voltage (Vcc) 
Lead Temperature (Soldering, 10 sec.) 

-0.3 V to Vcc + 0.3 V 

-55·C to +125·C 
-40·C to +B5·C 

-65·C to +150·C 
500mW 

1BV 
300·C 

DC Electrical Characteristics 
Max./min. limits apply across temperature range, unless otherwise noted. 

Parameter 

CMOS to CMOS 

VIN(l) Logical "1" Input Voltage 

VIN(O) Logical "0" Input Voltage 

VOUT(l) Logical "1" Output Voltage 

VOUT(O) Logical "0" Output Voltage 

IIN(l) Logical "1" Input Current 

IIN(O) 

lOUT 

Icc 

Logical "0" Input Current 

Output Current in High 
Impedance State 

Supply Current 

TIL Interface 

Logical "1" Input Voltage 

Logical "0" Input Voltage 

VOUT(l) Logical "1" Output Voltage 

VOUT(O) Logical "0" Output Voltage 

Conditions 

Vcc =5.0V 
Vcc=10V 

Vcc =5.0V 
Vcc=10V 

Vcc =5.0V 
Vcc=10V 

Vcc = 5.0V, 
Vcc=10V 

Vcc=15V 

Vcc =15V, Vo=15V 
Vcc =15V, Vo=OV 

Vcc = 15V 

70C Vcc = 4.5 V 
BOC Vcc=4.75V. 

70C Vcc = 4.5 V 
BOC Vcc =4.75V 

70C Vcc=4.5V, lo=-1.6mA 
BOC Vcc =4.75V,lo =-1.6mA 

70C Vcc=4.5V, lo=1.6mA 
BOC Vcc=4.75V,lo=1.6mA 

Output Drive (Short Circuit Current) 

ISOURCE Output Source Current 

ISOURCE Output Source Current 

ISINK Output Sink Current 

ISINK Output Sink Current 

Vcc = 5.0 V, VIN(1) = 5.0 V 
TA=25·C, VOUT=OV 

Vcc = 10 V, VIN(l) = 10 V 
TA=25·C, VOUT=OV 

Vcc=5.0V, VIN(O)=OV 
TA = 25·C, VOUT = Vcc 

Vce = 10V, VIN(O)=OV 
TA = 25·C, VOUT = Vec 

Min. 

3.5 
B.O 

4.5 
9.0 

-1.0 

:"'1.0 

VCC- 1.5 
Vcc- 1.5 

2.4 
2.4 

-4.35 

""'20 

4.35 

20 

Typ. 

0.005 

-0.005 

0.005 
-0.005 

0.01 

Max. 

1.5 
2.0 

0.5 
1.0 

1.0 

1.0 

15 

O.B 
O.B 

0.4 
0.4 

Units 

V 
v 

V 
V 

V 
V 

V 
V 

rnA 

rnA 

rnA 

rnA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family 
Characteristics application note AN-gO. 
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AC Electrical Characteristics TA = 25°C, CL=50pF, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

tpdO, tpdl Propagation Delay Time to a Logical "0" or 
Logical "1" from Data Input to Output 

MM70C95/MM80C95, MM70C97/MM80C97 Vee=5.0V 60 100 ns 
Vee = 10V 25 40 ns 

MM70C96/MM80C96, MM70C98/MM80C98 
Vec =5.0V 70 150 ns 
Vee = 10V 35 75 ns 

tpdO, tpdl Propagation Delay Time to a Logical "0" or 
Logical "1" from Data Input to Output 

MM70C95/MM80C95, MM70C97/MM80C97 Vee = 5.0V, CL = 150 pF 85 160 ns 
Vee =10V, CL=150pF 40 80 ns 

MM70C96/MM80C96, MM70C98/MM80C98 
Vce = 5.0V, CL=150pF 95 210 ns 
Vee=10V, CL=150pF 45 110 ns 

t ,H, tOH Delay from Disable Input to High Impedance 
RL=10k, CL=5.0pF State, (from Logical "1" or Logical "0") 

M M70C95/M M80C95 Vee=5.0V 80 135 ns 
Vee = 10V 50 90 ns 

M M70C96/M M80C96 Vee = 5.0V 100 180 ns 
Vee = 10V 70 125 ns 

MM70C97/MM80C97 Vee = 5.0V 70 125 ns 
Vee = 10V 50 90 ns 

MM70C98/MM80C98 
Vee =5.0V 90 170 ns 
Vee = 10V 70 125 

tHl, tHO Delay from Disable Input to Logical "1" RL = 10k, ,CL = 50pF 
Level (from High Impedance State) 

M M 70C95/M M80C95 Vee = 5.0V 120 200 ns 
Vee = 10V 50 90 ns 

MM70C96/MM80C96 
Vee =5.0V 130 225 ns 
Vee = 10V 60 110 ns 

MM70C97/MM80C97 
Vee =5.0V 95 175 ns 
Vee = 10V 40 80 ns 

MM70C98/MM80C98 
Vee =5.0V 120 200 ns 
Vee = 10V 50 90 ns 

CIN Input Capacitance Any Input (Note 2) 5.0 pF 

COUT Output Capacitance TRI·STATE Any Output (Note 2) 11 pF 

Cpo Power Dissipation Capacitance (Note 3) 60 pF 

Truth Table 
MM7OC95/MM8OC95 MM70C96/MM80C96 

DISABLE INPUT 
INPUT OUTPUT 

DISABLE INPUT 
INPUT OUTPUT 

DIS, DIS2 DIS, DIS2 

0 0 0 0 0 0 0 1 
0 0 1 1 0 0 1 0 
0 1 X H·z 0 1 X H·z 
1 0 X H·z 1 0 X H·z 
1 1 X H·z 1 1 X H·z 

MM7OC97/MM80e97 MM7OC98/MM8OC98 

DISABLE INPUT 
INPUT OUTPUT 

DISABLE INPUT 
INPUT OUTPUT 

DIS4 DIS2 DIS4 DIS2 

0 0 0 0 0 0 0 1 
0 0 1 1 0 0 1 0 
X 1 X H-z* X 1 X H-z* 
1 X X H-z** 1 X X H-z** 

'Output 5·6 only 
• 'Output 1·4 only 
X = Irrelevant 
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Typical Performance Characteristics 

] 
> 

~ 
co 
z 
co 
;:: .. .. 
:: 
co 
go 
I 

J. 

<t 
oS . z 
.Jf 

150 

100 

50 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

o 

Propagation Delay vs 
Load Capacitance 

Vee = l.OV ..It'" 

TA = 25"C 
SEE AC TEST CIRCUIT 

Vcc=~ 

Vee = lOV 

Vee = 15V 

50 100 150 

CL - LOAD CAPACITANCE (pFI 

N·Channel Output Drive @ 25"C 

IJll 
Vee - 15V 

Vee = lOV 

H"t" 
I 

~ V =15vl 
rA II 

" III 
o 2 4 6 8 10 12 14 16 

VOUT (VI 

Schematic Diagram 

MM7OC95/MMBOC95 TRI-STATE 
ONE OF SIX DEVICES r-------, 
I v" I 

1 J I "1" , 
INII 

CONTROLS FOR ALL J I SIX DEVICES 

I 
DIS/I 

I 1.1 015/2 
15 

L ______ ...J 

MM70C97/MMBOC97 TR I-STATE 
ONE OF TWO/fOUR DEVICES r-------, 
I . v"" I 

IN" o----t··y·-·-_-_-_-++1 :;::[J J I 
'"1 I 

.,on 

ONE OFTWO 
TRI.stATE CONTROLS ---, 

1 I L ______ ...J 

---

~ I 

11.1 
I ~ 1 L ______ ...l 

, 
INiI 

3 
00./1 

011/1 

.,on 
15 

, 

-10 

-20 

1 -30 

~ -40 

j -50 

-60 

-70 

-80 

Atpd/pF vs 
Power Supply Voltage 

Vee -POWER SUPPLY VOLTAGE (VI 

P·Channol Output Drive @ 25° C 

1 J Vee =5 V ~ 

I I 
Vee = 10V i-" 

V 
II 

lH1 "'" 
I II 

16 14 12 10 8 6 4 2 0 

Vee - VOUT (V) 

MM70C96/MM80C96 TRI·STATE 

ONE OF SIX DEVICES r-------, 
I Voo I 

'" 1 J I 
,CONTROLS FOR ALL J I SIX DEVICES 

I 

I 1 1 I 
1 I 
~------...J 

L ______ ...J 

MM70C98/MMBOC98 TR I-STATE 
ONE OF TWQlfOUR DEVICES r-------, 
I v"" I 

IN" o-------tH 
1 J I 

J I 
3 ONE OF TWO 
00./1 TRI·STATE CONTROLS 

I 
.,on 

I 1 I L ______ ...J 
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AC Test Circuit and Switching Time Waveforms 

tpdO. tpd1 CMOS to CMOS 

Vee 
0.9 0.9 

V'N 

V'N~VOUT 0.1 0.1 
OV 

~- '} TC' "50 PF 
Vee 

VOUT 

OV 

50% 

Veer 
50% 

OV 

t'H 

VCf;±-DISABLE 50 % 

OV y ' 
Vee 

OUTPUT 50 % 

OV 

DISABLE 

INPUT~OUTPUT 
DISABLE C 5 F 

':' 10k J l" P 

90% 
VO' -----.I 

OUTPUT 

OV --___ ---''''"-__ 

tOH and tHO tOH tHO 

Vee 
Vee Vee 

DISABLE DISABLE 

d 10k 
OV OV 

INPUT . OUTPUT tHO 

DISABLE " ~ Cl " 5 pF Vee Vee 

OUTPUT OUTPUT 
10% 

VOL OV 

Note: Delays measured Wltb input t,. 1, :s: 20 os 
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~ 
~ ~ National . 
~ ~ Semiconductor 
:i -~ 
CJ MM78C29/MM88C29 QLlad Single-Ended Line Driver 
~ MM78C30/MM88C30 Dual Differential Line Driver 
:i 

General Description 
I 

The MM78C30/MM88C30 is a dual differential line driver 
that also performs the dual four-Input NAND or dual four­
input AND function. The absence of a clamp diode to Vcc 
in the Input protection circuitryofthe MM78C30lMM88C30 
allows a CMOS user to Interface systems operating at 
different voltage levels. Thus, a CMOS digital signal 
source can operate at a Vcc voltage greater than the Vcc 
voltage of the MM78C30 line driver. The differential out­
put of the MM78C30/MM88C30 eliminates ground-loop 
errors_ 

Logic and Connection Diagrams 

1/4 MM78C29/MM88C29 

INPUT 

MM78C29/MM88C29 

NC NC 'N, 'N, 
I·· • 3 12 " 10 

.--

1 2 J • 5 

NC IN, NC 'N, 
TOPVIEW 

OUTPUT 

INPUT 1 

INPUT2 

INPUTJ 

INPUT4 

OUT, OUT. 

9 • 

-

6 I' 
OUT I GND 

The MM78C29/MM88C29 is a non-inverting single-wire 
transmission line driver. Since the output ON resistance 
is a low 20Q typ., the device can be used to drive lamps, 
relays, solenoids, and clock lines, besides driving data 
lines. 

Features 
• Wide supply voltage range 

• High noise Immunity 

• Low output ON resistance 

1/2 MM78C30/MM88C30 

MM78C30/MM88C30 

3.0Vt015V 

0.45 Vcc (typ.) 

20Q (typ.) 

AND 
OUTPUT 

NAND 
OUTPUT 

BAND e NAND 

Vee tNJO • IN.B OUT OUT 

'I. 13 12 " 10 • • 

- -

1 2 J • 5 6 J' IN.p. A AND A NAND GNO 
OUT OUT 

TOP VIEW 
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:s: 
Absolute Maximum Ratings (Note 1) :s: 

~ 
Voltage at Any Pin (Note 1) -0.3V to Vcc + 16V Absolute Maximum Vce 18V C» 
Operating Temperature Range Average Current at Output 0 

MM78C29/MM78C30 -55DC to +125DC MM78C30/MM88C30 50mA I\) 
CD 

M M88C291 M M88C30 -40DC to +85DC MM78C29/MM88C29 25mA -Storage Temperature -65DC to +150DC Maximum Junction Temperature, 1j 150DC :s: 
Package Dissipation 500mW Lead Temperature (Soldering, 10 sec.) 300DC :s: 
Operating Vee Range 3.0Vto 15V C» 

C» 
0 
I\) 

JD 

DC Electrical Characteristics Max.lmln. limits apply across temperature range unless othe~wise noted. 
:s: 
:s: 

Parameter I Conditions I Min. I Typ. I Max. I Units ~ 
C» 

CMOS to CMOS 0 
Co) 

V1N(1) Logical "1" Input Voltage 
Vee=5.0V 3.5 V C 
Vcie=10V B.O V -:s: 

VIN(O) Logical "0" Input Voltage Vee =5.0V 1.5 V :s: 
Vcc=10V 2.0 V C» 

C» 

IIN(1) Logical "1" Input Current Vee = 15V, V1N =15V 0.005 1.0 ",A 0 
Co) 

IIN(O) Logical "0" Input Current Vee = 15V, VIN=OV -1.0 -0.005 ",A C 
Icc Supply Current Vce = 15V 0.05 100 ",A 

Output Drive 

Output Source Current I 

M M78C291 MM78C30 Your = Vee -1.6 V, 
, 

Vee ~ 4.5 V, 1j = 25DC ·-57 -BO mA 
1j = 125DC -32 -50 mA 

M MBBC291 M MBBC30 Vour=Vee-1.6V, 
Vee ~ 4.75V, 1j=25DC -47 -BO mA 
1j =B5DC -32 -60 mA 

MM7BC29/MMBBC29 Your = Vee - O.B V 
MM7BC30/MMBBC30 Vee ~ 4.5V -2.0 -20 mA 

Output Sink Current 
MM7BC29/MM7BC30 Your = 0.4 V, Vee = 4.50 V, 

1j = 25DC 11 20 mA 
1j = 125DC B.O 14 mA 

Vour =0.4V, Vee =10V, 
1j = 25DC 22 40 mA 
1j = 125DC 16 2B mA 

MMBBC29/MMBBC30 Vour =0.4V, Vcc = 4.75 V, 
1j = 25°C 9.5 22 mA 
1j = B5°C B.O 1B mA 

Your = 0.4 V, Vee = 10 V, 
1j = 25°C 19 40 mA 
1j = 125°C 15.5 33 mA 

Output Source Resistance 
MM7BC29/MM7BC30 Vour=Vee- 1.6V, 

Vce ~ 4.5 V, 1j = 25°C 20 2B Q 
lj = 125°C 32 50 Q 

MMB8C29/MM8BC30 Your = Vee -1.6V, 
Vee ~ 4.75V, 1j = 25°C 20 34 Q 

1j := B5°C 27 50 Q 
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DC Electrical Characteristics (cont'd) 

Parameter Conditions Min. Typ. Max. Units 

Output Sink Resistance 
MM78C29/MM78C30 Vour = 0.4 V, Vee = 4.50 V, 

lj = 25°C 20 36 Q 

lj = 125°C 28 50 Q 

VOUT=O.4V, Vee=10V, \ 

lj = 25°C - 10 18 Q 

lj = 125°C 14 25 Q 

MM88C29/MM88C30 Vour =O.4V, Vee=4.75V, 
lj = 25°C 18 41 Q 
lj = 85°C 22 50 Q 

VOUT = 0.4 V, Vee = 10 V, 
lj = 25°C 10 21 Q 
lj = 85°C 12 26 Q 

\ 

Output Resistance 
Temperature Coefficient 

Source 0.55 %/OC 
Sink 0.40 %/OC 

8JA Thermal Resistance 
MM78C29/MM78C30 
(D· Package) 100 °C/W 

MM88C29/MM88C30 
(N-Package) 150 °C/W 

AC Electrical Characteristics TA=25°C, CL=50pF 

Parameter Conditions Min. Typ. Max. Units 

tpd Propagation Delay Time to 
Logical "1" or "0" (See Figure 2) 

MM78C29/MMBBC29 Vee=5.0V 80 200 ns 
Vee=10V 35 100 ns 

MM78C30/MMBBC30 Vee = 5.0V 110 350 ns 
Vee=10V 50 150 ns 

tpd Differential Propagation Delay RL=100Q, CL=5000pF 
Time to Logical "1" or "0" (See Figure 1) , 

MM78C30/MM88C30 Vee=5.0V 400 ns 
Vee=10V 150 ns 

CIN Input Capacitance 
MM78C29/MM88C29 (Note 3) 5.0 pF 
MM78C30/MMBBC30 (Note 3) 5.0 pF 

Cpo Power Dissipation Capacitance 
MM78C29/MM88C29 (Note 3) 150 pF 
MM78C30/MMBBC30 (Note 3) 200 pF 

Nole 1: "Absolute Maximum Ratings" are those' values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family 
Characteristics application note AN-90. 
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Typical Performance Characteristics 
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AC Test Circuits 
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Typical Applications 

Vee 

",.j 
':" 

INPUT 

Vee 

Digital Data Transmission 

LINE DRIVER AND RECEIVER (NOTE 3) 

'Notet: Exact valur depends on hnelength. 
Note2: Optional to control response time. 

CI 
O.01pF 

(NOTE II 

Note J: Vee to 4.SV to S.SV for the 057820. STROBE 

Vee 

SINGLE·WlRE TRANSMISSION LINE (NOTE 1) 
Vee ,. 

1/6 MM18C29f 
OUTPUT 

MM88C29 

Note 1: Vcc is3Vto15V ':" 
':" 

Typical Data Rate vs Transmission Line Length 

10,000 
TA '" 25"C 

"eo.¢' ~ 1000 
w 

II. 

~10" 
"0 c.,~ 

~ 
a: 

5 100 

" 

10 100 1000 

LENGTH OF TRANSMISSION LINE (FTI 

Note 1: The transmission line used was #22 gauge unshielded twIsted pair 
(40k termination). 

Note 2: The curves generated assume that both drivers are drivmg equal 
hnes, and that the makimum power is 500 mW/package. 
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II?A National 
~ Semiconductor 

MM54C901/MM74C901 Hex Inverting TTL Buffer 
MM54C902/MM74C902 Hex Non-Inverting TTL Buffer 
MM54C903/MM74C903 Hex Inverting CMOS Buffer 
MM54C904/MM74C904 Hex Non-Inverting CMOS Buffer 
General Descrjption 
These hex buffers employ complementary MOS to 
achieve wide supply operating range, low power con­
sumption, and high noise immunity. These buffers pro­
vide direct interface from PMOS into CMOS or TTL and 
direct interface from CMOS to TTL or CMOS operating 
at a reduced Vee supply. For specific applications see 
MOS Brief 18 in the back of this catalog. 

Connection and Logic Diagrams 

MM54C901/MM74C901 

MM54Cg03/MM74C903 

TO'VIEW 

MM54C901/MM74C901 
CMOS to TTL Inverting Buffer 

MM54C902/MM74C902 
CMOS to TTL Buffer 

"" 

Features 
• Wide supply voltage range 

• Guaranteed noise margin 

• High noise immunity 

• TTL compatibility 

3.0Vto 15V 

1.0V 

0.45 Vee (typ.) 

fan out of 2 
driving standard TTL 

MM54C902/MM74C902 

MM54C904/MM74C904 

2-3 

MM54C903/MM74C903 

PMOS to TTL or CMOS I nverting Buffer 

MM54C904/MM74C904 
PMOS to TTL or CMOS Buffer 



Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.3 V to Vee + 0.3 V Operating Temperature Range 
Voltage at any Input Pin MM54C901, MM54C902, 

MM54C901/MM74C901 -0.3Vto+15V MM54C903, MM54C904 -55°C to +125°C 
MM54C902/MM74C902 -0.3Vto +15V MM74C901, MM74C902, . 
MM54C903/MM74C903 Vee -17Vto Vee + 0.3V MM74C903, MM74C904 -40°C to +85°C 
MM54C904/M M7 4C904 Vee -17Vto Vee + 0.3V Operating Vee Range 3.0Vto 15V 

Storage Temperature Range -65°C to +150°C Absolute Maximum Vee 18V 
Package Dissipation 500mW Lead Temperature (Soldering, 10 sec.) 300°C 

DC Electrical Characteristics Max./min. limits apply across temperature range, unless otherwise noted. 

Parameter I Conditions I Min. I Typ. I Max. I' Units 

CMOS to CMOS 

VIN(1) Logical "1" Input Voltage 
Vee=5.0V 3.5 V 
Vee=10V 8.0 V 

VIN(O) Logical "0" Input Voltage 
Vee=5.0V 1.5 V 
Vee=10V 2.0 V 

VOUT(1) Logical "1" Output Voltage Vee=5.0V,lo=-10"A 4.5 V 
Vee=10V, 10=-10"A 9.0 V 

VOUT(O) Logical "0" Output Voltage Vee = 5.0 V, 0.5 V 
Vee=10V 1.0 V 

IIN(1) Logical "1" Input Current Vee = 15V, VIN = 15V 0.005 1.0 "A 
IIN(O) Logical "0" Input Current Vee =15V, VIN=OV -1.0 -0.005 "A 
Icc Supply Current Vee = 15V 0.05 15 "A 

TTL to CMOS 

VIN(1) Logical "1" Input Voltage 
54C Vee=4.5V Vee -1.5 V 
74C Vee=4.75V Vee -1.5 v 

Logical "0" Input Voltage 
54C Vee=4.5V O.S V 

VIN(O) 74C Vee =4.75V O.S V 

CMOS to TTL 

VIN(1) Logical "1" Input Voltage 
MM54C901, MM54C903 Vee=4.5V 4.0 V 
MM54C902, MM54C904 Vee=4.5V Vee -1.5 V 
MM74C901, MM74C903 Vee=4.75V 4.25 V 
MM74C902, MM74C904 Vee =4.75V Vee- 1.5 V 

VIN(O) Logical "0" Input Voltage 
MM54C901, MM54C903 Vee=4.5V 1.0 V 
MM54C902, MM54C904 Vee=4.5V 1.5 V 
MM74C901, MM74C903 Vee =4.75V 1.0 V 
MM74C902, MM74C904 Vee =4.75V 1.5 V 

VOUT(1) Logical "1" Output Voltage 54C Vee=4.5V, lo=-SOO"A 2.4 V 
74C Vee = 4.75 V, lo=-SOO"A 2.4 V 

VOUT(O) Logical "0" Output Voltage 
MM54C~01, MM54C903 Vee=4.5V, 10=2.6mA 0.4 V 
MM54C902, MM54C904 Vee=4.5V, '0=3.2mA 0.4 V 
MM74C901, MM74C903 Vee = 4.75 V, 10=2.6mA 0.4 V 
MM74C902, MM74C904 Vee = 4.75 V, 10 :1'3.2 mA 0.4 V 

Output Drive (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 
(MM54C901/MM74C901, MM54C903/MM74C903) 

IsouReE 
Output Source Current Vee=5.0V, VOUT=OV -5.0 mA (P·Channel) TA = 25°C, VIN=OV 

IsouReE 
Output Source Current Vee = 10V, VOUT=OV -20 mA (P·Channel) TA = 25°C, VIN = OV 

ISINK 
Output Sink Current Vee = 5.0 V, VOUT = Vee 

9.0 mA (N·Channel) TA = 25°C, VIN == Vee 

ISINK 
Output Sink Current Vee = 5.0 V, VOUT = 0.4 V 

3.S mA 
(N·Channel) TA = 25°C, VIN = Vee 
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DC Electrical Characteristics (cont'd) 

Parameter Conditions Min. Typ. Max. Units 

Output Drive (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 
(MM54C902lMM74C902, MM54C902/MM74C902) 

IsouReE Output Source Current (P·Channel) 
Vee = 5.0V, VOUT=OV -5.0 mA 
TA = 25'C, VIN = Vee 

IsouReE Output Source Current (P·Channel) 
Vee =10V, VOUT=OV -20 mA 
,TA = 25'C, VIN = Vee 

ISINK Output Sink Current (N·Channel) Vee = 5.0 V, VOUT = Vee 
9.0 mA TA = 25'C, VIN = OV 

ISINK Output Sink Current (N·Channel) 
Vee = 5.0 V, VOUT = 0.4 V 3.8 mA TA = 25'C, VIN = OV 

AC Electrical Characteristics TA = 25'C, CL = 50pF, unless otherwise noted. 

Parameter I Conditions I Min. I . Typ. I Max . I Units 

MM54C901/MM74C901, MM54C903/MM74C903 

tpd1 Propagation Delay Time to a Logical "1" Vee=5.0V 38 70 ns 
Vee = 10V 22 30 ns 

tpdO Propagation Delay Time to a Logical "0" Vee =5.0V 21 35 ns 
Vee = 10V 13 20 ns 

CIN Input Capacitance Any Input (Note 2) 14 pF 

Cpo Power Dissipation Capacity (Note 3) Per Buffer 30 pF 

MM54C902lM M74C902, M M54C904/MM74C904 

tpd1 Propagation Delay Time to a Logical "1" Vee =5.0V 57· 90 ns 
Vee = 10V 27 40 ns 

tpdO Propagation Delay Time to a Logical "0" Vee=5.0V 54 90 ns . 
Vee = 10V 25 40 ns 

CIN Input Capacitance Any Input (Note 2) 5.0 pF 

Cpo Power Dissipation Capacity (Note 3) Per Buffer 50 pF 

Note 1: "Absolute Maximum Ratings" are. those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance Is guaranteed by periodic testing. 
Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family 
Characteristics application note AN-90. 

Typical Applications 
PMOS to CMOS or TTL Interface 

-!;;--i-r--vt-Vee TTL 
PMOS OR 

CMOS 

4- _ \\ eND 

1 .... 54C""M:14"03~1 '::' 
NOTE Vcc +VDD -:: 1111 

Vec~15V 

w.tS4C904IMM14C904 

CMOS to TTL or CMOS at a Lower Vce 

1 Vco I ~L ~ 1 
r ~~,~ r 
~----~----~~----~----~ 

_ ~IMMS4C9alIMM14C901 Gil 
- MM54C902/MM74C902 

NOTE IIccl _ II'CC2 

AC Test Circuit and Switching Time Waveform 

Nate: Delays measured With Input t •• If '" 20 ns. 
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Typical Performance Characteristics 
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MM54C905/MM74C90512-Bit Successive Approximation 
Register 

General Description 
The MM54C905/MM74C905 CMOS l2-bit successive 
approximation register contains all the digit control and 
storage necessary for successive approximation analog­
to-digital conversion. Because of the unique capability 
of CMOS to switch to each supply rail without any offset 
voltage, it can also be used in digital systems as the 
control and storage element in repetitive routines. 

Features 
• Wide supply voltage range 3.0V to l5V 

• Guaranteed noise margin 

• High noise immunity 

• Low power TTL 
compatibility 

1.0V 

0.45 Vee typ 

fan out of 2 
driving 74L 

• Provision for register extension or truncation 

• Operates in START/STOP or continuous conversion 
mode 

• Drive ladder switches directly. For 10 bits or less 
with 50k/l00k R/2R ladder network 

Connection Diagram Dual-I n-Line Package 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.3V to Vee + 0.3V 
Operating Temperature Range 

MM54C905 -55'Cto +125'C 
MM74C905 -40'Cto +B5'C 

Storage Temperature Range -65'Cto +150'C 
Package Dissipation 500mW 
Operating Vee Range 3.0Vto 15V 
Absolute Maximum Vee 16V 
Lead Temperature (Soldering, 10 seconds) 300'C 

DC Electrical Characteristics 
MinImax limits apply across temperature range unless otherwise noted. 

Parameter I Conditions I Min. I Typ. I Max. I Units 

CMOS to CMOS 

VIN(1) Logical "1" Input Voltage Vce=5.0V 3.5 V 
Vee=10V B.O V 

VIN(O) Logical "0" Input Voltage Vee=5.0V 1.5 V 
Vee=10V 2.0 V 

VdUT(1) Logical "1" Output Voltage Vec=5.0V, 10= -1OIlA 4.5 V 
Vee = 10V, 10 = - 1OIlA 9.0 V 

VOUT(O) Logical "0" Output Voltage Vee = 5.0V, 10 = 10llA 0.5 V 
Vee = 10V, 10 = 10llA 1.0 V 

IIN(1) logical "1" Input Current Vee = 15V, VIN = 15V 0.005 1.0 IlA 
IIN(O) Logical "0" Input Current Vee =15V, VIN=OV -1.0 -0.005 IlA 

Icc Supply Current Vee=15V 0.05 300 IlA 

CMOSILPTTL Interface 

VIN(1) Logical "1" Input Voltage 
MM54C905 Vee =4.5V Vee- 1.5 V 
.MM74C905 Vee=4.75V Vee - 1.5 V 

VIN(O) Logical "0" Input Voltage 
MM54C905 Vee =4.5V O.B V 
MM74C905 Vee=4.75V O.B V 

VOUT(1) Logical "1" Output Voltage 
MM54C905 Vee = 4.5V, 10 = -3601lA 2.4 'V 
MM74C905 Vcc=4.75V, 10= -360IlA 2.4 V 

VOUT(O) Logical "0" Output Voltage 
MM54C905 Vcc = 4.5V, 10 = 360llA 0.4 V 
MM74C905 Vcc=4.75V, 10 = 360llA 0.4 V 

Output Drive (See 54C/74C Family Characteristics Data Sheet) 

ISOURCE Output Source Current Vcc= 5.0V, VOUT=OV -1.75 -3.3 mA 
(P·Channel) TA=25'C 

ISOURCE Output Source Current Vce = 10V, VOUT = OV -B.O -15 mA 
(P·Channel) TA=25'C 

ISINK Output Sink Current Vee =; 5.0V, VOUT = Vce 1.75 3.6 mA 
(N·Channel) TA=25'C 

ISINK Output Sink Current Vcc =10V, VouT=Vce B.O 16 mA 
(N,Channel) TA=25'C 

Vee=10V±5% 

RSOURCE 011-00 Outputs VOUT = Vee -0.3V 150 350 Q 
TA=25'C 

RSINK Vee=10V±5% 
VouT=0.3V 80 230 Q 
TA=25'C 

2-B 



AC Electrical Characteristics TA = 25°C, CL = 50 pF, unless otherwise specified. 

Parameter Conditions Min. Typ. Max. Units 

tpd Propagation Delay Time from Vcc=5.0V 200 350 ns 
Clock Input to Outputs Vcc=10V 80 150 ns 
(00-011) (tpd(Q) 

tpd Propagation Delay Time from Vcc =5.0V 180 325 ns 
Clock Input to Do (tpd(Oo) Vcc=10V 70 125 ns 

tpd Propagation Delay Time from Vcc=5.0V 190 350 ns 
Register Enable (E) to Output Vcc=10V 75 150 ns 
(011) (tpd(E) 

tpd Propagation Delay Time from Vcc=5.0V 190 350 ns 
Clock to CC (tpd(CC) Vcc=10V 75 0.50 ns 

ts Data Input Set-Up Time Vcc=5.0V 80 ns 
Vcc=1OV 30 ns 

ts Start Input Set·Up Time Vcc=5.0V 80 ns 
Vcc=10V 30 ns 

tw Minimum Clock Pulse Width Vcc= 5.0V 250 125 ns 
Vcc=10V 100 50 ns 

tn t, Maximum Clock Rise and Fall Time Vcc=5.0V 15 "s 
Vcc=10V 5.0 "S 

fMAX Maximum Clock Frequency Vcc=5.0V 2.0 4.0 MHz 
Vcc=10V 5.0 10 MHz 

CCK Clock Input Capacitance Clock Input (Note 2) 10 pF 

CIN Input Capacitance Any other Input (Note 2) 5 pF 

Cpo Power Dissipation Capacitance (Note 3) 100 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Ope· 
rating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by perl'ldlc testing. 
Note 3: CpD determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Charac· 
teristics application note - AN-90. 

Typical Performance Characteristics 

RSINK vs Temperature 
600 .--r-r-r-r-r-r-r-.,-, 

500 - IcJ 10' ±5l -+--+-+-H 

4UO 1-t-t-t-t-t-t-t-t--1 

0'-.l.....l.....l.....l.....l.....l.....l.....L.......J 

-55 -35 -15 5 25 45 65 85 105 125 

TA - AMBIENT TEMPERATURE I'CI 

• These points are guaranteed by automatic testing. 
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RSOURCE vs Temperature 

OL-JL-JL-JL-JL-JL-JL-JL-JL......J 
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• These points are guaranteed by automatic testing . 

s:: 
s:: 
en 
0l:Io 
0 
cg 
0 en -s:: 
s:: ..... 
0l:Io 
0 
cg 
0 en . 



Timing Diagram 

011 ::::-l.L ________________________ _ 
OIO=rl-.J 

Q9 ::.:.:J 
08==.J 
01 =:.:.J 
06=:.J 
OS==-=.! 
04==.:J 
03 ::.:::J 
02 :.:.::J 
Q1 =----::J 
DO==:! 
CC:::.:J 
Do 

LJ 

Switching Time Waveforms 

CP 

vcc---""" 
s 
0-----'--+--' 

LJ 

LJ 

LJ 

LJ 

vcc------+--------h~+_---___'\. 

vcc------t-~ 
011 

O------r--~----~-I 

vcc------+--r----~"""" 
010 

0-.,------+--' 

~-------------~-,-----+-""" 
Do O-----_______ ~-J 
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USER NOTES FOR A/D CONVERSION 

The register can be used with either current switches 
that require a low voltage level to turn the switch ON or 
current switches that require a high voltage level to turn 
the switch ON. If current switches are used which turn 
ON with a low logic level, the resulting digit output from 
the register is active low. That is, a logic "1" is represented 
as a low voltage level. If current switches are used which 
turn ON with a high logic level, the resulting digit 
output is active high. A logic "1" is represented as a high 
voltage level. 

For a maximum error of ±1/2 LSB, the comparator must 
be biased. If current switches that require a high voltage 
level to turn ON are used, the comparator should be 
biased +1/2 LSB and if the current switches require a 
low logic level to turn ON, then the comparator must be 
biased -1/2 LSB. 

The register can be used to perform 2's complement 
conversion, by offsetting the comparator one half full 

Typical Applications 

range +1/2 LSB and using the complement of the MSB 
all as the sign bit. 

If the register is truncated 'and operated in the contin­
uous conversion mode, a lock-up condition may occur 
on power-ON. This situation can be overcome by making 
the START input the "OR" function of CC and the 
appropriate register output. 

The register, by suitable selection of register ladder 
network, can be used to perform either binary or 
BCD conversion. 

The register outputs can drive the 10 bits or less with 
50k/l00k R/2R ladder network directly for Vee = 10V 
or higher. In order to drive the 12-bit 50k/l00k ladder 
network and have the ±1/2 LSB resol uti on, the 
MM54C902/MM74C902 or MM54C904/MM74C904 is 
used as buffers, three buffers for MSB (all), two buffers 
for 010, and one buffer for 09. 

12·Bit Successive Approximation A-to-D Converter, Operating in Continuous 
Mode, Drives the 50k/100k Ladder Network Directly 

12-Bit Successive Approximation A-to-D Converter 
Operating in Continuous a-Bit Truncated Mode 

"liEF :IDV----,;::::;;t _________________ -f=:;--i 
l Vcc 0 S" 

':' MM54C90S/MM14C9(15 

VAEF ~ lO\l-----'--::;;L' ----------f::;-;;.;;.;;,;;:-] CLOCK CP 011 010 09 DB 01 06 05 04 03 02 01 

cc 
00 Do 

SERIAL 
DATA 
nUT 

.... Vcc 0 1/4MM54CJ2 

~ , MM54CODS/"M"C9D5 ~~ 
CLOCK CP no Do f+nDAu',A 

~·lr',·'~D~M~nT'~nr'~nr',··~n.~nT'~nr'~n,~~ 
LI II, 

JJ!!~~~~~t=:::~~1) PARALLEL DATADUT 

L __ R_'_R_lA_DD_ER __ ~,' I~MM54C9" R ~ SDk 

ANALOG INPtJT~_---i 
COMPARATOR 

IDOk 

1 PARALLEL 
DATA OUT 

F 

lOOk 

SDk 50' 
lOOk 

R-2RLADDER 

~)'I,~~.-M-54C-.~----------------J 
50k 1,/ 

ANALOG INPUT---,\"IY---!' 

Definition of Terms 

CP: Register clock input. 

CC: Conversion complete-this output remains at 
VOUT(1) during a conversion and goes to VOUT(O) when 
conversion is complete. 

0: Serial data input-connected to comparator output in 
A-to-D applications. 

E: Register enable-this input is used to expand the 
length of the register. When E is at VIN (l) all is forced 
to VOUT(lL and inhibits conversion. When not used for 
expansion E must be connected to VIN(O) (GND). 

all: True register MSB output. 

2-11 

all: Complement of register MSB output. 

Oi Ii = 0 to 11): Register outputs. 

s: Start input-holding start input at VIN(O) for at least 
one clock period will initiate a conversion by setting 
MSB (all) at VOUT(O) and all other output (010-00) 
at VOUT(l)' If set-up time requirements are met, a con­
version may be initiated by holding start input at VIN(O) 
for less than one clock period. 

DO: Serial data output-D input delayed by one clock 
period. 

:s:: 
:s:: 
(J1 
oIiIo 
(') 
CD o 
(J1 -:s:: 
:s:: ..... 
oIiIo 
(') 
CD o 
(J1 
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MM54C906/MM74C906 Hex Open Drain N-Channel Buffers 
MM54C907/MM74C907 Hex Open Drain P-Channel Buffers 

General Description 

g These buffers employ monolithic CMOS technology 
en in achieving open drain outputs. The MM54C906/ 
o MM74C906 consists of six inverters driving six N-channel 
.. devices; and the MM54C907/MM74C907 consists of six !:ii inverters driving six P-channel devices. The open drain 
:!E feature of these buffers makes level shifting or wire 
_ AND and wire OR functions by just the addition of 

OeD pull-up or pull-down resistors. All inputs are protected 
en from static discharge by diode clamps to Vee and to 
o ground . .. 
1.1) 

:!E 
:!E Connection Diagram 

Logic Diagrams 

,~DUTPUT 

'·"'~9 
MM54C906/MM74C906 

Features 

• Wide supply voltage range 

• Guaranteed noise margin 

• High noise immunity 

3.0V to 15V 

1.0V 

0.45 Vee (typ.) 

• High current sourcing and sinking open drain outputs 

GND 

Vee 

,.",~d 
~OUTPUT 

MM54C907/MM74C907 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Input Pin -0.3V to Vee + 0.3V 
Voltage at any Output Pin 

MM54C906/MM74C906 -0.3Vto +18V 
MM54C907/MM74C907 Vee -18 to Vee + 0.3V 

Operating Temperature Range 
M M54C906/M M54C907 -55"C to +125"C 
MM74C906/MM74C907 -40"C to +85"C 

Storage Temperature Range -65"C to +150"C 
Package Dissipation 500mW 
Operating Vee Range 3.0Vto 15V 
Absolute Maximum Vee 18V 
Lead Temperature (Soldering, 10 seconds) 300"C 

DC Electrical Characteristics Minimax limits apply across temperature range unless otherwise noted. 

Parameter I Conditions I Min. I Typ. I Max. I Units 

CMOS to CMOS 

VIN(1) Logical "1" Input Voltage Vee=5.0V 3.5 V 
Vee=10V 8.0 V 

V1N(O) Logical "0" Input Voltage Vee=5.0V 1.5 V 
Vee=10V 2.0 V 

IIN(1) Logical "1" Input Current Vee = 15V, V1N = 15V 0.005 1.0 ,..A 

IIN(O) Logical "0" Input Current Vee = 15V, VIN = OV -1.0 -0.005 ,..A 

Icc Supply Current Vee = 15V, Output Open 0.05 15 ,..A 
Output Leakage 

MM54C906 Vee=4.5V, VIN=Vee-1.5 0.005 5 ,..A 
Vee=4.5V, Vour=18V 

MM74C906 Vee = 4.75V, VIN=Vee-1.5 0.005 5 ,..A 
Vee = 4.75V, VoUT =18V 

MM54C907 Vee = 4.5V, VIN=1.0V+0.1Vee 0.005 5 ,..A 
Vee=4.5V, Vour=Vee-18V 

MM74C907 Vee=4.75V, VIN=1.0V+0.1Vee 0.005 5 ,..A 
Vee=4.75V, Vour=Vee-18V 

CMOSILPTTL Interface 

VIN(1) Logical "1" Input Voltage 54C, Vee =4.5V Vee- 1.5 V 
74C, Vee =4.75V Vee- 1.5 V 

V1N(O) Logical "0" Input Voltage 54C, Vee=4.5V 0.8 V 
74C, Vee =4.75V 0.8 V 

Output Drive Current 

MM54C906 Vee=4.5V, VIN=1.0V+0.1Vee 
Vee=4.5V, Vour=0.5V 2.1 8.0 mA 
Vee=4.5V, Vour=1.0V 4.2 12 mA 

MM74C906 Vee=4.75V, VIN=1.0V+0.1Vee 
Vee=4.75V, VoUT =0.5V 2.1 8.0 mA 
Vee=4.75V, Vour=1.0V 4.2 12 mA 

MM74C907 Vee=4.5V, VIN=Vee-1.5V 
I Vee=4.5V, VOUT=Vee-0.5V -1.05 -1.5 mA 

Vee=4.5V, VOUT=Vee-1.OV -2.1 -3.0 mA 

MM74C907 Vee=4.75V, VIN=Vee-1.5V 
Vee=4.75V, Vour=Vee-0.5V -1.05 -1.5 mA 
Vee=4.75V, Vour=Vee-1.0V -2.1 -3.0 mA 

MM54C906/M M74C906 Vee = 10V, V1N = 2.0V 
Vee =10V, Vour =0.5V 4.2 -20 mA 
Vee = 10V, Vour = 1.0V 8.4 -30 mA 

MM54C907/MM74C907 Vee = 10V, V1N = 8.0V 
Vee = 10V, Vour=9.5V -2.1 -4.0 mA 
Vee = 10V, Vour = 9.0V -4.2 -8.0 mA 
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AC Electrical Characteristics TA =25'C, Cl =50pF, unless otherwise specified. 

Parameter Conditions Min_ Typ_ 

tpd Propagation Delay Time to a 
Logical "0" 

MM54C906/M M74C906 Vee=5.0V, R=10k 
Vee =10V, R=10k 

MM54C907/MM74C907 Vee = 5.0V, (Note 4) 
Vee = 10V, (Note 4) 

tpd Propagation Delay Time to a 
Logical "1" 

MM54C906/MM74C906 Vee=5.0V, (Note 4) 
Vee = 10V, (Note 4) 

MM54C907/MM74C907 Vee=5.0V, R=10k 
Vee =10V, R=10k 

CIN Input Capacity (Note 2) 5.0 

COUT Output Capacity (Note 2) 20 

Cpo Power Dissipation Capacity (Note 3) Per Buffer 30 

Max_ Units 

150 ns 
75 ns 

150+0.7RC ns 
75+0.7RC ns 

150+0.7RC ns 
75+0.7RC ns 

150 ns 
75 ns 

pF 

pF 

pF 

8 Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Ope-
en rating Temperature Range" they are not meant to Imply that the devices should be operated at these limits. The table of "Electrical o Characteristics" provides conditions for actual device operation. . 
"I;f' Note 2: Capacitance is guaranteed by periodic testing. 
~ Note 3: Cpo determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Charac-
..:: teristics application note, AN-gO. (Assumes outpvts are open.) 
:::!E Note 4: "C" used In calgulating propagation Includes output load capacity (Cl) plus device output capactiy (COUT)' 

Typical Applications 

Wire OR Gate 

v"" 

f"A+B 

Note: Can be extended to more thin 2 inputs. 

CMOS or TTL to PMOS Interface 

CMOS 
OR 

::~/~ 
y N .... V",,+VDD~18V 

:~~:~~I Vee $ 15V 

Wire ANO Gate 

v"" 

Note: Can be extended to morethao 2 inputs. 

CMOS or TTL to CMOS at a Higher Vee 
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MM74C908lMM74C918 Dual CMOS 30-Volt Relay Driver 

General Description Features 
The MM74C908 and MM74C918 are general purpose _ Widesupplyvoltagerange 
dual high voltage drivers, each capable of sourcing a 
minimum of 250 rnA at VOUT = Vcc - 3V, and TJ = +65°C. _ High noise immunity 

The MM74C908 and MM74C918 consist of two CMOS 
NAND gates driving an emitter follower darlington out· - Low output "ON" resistance 
put to achieve high current drive and high voltage capa-
bilities. In the "OFF" state the outputs can withstand a _ High voltage 
maximum of -30V across the device. These C"MOS 
drivers are useful in interfacing normal CMOS voltage _ High current 
levels to driving relays, regulators, lamps, etc. 

Connection Diagrams 
MM74C908 

VOUT A GNU 

TOP VIEW 

MM74C918 

TOP VIEW 

" 2-15 

3Vto 18V 

0.45 Vee (typ.) 

8Q(typ.) 

-30V 

250 rnA 



Absolute Maximum Ratings (Note 1) 

Voltage at Any Input Pin -0.3VtoVee +0.3V 
Voltage at Any Output Pin 32V 
Operating Temperature Range 

MM74C908/MM74C918 -40·Cto +86·C 
Operating Vee Range 3Vto18V 
Absolute Maximum Vee 19V 

IsouReE 500mA 
Storage Temperature Range -65·Cto +150·C 
Lead Temperature (Soldering, 10 seconds) 300·C 
Package Dissipation Refer to Maximum Power Dissipation vs 

Ambient Temperature Graph 

DC Electrical Characteristics Minimax limits apply across temperature ra~ge unless otherwise noted. 

Parameter 

I 
Conditions 

I 
Min. 

I 
Typ. 

I 
Max. I ~nlts 

CMOS to CMOS 

V'N(l) Logical "1" Input Voltage Vee =5.0V 3.5 V 
Vee=10V 8.0 V 

V,N(O) Logical "0" Input Voltage Vee = 5.0V 1.5 V 
Vee=10V 2.0 V 

I'N(ll Logical "1" Input Current Vec=15V, V,N=15V 0.005 1.0 tJA 
I,N(O) Logical "0" Input Current Vee = 15V, V,N=OV -1.0 -0.005 tJA 
Icc Supply Current Vee = 15V, Outputs Open Circuit 0.05 15 tJA 

Output "OFF" Voltage V,N = Vee, lOUT = -200tJA -30 V 

CMOSILPTTL Interface 

V'N(l) Logical "1" Input Voltage 
MM74C908lMM74C918 Vee=4.75V . Vee- 1.5 V 

VIN(O) Logical "0" Input Voltage 
MM74C908lMM74C918 Vee = 4.75V 0.8 V 

Output Drive 

Vour Output Voltage lOUT = -300mA, Vee" 5.0V, TJ = 25·C Vee- 2.7 Vee- 1.8 V 
lour = -250mA, Vee" 5.0V, TJ = 65·C Vee- 3.O Vee -1.9 V 
lOUT = -175mA, Vee" 5.0V, TJ = 150·C Vee- 3.15 Vee -2.0 V 

RON Output Resistance lour = -300mA, Vee" 5.0V, TJ =25·C 6.0 9.0 Q 
lour = -250mA, Vee" 5.0V, TJ =65·C 7.5 12 Q 
lour = -175mA, Vee" 5.0V, TJ=l50·C 10 18 Q 

Output Resistance 0.55 0.80 %I·C 
Coefficient 

flJA Thermal Resistance 
MM74C908 (Note 3) 100 110 ·CIW 
MM74C918 (Note 3) 45 55 ·C/W 

AC Electrical Characteristics 
Parameter Conditions Min. Typ. Max. Units 

tpdl Propagation De.lay to a Vcc=5.0V, RL=50Q, CL=50pF, 
3bo TA=25"C 150 ns 

Logic "1" Vcc=10V, RL=50Q, CL=50pF, TA=25"C 65 120 ns 
tpdO Propagation Delay to a Vcc= 5.0V, RL=50Q, CL=50pF, 

TA=25"C 2.0 10 tJS 
Logic "0" Vcc= 10V, RL=50Q, ~=50pF, TA=25"C 4.0 20 tJS 

C'N Input Capacitance (Note 2) 5.0 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to Imply that the devices should be operated et these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: capaCitance Is guaranteed by periodic testing. 
Note 3: BJA, measured in free air with device soldered Into printed circuit boerd. 
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Typical Performance Characteristics 
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Power Considerations 
Calculating Output "ON" Resistance (RL > 18n) 

The output "ON" resistance, RON, is a function of the 
junction temperature, Tj, and is given by: 

RON = 9 (Tj - 25) (0.008) + 9 (1 ) 

and Tj is gi ven by: 

(2) 

where T A = ambient temperature, OjA = thermal resis· 
tance, and POAV is the average power dissipated within 
the device. POAV consists of normal CMOS power 
terms (due to leakage currents, internal capacitance, 
switching, etc.) which are insignificant when compared 
to the power dissipated in the outputs. Thus, the output 
power term defines the allowable limits of operation and 
includes both outputs, A and B. Po is given by: 

2 2 
Po = lOA RON + lOB RON, (3) 

where 10 . is the output current, given by: 

(4) 

V L is the load voltage. 

The average power dissipation, POAV , is a function of 
the duty cycle: 

POAV = IOA2 RON (Duty CycleA) + 

IOB2 RON (Duty CycleB) 

(5) 

where the duty cycle is the % time in the current source 
state. Substituting equations (1) and (5) into (2) yields: 

Tj = T ... + 0jA [9 (Tj - 25) (0.008) + 9] (6a) 

[lOA 2 (Duty CycleA) + IOB2 (Duty CycleB)] 

simplifying: 

Applications 
(See AN-l77 for applications.) 
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(6b) 

TA +7.2 OjA [I OA 2 (Duty CycleA) + 10.2lDutyCycleB IJ 
Tj = ------~~~.-----------~.-------~ 

1 - 0.072 0jA [lOA 2 (Duty CycleA) + IOB2 IDuty Cycle.)J 

Equations (1), (4). and (6b) can be used in an iterative 
method to determine the output current, output resis­
tance and junction temperature. 

OUTPUTA OUTPUTB 

For example, let Vee = 15V,R LA = 100n,R LB = lOOn, 
VL = OV, TA = 25°C, OjA = 110°CIW, Duty CycleA= 
50%, Duty Cycles = 75%. 
Assuming RON ., 11 n, then: 

15 

11 + 100 
135.1 mA, 

lOB 135.1 mA 

and 
. TA + 7.2 O,A [lOA 2 IDuty CycleA) + 10 • 2 (Duty Cycle.)J 

Tj = '" 2 2 1-0.0nOjA [lOA (DutyCycleAI+l o • (DutyCycleB)J 

25+ 17.2) 1110) [10.1351)2 10.5) + 10.135112 (0.75)J 
T,= -1---(0-.0-7-2-)(-1-10-)-[(-0-.1-3-51-)~2-10-.5-)-+-(-0-.1-3-51-)~2-ro-.7-5-)J 

Tj = 52.6°C 

and RON = 9 (Tj - 25) (0.008) + 9 = 

9 (52.6 - 25) (0.008) + 9 = 11 n 



~National 
~ Semiconductor 

MM54C910/MM74C910 256 Bit TRI·STATE® 
Random Access Read/Write Memory 

General Description 
The MM54C910/MM74C910 is a 64 word by 4 bit random 
access memory. Inputs consist of six address lines, four 
data Input lines, a WE, and a ME line. The six address 
lines are internally decoded to select one of 64 word loca­
tions. An internal address register latches the address 
information on the positive to negative transition of ME. 
The TRI-STATE outputs allow for easy memory expansion. 

Outputs are in the TRI·STATE (Hi·Z) condition when the 
device is writing or disabled. 

Features 
- Supply voltage range 3.0Vt05.5V 

Address Operation: Address inputs must be stable (tSA) 
prior to the positive to negative transition of ME, and 
(tHA) after the positive to negative transition of ME. The 
address register holds the information and stable 
address inputs are not needed at any other time. 

- High noise immunity 0.45Vcc{typ.) 

- TTL compatible fan out 1 TTL load 

- Input address register 

Write Operation: Data is written into memory at the 
selected address if WE goes low while ME is low. WE 
must be held low for tWE and data must remain stable 
tHO after WE returns high. 

- Low power consumption 250 nW/package (typ.) 
(chip enabled or disabled) 

- Fast access time 250 ns (typ.) at5.0V 

Read Operation: Data is nondestructively read from a _ TRI·STATE outputs 
memory location by an address operation with WE held 
high. _ High voltage inputs 

TRI-STATE is a registered trademark of National Semiconductor Corp. 

See page 4-11 
for Detailed 

Specifications 

2-19 

s: 
s: 
en 
0l:Io 
(') 
CD ...... 
o -s: 
s: ..... 
0l:Io 
(') 
CD ...... 
o 



~National 
~ Semiconductor 
MM74C911 4-Digit 
Expandable Segment Display Controller 
General Description 
The MM74C911 display controller is an interface element 
with memory that drives a 4-digit, a-segment LED dis­
play. The MM74C911 allows individual control of any 
segment in the 4-digit display. The number of segments 
per digit can be expanded without any external 
components. For example, two MM74C911 's can be 
cascaded to drive a 16-segment alpha·numeric display. 

The display controllers receive data information through 
a data lines a, b ... DP, and digit information through 
2 address inputs K 1 and K2. The input data is written 
into the register selected by the address information 
when Chip Enable, CE, and Write Enable, WE, are low 
and is latched when either CE or WE return high. Data 
hold time is not required. 

A self-contained internal oscillator sequentially presents 
the stored data to high drive (100 mA typ) TRI-STAT­
AB LE output drivers which directly drive the LED dis­
play. The drivers are active when the control pin labeled 
Segment Output Enable, SOE, is low and go into TRI­
STATE® when SOE is high. This feature allows for 
duty cycle brightness control, or for disabling the output 
drive for power conservation. 

Connection Diagram 

Dual-In-Line Package 

WE....!. • U ~CE 
.2 ~K2 

b..1. ~Kl 

c..l ~SDP 
d2 ~Sg 

e..! ~st 
1..2. ~VCC 
g....! ~S. 

DP""; ~Sd 
1iiO..l!! r!!-s. 

GNO.l! ~Sb 
01..!! ~S. 
02....!..! r!!-m 
03.!! ~D4 

TOP VIEW 
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The digit outputs directly drive the base of the digit 
transistor when the control pin labeled Digit Input 
Output, 010, is low. When 010 is high, the digit lines 
turn into inputs and the internal scanning multiplexer 
is disabled. 

When any digit line is forced high by an external device, 
usually another MM74C911, the data information for 
that digit is presented to the output. In this manner, 
16-segment alpha-numeric displays, 24 or 32-segment 
displays, or an array of discrete LED's can be con­
trolled by the simple cascading of expandable segment 
display controllers. All inputs except digit inputs are 
TTL compatible and do not clamp input voltages above 

vcc· 
Features 
• Direct segment drive (100 mA typ) TRI-STATABLE 
• 4 registers addressed like RAM 

• Internal oscillator and scanning circuit 
• Direct base drive to digit transistor 
• Segment expandability without external components 

• TTL compatible inputs 
• Power saver mode-5 p.W (typ.) 

Truth Tables 
Input Control 

DIGIT 
CE ADDRESS WE OPERATION 

K2 Kl 

0 0 0 0 Write digit 1 

0 0 0 1 Latch digit 1 

0 0 1 0 Write digit 2 

0- 0 1 1 Latch digit 2 

0 1 0 0 Write digit 3 

0 1 0 1 Latch digit 3 

0 1 1 0 Write digit 4 

0 1 1 1 Latch digit 4 

1 X X X pisable writing 

Output Control 

010 SOE 
DIGIT LINES 

OPERATION 
D4 03 02 01 

0 0- R R R R Relresh display 

0 1 R R R R Disable segment outputs 

1 0 0 0 0 0 Digits are now inputs 

1 0 0 0 0 1 Display digit 1 

1 0 0 0 1 0 Display digit 2 

1 0 0 1 0 0 Display digit 3 

1 0 1 0 0 0 Display digit 4 

1 1 0 0 0 0 Power saver mode 

R = Relresh (digit lines sequentially pulsed) 
X = Don't care 



Absolute Maximum Ratings (Notes 1 and 2) 

Voltage at Any Pin Except Inputs -0.3V to V CC + 0.3V 
Voltage at Any Input Except Digits -0.3V to +15V 
Operating Temperature Range, T A -40°C to +85°C 
Storage Temperature Range _65°C to +150°C 
Package Dissipation . Refer to Po (MAX) vs T A Graph 
Operating VCC Range 3V to 6V 
Absolute Maximum VCC 6.5V 
Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics Min/max limits apply at _40°C S T J:::; +85°C, unless otherwise noted 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIN(1) Logical "1" Input Voltage VCC= 5V 3.0 V 

VIN(O) Logical "0" Input Voltage 1.5 V 

IIN(1) Logical "'" Input Current VCC = 5V, VIN = 15V 0.005 1.0 fJ.A 

IIN(O) Logical "0" Input Current VCC = 5V, VIN = OV -1.0 -0.005 fJ.A 

ICC Supply Current (Normal) VCC = 5V. Outputs Open 0.50 2.5 mA 

ICC Supply Current (Power Saver) VCC = 5V, SOE, 010 = ",", 1 600 fJ.A 
01,02,03,04= "0" 

lOUT TRI·STATE Output Current VO=5V 0.03 10 fJ.A 
VO=OV -10 -0.03 

CMOS/LPTTL INTERFACE 

VIN(1) Logical "1" Input Voltage VCC = 4.75V VCC-2.O V 

VIN(O) Logical "0" Inp'ut Voltage VCC = 4.75V 0.8 V 

OUTPUT DRIVE 

ISH High Level Segment Current VCC = 5V, Vo = 3.4V 

TJ = 25°C -60 -100 mA 

TJ=100°C -40 -60 mA 

IDH High Level Digit Current VCC= 5V, VO= 3V 

TJ = 25°C -10 -20 mA 
TJ = 100°C -7 -10 mA 

VCC = 5V, Vo = 1V 

TJ = 25°C -15 -40 mA 

TJ = 100°C -10 -15 mA 

VOUT(1) Logical "1" Output Voltage, VCC = 5V, 10 = -360 fJ.A 4.6 V 
Any Digit 

VOUT(O) Logical "0" Output Voltage. VCC = 5V, 10 = 360 fJ.A 0.4 V 
Any Output 

IiJA Thermal Resistance (Note 3) 100 °C/W 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Range". 
they are not meant to imply that the device should be operated at these limits. The table of "Electrical Characteristics" provides conditions for 
actual device operation. 

Note 2: All voltage reference to ground. 
Note 3: (}JA measured in freeMair with device soldered into printed circuit board. 

2-21 



AC Electrical Characteristics VCC = 5V, tr = tf = 20 ns, CL = 50 pF 

PARAMETER 

tcw Chip Enable to Write Enable Set-Up Time 

Address to Write Enable Set-Up Time 

tww Write Enable Width 

tDW Data to Write Enable Set-Up Time 

tWD Write Enable to Data Hold Time 

Write Enable to Address Hold Time 

twc Write Enable to Chip Enable Hold Time 

tlH, tOH Logical "1 ", Logical "0" Levels into TRI-STATE 

tH1, tHO TRI-STATE to Logical "1" or Logical "0" 

Levels 

tD1, too Propagation Delay From Digit Input to 

Segment Output 

Interdigit Blanking Time 

fMUX Multiplex Scan Frequency 

Input Capacitance 

COUT TRI-STATE Output Capacitance 

Note 4: Capacitance guaranteed by periodic testing. 

Switching Time Waveforms 

CONDITIONS 

TJ = 25°C 

TJ = 125°C 

TJ = 25°C 

TJ = 125°C 

TJ = ?5°C 

TJ = 125°C 

TJ=25°C 

TJ = 125°C 

TJ = 25°C 

TJ = 125°C 

TJ = 25°C 

TJ=125°C 

TJ = 25°C 

TJ = 125°C 

RL=10k,CL=10pF 

TJ = 25°C 

TJ=125°C 

RL = 10k, CL.= 50 pF 

TJ= 25°C 

TJ = 125°C 

TJ = 25°C 

TJ = 125°C 

TJ = 25°C 

TJ = 125°C 

TJ = 25°C 

TJ = 125°C 

(Note 4) 

I (Note 4) 

MIN 

35 

50 

35 

50 

400 

450 

390 

430 

0 

0 

0 

0 

55 

75 

.5 

10 

TYP 

15 

20 

15 

20 

225 

250 

225 

250 

-10 

-15 

-10 

-15 

30 

40 

275 

325 

325 

375 

500 

700 

10 

20 

525 

375 

5 

30 

MAX 

500 

600 

600 

700 

1000 

1400 

7.5 

50 

Write Data Waveforms TRI-STATE Waveforms 

ADDRESS 
K1,K2 

CE 

Vee ---"" r------------,. r----
ADDRESS VALID D ___ JI' __________ -J ~----

'WeiJr-Vee ----+--..\ 
D ---+-.f-'-----------+-J 

-I 'ew r- - -twA 
Vee It 

D ---~--~~------~ 

DATA VALID 
DATA Vee -------+----..V 

Sa-SOP Jr\ 
D ______ ~JII~-----J ~---

i----·OW---
i-----IWw----1 
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mOR 
lffiJ 

SEGMENT 
OR DIGIT 
OUTPUTS 

mOR 
1ITIi 

SEGMENT 
OR DIGIT 
OUTPUTS 

Vee 

"'" O.NO~~OH 
Vee _---

~ TRI.sTATE® 
VOL 

Vee 

GNo--J~:_ 
VOH 

• ~ TRI-STATE® 

GNO ----

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

J.lS 

J.lS 

Hz 
Hz 

pF 

pF 



Switching Time Waveforms (Continued) 

Muitiplexing Output Waveforms 

I 
m.,T. ~ I~ __ S 

-I i'" 
DIGlTN+l I 

T"l/fmux 

Functional Description 

The MM74C911 display controller is manufactured on 
standard metal gate CMOS technology. A single 5V 
74 series TTL supply can be used for power and should 
be bypassed at the VCC pin to suppress current tran­
sients. 

The digit outputs directly drive the base of a grounded 
emitter digit transistor without the need of a Darlington 
configuration. If an MM74C911 is driving a digit transis­
tor and also supplying digit information to a cascaded 
MM74C911, base resistors are needed in the digit transis­
tors to provide an adequate high level to the digit 
inputs of the cascaded MM74C911. 

As seen in the block diagram, these display controllers 
contain four a-bit registers; anyone may be randomly 

Block Diagram 

m--------------~~)D----~ 

Kl 

KZ 

fE ______ + ___ ...J 

9 

op 
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ANY DIGIT 
INOTE II 

ANY SEGMENT 

Read Data Waveforms 

:::~ 
Vee -! 10't 
•• 0 ____ --'· -

Note 1: All other digit lines are at a low level. DlO at a high level. 

written into. In normal operation, the internal multi­
plexer scans the registers and refreshes the display. In 
cascaded operation, 1 MM74C911 serves as a master 
refresh device and cascaded MM74C911 's are slaved 
to it through digit lines operating as inputs. 

The MM74C911 appears to a microprocessor as memory 
and to the user as a self-scan display. Since every seg­
ment is under microprocessor control, great versatility 
is obtained. 

Low power standby operation occurs with both SOE 
and 010 inputs high. This condition forces the 
MM74C911 to a quiescent state typically drawing less 
than 1 J.l.A of supply current with a standby supply 
voltage as low as 3V. 

01 

OZ 

03 

04 

1.-----~~-----ffiO 

s::: 
s::: 
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,.. ,.. f3 Typical Performance Characteristics 
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Note 1: Segment outputs if shorted to ground will exceed maximum power dissipation of the devi~e. 
Note 2: VeE is the saturation voltage of the digit drive transistor. 

Applications 

Segment Output Structure 

VCC 

BVm 
CONTROLLED {' . 

~~---II<" 

Input Protection 

ANV~AA~ 
INPUTV--l~ 

SEGMENT 
OUTPUT 
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Applications (Continued) 

ADDRESS AND 
CONTROL BUS 

SEGMENT 
INPUT 

CDNTRDL 
INPUT 

Segment Expansion 

SEGMENT 
OUTPUT 

R;?:3JD 

~~S~!~~~ { } TO BASE OF 
MM74C911'S +--+-+"'>-I~--"V"''''''''' DIGIT TRANSISTORS 

SEGMENT 
INPUT 

CONTROL 
INPUT 

D4 DJ 02 Dl 

SLAVE 
CONTROLLER 

SEGMENT 
OUTPUT 

VCC 

Typical Application 

S.i----+-JItJ'I/\,-iI--I (2) NSN7Bl COMMDN CATHODE 

RADB·22N 

SOP 

MM74C911 
VCC 

22 "F 

SiiE 
iii1i 

":' 

D4 

Dl 

VCC 

St 

DMB1Jl 

OPTIONAL ADDRESS 

}, .. :.::'"'" 
* Base resistors may be necessary to limit base current. 
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~ Applications (Continued) 
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ADDRESS AND 
CONTROL BUS 

DATA 
BUS 

4-Digit. 16-Segmerlt Alpha-Numeric Display 
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~c 
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Scr-------~ 
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~National 
~ Semiconductor 
MM14C912 6-Digit BCD Display Controller/Driver 
MM74C917 6-Digit Hex Display Controller/Driver 
General Description 
The MM74C912, MM74C917 display controllers are 
interface elements, with memory, that drive a 6-digit, 
8-segment LED display. 

The display controllers receive data information through 
5 data inputs A, B, C; D and DP, and digit information 
through 3 address inputs K I, K2 and K3. 

The input data is written into the register selected by 
the address information when CHIP ENABLE, CE, and 
WRITE ENABLE, WE, are low and is latched when either 
CE or WE return high. Data hold time is not required. 
A self·contained internal oscillator sequentially presents 
the stored data to a decoder where 4 data bits control 
the format of the displayed character and 1 bit controls 
the decimal point. The internal oscillator is controlled 
by a control input labeled OSCI LLATOR ENABLE, OSE, 
which is tied low in normal operation. A high level at 
OSE prevents automatic refresh of the display. 

The 7-segment plus decimal point output information 
directly drives a LED display through high drive (100 

Connection Diagram 
Dual-In-Line Package 

CE K3 

WE K2 

A (2°) Kl 

B (2') Sdp 

e (22) S9 

D (23) Sf 

DP Se 

DSE Sd 

D6 (MSD) Vee 

D5 
10 

Sc 

D4 
11 

Sb 

D3 
12 

S. 

D2 SOE 

Dl (LSD) GND 

TOP VIEW 

mA typ) output drivers. The drivers are active when the 
control pin labeled SEGMENT OUTPUT ENABLE, So.E, 
is low and go into TRI-STATE® when SOE is high. 
This feature allows for duty cycle brightness control and 
for disabling the output drivers for power conservation. 

The MM74C912 segment decoder converts BCD data 
into 7-segment format. The MM74C917 converts binary 
data into hex format. 

All inputs are TTL compatible and do not clamp to the 
VCC supply. 

Features 
a Direct segment drive (100 mA typ) TRI-STATEABLE 

• 6 registers addressed like RAM 

• Internal oscillator and scanning circuit 

• Direct base drive to digit transistor (20 mA typ) 

• Internal segment decoder 

• TTL compatible inputs 

Truth Tables 
Input Control 

DIGIT ADDRESS 
CE WE OPERATION 

K3 K2 Kl 

0 0 0 0 0 Write Digit 1 
0 0 0 0 1 Latch Digit 1 
0 0 0 1 0 Write Digit 2 
0 0 0 1 1 Latch Digit 2 
0 0 1 0 0 Write Digit 3 
0 0 1 0 1 Latch Digit 3 
0 0 1 1 0 Write Digit 4 
0 0 1 1 1 Latch Digit 4 
0 1 0 0 0 Write Digit 5 
0 1 0 0 1 Latch Digit 5 
0 1 0 1 0 Write Digit 6 
0 1 0 1 1 Latch Digit 6 

·0 1 1 0 0 Write Null Digit 
0 1 1 0 1 Latch Null Digit 
0 1 1 1 0 Write Null Digit 
0 1 1 1 1 Latch Null Digit 
1 X X X X Disable Writing 

x = don't care 

Output Control 

SOE OSE OPERATION 

0 0 Refresh Display 
0 1 Stop Oscillator' 
1 0 Disable Segment Outputs 
1 1 Standby Mode 

*Segment drive may exceed maximum display dissipation. 
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Absolute Maximum Ratings (Notes 1 and 2) 

Voltage at Any Pin Except Inputs --{l.3V to Vee+0.3V Package Dissipation Refer to Po MAX vs T A Graph 
Voltage at Any Input --{l.3V to +lSV Operating Vee Range 3V to 6V 
Operating Temperature Range (T A) --40oe to +8S~e Absolute Maximum Vee 6.SV 
Storage Temperature Range -6Soe to +lS0oe Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics MinImax limits apply at 40°C::; TJ::; 8Soe, unless otherwise noted. 

PARAMETER I CONDITIONS 
..I 

MIN I TVP I MAX I UNITS 

CMOS TO CMOS 

VIN(1) Logical "1" Input Voltage Vee = SV 3.0 V 

VIN(O) Logical "0" I nput Voltage Vee = SV , 1.S V 

IIN(l) Logical "1" Input Current Vee = SV, VIN = lSV O.OOS 1.0 I1A 

IIN(O) Logical "0" Input eu rrent Vee = SV, VIN = OV -1.0 --{l.OO!> I1A 

ICC Supply Current Vee = SV, Outputs Open O.S 2 mA 

lOUT TRI-STATE Output Current Vee = SV, Vo = SV 0.03 10 I1A 

Vee = SV, Vo = OV -10 --(l.03 I1A 

CMOS/LPTTL INTERFACE 

VIN(1) Logical "1" Input Voltage Vee=4.7SV Vee-2.O V 

VIN(O) Logical "0" Input Voltage Vee = 4.7SV 0.8 V 

OUTPUT DRIVE 

ISH High Level Segment Current Vee = SV, Vo = 3.4V, mA 

TJ = 2Soe -60 -100 

TJ = 100°C -40 -60 mA 

IDH High Level Digit Current Vee = SV, Vo =lV, 

TJ = 2Soe -10 -20 mA 

TJ = 100°C -7 -lS mA 

VOUTm Logical "1" Output Voltage Vee=SV,lo=-36O I1A 4.6 V 

Any Digit 

VOUT(O) Logical "0" Output Voltage Vee = SV~ 10 = 360l1A " 0.4 V 

Any Output 

9JA Thermal Resistance (Note 3) 100 °eIW 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed, Except for "Operating 
Range" they are not meant to imply that the device should be operated at these limits, The table of "Electrical Characteristics" provides 
conditions for actual device operation. 

Nota ,2: All voltages reference to ground, 
Note 3: 9JA measured in free air with device soldered into printed circuit board. 

AC Electrical Characteristics Vee = SV, tr = tf = 20 ns, eL = so pF 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

tew Chip Enable to Write Enabie TJ = 2Soe 3S lS ns 

Setup Time TJ = 12Soe SO 20 ns 

tAW Address to Write Enable TJ = 2Soe 3S lS ns 

Setup Time TJ = 12Soe SO 20 ns 

tww Write Enable Width TJ = 2Soe 400 22S ns 

TJ = 12Soe 4S0 2S0 ns 
" 
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AC Electrical Characteristics (Continued) VCC = 5V, tr = tf = 20 ns, CL = 50 pF 

PARAMETER CONDITIONS 

tDW Data to Write Enable Setup Time TJ = 25°C 

TJ = 125°C 

tWD Write Enable to Data Hold Time TJ = 25°C 

TJ = 125°C 

tWA Write Enable to Address Hold Time TJ=25°C 

TJ=125°C 

twc Write Enable to Chip Enable TJ = 25°C 

Hold Time TJ = 125°C 

t1 H, tOH Logical "1", Logical "0" Levels RL = 10k, TJ = 25°C 

Into TRI-STATE CL = 10 pF, TJ = 125°C 

tH1, tHO TRI-STATE to Logical "1" to RL = 10k, TJ = 25°C 

Logical "0" Level CL = 50pF, TJ = 125°C 

tlB Interdigit Blanking Time TJ = 25°C 

TJ=125°C 

fMUX Multiplex Scan Frequency TJ = 25°C 

TJ = 125°C 

CIN Input Capacitance Note 4 

COUT TRI-STATE Output Capacitance Note 4 

Note 4: Capacitance is guranteed by periodic testing. 

Switching Time Waveforms 

ADDRESS 
K1, K2, KJ 

Vee ------,. ~----------..... r----
ADDRESS VALID o __ ---J ~ _________ -J '--__ _ 

Vee --t--.\. 'we [~ 
CE t\ f o ___ +_+'-_________ +-J 

-I'ew~ - -tWA 

Vee 

D---+---+''--------.Lj-/ 

DATA Vee 

iI,b,c,d,DP 

--tAW- - r--two 
~---X DATA VALID "-

. L---'DW--- '----­
'ww 

Multiplexing Output Waveforms 

MIN TYP MAX 

390 225 

430 250 

o -10 

o -15 

o -10 

o -15 

50 30 

75 40 

275 500 

325 600 

325 600 

375 700 

5 10 

10 20 

350 

250 

5 7.5 

30 50 

ru -1"% 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

J1S 

J1S 

Hz 

Hz 

pF 

pF 

~
OH 

----SEGMENT / 
OUTPUTS 10% TRI·STATE0 

ru -:1"" 
--< 'IH 1-

SEGMENT -----;,.~O" I TRI.sTATE@ 
OUTPUTS ...... ____ _ 

~I ----------T--------~·I 

DIGITN -.J ~I -_-.1 
.,.-1 itlB 

DIGIT N+l I L_ 
T= l/fmux 
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Functional Description 
Character Font 

,-, 
MM74C917 Hi·Z LI 

,-, 
MM74C912 Hi·Z LI I ~ ~ LI C 5 '81 CI -, L1 IL -I 7 _7 I 7 _71:::', • 

Input A 20 X 0 1 
Data B 21 X 0 0 

0 0 1 0 0 1 0 0 1 0 
0 0 0 0 1 0 0 

C 22 X 0 0 0 0 1 1 1 0 0 0 0 
D 23 X 0 0 0 0 0 0 o. 0 1 1 1 1 1 
DP X 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Output Enable SOE 0 0 0 0 0 0 0 0 0 0 0 0 0 0 ·0 0 0 

Segment Identification 

'l,'7· 
'/..J..7: op 

The MM74C912, MM74C917 display controllers are 
manufactured using metal gate CMOS technology. A 
single 5V 74 series TTL supply can be used for power 
and should be bypassed at the VCC pin. 

All inputs are TTL compatible; the segment outputs 
drive the LED display directly through current limiting 
resistors. The digit outputs are designed to directly drive 
the base of a grounded emitter digit transistor without 
the need of a Darlington configuration . 

. ' 
Block Diagram 

m----;:==:::D_---, 

DP ~I __ --I 
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As seen in the' block diagram, these display controllers 
contain six 5·bit registers; anyone of which may be 
randomly written. The internal multiplexer scans the 
registers and refreshes the display. This combination of 
write only memory and self·scan display makes the 
display controller a "refreshing experience" for an over· 
burdened microprocessor. 

s, 
s. 
s" 
... 
s. 
s, .. 
s"p 

Dl 

D2 

D' 

D' 
D' 
D6 

1+-----liJ£ 



Typical Performance Characteristics 
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Power Dissipation vs. 
Temperature for 
Plastic Packages 

,\ 
1\ 

f\ 

10 

15 

20 

IDH vs VOUT 

1.0 2.0 3.0 4.0 5.0 

VOUT (V) 

~ 
2.0 

~ 

~ 1.5 

~ 
c; 

1.0 w 
~ 
~ 
~ 0.5 

Power Dissipation vs. 
Temperature for 
Ceramic; Packages 

1\ 
1\ 

\ 

10 20 30 

SEGMENT RESISTOR (OHMS) 

40 -50 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE re) 
-55 -25 0 25 50 75 100 125 

AMBIENT TEMPERATURE re) 

Note 1: Segment outputs if shorted to ground will exceed maximum power dissipation of the device. 

Note 2: VeE is the saturation voltage of the digit drive transistor. 

Digit Output Structure 

TO OIGIT 
MULTIPLEXER 

Vee 

2-31 

Segment Output Structure 

RS 

Input Protection 

Vee 

SEGMENT 
OUTPUT 

ANv:reo INPUT BV", 1V 

BV>JOV! -=-= 
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"'"" ~ Typical Applications 

~ 
::& 
::& 
C'i 
"'"" en 
(.) 

~ 
::& 
::& 

ADDRESS 
DECODE 

R/LO 

r lAP 
ADDRESS A1 

BUS AD 

04 

lAP 
03 

DATA 
BUS 

02 

01 

DO 

CE 

WE 

K3 

K2 

K1 

MM74C9121 
MM74C917 

DP 

Bx30Q 
NSB5921 

SOP 
Sg -S, U Sa 
Sd , , 
Se - -Sb 
S. 

01 

02 

03 

04 

05 

06 
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P?A National 
~ Semiconductor 

MM54C914/MM74C914 Hex Schmitt Trigger with 
Extended Input Voltage 

General Description 
The MM54C9l4/MM74C9l4 is a monolithic CMOS Hex 
Schmitt trigger with special input protecti on scheme. 
This scheme allows the input voltage levels to exceed 
Vee or ground by at least 10V (Vee - 25V to GND + 
25Vl. and is valuable for applications involving voltage 
level shifting or mismatched power supplies. 

The positive and negative-going threshold voltages, VT+ 
and VT-, show low variation with respect to temperature 
(typ 0.0005VtC at Vee = lOY). And the hysteresis, 
VT+ - VT- ~ 0.2 Vee is guaranteed_ 

Connection Diagram 

vee 

TOP VIEW 

Features 
• Hysteresis 

• Special input protection 

• Wide supply voltage range 

• High noise immunity 

• Low power TTL 
compatibility 

GNO 

Special Input Protection 

vee 

INPUT -~M,.....-t-. TO GATE 

BV", 25V 
lor the diodes. 
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0.45 Vee (typ.) 
0.2 Vee guaranteed 

Extended Input 
Voltage Range 

3.0V to l5V 

0.70 Vee (typ·L 

fan out of 2 
driving 74L 



Absolute Maximum Ratings 
Voltage at Any Input Pin Vee - 25V to GND + 25V 
Voltage at Any Other Pin -0.3Vto Vee + 0.3V 
Operating Temperature Range 

MM54C914 -55°C to +125°C 
MM74C914 -40°C to +B5°C 

Storage Temperature Range -65°Cto +150°C 
Package Dissipation 500mW 
Operating Vee Range 3.0Vto 15V 
Absolute Maximum Vee 1BV 
Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics Min.lmax. limits apply across temperature range unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

CMOS to CMOS 

VT+ Positive Going Threshold Voltage Vee = 5.0V 3.0 3.6 4.3 V 
Vee = 10V 6.0 6.B B.6 V 
Vee = 15V 9.0 10 12.9 

VT- Negative Going Threshold Voltage Vee =5.0V 0.7 1.4 2.0 V 
Vee=10V 1.4 3.2 4.0 V 
Vee = 15V 2.1 5.0 6.0 

VT+ -VT_ Hysteresis Vee=5.0V 1.0 2.2 3.6 V 
Vee=10V 2.0 3.6 7.2 V 
Vee=15V 3.0 5.0 10.8 V 

VOUT(1) Logical "1" Output Voltage Vee=5.0V, 10= -10JAA 4.5 V 
Vec=10V, 10= -10JAA 9.0 V 

VOUT(O) Logical "0" Output Voltage Vee=5.0V, 10= +10JAA 0.5 V 
Vec = 10V, 10 = +10JAA 1.0 V 

IIN(1) Logical "1" Input Current Vee = 15V, VIN = 25V 0.005 5.0 JAA 

IIN(O) Logical "0" Input Current Vec=15V, VIN=-10V -100 -0.005 JAA 

Icc Supply Current Vce = 15V, VIN = -10V/25V 0.05 300 JAA 
Vcc = 5.0V, VIN = -2.5V (Note 4) 20 JAA 
Vcc = 10V, VIN = 5.0V (Note 4) 200 JAA 
Vec = 15V, VIN = 7.5V (Note 4) 600 JAA 

CMOS/LPTTL Interface 

VIN(1) Logical "1" Input Voltage Vce = 5.0V 4.3 V 

VIN(O) Logical "0" Input Voltage Vcc =5.0V 0.7 V 

VOUT(1) Logical "1" Output Voltage 54C, Vcc=4.5V, 10= -360JAA 2.4 V 
74C, Vce = 4.75V, 10 = -360JAA 2.4 V 

VOUT(O) Logical "0" Output Voltage 54C, Vcc = 4.5V, 10 = 360JAA 0.4 V 
74C, Vcc = 4.75V, 10 = 360f'A 0.4 V 

Output Drive (See 54C/74C Family Characteristics Data Sheet) (short circuit current) 

ISOURCE Output Source Current Vcc = 5.0V, VOUT=OV, TA=25°C -1.75 -3.3 mA 
(P-Channel) 

ISOURCE Output Source Current Vcc = 10V, VOUT = OV, TA = 25°C -B.O -15 mA 
(P-Channel) 

ISINK Output Sink Current Vcc = 5.0V, VOUT = Vec 1.75 3.6 mA 
(N-Channel) TA=25°C 

ISINK Output Sink Current Vce=10V, VOUT=VCC, TA=25°C B.O 16 mA 
(N-Channel) 
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AC Electrical Characteristics TA = 25°C, CL = 50pF, unless otherwise specified. 

Parameter Conditions Min. Typ. Max. Units 

Cpd Propagation Delay from Input to Output Vcc=5.0V 220 400 ns 

Vcc=10V 80 200 ns 

CIN Input Capacitance Any Input (Note 2) 5.0 pF 

Cpo Power Dissipation Capacitance (Note 3) Per Gate 20 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Ope· 
rating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Charac­
teristics application note, AN-SO. . 
Note 4: Only one input is at 1/2 Vcc, the others are either at Vcc or GND. 

Typical Application 

GND 1 

Note: Vee1 > VCC2 
GNO 1 < GND 2 

Typical Performance Characteristics 

UND 2 

Typical Transfer Characteristics Guaranteed Trip Point Range 

20 15 
MM54C14 -55'C TO +125'C 
MM14C14 _40°C TO +85°C 

~ 
Vee:: 15V 'MINIMUM HYSTERESIS 

15 SPREAD (= 0.2 V,d 
~ V,_ V,. ~ 10 

~ 'JB:;f'" '" 10 .. 
> :; ... 

V, #1V" 
" ~ > ... 
~ 

5 

'" ,4 4.3 " 3.0 

V,. 2.0 
0.7 

0 
10 15 20 10 

INPUT VOLTAGE (V) Vee (V) 
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~National a Semiconductor 

MM54C915/MM74C915 7-Segment-to-BCD Converter 
General Description 
The MM54C9'5/MM74C9'5 is a monolithic comple­
mentary MaS (CMOS) integrated circuit, constructed 
with Nand P-channel enhancement-mode transistors. 
This circuit accepts 7-segment information and converts 
it into BCD information_ The true state of the Segment 
inputs can be selected by use of the Invert/Non-invert 
control pin. A logical "0" on the Invert/Non-invert 
control pin selects active high true decoding at the 
Segment inputs. A logical "'" on the Invert/Non-invert 
control pin selects active low true decoding at the 
Segment inputs. In addition to 4 TTL compatible BCD 
outputs, an Error output and Minus output are avail­
able_ The Error output goes to an active "'" whenever a . 
non-standard 7 -segment code appears at the Segment 
inputs. The BCD outputs are forced into a TR I-STATE® 
condition when an error is detected. This allows the 
user to program his own error code by tying the BCD 
outputs to V CC or Ground via high value resistors 
(- 500k). The BCD outputs may also be forced into 
TRI-STATE by a logical "'" on output enable (OE). 

Logic and Connection Diagrams 

SEGMENT 
INPUTS 

The Minus output goes to a logical "'" whenever a 
minus code is detected and is useful as a microprocessor 
interrupt. The BCD outputs are in a flow-though 
condition when Latch Enable (LE) is at a logical "0", 
and latched when LE is at a logical ",". The inputs will 
not clamp signals to the positive supply, allowing simple 
level translation from MaS to TTL. 

Features 
• Wide supply range 
• High noise immunity 
• TTL compatible fan out 
• Selectable active true inputs 

• TRI-STATE outputs 
• On-chip latch 

• Error output 
o. Minus output 

t-----1 >:>---0 MINUS 

A ZO 

821 

ezZ 

o Z3 

t-H~-~ ~:>-+-o() ERROR 

t-----o: 

3V-'5V 
0.45 Vee (typ.) 

, TTL load 

SEGMENT INPUTS INVERT MINUS 

Vee • • CONTROL OUT LE 023 e Z2 

118 11 16 15 14 13 12 11 10 

;-- -

1 2 3 4 5 6 7 8 
19 

....... -::=:===--'.;.;. E~~~R ilI 
SEGMENT INPUTS 

GNO 

TOP VIEW 
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Absolute Maximum Ratings 
Voltage at Any Output - 0.3V to VCC + 0.3V Storage Temperature Range -65°C to +150°C 

Voltage at Any Input - 0.3V to laV Package Dissipation 500mW 
Operating Temperature Range Operating VCC Range 3V to 15V 

MM54C915 -55°C to +125°C Maximum VCC laV 
MM74C915 -40°C to +85°C Lead Temperature, (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics Minimax limits apply across temperature range, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

CMOS TO CMOS 

VIN(l) Logical "1" Input Voltage VCC= 5V 3.3 4.5 V 

VCC= 10V 8 9 V 

VCC= 15V 12.5 13.5 V 

VIN(O) Logical "0" Input Voltage VCC= 5V 0.5 1.5 V 

VCC= 10V 1 2 V 

VCC= 15V 1.5 2.5 V 

IIN(l) Logical "1" Input Current VIN = 15V 0.005 1 IlA 

IIN(OI Logical "0" Input Current VIN = OV -1 -0.005 IlA 

VOUT(ll Logical "1" Output Voltage 10 = 10llA 

VCC= 5V 4.5 V 

VCC= 10V 9 V 

VCC = 15V 13.5 V 

VOUT(OI Logical "0" Output Voltage 10= 10llA 

VCC= 5V 0.5 V 

VCC= 10V 1 V 

VCC = 15V 1.5 V 

ICC Supply Current VCC= 5V 0.25 1 rnA 

VCC = 10V 0.75 2.5 rnA 

VCC= 15V 1.00 3 rnA 

CMOS/TTL INTERFACE 

VIN(ll Logical "1" Input Voltage 

MM54C915 VCC= 4.5V VCC-1.7 V 

MM74C915 VCC= 4.75V VCC-1.7 V 

VIN(O) Logical "0" Input Voltage 

MM54C915 VCC= 4.5V 0.8 V 

MM74C915 VCC= 4.75V 0.8 V 

,VOUT(l) Logical" 1" Output Voltage 10=-360IlA 

MM54C915 VCC= 4.5V 2.4 V 

MM74C915 VCC= 4.75V 2.4 V 

VOUT(O) Logical "0" Output Voltage 10= 1.6 rnA 

MM54C915 VCC= 4.5V 0.4 V 

MM74C915 VCC = 4.75V 0.4 V 

OUTPUT DRIVE (Short Circuit Current) 

ISOURCE Output Source Current TA = 25°C, Vo = OV, -
P·Channel (Note 2) 

VCC= 5V -1.75 -3.3 rnA 

VCC= 10V -8 -15 rnA 

VCC = 15V -15 -25 rnA 

ISINK Output' Sink Current TA= 25°C, VO= VCC 

N·Channel (Note 2) 

VCC= 5V 5 8 rnA 

VCC= 10V 20 30 rnA 

VCC= 15V 30 50 rnA 

2-37 

s:: 
s:: 
(J1 
~ o 
CD ..... 
(J1 -s:: 
s:: 
....... 
~ o 
CD ..... 
(J1 



II) ,.. 
AC Electrical Char~cteristics TA =25"C CD 

0 
~ ..... PARAMETER CONDITIONS MIN TVP MAX UNITS 

:E tpdO. tpd1 Propagation Delay Time to eL = 50 pF 

:E Logical "0" or a Logical "1" Vee= 5V 500 1000 ns - 600 II) Vee= 10V 300 ns ,.. 
CD Vee= 15V 300 600 ns 
0 
~ tOH. t1H Propagation Delay Time From RL = 10k. eL = 10 pF 
II) 

Logical "0" or Logical ",." Vee= 5V 110 200 :E ns 

:E into High Impedance State Vee = 10V 75 130 ns 

Vee= 15V 60 110 ns 

tHO. tHl Propagation Delay Time From RL = 10k. eL = 50 pF 

High Impedance State to a Vee = 5V 150 250 ns 

Logical "0" or Logical "1" Vee= 10V 80 140 ns 

Vee: 15V 70 125 ns 

ts Input Data Set-Up Time eL = 50 pF 

Vee: 5V 500 1000 ns 

Vee= 10V 300 600 ns 

Vee= 15V 300 600 ns 

tH Input Data Hold Time eL = 50 pF 

Vee= 5V 
, 

-150 0 ns 

Vee= 10V -100 0 ns 

Vee= 15V -100 0 ns , 
elN Input Capacitance Any Input. (Note 3) 5 7_5 pF 

eOUT TRI-STATE Output eapaci- Any Output. (Note 3) 10 pF 

tance 

Nota 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed_ Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits_ The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Nota 2: These specifications apply to transient operation_ It is not meant to imply that the device should be operated at these limits' in sustained 
operation. 

Note 3: Capacitance is guaranteed by periodic testing. 

Truth Table CHARACTER flCD OUTPUTS NON-BCD 
AT SEGMENT 0 C B A OUTPUTS 

INPUTS ~ 22 21 20 ERROR MINUS 

IJ 0 0 0 0 0 0 

~ 0 0 0 1 0 0 

~ 0 0 0 1 0 0 

2 0 0 1 0 0 0 SEGMENT IDENTIFICATION 
3 0 0 1 1 0 0 • 
~ 0 1 0 0 0 0 f~~~b S 0 1 0 1 0 0 

5 0 1 1 0 0 0 

e~:~c b 0 1 1 (j 0 0 
1 0 1 1 1 0 0 

8 
d 

1 0 0 0 0 0 

9 1 0 0 1 0 0 
q 1 0 0 1 0 0 

1 1 1 1 0 0 

- x X X X 1 1 

All other input X X X X 1 0 

combinations X X X X 1 0 

X = represents TRI-5TATE condition 
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Typical Applications 

Multiplex 7-Segment to Straight BCD 

:> SEG BCD 
STRAIGHT BcD SEGMENT INFORMATION INPUTS OUTPUTS LSI PART 

-" " W/MULTIPLEXEO MM54C915 
7-SEGMENT 

"DIGIT LINE;) 
INFORMATION 1 OF " 

MULTIPLEXER t--+ LATCH 
ENABLE 

MINUS 

ERROR 

START 

STOP 

----+ 
+--4 .... 

...... 

LSI PART 
W/MULTIPLEXEO 

7·SEGMENT 
INFORMATION 

2" 
COUNTER 

2m 
COUNTER 

i t 
~ 

DIGIT 
SELECT 

Memory Expansion from 7·Segment Outputs 

~ r+ MINUS 
SEGMENT INFORMATION SEG .; INPUTS r+ ERROR 

MM54C915 .... 
"DIGIT LINE;) 

1 OF" 
~ 

LATCH BCD r--
MULTIPLEXER ENABLE '"'?J .().. BCO 

,.. INPUTS 

DATA INPUTS 
WE 

~ 2"m X 4 

~J""'~ 
RAM 
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.... 
§ ~National 
t! ~ Semiconductor 
::z: 
::z: 
~ MM54C920/MM74C920, MM54C921/MM74C921 
~ 1024-Bit Static Silicon Gate CMOS RAMs 
~ 
It) 

::z:' 
::z: 

General Description 
The MM54C920/MM74C920 256x4 random access readl 
write memory is manufactured using silicon gate CMOS 
technology. Data output is the same polarity as data 
input. Internal latches store address inputs, CES and 
data output. This RAM is speCifically designed to operate 
from standard 54/74 TTL power supplies. Allinputs and 
outputs are TTL compatible. 

The MM54C921/MM74C921 is identical to the MM54C9201 
MM74C920, except data inputs are internally connected 
to data outputs; the number of package leads is thereby 
reduced to 18. 

Complete address decoding as well as 2-chip select func­
tions, CEl and CES, and TI'II-STATE@ outputs allow easy 
expansion with a mini~um of external components. Ver· 

satility plus high speed and low power make these RAMs 
ideal elements for use in microprocessor, minicomputer, 
as well ~s main frame memory applications. 

Features 
• 256 x 4-blt organization 

• Access time 
250ns max. MM74C920, MM74C921 
275ns max. MM54C920, MM54C921 
300ns max. MM74C920-3, MM74C921-3 

• TRI-STATE outputs 

• low power 
• On-Chip registers 

• Single 5 V supply 

• Data retained with Vee as low as 2V 

See page 4-15 
for detailed 

specifications 
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II?A National 
~ Semiconductor 

MM54C922/MM74C92216-Key Encoder 
MM54C923/MM74C923 20-Key Encoder 

General Description 

These CMOS key e[lcoders provide all the necessary 
logic to fully encode an array of SPST switches. The 
keyboard scan can be implemented by either an external 
clock or external capacitor. These encoders also have on· 
chip pull·up devices which permit switches with up to 
50 kS1 on resistance to be used. No diodes in the switch 
array are needed to eliminate ghost switches. The 
internal debounce circuit needs only a single external 
capacitor and can be defeated by omitting the capacitor. 
A Data Available output goes to a high level when a 
valid keyboard entry has been made. The Data Available 
output returns to a low level when the entered key is 
released, even if another key is depressed. The Data 
Available will return high to indicate acceptance of the 
new key after a normal debounce period; this two key 
roll over is provided between any two switches. 

An internal register remembers the last key pressed 
even after the key is released. The TRI·STATE® outputs 

Connection Diagrams 

ROWY1 

RDWV2 

ROWYJ 

RDWV4 

OSCILLATOR 

KEYBOUNCE MASK 

COLUMN X4 

COLUMN X3 

GND 

Dual-In-Line Package 

TOP VIEW 

18 
Vee 

17 DATA OUT A 

16 DATA OUT B 

15 DATA OUT C' 

14 DATA OUT 0 

13 ouTpUt ENABLE 

12 DATA AvAILABLE 

11 COLUMN X1 

10 COLUMN X2 

Order Number MM54C922N 
or MM74C922N 
SeePackag~ 

{~"A 
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provide for easy expansion and bus operation and are 
LPTTL compatible. 

Features 
• 50 kS1 maximum switch on resistance 

• On or off chip clock 

• On chip row pull-Up devices 

• 2 key roll·over 

• Keybounce elimination with single capacitor 

• Last key register at outputs 

• TRI·STATE outputs LPTTL compatible 

• Wide supply range 3V to 15V 

• Low power consumption 

ROWV1 20 Vee 

ROWYl 19 DATA OUT A 

RQWY3 18 DATA OUT B 

ROWV4 17 DATA OUT C 

ROW Y5 16 DATA OUT 0 

OSCILLATOR 15 DATA OUT E 

KEVBOUNCE MASK 14 OUTPUT ENABLE 

COLUMN X4 13 DATA AVAILABLE 

COLUMN Xl 12 COLUMN X1 

GNU 1D 11 COLUMN X2 

TOP VIEW 

Order Number MM54C923N 
or MM74C923N 
See Package 20A 



Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin VCC - 0.3V to VCC + 0.3V Package Dissipation 500mW 
Operating Temperature Range Operating VCC Range 3V to 15V 

MM54C922, MM54C923 -55°C to +125°C VCC 18V 
MM74C922, MM74C923 -40°C to +85°C Lead Temperature (Soldering, 10 seconds! 300°C 

Storage Temperature Range -65°C to +150°C 

DC Electrical Characteristics MiniMax limits apply across temperature range unless otherwise specified. 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

CMOS TO CMOS 

VT+ Positive·Going Threshold Voltage at VCC= 5V, IIN;:::0.7mA 3 3.6 4.3 V 

Osc and KBM Inputs VCC = 10V, liN;::: 1.4 mA 6 6.8 8.6 V 

VCC = 15V, "N;::: 2.1 mA 9 10 12.9 V 

VT- Negative·Going Threshold Voltage at VCC= 5V, 'IN;:::0.7mA 0.7 1.4 2 V 
Osc and KBM Inputs VCC= 10V, 'iN;::: 1.4 rnA 1.4 3.2 4 V 

VCC= 15V, IIN;:::2.1 mA 2.1 5 - 6 V 

VIN(l) Logical "1" Input Voltage, Except VCC = 5V, 3.5 4.5 V 
Osc and KBM Inputs VCC = 10V, 8 9 V 

VCC = 15V, 12.5 13.5 V 

VIN(O) Logical "0" Input Voltage, Except VCC = 5V, 0.5 1.5 V 
Osc and K8M Inputs VCC= 10V, 1 2 V 

VCC = 15V, 1.5 2.5 V 

Irp Row Pull-Up Current at Y1, Y2, Y3, VCC = 5V, VIN = 0.1 VCC -2 -5 IlA 
V 4 and V5 Inputs VCC = 10V -10 -20 IlA 

VCC = 15V -22 -45 IlA 

VOUT(l) Logical "1" Output Voltage VCC = 5V, 10 = -lallA 4.5 V 

VCC = 10V, 10= -lallA 9 V 

VCC = 15V, 10 =-10IlA 13.5 V 

VOUT(O) Logical "0" Output Voltage VCC= 5V, 10= lallA 0.5 V 

VCC = 10V, 10= lallA 1 V 

VCC = 15V, 10= lallA 1.5 V 

Ron Column "ON" Resistance at VCC= 5V, VO= 0.5V 500 1400 n 
Xl, X2, X3 and X4 Outputs VCC=10V, VO=lV 300 700 n 

VCC=15V, VO=1.5V 200 500 n 
ICC Supply Current VCC= 5V, Osc at OV 0.55 1.1 mA 

VCC = 10V 1.1 1.9 rnA 

VCC = 15V 1.7 2.6 mA 

IIN(l) Logical "1" Input Current at VCC = 15V, VIN = 15V 0.005 1.0 IlA 
Output Enable 

IIN(O) Logical "0" Input Current at VCC = 15V, V,N = OV -1.0' --{l.005 /-lA 

Output Enable 

CMOS/LPTTL INTERFACE 

V'N(l) Logical "1" Input Voltage, Except 54C, Vce = 4.5V VCC-1.5 V 

- Osc and KBM Inputs 74C, V CC = 4. 75V VCc-,1.5 V 

VIN(O) Logical "0" Input Voltage, Except 54C, V CC = 4.5V. 0.8 V 

Osc and KBM Inputs 74C, VCC = 4.75V 0.8 V 

VOUT(l! Logical "1" Output Voltage 54C, VCC = 4.5V, 2.4 V 

'0 = -360,uA 

74C, VCC = 4.75V, 2.4 V 

10 = -3601lA 

VOUT(O! Logical "0" Output Voltage 54C, VCC = 4.5V, 0.4 V 

10 = -360,uA 

74C, VCC = 4.75V, 0.4 V 

10 = -360,uA 
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DC Electrical Characteristics (Cont'd.) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

OUTPUT DR IVE (See 54C174C Family Characteristics Data Sheet) (Short Circuit Current) 

ISOU RCE Output Source Current (P-Channel) VCC = 5V, VOUT = OV, -1.75 -3.3 mA 

TA = 25°C 

ISOURCE Output Source Current (P·Channel) VCC = 10V, VOUT = OV, -8 -15 mA 

TA = 25°C 

ISINK Output Sink Current (N·Channel) VCC = 5V, VOUT = VCC, 1.75 3.6 mA 

TA=25°C 

ISINK Output Sink Current (N-Channel) VCC = 10V, VOUT = VCC, 8 16 mA 

TA = 25°C 

AC Electrical Characteristics TA = 25°C, CL = 50 pF, unless otherwise noted 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpdO,tpdl Propagation Delay Time to CL = 50 pF, (Figure 1) 

Logical "0" or Logical "1" VCC = 5V 60 150 ns 

from D.A. VCC= 10V 35 80 ns 

VCC = 15V 25 60 ns 

tOH,tlH Propagation Delay Time from RL = 10k, CL = 10pF (Figure 2) 

Logical "0" or Logical "1" VCC= 5V RL = 10k 80 200 ns 

into High Impedance State VCC = lOV CL = 10 pF 65 150 ns 

VCC= l5V 50 110 ns 

tHO,tHl Propagation Delay Time from RL = 10k, CL = 50 pF, (Figure 2) 

High Impedance State to a VCC = 5V RL = 10k 100 250 ns 

Logical "0" or Logical "1" VCC = 10V CL = 50 pF 55 125 ns 

VCC = l5V 40 90 ns 

CIN Input Capacitance Any Input, (Note 2) 5 7.5 pF 

COUT TRI·STATE Output Capacitance Any Output, (Note 2) 10 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply th'at the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 

Switching Time Waveforms 
V" 

ANY KEY 

V,, __ +_--., 
ANY OTHER 

KEY 

11 
12 

VCC-----1-~----""' 
DATA 

AVAILABLE 

DATA 
OUTPUT 

Vcc----

o 
Tl ~ T2 "" RC, T3 "" 0.7 RC where R ~ 1 Ok a~d C is external 
capacitor at KBM input. 

FIGURE 1 
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iHffpiTf VCC~'5VCC 
ENABLE 

o 
tOH 

Vcc---t--:==-;;= 
DATA OUT I TR'-STATE® 

to" 
VOL 

VCC~ OUTPUT O.S Vee 
ENABLE 

o 

~1H-VOH '''' 
DATA OUT ___ !.R!::IiTATE® 

FIGURE 2 



Block Diagram 

SPST 
SWITCH 

X. 

KEY 
ARRAY 

10k 

Z TO 4 DECODER 
ACTIVE LOW OUTPUTS 

X3 X2 

Truth Table 

SWITCH 2 • 
POSITION Yl.Xl Yl.X2 V1,X3 Yl.X4 Y2.Xl 

0 
A A 

T B 
A C 
0 0 0 0 
U E* 0 0 T 

*Omit for MM54C922/MM74C922 

Xl V,, 

INTERNAL 

7 

Y2.Xl Y2,X3 V2.X4 V3.Xl V3,X2 

, 0 
1 0 
0 , 
0 0 

Typical Performance Characteristics 

30 

~ 25 

.... 
ill 20 
a: 

~ 15 
~ 

=> :: 10 
~ 
;0 ., 
a: 

o 

Typical Irp vs V IN at Any 
V Input 

TA"25"e 
Vee "15V 

/' 

I 

/ Vee" 10V 

// 
t- Vee' 5V 

o 10 15 
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KEY 
DETECT 

ENCODING 
LOGIC 
AND 

2·KEY 
ROll OVER 

'0 " 12 
V3,X3 V3,X4 Y4.Xl 

0 , 
.0 

c; 
3.5 <!! 

"' " z 

~ 2.5 

~ 
~ .... 1.5 => ., 
z 

~ 0.5 
:3 

o 

TRI·STATE':" 

r-----------______ ~~~~:=~L 
ENABLE 

LS. 

J---+--oA 
CK 

CK 

C OUTPUTS 

CK 

CK 

CK MS. 

'3 ,. 'S '6 17 
V4.X2 Y4.Xa V4.X4 VS*.X1 YS*.X2 

Typical Ron vs VOUT at Any 
X Output 

LVee- 3V TA" 25°C 

1 
I 
I 
I 5V 

I / 
10V L ~ 

15V -o 10 15 

VOUT IV) 

'8 '9 
VS*.X3 VS*.X4 



Typical Performance Characteristics '(Cant'd.) 

Tvpical FSCAN vs Cosc 

10k .. _ 

lk 

~ 
'" ~ 

100 

10 
0.01 0.1 10 

COSC (.FI 

Typical Applications 

Synchronous Handshake (MM74C9221 

MM74C922 

X4 KBM 

,....---~X3 

r-----1X2 

Xl 

VI 

V2 

A V3 

D C 

SYSTEM 

,*10C 

CLOCK .... -+--t---i 
(SEE NOTE 31 

Q 
DATA AVAILABLE 
(INVITATION) 

Tvpical Debounce Period 
VSCKBM 

Synchronous Data Entry Onto Bus (MM74C9221 

T_ 10C 

r ________ ~M~M~~~Ci92~2~~_, 
X4 KBM 

A 

SYSTEM 
CLOC~ .... -+--+--"'"'i_...I 

(SEE NOTE 31 

Outputs are enabled when valid entry is made and 
go into TRI-STATE when key is released. 

Asynchronous Data Entry Onto Bus (MM74C9221 

Keyboard Suppliers 

Mini Key Series K L 
Digitran Company 
Pasadena. California 

Computronics Engineering 
7235 Hollywood Blvd 
Hollywood, California 90046 

~_ 10C 

MM74C922 

r---------~~X~4~KB~Mr-_, 

1-______ -+ TO DATA BUS 

1----'-...... DATA AVAILABLE 

1/674C04 

Outputs are in TRI-STATE until key is pressed, then data is placed on bus. 
When key is released, outputs return to TRI-STATE. 

Note 3: The keyboard may be svnchron~uSIY scanned by omitting the capacitor at osc. and driving osc. directly if the system clock 
rate is lower than 10 kHz. 
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Typical Application (Cont'd.) 

Expansion to 32 Key Encoder (MM74C922) 

~, 

I 
0 1 2 3 

4 5 6 7 

8 9 10 11 

12 13 14 15 -r-- ~~ .. ~ 
18 19 

A~ A 
16 17 

20 21 22 23 

24 25 26 27 

2B 29 3D 31 

,vcc 

Theory of Operation 
The MM74C922/MM74C923 Keyboard Encoders im· 
plement all the logic necessary to interface a 16 or 20 
SPST key switch matrix to a digital system. The encoder 
will convert a key switch closer to a 4{MM74C922) or 
5{MM74C923) bit nibble. The designer can control both 
the keyboard scan rate and the key debounce period by 
altering the oscillator capacitor, COSE, and the key 
bounce mask capacitor, CMSK. Thus, the MM74C9221 
MM47C923's performance can be optimized for many 
keyboards. 

The keyboard encoders connect to a switch matrix that 
is 4 rows by 4 columns (MM74C922) or 5 rows by 4 col· 
umns (MM74C923). When no keys are depressed, the row 
inputs are pulled high by internal pull·ups and the column 

, outputs sequentially output a logic "0". These outputs 
are open drain and are therefore low for 25% of the time 
and otherwise off. The column scan rate is controlled by 
the oscillator Input, which consists of a' Schmitt trigger 
oscillator, a 2·bit counter, and a 2·4·bit decoder. 

When a key is depressed, key 0, for example, nothing 
will happen when the X1 input is off, since Y1 will remain 
high. When the X1 column Is scanned, X1 goes low and 
Y1 will go low. This disables the counter and keeps X1 
low. Y1 going low also Initiates the key bounce circuit 

+5V 
I 

Xl 
Vcc 

X2 

X3 

X4 

Yl 

Y2 

Y3 

Y4 
too GNO 

MM74C922 

KBM 

~ OSC 
10C 

OA A AVAILABLE f---OAt 

A 1---00 

B f---Ol 

C 1---02 

o f---03 
TO DATA 
BUS 

~ IN914 
-b 

04 

MM74C30 

100kQ 

timing and locks out the other Y Inputs. The key code to 
be outputted is a combination of the frozen counter value 
and the decoded Y inputs. Once the key bounce circuit 
times out, the data Is latched, and the Data Available 
(DAV) ou~put goes high. 

If, during the key closure the switch bounces, Y1 input 
will go high again, restarting the scan and resetting the 
key bounce circuitry. The key may bounce several times, 
but as soon as the switch stays low for a debounce 
period, the closure is assumed valid and the data is 
latched. 

A key may also bounce when it is released. To ensure 
that the encoder does not recognize this bounce as 
another key closure, the debounce circuit must time out 
before another closure is recognized. 

The two key roll over feature can be illustrated by as· 
suming a key is depressed, and then a' second key is 
depressed. Since all scanning has stopped, and all 
other Y inputs are disabled, the second key is not recog· 
nized until the first key is lifted and the key bounce cir· 
cuitry has reset. 

The output latches feed TRI·STATE@, which are enabled 
when the Output Enable (OE) Input is taken low. 
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~National 
~ Semiconductor 

MM74C925, MM74C926, MM74C927, MM74C9284-Digit 
Counters with Multiplexed 7-Segment Output Drivers 
'General Description 
,These CMOS counters consist of a 4·digit counter, an 
internal output latch, NPN output sourcing drivers for 
a 7·segment display, and an internal multiplexing 
circuitry with four multiplexing outputs. The multi· 
plexing circuit has its own free·running oscillator, 
and requires no external clock. The counters advance 
on negative edge of clock. A high signal on the Reset 
input will reset the counter to zero, and reset the carry· 
out low. A low signal on the Latch Enable input will 
latch the number in the counters into the internal out· 

, put latches. A high signal on Display Select input will 
select the number in the counter to be displayed; a low 
level signal on the Display Select will select the number 
in the output latch to be displayed. 

The MM74C925 is a 4·decade counter and has Latch 
Enable, Clock and Reset inputs. 

The MM74C926 is like the MM74C925 except that it 
has a display select and a carry·out used for cascading 
counters. The carry·out signal goes high at 6000, 
goes back low at 0000. 

The MM74C927 is like the MM74C926 except the 
second most significant digit divides by 6 rather than 10. 
Thus, if the clock input frequency is 10Hz, the display 
would read tenths of seconds and minutes (i.e., 9:59.9). 

The MM74C928 is like the MM74C926 except the most 
significant digit divides by 2 rather than 10 and the 

Connection Diagram 
Dual·ln·line Package 

MM74C925 

l,m~( "ouT 
TOPVI(W 

Functional Description 
Reset 

Display Select 

Latch Enable 

Clock 

Asynchronous, active high 

High, displays output of counter 
Low, displays output of latch 

High, flow through condition 
Low, latch condition 

Negative edge sensitive 
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carry·out is an overflow indicator which is high at 
2000, and it goes back low only when the counter is 
reset. Thus, this is a 3 1 /2·digit counter. 

Features 
II Wide supply voltage range 

• Guaranteed noise margin 

• High noise immunity 

3V to 6V 

1V 
0.45 Vee (typ.) 

II High segment sourcing current 40 mA 
@Vec -1.6V, Vee = 5V 

II Internal multiplexing circuitry 

Design Considerations 
Segment, resistors are' desirable to minimize power 
dissipation and chip heating. The 0575492 serves as a 
good digit driver when it is desired to drive bright 
displays. When using this driver with a 5V supply at 
room temperature, the display can be driven without 
segment resistors to full illumination. The user must use 
caution in this mode however, to prevent overheating of 
the device by using too high a supply voltage or by 
operating at high ambient temperatures. 

The input protection circuitry consists of a series resistor, 
and a diode to ground. Thus input signals exceeding 
V cc will not be clamped. This input signal should not be 
allowed to exceed 15V. 

Dual·ln·line Package 
MM74C926, MM74C927 and MM74C928 

CAAR' 
OUT Run tUIU 0"", C .... 

Segment Output - Current sourcing with 40 mA @ 
VOUT = Vee - 1.6V (typ.) 
Also, sink capability = 2 L TTL 
loads 

Digit Output 

Carry·out 

Current sourcing with 1 mA @ 
VOUT = 1.75V. Also, sink capa· 
bility = 2 L TTL loads 

- 2 L TTL loads. See carry·out 
waveforms. 



Absolute Maximum Ratings (Note 1) 

Voltage at Any Output Pin 
Voltage at Any Input Pin 
Operating Temperature Range" (T A) 
Storage Temperature Range 
Package Dissipation 
Operating Vee Range 
Vee 

Gnd - 0.3V to Vee+0.3V 
Gnd - 0.3V to +15V 

-40°C to +85°C 
--65°C to +150°C 

Refer to PO(MAX) vs T A Graph 
3V to 6V 

6.5V 
Lead Temperature (Soldering, 10 seconds) 300°C 

'DC Electrical Characteristics Minimax limits apply at -40°C ~ Tj ~ +85°C, unless otherwise noted. 

PARAMETER CONDITIONS MIN TYP MAX 

CMOS TO CMOS 

V'N(1) Logical "I" Input Voltage Vee = 5.0V 3.5 

V'N(O) Logical "0" Input Voltage Vee = 5.0V 1.5 

VOUT(1) Logical "I" Output Voltage Vee = 5.0V, 10 = -10/.lA 4.5 

(Carry·out and Digit Output 

Only) 

VOUT(O) Logical "0" Output Voltage Vee,= 5.0V, 10 = 10/.lA 0.5 

I'N(1) Logical "I" Input Current Vee = 5.0V, V'N = 15V 0.005 1.0 

I'N(O) Logical "0" Input Current Vee = 5.0V, V'N = OV -1.0 -0,005 

lee Supply Current Vee = 5.0V, Outputs Open Circuit, 20 1000 

V'N = OV or 5V 

CMOS/LPTTL INTERFACE 

V'N(U- Logical "I" Input Voltage Vee =4.75V Vee-;I.5 

V'N(O) Logical "0" Input Voltage Vee =4.75V 0,8 

VOUT(lI Logical "I" Output Voltage Vee = 4.75V, 2.4 

(Carry·Out and Digit 10 =-360/.lA 

Output Only) 

VOUT(O) Logical "0" Output Voltage Vee =4.75V, 0.4 

10 = 360/.lA 

OUTPUT DRIVE 

VOUT Output Voltage (Segment louT = -65 rnA, Vee = 5V, Tj = 25°C Vee-I.3 

Sourcing Output) { T = 100°C Vce -1.6 Vee-I.2 
lOUT =-40 rnA, Vee = 5V T: = 150°C Vec-2 Vee-l.4 

RON Output Resistance (Segment lOUT = -65 rnA, Vee = 5V, T j = 25°C 20 

Sourcing Output) { Tj = 100:C 30, 40 
lOUT = --40 rnA, Vee = 5V 

T j = 150 C 35 50 

Output Resistance (Segment 0.6 0.8 

Output) Temperature Coefficient 

IsouReE Output Source Current Vee =4.75V, VOUT = 1.75V, Tr= 150°C -I -2 

(Digit Output) 

'SOURCE Output Source Current Vee = 5V, VOUT = OV, T j = 25°C -1.75 -3.3 

(Carry-out) 

ISINK Output Sink Current Vee = 5V, VOUT = Vee, Tj = 25°C 1.75 3.6 

(All Outputs) 

8 jA Thermal Resistance MM74C925 (Note 4) 75 100 

MM74C926, MM74C927, MM74C928 70 90 

UNITS 

V 

V 

V 

V 

/.IA 

/.IA 

/.IA 

V 

V 

V 

V 

V 

V 

V 

n 
n 
n 

%;C 

rnA 

rnA 

rnA 

°C/W 

°C/W 

Note 1: "Absolute Maximum Ratings" are those values beyond which the s~fety of the device cannot be guaranteed. Except for "Operating 
Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides 
conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: CpO determines the no load ac power consumption of any CMOS device. For complete explanation see 54C/74C Family Characteristics 
application note, AN·90. 

Note 4: .OjA measured in free .. ir with device soldered into printed circuit board. I 
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AC Electrical Characteristics TA =25"C, CL=50pF, unless otherwise noted 

PARAMETER CONDITIONS 

f MAX Maximum Clock Frequency Vee = 5.0V, T j = 25°C 

Square Wave Clock Tj = 100°C 

tr,tf Maximum Clock Rise or Fall Time Vee = 5.0V 

tWA Reset Pulse Width Tj = 25°C 
Vee = 5.0V 

T j ~ 100°C 

tWLE Latch Enable Pulse Width T j ~ 25°C 
Vee ~ S.OV 

T j = 100°C 

tSET(CK,LE) Clock to Lateh Enable Set·Up Time T j = 2SoC 
Vee ~ S.OV 

T j = 100°C 

tLR Latch Enable to Reset Vee ~ S.OV Tj ~ 25u C 

Wait Time T j = 100°C 

tSET(R,LE) Reset to Latch Enable Set· Up Time T j = 2SoC 
Vee=5.0V 

Tj = 100°C 

fMUX Multiplexing Output Frequency Vee = 5.0V 

C'N Input Capacitance Any Input (Note 21 

Typical Perform~nce Characteristics 
Typical Segment Current vs 
Output Voltage 

1 100 '-.--r--".-,"-",--", 

5.0 4.0 3.0 2.0 1.0 

VOUT (V) 

Logic and Block Diagrams 

LATCH 
ENABLE 

AOUT 

BOUT 

COUT 

DouT 

GNO 

MM74C925 

MM74C927 

RESETo-!':.j--..... --..... - ... --, 

CARRY· 
OUT 

DISPLAY ~~I;Lr-...L..,-L...-r...J:-r-.L...,. __ ... 1 
SELECT 

LATCH 
ENABLE 

AOUT ""'!l...r-..... :.....-.L::...--L"--.J..::c-, 
'eu, 
COUT 
DOUT 

GNO 

.. 

.§ 2200 

~ 2000 

~ 1800 

~ 1600 

~ 1400 
~ 1200 

; 1000 

~ aDo 
x 600 

~ 400 
I 

Maximum Power Dissipation 
vs Ambient Temperature 

MM74C926iMM74C927iMM74C928 

MM14C925 

~ 20: 
} -40 -20 0 20 40 60 80 100 

TA -AMBIENT TEMPERATURE (OC) 

v" RESET 

CLOCK 
CARRY· 

OUT 

DISPLAY 
SELECT 
LATCH 

ENABLE 

AOUT 

BOUT 
COUT 

DOUT 

GNO 

V" RESET 

CLOCK 
CARRY· 

OUT 

DISPLAV 
SELECT 

LATCH 
ENABLE 

AOUT 

BOUT 

COUT 

DOUT 

GNO 
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MIN 

2 

1.5 

250 

320 

250 

320 

2500 

3200 

0 

0 

320 

400 

TYP MAX UNITS 

4 MHz 

3 MHz 

15 

100 

125 

100 

125 

1250 

1600 

-100 

-100 

160 

200 

1000 

5 

Typical Average Segment 
Current vs Segment Resistor 
Value 

10 20 30 40 50 6D 70 

SEGMENT RESISTOR (n) 

}J.s 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Hz 

pF 

Note. VD = Voltage across digit 
driver. 

MM74C926 

1+------1-"-0 CLOCK 

MM74C928 

1+------11""':> CLOCK 



Segment Output Driver I nput Protection 

FROM 
DECODER 

MM14C925 !~~~~ MM74C926 
MM74C927 
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OUTPUT 

INPUT~AAS 
~l~ 

Common Cathode LED Display 

Switching Time Waveforms 

CLOCK 
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ENABLE 

RESET 

Input IJYaveforms Multiplexing Output Waveforms 
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,,,,,,,,.,I1ln 'ou, nL-____ _ 

tiVL~1 1-IIst:TIRLEI 
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OOUl 
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Segment Identification 

I 
I 
l­
eI 

(3 3 '-/ 
789 

Carry-Out Waveforms 
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MM74C921 r----r 
CARRY-OUT -----1 L-

COUNT COUNT 
!i599-6000 9599-0000 



~National 
~ Semiconductor 

MM54C929/MM74C929, MM54C930/MM74C930 
1024-Bit Static Silicon Gate CMOS RAMs 

General Description 
The MM54C929/MM74C929 and MM54C930/MM74C930 
1024 x 1 random access read/write memories are manu­
factured using silicon-gate CMOS technology. These 
RAMs are specifically designed to operate from standard 
54/74 TTL power supplies; all inputs and outputs are TTL 
compatible. Data output is the same polarity as data in­
put. Internal latches store the address inputs and data 
output. Chip select input CS1 serves as a chip strobe, 
controlling address and data latching. The Data-In and 
Data·Out terminals can be tied together for common 1/0 
applications. Complete address decoding, 3·chip select 
functions (MM54C930/MM74C930) and TRI-STATE® out· 
put allow easy memory expansion and organization. 
The MM54C929/MM74C929 differs from the MM54C9301 
MM74C930 only in that CS1, CS2 and CS3 are inter­
nally connected together, providing a single chip-select 
input CS. 

TAI·STATE is a registered trademark of National Semiconductor Corp. 

Versatility, high speed, and low power make these RAMs 
ideal elements for use in many microprocessor, mini­
computer and main-frame·memory applications. 

Features 
• Fast access - 250 ns max. 

• TRI-STATE outputs 

• Low power - 1O"A max. standby 

• On-chip registers 

• Single 5V supply 

• Inputs and output TTL compatible 

• Data retained with Vcc as low as 2V 

• Can be operated common 110 

See page 4-22 
for detailed 

specifications 
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~National a Semiconductor 

MM54C9321MM74C932 Phase Comparator 

General Description Features 
The MM74C932/MM54C932 consists of two independent 
output phase comparator circuits. The two phase com­
parators have a common signal input and a common 
comparator input. The signal input can be directly 
coupled for a large voltage signal, or capacitively coupled 
to the self-biasing amplifier at tt)e signal input for a small 
voltage signal. 

• Wide supply voltage range 

• Convenient mini-DIP package 

• TRI-STATE® phase-comparator output (comparator 
II) 

• 200 mV input voltage (signal in) sensitivity(typical) 

Phase comparator I, an exclusive-OR gate, provides a 
digital error signal (phase camp. lout) and maintains· 
90° phase shifts at the VCO center frequency. Between 
signal input and comparator input (both at 50% duty 
cycle), it may lock onto the signal input frequencies that 
are close to harmonics of the VCO center frequency. 

Phase comparator II is an edge-controlled digital 
memory network. It provides a digital error signal (phase 
camp. II out) and lock in signal (phase pulses) to indi­
cate a locked condition and maintains a 0° phase shift 
between signal input and comparator input. 

Block Diagram 

SIGNAL 
IN 

6 

7 

PHASE 
COMPARATOR I 

VCC 

Is 
~NC 

_.4_-4_ ... __ ....,Jn'L..,,'r-----+t2=- PHASHOMP lOUT COMPARATOR 3 .11 

IN r _ 
_ ~rr-CO-M:P:~A"lt:S:~T-OR-l-I----1~5- PHASE COMP II OUT 

II J-__ -+lf-:':.... PHASE PULSES 

GNO....!. 

Connection Diagram 

DUAL·IN·L1NE PACKAGE 

PHASE PULSESO' S VCC 
PHASE COMP lOUT 2 7 NC 

COMPARATOR IN 3 6 SIGNALIN 

GND 4 6 PHASE COMP II OUT 
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Absolute Maximum Ratings Note 1 

Voltage at Any Pin -O.3V to VCC + O.3V 

Operating Temperature Range 
MM54C932 -55°C to +125°C' 
MM74C932 -40°C to +85°C 

Storage Temperature Range _65°C to +150°C 

Package Dissipation 500mW 

Operating VCC Range 3V to 15V 

Absolute Maximum VCC 18V 

Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics 
'. 

Parameter Conditions Min Typ Max Units 

ICC Quiescent Device Current PIN 5= Vec, PIN8=Vee, 
PIN 3 =DV 
Vee = 5V 0.005 150 IJ.A 
Vee = 10V 0.01 300 IJ.A 
'Vee = 15V 0.015 600 IJ.A 

PIN 5 = Vee, PIN 8 = Open, 
PIN 3=Ov 
Vee = 5V 5 205 IJ.A 
Vee = 10V 20 710 IJ.A 
Vee = 15V 50 1800 IJ.A 

VOL Low Level Output Voltage Vee= 5V 0 0.05 V 
Vee = 10V 0 0.05 V 
Vee=15V 0 0.05 V 

VOH High Level Output Voltage Vee = 5V 4.95 5 V 
Vee= 10V 9.95 10 V 
Vee= 15V 14.95 15 V 

VIL Low Level I nput Voltage Vee = 5V, Vo = 0.5Vor 4.5V 2.25 1.5 V 
Comparator and Signal Vee = 10V, Vo = 1 V or 9V 4.5 3.0 V 

Vee = 15V, Vo= 1.5Vor 13.5V 6,25 4.0 V 

VIH High Level Input Voltage Vee = 5V, Vo = 0.5Vor 4.5V 3.5 2.75 V 
Comparator and Signal Vee = 10V, Vo= lVor9V 7.0 5.5 V 

Vee= 15V, VO= 1.5Vor 13.5V 11.0 ,8.25 V 

IOL Low Level Output Current Vee= 5V, Vo = 0.4V 0.36 0.88 mA 
Vee= 10V, VO=0.5V 0.9 2.25 mA 
Vee = 15V, Vo = 1.5V 2.4 8.8 mA 

IOH High Level Output Current Vee= 5V, VO=4.6V -0.36 -0.88 mA 
Vee = 10V, Vo = 9.5V -0.9 -2.25 mA 
Vee=15V, VO=13.5V -2.4 -8.8 mA 

liN Input Current All Inputs Except Signal Input 
Vee = 15V, VIN=OV -10-5 -1.0 IJ.A 
Vee = 15V, VIN=15V 10-5 1.0 IJ.A 

elN Input Capacitance Any Input, (Note 3) 7.5 pF 

PT Total Power Dissipation to= 10kHz, Rl = 1 Mrl 
R2 = -, VeOIN = Vee/2 
Vee= 5V 0.07 mW 
Vee = 10V 0.6 mW 
Vee = 15V 2.4 mW 

Note 1: uAbsolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

I 
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Electrical Characteristics 
Parameter Conditions Min 

Phase Comparators 

RIN Input Resistance Signal Input VCC=5V 1.0 
VCC= 10V 0.2 
VCC= 15V 0.1 

Comparator Input VCC= 5V 
VCC= 10V 
VCC=15V 

AC Coupled Signal Input CSERiES = 1000pF 
Voltage Sensitivity f = 50kHz 

VCC= 5V 
VCC= 10V 
VCC= 15V 

Phase Comparator State Diagrams 

INPUT STATE 
COMPARATOR 

IN 

~ 
SIGNAL 

IN 

PHASE COMP lOUT 

INPUTSTATE 

COMPARATOR 

p' 
SIGNAL 

IN 

PHASE COMP II OUT 

PHASE PULSES 

PHASE COMPARATOR I 

~ '11~10 
I 

0 I 1 

PHASE ClJrJlPARATOR II 

TRI-STATE® 

Figure 1. 
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Typ Max Units 

3.0 Mn 
0.7 Mn 
0.3 Mn 

106 Mn 
106 Mn 
106 Mn 

200 400 mV 
400 BOO mV 
700 1400 mV 



Typical Waveforms 

SIGNAL IN 

COMPARATOR IN 

PHASE COMP lOUT 

VCOIN 
(LOW PASS FILTER OUTPUT) 

PHASE COMPARATOR I 

Figure 2. Typical Waveform Employing Phase Comparator I in Locked Condition 

PHASE COMPARATOR II 

SIGNALIN VCC ~ 
Ov 

VOH -r---I r---I 
COMPARATOR IN -----l L...--I L-

VOL 

PHASE PULSES VOH ---, .----, .--­
VOL----U U 

VOH -rL------..... 
PHASE COMP II OUT ---I L..r--

VOL 

VCOINVOH~ 
(LOW PASS FILTER OUTPUT) VOL-

Figur. 3. Typical Waveform Employing Phase Comparator II in Locked Condition 

Typical Phase Locked Loop 

p~~~~ 1"""-----, 
OUT 

2-55 



~ r-----------~--~------------------------------~----------------~ 

§ ~National 
~ a Semiconductor 
:ill 
:ill -~ 

PRELIMINARY 

~ 
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II) 

MM54C9331MM74C933 Address Bus Comparator 

:ill 
:ill 

General Description 
The MM54C933/MM74C933 Bus Comparator compares 
two binary words of up to 7 bits in length, and deter­
mines whettfer they are equal (bit for bit). Both enable 
(EN) inputs must be low to enable the comparison. The 
output, which is normally high, goes low when inputs 
Ao-~ and Bo-B6 are equal. 

The 'A' set of inputs is provided with latches which 
allow the inputs to flow through when ALE is high, and 
are latched when ALE is brought low. 

LogiC and Connection Diagrams 

ALE 

AD 

BO 

Al 
(4) 

Bl 
(5) 

A2 
(6) 

82 
(7) 

(8) 
A3 

(9) 
B3 

(11) 
A4 

(12) 
B4 

A5 
(13) 

(14) 
B5 

A6 
(15) 

B6 
(16) 

ENl (17) 

EN2 (18) 

Features 
• Silicon Gate CMOS technology used for high speed 

• Wide supply voltage range 3-6 V 
• 2 active low enables for cascading and control 

.• One set of latched inputs for easy interfacing to 
multiplexed liP busses 

• .Active low output compatible wIth memory and liP 
peripherals 

Typical Applications 
ill Microprocessor Address/Data Bus decoders 

• Equality detectors 

ill 1· 20 Vee 
AU 19 DOT 
80 18 m 
Al ER1 
Bl 86 

A2 A6 

B2 B5 

AI A5 

B3 12 84 

GND 10 11 A4 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.3V to Vee + 0.3V 
Operating Temperature Range 

MM54C933 -55·C to +125·C 
MM74C933 -40·C to +85·C 

Storage Temperature Range -65·C to + 150·C 
Package Dissipation 500mW· 
Operating Vee Range 3.0Vt06.0V 
Absolute Maximum Vee 7.0V 
Lead Temperature (Soldering, 10 seconds) 300·C 

DC Electrical Characteristics Min./max. limits apply across temperature range unless otherwise noted. 

Parameter I Conditions I Min. I Typ. I Max. I Units 

CMOS to CMOS 

VIH Input High Voltage Vee = 5.0 V, VOUT = 0.5 V or 4.5 V 3.5 V 

VIL Input Low Voltage Vee = 5.0V, VouT=0.5V or 4.5V 1.5 V 

VOH Output High Voltage Vee=5.0V, 10= -1,..A 4.95 V 
VIN = OV or 5.0V 

VOL Output Low Voltage Vee=5.0V,10=1,..A 0.05 V 
VIN=OV or 5.0V 

10H Output High Current Vee=5.0V, VIN=OV or 5.0V -2.0 mA 
Vo=4.6V 

10L Output Low Current Vee = 5.0V, VIN = OV or 5.0V +2.0 mA 
Vo=0.4V 

IIN(1) Logical "1" Input Current Vee = 6.0V, VIN = Vee 0.005 1.0 ,..A 

IIN(O) Logical "0" Input Current Vee = 6.0V, VIN = OV -1.0 -0.005 ,..A 

Icc Supply Current Vee=15V 0.05 300 ,..A 

CMOS/LSTTL Interface (MM54C933: Vcc = 5.0V ±10%, MM74C933: Vcc = 5.0V ± 5%) 

VIN(1) Logical "1" Input Voltage Vo=O.4V or Vee-O.4 Vee- 1.5 V 
10= ±10,..A 

VIN(O) Logical "0" Input Voltage Vo=0.4Vor Vee-O.4 0.8 V 
10= ±10,..A 

VOUT(1) Logical "1" Output Voltage VIN =4.0Vor 1.0V 2.4 V 
10= -2.0mA 

VOUT(O) Logical "0" Output Voltage VIN=4.0Vor 1.0V 0.4 V 
10= +2.0mA 

. Output Drive (See 54C/74C Family Characteristics Data Sheet) 

IsouReE Output Source Current Vee=5.0V, VOUT=OV 16 mA 
(P·Channel) TA=25·C 

. ISINK Output Sink Current Vee=5.0V, VOUT = Vee 16 mA 
(N·Channel) TA=25·C 
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AC Electrical Characteristics TA = 25°C, Vee = 5.0V, unless otherwise specified. 

Parameter Conditions Min. Typ. Max. Units 

tpLH, tpHL Propagation Delay ALE = 5.0V, CL = 15 pF 50 ns 
A to OUT ALE = 5.0V, CL = 100 pF 60 ns 

tpLH, tpHL Propagation Delay CL=15pF 40 ns 
B to OUT CL = 100 pF 50 ns 

tpLH, tpHL Propagation Delay CL=15pF 10 ns 
ENl or EN2 to OUT CL=100pF 20 ns 

tpLH, tpHL Propagation Delay CL=15pF 30 ns 
ALE to OUT CL=100pF 40 ns 

ts Time prior to ALE that 5.0 ns 
A must be present 

tH Time after ALE that . 5.0 ns 
A must be present 

tw Minimum ALE Pulse Width 10 ns 

tT OUlPUt Transition Time CL=15pF 10 ns 

CIN Input Capacitance (Note 2) 10 pF 

Cpo Power Dissipation Capacitance (Note 3) 100 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Ope· 
rating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: Cpo determines that no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Char· 
acteristics application note, AN-90. 

Truth Tables 

EN1 or EN2 AN BN OUT ALE Function 

0 0 0 0 0 AN Inputs Latched 

0 0 1 1 1 AN Inputs Flow·Through 

0 1 0 1 

0 1 1 0 

1 X X 1 

, 

Switching Time Waveforms 

.... r tR .... I-ts I--tw~ 

1190% 90% 
150% ~ 50% ALE 50% 

10% 10% 
.... -ts 

LATCHED IN "1" 

Ai 50% 

~ 
50% 1 50% 

, I: I-tH --I I-tPLH 

81 50% 50% 
\ 

tPHL .... I- r-
EN1, EN2 

..... I-tPLH 

~150% r-~ ~ OUT . 5D%U 50% ~ 50% 

-- tPHL tPHL..... . ..... tPLH 
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~National a Semiconductor 

MM54C941/MM74C941 Octal Buffers/Line Receiversl 
Line Drivers with TRI-STATE® Outputs 

General Description Features 
These octal buffers and line drivers are monolithic com­
plementary MOS (CMOS) integrated circuits with TRI­
STATE® outputs. These outputs have been specially 
designed to drive highly capacitive loads such as bus­
oriented systems. These devices have a fan-out of 6 low 
power Schottky loads. When Vcc = 5V inputs can accept 
true TTL high and low logic levels. 

• Wide supply voltage range (3V to 15V) 

• Low power consumption 

• TTL compatibility (Improved on the inputs) 

• High capacitive load 

• TRI-STATE® outputs 

• Input protection 
• 20-pin dual-in-line package 

TAI·STATE is a registered trademark of National Semiconductor Corp. • High output drive 

Connection Diagram 

Logic Diagram 

OAI OA2 

VCC 002 IB4 IB3 

001 IAI IA2 1A3 

OB4 OB3 

OA3 OA4 

IB2 

IA4 

OB2 OBI 

CONTROLS ONE OF 
EIGHT DEVICES 

IBI 

GHO 

~~~Tt~~I~~~ ;- - - - -- - - - - - - - - - -- - --, 

r-----------'I I 
I OUTPUT I I I 
I DISABLE I I I 
I "I" I I I 

I OUTPUT II I 
I DISABLE • II 'I 
L "2" J I DATA 
----------- I OUT, 

DATA .. I I 
~ I ~, 

• SPECIAL TTL LOGIC LEVEL CONVERTER I~; Y;;'c-:SV) - - - - - - - '* -----_.J 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin 0.3 V to Vee + 0.3 V 
Operating Temperature Range 

MM54C941 -55·Cto +125·C 
MM74C941 -40·Cto +85·C 

Storage Temperature Range -65·C to + 150·C 
Package Dissipation 500mW 
Operating Vee Range 3.0Vto 15V 
Vee 18V 
Lead Temperature (Soldering, 10 seconds) 300·C 

DC Electrical Characteristics Min/max limits apply across temperature range, unless otherwise noted. 

Parameter I Conditions I Min. I Typ. I Max. I Units 

CMOS to CMOS 

VIN(l) Logical "1" Input Vee=5.0V 2.5 V 
Voltage Vce=10V 8.0 V 

VIN(O) Logical "0" Vee=5.0V 0.8 V 
Input Voltage Vee=10V 2.0 V 

VOUT(l) Logical "1" Vee = 5.0V, 10 = -10"A 4.5 V 
Output Voltage Vee=10V, 10= -10"A 9.0 V 

VOUT(O) Logical "0" Vee=5.0V, 10= +10"A , 0.5 V 
Output Voltage Vee=10V, 18= +10"A 1.0 V 

IIN(l) Logical '.'1" Vee =15V, VIN =15V 0.005 1.0 "A 
Input Current 

IIN(O) Logical "0" Vee = 15V, VIN = OV -1.0 -0.005 "A 
Input Current 

Icc Supply Current Vee=15V 0.05 300 "A 
Tristate Leakage Vee=15V, VOUT=OVor 15V ±3.0 "A 
CMOS/TTL Interface 

VIN(l) Logical "1" 54C, Ve=4.5V Vee- 2.5 V 
Input Voltage 74C, Vee=4.75V Vce- 2.5 V 

VIN(O) Logical "0" 54C, Vec=4.5V 0.8 V 
Input Voltage 74C, Vee = 4.75V 0.8 V 

VOUT(l) Logical "1" 54C, Vee = 4.5 V, 10 = - 450 "A Vee -O.4 V 
Output Voltage 74C, Vee = 4.75 V, 10=-450,..A Vee- O.4 V 

54C, Vee = 4.5V, 10 = -2.2mA 2.4 V 
74C, Vee = 4.75V, 10=-2.2mA 2.4 V 

VOUT(O) Logical "0" Output 54C, Vee = 4.5V, 10= +2.2mA 0.4 V 
Voltage 74C, Vee = 4.75V, 10=+2.2mA 0.4 V 

Output Drive (See 54C/74C Family Characteristics Data Sheet) 

IsouReE Output Source Vee = 5.0V, VOUT = OV -14.0 -30.0 mA 
Current (P·Channel) TA=25·C 

IsouReE Output Source Vee = 10V, VOUT = OV -36.0 -70.0 mA 
Current (P·Channel) TA=25·C 

ISINK Output Sink Vee = 5.0V, VOUT = Vec +12.0 +20.0 mA 
Current (N·Channel) TA=25·C 

ISINK Output Sink Vce=10V, VouT=Vce +48.0 +70.0 mA 
Current (N·Channel) TA=25·C 
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AC Electrical Characteristics TA = 25°C, CL = 50 pF, unless otherwise specified. 

Parameter Conditions Min. Typ. Max. Units 

tpdlo tpdO Propagation Delay (Data Vce = 5.0V, CL = 50 pF 70 140 ns 
IN TO OUll Vee =10V, CL=50pF 35 70 ns 

Vee = 5.0V, CL = 150 pF 90 160 ns 
Vee =10V, CL=150pF 45 90 ns 

t lH, tOH Propagation Delay Output RL=1kQ, CL=50pF 
Disable to Logic Level (from Vee =5.0V 100 200 ns 
High Impedance State) (from a Vee=210V 55 110 ns 
Logic Level) 

tH1, tHo Propagation Delay Output RL = 1 kQ, CL = 50pF 
Disable to Logic Level (from Vee=5.0V 100 200 ns 
High Impedance State) Vce=10V 55 110 ns 

tTHL, tTLH Transition Time Vce=5.0V, CL=50pF 50 100 ns 
Vce=10V, CL=50pF 30 60 ns 
Vce = 5.0V, CL = 150 pF 80 160 ns 
Vee = 10V, CL = 150 pF 50 100 ns 

Cpo Power Dissipation Capacitance (See Note 3) 
(Output Enabled per Buffer) 100 pF 
(Output Disabled per Buffer) 10 pF 

CIN. Input Capacitance (See Note 2) 10 pF 
(Any Input) VIN =OV, f =1 MHz 

TA = 25°C 

Co (Output Capacitance) VIN=OV, f=1MHz, 10 pF 
(Output Disabled) TA=25°C 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Range" they are not meant to imply that the device.s should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 

Truth Table 

001 002 Input Output 

0 0 0 0 
0 0 1 1 
0 1 X Z 
1 0 X Z 
1 1 X Z 

1 = High 
O=Low 
X = Don't Care 
Z=TRI·STATE@ 

2-61 

s:: 
s:: 
en 
.1:10 
0 
CD 
.1:10 ....... -s:: 
s:: ...... 
.1:10 
0 
CD 
.1:10 ....... 



N·Channel Output Drive 
@ 2SoC 

P·Channel Output Drive 
@ 2SoC 

0 
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Applications 
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AC Test Circuits and Switching Time Waveforms 

tpdO. tpd1 

V'N~VOUT 
T CL =50 PF 

INPUT-Q::: 

DISABLE I I'''"' 
':' lkn J CL =5pF 

tOH and tHO 

vee 

qJ~ 
INPUT OUTPUT 

DISABLE " *" CL = 5 pF 

N-ote: DeilYs mllsured with input t,. t, $ 20 ns 

CMOS to CMOS 

Vee 
0.9 0.9 

V'N 

0.1 
OV 

Vee 

VOUT 50% 

OV ~ 
I~I I~ 

507. 
------------,------------~ 

Veer ·5VCC 

OV 

I'H ~ 

DISABLE DISABLE VCC=±=-0.5vee 

OV 

-- tH1-

VOH--------+-r--VOH ----"II 0.1 VOH 

OUTPUT 

OV --------==---

NOTE: VOH IS DEFINED ASTHE QC OUTPUT HIGH VpLTAGE 
WHEN THE DEVICE IS LOADED WITH A 1 kn RESISTOR 
TO GROUN~. 

tOH 

Vcc 

DISABLE 0.5 Vee DISAB~E 

~V 

'~J2t Vee 

OUTPUT OUTPUT 

VOL -,-
O.1(Vee - Voel 

NOTE: VOL IS DEFINED ASTHE DC OUTPUTLOW VOLTAGE 
WHEN THE DEVICE IS LOADED WITH A 1 kn RESISTOR 
TO Vee. 
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MM74C945, MM74C947 4-Digit Up/Down 
Counter/Latch/Decoder Driver 

General Description 
The MM74C945, MM74C947 are 4-dlgit counters for direct­
ly driving LCD displays. The MM74C945 contains a 
4-decade up/down counter, output latches, counterllatch 
select multiplexer and 7-segment decoders. Also included 
are the backplane oscillator/driver, segment drivers and 
display blanking circuitry. 

The MM74C947 differs from the MM74C945 in that it has 
no counterllatch multiplexer, but provides true leading 
zero blanking. All leading zeroes are automatically 
blanked except the least significant digit, which can be 
optionally blanked. 

Both devices provide 28-segment outputs to drive a 4-digit 
display. Segment and backplane waveforms are gener­
ated internally, but can also be slaved to an external 
sigllal. This facilitates cascading of multiple displays. 

Connection Diagrams 

Dual·ln·Line Package 

vcc 
EI 

GI 

FI 

Features 
• 4-decade up/down count 
• Direct 4-digit drive for high contrast and long display life 
• Carry/borrow out for cascading counters 

• Schmitt trigger clock input 
• MM74C945 has display select to allow viewing of 

counter or latch 
• Store and reset inputs allow operation as frequency or 

period counter 

• MM74C947 has true ripple blanking; least significant 
digit may be optionally blanked 

Dual·ln·Line Package 

VCC 
40 

01 
2 

EI 
39 

CI 
3 38 

GI BI 

FI AI 

BACKPLANE BACKPLANE OSCILLATOR, 

A2 A2 GND 

B2 B2 STORE 

C2 C2 RESET 

D2 CLOCK D2 CLOCK 

E2 
10 MM14C945 31 

ENABLE E2 
10 MM14C941 ENABLE 

G2 
II 30 

BLANKING G2 
11 

LEADING ZERO OUTPUT (LZO) 
12 29 

SELECT 
12 

LEADING ZERO INPUT {LZII F2 F2 

A3 
28 

CARRY A3 
13 

CARRY 

B3 UP/DOWN B3 UP/DOWN 

C3 F4 C3 F4 

03 G4 03 G4 

E3 E4 E3 E4 

G3 04 G3 04 

F3 C4 F3 C4 

A4 B4' A4 B4 

TOP VIEW TOP VIEW 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin 

Operating Temperature Range 
MM74C945/MM74C947 

Storage Temperature Range 

- 0.3V to V cc + 0.3V 

-40'Cto +85'C 

-65'Cto +150'C 

Package Dissipation 

Operating Vcc Range 

Absolute Maximum Vcc 

Lead Temperature (Soldering, 10 seconds) 

500mW 

3.0Vt06.0V 

6.5V 

300'C 

DC Electrical Characteristics Minimax limits apply across temperature range, unless otherwise noted. 

Parameter I Conditions I Min I Typ I Max I Units 

CMOS TO CMOS 

VT+ Positive Going Threshold Vcc=5V 3.3 V 
Voltage (Clock Only) 

VT- Negative Going Threshold Vcc=5V 1.8 V 
Voltage (Clock Only) 

Hysteresis (VT+ - VT-) Vcc=5V 1.5 V 
(Clock Only) 

Logical "1" Input Voltage (VIN(1)) Vcc=5V 3.5 V 
(All Inputs Except Clock) 

Logical "0" Input Voltage (VIN(O)) Vcc=5V 1.5 V 
(All Inputs Except Clock) 

Logical "I" Output Voltage Vcc =5V, 10= -IOIIA 4.5 V 
(VOUT(1)) (LZO and Carry) 

Logical "0" Output Voltage Vcc =5V, 10= +10"A 0.5 V 
(VOUT(O)) (LZO and Carry) 

Logical "I" Input Current (1IN(1)) Vcc = 5V, VIN = 5V 0.005 1.0 IIA 
(Note 2) 

Logical "0" Input Current (IIN(O) Vcc = 5V, VIN = OV -1.0 -0.005 IIA 
(Note 2) 

Oscillator Input Current (lOSL) Vcc=5V, VIN =OV/5V ±2 IIA 

Supply Current (lcd (Note 3) Vcc =5V, VIN =OV/5V 10 "A 
CMOS/lPTTL INTERFACE 

Logical "I" Input Voltage Vcc=5V 4.3 V 
(VIN(1)) (Clock Input) 

Logical "0" Input Voltage Vcc=5V 0.7 V 
(VIN(O)) (Clock Input) 

Logical "1" Input Voltage Vcc=5V Vcc -l.5V V 
(VIN(1)) (All Inputs Except Clock) 

Logical "0" Input Voltage Vcc=5V 0.4 V 
(VIN(O) (All Inputs Except Clock) 

Logical "1" Output Voltage Vcc= 4.75V, 10 = - 360 "A 2.4 V 
(VOUT(1)) (LZO and Carry) 

Logical "0" Output Voltage Vcc =4.75V,l o =360"A 0.4 V 
(VOUT(o) (LZO and Carry) 

OUTPUT DRIVE 

Output Source Current Vcc=5V 2.6 mA 
(lSOURCE) (LZO and Carry) TA =25'C 

Output Sink Current Vcc=5V 2.8 mA 
(I SINK) (LZO and Carry) TA =25'C 

Output Source Current Vcc=5V 1.9 mA 
(lSOURCE) (Segment Outputs) TA =25'C 

Output Sink Current Vcc=5V 1.6 mA 
(I SINK) (Segment Output) TA =25'C 

Output Source Current Vcc=5V 16.0 mA 
(lSOURCE) (Backplane Output) TA =25'C 

Output Sink Current Vcc=5V 13.0 mA 
(lSINK) (Backplane Output) TA =25'C 
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AC Electrical Characteristics Ti = 25°C, CL = 50 pF, unless otherwise specified. 

Parameter 

t pdO' tpd1 Propagation Delay Clock to Carry 

f MAX Maximum Clock Frequency 

, t r, t f Maximum Clock Rise or Fall Time 

tWR Reset Pulse Width 

tws Store Pulse Width 

tSET(CK. S) Clock to Store Set·Up Time 

tSR Store to Reset Wait Time 

tSET(R, S) Reset to Store Set-Up Time 

tSET(E, S) Enable to Store Set·Up Time 

tRR Reset Removal 

tpdC Propagation Delay Reset to Carry 

fsp Backplane Output Frequency 

CIN Input Capacitance 

t rfs Segment Rise/Fall Time 

trfb Backplane Rise/Fall Time 

fosc Oscillator Frequency 

Conditions 

Vcc =5.0V 

Vcc =5.0V 

Vcc =5.0V 

Vcc =5.0V 

Vcc =5.0V 

Vcc =5.0V 

Vcc =5.0V 

Vcc =5.0V 

Vcc =5.0V 

Vcc =5.0V 

Pin 36 Floating 

Logic Inputs (Note 2) 

C load =200 pF 

Cload = 5000 pF 

Pin 36 Floating 

Min Typ 

2 

125· 

5 

0.5 

1.5 

16 

Max 

No Limit 

Units 

MHz 

I'S 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Hz 
pF 

I's 

I'S 

kHz 

Nota 1: ""Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for ""Operating Range" they are 
not meant to Imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
Nota 2: Does not apply to backplane and oscillator pins. 
Nola 3: Display blanked. See test circuit. 

. AC Waveforms 

,,~'" ~tjt ---. 'RR---~ 50% 

., .. ,: '. {_ ,.:_:s_+_, \, 50% \ 50%, '----

OV -----+--'"-' \.......J \...J 
'SET leK.s)-i----1 

Vee 

RESET 

OV 
~O% 50% 

'SR- - -'- tSETIR$) 
Vee 

CARRY 
OV 

---~---i--.,r--+--,- - - - - -IIF NOT RESET) -

tPd11,.0% 50% 

-tpdc 

Vee 

ENABLE 
OV \F 

-1-l-tSETIE.S) 

Segment Identification 

2-66 

Test Circuit 
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f~~ : c~:~~ ~ .. 
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To 21 I . '-.;;;;. .;;;;.. I 

,~---------------~ 
* Each segment to backplane with 200 pF capacitor. 



Block Diagrams 
MM74C945 

DIGIT 1 (LSD) DIGITZ DIGIT 3 DlGIT4 (MSD) 

BlANKING ----+---.... ----,,...--_1-----;1�_--.... ---:/-----, 

SElECT ----+---.... ---''1---_1---"'"''11_--.... --..,.----, 

STORE ---~-_t--.... -+_-+_-_1~~r-~I_-.... -_t-_+---, 

CARRY 

CLOCK 

UP/DOWN -+--.... --+--+--+--+-+-~ .... -+--I---' 
~SET ------4 _______ +-_____ ~ .... -----~ 

OSCILLATOR -----"11.-+~ I OSCILLATOR ~&~ ... ______ ... ~:/~~~LANE 

LEADING 
ZERO OUT 

(LZO) 

DIGIT 1 (LSD) 

MM74C947 
DlGITZ DlGITJ 

STORE-~t---_+~-_1~--~--.... ---~-__, 

ENABLE 

CLOCK 

DIGIT 4 (MSO) 

UP/nOWN r-HH-.... -_+-'-t--+--+-~--4 ..... -I_-!_-..J 

RESET -t------4-------~------~-----~ 

OSCILLATOR ""1P--_t---+ 
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Pin Description 

Backplane In/Out - When the oscillator input is grounded 
this pin is an input allowing an external device to generate 
a backplane waveform. When the oscillator input is left 
open this pin is an output supplying backplane drive for 
the display. 

Oscillator-The oscillator frequency may be lowered by 
tying a capacitor to this pin. On the MM74C947 when the 
oscillator pin is open the LSD is inhibited from blanking 
when leading zero blanking is enabled. If this pin is 
grounded the backplanes on both parts become inputs, 
slaving the device to an external backplane. 

Store-This input controls the on-chip latches. When low, 
the latches are in flow-through mode (latch outputs follow 
counter), but when taken high, the data on the counter out­
puts are stored in the latches. 

Reset-When low, counters are reset to zero. 

Clock-Advances counters on negative edge. 

Enable-When low, halts counter operation. 

Leading Zero Input (LZI)-(MM74C947) When high, 
enables leading zero blanking. 

Leading Zero Output (LZO)-(MM74C947) This output 
goes high when the latch contents equal zero, LZI is high 
and the oscillator pin is open. 

Blanking-(MM74C945) When high, blanks display. 

Select-(MM74C945) When high, the contents of the 
counter are displayed. When low, the contents of the latch 
are displayed. 

Carry-This output goes high when 9999 Is reached (up) or 
0000 is reached (down). 

Up/Down-When high, the counter counts'up. When low, 
the counter counts down. 

A1-G1- Digit 1 segment outputs. 

A2-G2-Digit 2 segment outputs. 

A3-G3...,...Digit 3 segment outputs. 

A4-G4-Dlgit 4 segment outputs. 

Timing Diagrams 
Carry Out Timing (Up Mode) 

CLOCK 

CARRY I 
COUNT I 9991 999B 9999 0000 

Carry Out Timing (Down Mode) 

CLOCK 

CARRY 

COUNT 0002 0001 DODD 9999 
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Application Hints 
Display Circuitry Description 

The MM74C945 and MM74C947 have 28 segment outputs 
capable of directly driving 4 digits of 7 segments. Both the 
segment and backplane drivers are designed to provide 
matched rise and fall times eliminating possible DC com· 
ponents in the driving waveforms which could degrade 
display'life. 

The backplane driver can be disabled by grounding the 
oscillator pin. This enables the segment output wave­
forms to be synchronized to an external signal applied to 
the backplane pin. This allows several devices to be driven 
by a Single master backplane waveform which can be gen­
erated by another MM74C945, MM74C947 or an external 
oscillator. Thus single backplane displays with 8, 12, 16, 
etc. digits can be driven by several counters. The maxi­
mum fanout of a master backplane driver is limited by its 
total capacitive load, which is the sum of the slaved 
backplane input capacitances and the display backplane 
capacitance. (The MM74C947 oscillator pin controls the 
least significant digit blanking as well.) 

An on·board oscillator/divider generates the segmentl 
backplane waveforms. Its output frequency is typically 
125 Hz, but may be slowed by connecting an external 
capacitor between the oscillator pin and ground. The 
osc,illator pin may also be driven by an external waveform 
but the input low level must not go to ground or else the 
backplane pin will be put in the slave (input) mode. 

Counter Circuitry Description 

The MM74C945, MM74C947 are 4-decade up/down count­
ers. The direction of the count is controlled by the up/down 
input. A high level on this pin causes the counter to count 
up. The counter advances on \he negative clock edge. The 
carry output is high for 1 clock period during a count of 
9999 in up mode and also high during a count of 0000 in 
down mode. The carry is designed to enable cascading of 
several circuits in either ripple carry or synchronous 
modes. 

Reset and Enable controls are provided to allow period 
and frequency measurements. The Reset control clears 
the counter when low and the Enable control disables 
counting when taken low. 

The counter chain feeds a series of 4·bit flow-through 
latches. These latches enable the display to follow the 
counter when the Store input is low. When the Store pin is 
taken high the data on the counter outputs at this time 
become latched and the display will remain unchanged. 
(Assuming the latch display is selected on MM74C945.) 

On the MM74C945 the latch outputs feed a multiplexer 
, which selects either the latch outputs or counter outputs 

for display. This allows an intermediate count to be stored 
in the latches while the counter continues to be displayed. 
This is equivalent to a stopwatch lap feature. 

The output of the MM74C945's multiplexer feeds a 
decoder which converts 4-blt input to 7-segment. A blank 
control into these decoders blanks the display. 



Application Hints (Continued) 

On the MM74C947 the latch outputs feed the decoders 
directly, but these decoders have a special ripple blanking 
capability that enables all leading zeroes except the least 
significant digit (LSD) to be blanked, even when counters 
are cascaded. Thus when the entire counter reads zero, in· 
stead of blanking all digits, the LSD will remain on. (When 
multiple counters are cascaded, all except the least signif· 

Typical Applications 

Icant counter will blank entirely on zeroes.) This feature is 
properly implemented by configuring the least significant 
device as the master (oscillator pin ungrounded) thereby 
inhibiting LSD blanking. 

The outputs of the decoders for both devices control the 
segment drivers which in turn enable display operation. 

Ripple Carry Cascadlng-MM74C945 

CARRY 

RESET 

STORE 

COUNTENABLE 

SELECT 

DISPLAY BLANKING 

----. 
~ 

~ 

1=1 CII=II=I 1_11_11_1 [] 
11 

BACKPLANE IJ CARRY 

RESET r---+ MSD (SLAVE'" 
MM74C945 

STORE ~ 
ENABLE CLOCK I+- r+ OSCILLATOR SELECT BLANKING 

~ 

1-11-11-11-1 
1=11=11=11=1 

-~ 
11 

CARRY 

RESET 
BACKPLANE 

LSO (MASTE R'" 
MM74C945 

STORE 
CLOCK 

ENABLE 
OSCILLATOR SELECT BLANKING 

I 

+-

f--t 

rJN T 
T INPU 

Synchronous Cascading- MM74C945 

CARRY 

RESET 

STORE 

COUNT 

INPUT SELECT 

DISPLAY BLANKING 

r---+ 
r+ .. 

CICIDB 1_11-1 [] . 
11 

BACKPLANE ~ CARRY 

iiESff MSO (SLAVE'" r---+ 
MM74C945 

STORE ...-. 
CLOCK ENABLE f+-- ;to 

OSCILLATOR SELECT BLANKING 

* 
• Master/slave selecton is arbitrary and dependent only on which oscillator pin is grounded. 
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Typical Applications (Gontinued) 

CARRY 

RESET 

STOR 

COUNTENABL 

E 

E 

---+ 
~ 

rt 

Ripple Cascading-MM74C947 

1-11-11-11-1 
1:11:11=11=1 

II 
CARRY BACKPLANE 

RESET MSO (SLAVE'''' r-+ 
MM74C947 

STORE --+ 
ENABLE CLOCK +- .... 

OSCILLATOR LZI LZO 

'* V~C .l 

1=1 CII=II:I 
1_11_11_11_1 
~ 

I I 
CARRY 

RESET LSO (MASTER)*-
BACKPLANE 

MM74C947 
STORE 

CLOCK 

ENABLE 
OSCILLATOR LZI LZO 

I f I 

Synchronous Cascadlng-MM74C947 

CARRY 

iiEsE 
STOR 

COUNT INPU 

T 

E 

T 

r---+ 
--+ 

.... 

1-11-11-11-1 
1=11:11:11=1 

II 
BACKPLANE j CARRY 

RESET MSO (SLAVE'-- ---+ 
MM74C947 

STORE ~ 
CLOCK ENABLE I+- r+ OSCILLATOR LZI LZO 

'* V~C .l 

•• To correctly Implement leading zero blanking the least significant device must be the master. 
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M M7 4C946 4112· Digit Counter/Decoderl 
Driver for LCD Displays 

General Description 
The MM74C946 is a 4Y,-digit CMOS counter which con­
tains a counter chain, decoders, output latches, LCD seg­
ment drivers, count inhibit and backplane oscillator/driver 
circuitry. This device also contains leading zero blanking 
and a carry output to increase flexibility and facilitate 
cascading of multiple 4-dlgit sections. 

This device provides 29 segment outputs to drive a stand­
ard 4 Y,-digit liquid crystal display. An on-chip backplane 
oscillator/driver is also provided. This can be disabled by 
grounding the oscillator pin, thus allowing the device to be 
slaved to an external backplane signal via the bac~plane 
pin. 

Connection Diagram 

Features 
• Low power operation-less than 100 p.W quiescent 
• Direct 4 Y, -digit 7-segment display drive for higher con­

trast and long display life 

• Pin compatible to Intersil's ICM7224 
• Store and Reset inputs permit operation as frequency or 

period counter 

• True count inhibit disables first counter stage 

• Carry output for cascading 4-digit blocks 
• Schmitt trigger on the clock input allows operation in 

noisy environments or with slowly changing inputs 
II Leading zero blanking input and output for correct 

leading zero blanking with cascaded devices 

• On-chip backplane oscillator/driver which can be disa­
bled to permit slaving of multiple devices to an external 
backplane signal 

DUIII-ln-Line Package 

VCC 01 
2 

El Cl 
3 

Gl Bl 

Fl Al 

BACKPLANE OSCILLATOR 

A2 GNO 

B2 STORE 

C2 RESET 

02 CLOCK 

E2 MM74C946 ENABLE 

G2 LEADING ZERO OUTPUT (LZO) 

F2 LEADING ZERO INPUT (LZ!) 

A3 CARRY 
B3 Y,-OIGIT 

C3 F4 

03 G4 

E3 E4 

G3 04 

F3 
21 

C4 

A4 B4 

TOP VIEW 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin 

Operating Temperature Range 
MM74C946 

Storage Temperature Range 

Package Dissipation 

Operating Vee Range 

Absolute Maximum Vce 

Lead Temperature (Soldering, 10 seconds) 

- 0.3V to Vee + 0.3V 

- 40·C to + 85·C 

- 65·C to + 150·C 

500mW 

3.0Vt06.0V 

6.5V 
300·C 

DC Electrical Characteristics Minimax limits apply across temperature range, unless otherwise noted. 

Parameter I Conditions I Min I Typ I Max I . Units 

CMOS TO CMOS 

VT+ Positive Going Threshold Vee=5V 3.3 V 
Voltage (Clock Input) 

VT- Negative Going Threshold Vee=5V 1.8 V 
Voltage (Clock Input) 

Hysteresis (VT+ - VT-) Vee=5V 1.5 V 
(Clock Input) 

Logical "1" Input Voltage (VIN(1)) Vcc=5V 3.5 V 
(All Inputs Except Clock Input) 

Logical "0" Input Voltage (VIN(O)) Vcc=5V 1.5 V 
(All Inputs Except Clock Input) 

Logical "1" Output Voltage Vee=5V,lo= -10/LA 4.5 V 
(VOUT(1)) (LZO and Carry) 

Logical "0" Output Voltage Vce =5V, 10= +10/LA 0.5 V 

(VOUT(O)) (LZO and Carry) 

Clock Input Current IIINI Vee =5V, VIN =5V/OV 0.005 1.0 /LA 

Input Current @ Pins 29, 31, 33 Vee = 5V, VIN=OV -2.0 -25.0 /LA 
and 34 (Note 2) 

Oscillator Pin Current (I0SL) Vee =5V, VIN =OVl5V ±2 pA 

Supply Current (Ieel (Note 3) Vee =5V, VIN =OVl5V 10 pA 

CMOS/LPTTL INTERFACE 

Logical "1" Input Voltage Vee=5V 4.3 V 

(VIN(1)) (Clock Input) 

Logical "0" Input Voltage Vee=5V 0.7 V 

(VIN(O)) (Clock Input) 

Logical "1" Input Voltage Vee=5V 3.5 V 
(VIN(1)) (All Input Except Clock) 

Logical "0" Input Voltage Vee=5V 0.4 V 

(VIN(O)) (All Input Except Clock) 

Logical "1" Output Voltage 54C, Vee =4.5V 2.4 V 

(VOUT(1)) (LZO and Carry) 74C, Vee =4.75V 2.4 V 

Logical "0" Output Voltage 54C, Vec =4.5V 0.4 V 

(VOUT(O)) (LZO and Carry) 74C, Vec=4,75V 0.4 V 
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DC Electrical Characteristics (Continued) 

Parameter I Conditions I Min I Typ I Max I Units 

OUTPUT DRIVE 

Output Source Current Vcc=5V 2.6 mA 

('SOURCE) (LZO and Carry) TA=25·C 

Output Sink Current Vcc=5V 2.8 mA 

(lSINK) (LZO and Carry) TA=25·C 

Output Source Current Vcc=5V 1.9 mA 

('SOURCE) (Segment Outputs) TA=25·C 

Output Sink Current Vcc=5V 1.6 mA 

(lSINK) (Segment Outputs) TA=25·C 

Output Source Current Vcc=5V 16.0 mA 

(I SOURCE) (Backplane Output) TA=25·C 

Output Sink Current Vcc=5V 13.0 mA 

(lSINK) (Backplane Output) TA=25·C 

Output Source Current Vcc=5V 3.8 mA 

(ISOURCE) (Y2·Digit) TA=25·C 

Output Sink Current Vcc=5V 3.2 mA 
(I SINK) (Y2·Digit) TA=25·C 

AC Electrical Characteristics Tj = 25·C, CL = 50 pF, unless otherwise specified. 

Parameter Conditions Min Typ Max Units 

tpdQ' tpd1 Propagation Delay Clock to Carry Vcc =5.0V 

f MAX Maximum Clock Frequency Vcc =5.0V 2 MHz 

tr,t f Maximum Clock Rise or Fall Time Vcc =5.0V No Limit p.s 

tWR Reset Pulse Width Vcc =5.0V ns 

tws Store Pulse Width Vcc =5.0V ns 

tSET(CK. S) Clock to Store Set·Up Time Vcc =5.0V ns 

tSR Store to Reset Wait Time Vcc= 5.0V ns 

tSET(R, S) Reset to Store Set·Up Time Vcc =5.0V ns 

tSET(E, S) Enable to Store Set·Up Time Vcc= 5.0V ns 

tRR Reset Removal Vcc =5.0V ns 

tpdC Propagation Delay Reset to Carry Vcc=5.0V ns 

fep Backplane Output Frequency Pin 36 Floating 125 Hz 

CIN Input Capacitance Logic Inputs (Note 4) 5 pF 

t rfs Segment Rise/Fall Time Cload = 200 pF 0.5 p.s 

t rfb Backplane Rise/Fall Time Cload = 5000 pF 1.5 p.s 

fosc Oscillator Frequency Pin 36 Floating 16 kHz 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Range" they are 
not meant to Imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: These input pins have pull·ups to Vee. 

Note 3: See test circuit. Display blanked. 
Note 4: Does not apply to backplane and oscillator pins. 

2-73 

s:: 
s:: 
~ 
0l:Io 
0 
CD 
0l:Io en 



co 
"'It 
0) 

0 
"'It ..... 
:E 
:E 

AC Waveforms 

Vcc 

CLOCK 

OV 

VCC 

STORE 

OV 

tSET (CK, S) +~---I 

VCC 

RESET 

OV 

VCC 

I----_l_ tSET (R,S) 

----------;--;--r--+--~- - - - - - (IF NOT RESET) -
tpdt -1 

tSR-

CARRY 

OV 

VCC 

ENABLE 

OV 

Test Circuit 

* Each segement to 
backplane with 200 pF 
capacitor. 
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Segment Identification 
• 
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Block Diagram 
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Control Pin Description 
. Backplane hi/Out-When the oscillator pin is grounded 

this pin is an input allowing an external device to generate 
the backplane waveform. When the oscillator pin is left 
open this pin is an output supplying backplane drive for 
an LCD. 

Oscillator-The oscillator frequency may be lowered by 
tying a capacitor between this pin and ground. If this pin is 
grounded the backplane pin becomes an input. 

Store Input-This controls the latches. When low, the 
latches are in flow-through mode (latch outputs follow 
counter), but when taken high data on counter outputs is 
stored in latches and displayed. 

Reset Input-When low, counters are reset to zero. 

Clock Input-Advances counter on negative edge. 

Enable Input-When low, halts counter operation. 

Leading Zero Input (LZI)-When high, enables leading 
zero blanking. 

Leading Zero Output (LZO)-This signal goes high when 
counter equals zero and LZI is high. 

Carry Output- Goes high for one clock period when count 
of 9999 is reached. 

A1-G1- Digit 1 segment outputs. 

A2-G2- Digit 2 segment outputs. 

A3-G3- Digit 3 segment outputs. 

A4-G4-Digit 4 segment outputs. 

Y.·Digit Output-Goes high when count goes from 9999 
to 0000 and stays high until Reset goes low. 

Application Hints 
Counter Circuitry Description 

The MM74C946 contains a 4·dlgit resettable synchronous 
counter with a Schmitt trigger on the clock input. An addi­
tional 0 flip-flop clocked by the counter carry out provides 
a true V.·digit, or it can be used to indicate an overflow 
condition. The counters increment on the negative clock 
edge. The Y.-dlgit sets on the negative clock edge which 
Increments the counter past 9999. It can be reset only 
when the counter is reset by taking the reset pin to ground. 
The counter and carry output operation is independent of 
the state of the V.-digit flip-flop. 
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The carry output goes high on the negative edge of the 
clock when the transition from 9998 to 9999 occurs and 
then goes low on the next count. Thus counters may be 
cascaded in a ripple carry mode or synchronous mode by 
using the enable input. 

The counter can be inhibited from responding to clock in­
put pulses by taking the enable input low, thus freezing 
the counter to its state prior to the event. 

The counter outputs feed a series of flow-through latches. 
When the store input is low, the latch outputs follow their 
inputs. When the store input Is taken high, the contents of 
the counter are stored in the latches and are displayed. 

The latch outputs feed 4 decimal to 7-segment decoders 
which include circuitry to provide leading zero blanking. 
When the leading zero input is low or the Y.-digit is set, 
leading zero blanking is inhibited. When the leading zero 
input is high, all leading zeroes will be blanked. A leading 
zero output is provided to allow correct blanking of all 
leading zeroes in multiple device deSigns. This output will 
be high when all 4 digits are blanked. (Remember the 
leading zero input must be high and the Y.-digit must be 
reset.) " 

Display Circuitry Description 

The MM74C946 has 30 segment outputs capable of direct­
ly driving 4 digits of 7 segments plus an additional V.-digit 
of 2 segments. The segment and backplane drivers are 
designed to provide matched rise and fall times 
eliminating possible DC components in the driving 
waveforms which could degrade display life. 

The backplane driver can be disabled by grounding the 
oscillator. pin. This enables the segment output wave­
forms to be synchronized to an external signal applied to 
the backplane pin.This allows several devices to be driven 
by a single master backplane waveform which can be gen­
erated by another MM74C946 or an external oscillator. 
Thus Single backplane displays with 8, 12, 16, etc. digits 
can be driven by multiple counters. The maximum fanout 
of a master backplane driver is limited by its total capaci­
tive load which is the sum of the slaved backplane input 
capacitances and the display backplane capacitance. 

An on-board oscillator/divider generates the segmentl 
backplane waveforms. Its output frequency typically Is 
125 Hz, but may be slowed by connecting an external 
capacitor between the oscillator pin and ground. The 
oscillator pin may also be driven by an external waveform 
but the input low level must not go to ground or else the 
backplane will be put In the slave mode. 



Typical Applications 

CARRY OUT 

RESET 

STORE 

COUNT ENABLE 

CARRY OUT 

RESET 

STORE 

COUNT INPUT 

r-+ 
.... 

, 

r-+ 
~ 

Ripple Carry Cascading 

11-11-11-11-1 
11:::11:::11:::11:::1 

II 
BACKPLANE j CARRY 

RESET MSO (SLAVE)* ------+ 
MM74C946 

STORE ~ 

ENABLE CLOCK +- + 
OSCILLATOR LZI LZO 

* .1 
VCC ! 

Synchronous Cascading 

11-11-1 r ..... 1 r-I 
11:::11:::11:::11:::1 

II B~CKPLANE jj CARRY 

RESET MSO (SLAVE)* r---+ 
MM74C946 

STORE r-+ 
CLOCK ENABLE +- r+ OSCILLATOR LZI LZO 

* V!C ~ 

* Master/slave selection is arbitrary and dependent only on which oscillator pin is grounded. 
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~National 
~ Semiconductor' 

PREll M I NARY 

MM74C956 4·Digit, 17·Segment Alpha·Numeric Display 
Driver, with Memory, Dec9der, and LED Drivers 

General Description 
The MM74C956 monolithic LED intelligent display driver 
circuit is manufactured using standard complementary 
MaS technology_ The convention and speed of the data 
entry procedure is designed to be microprocessor bus and 
TTL compatible with no interface circuitry required_ 

The integrated circuit has memory to store four7-bit ASCII 
words corresponding to the four digits, an ASCII to 
17-segment alpha-numeric ROM decoder, multiplexing 
and drive circuitry to drive four 17-segment digits_ It 
has direct drive capabilities of 2.5 mA/segm'ent average 
current. 

The internal memory can be written asynchronously 
through the 7-bit data bus (DO-D6) into the digit location 
addressed by the 2-bit address bus (AD, A1). For multiple 
chip circuits, two chip select inputs (CE1, CE2) can be 
decoded or a one·of-n decoder can be used for displays 
incorporating more than four MM74C956's. 

The cursor function will cause all segments of a digit to be 
lit but will not write over the contents of the memory cor­
responding to that digit. Therefore', when the cursor is 
erased, the original character will reappear at that digit 
location. 

Block Diagram 

SEGMENT OUTPUTS 

Al 01 Gl OP 

Features 
• Microprocessor bus compatible 
• All inputs are TTL compatible; 5V power supply 

• On-chip memory 
• On-chip decoder converts from standard 7-bit ASCII to 

alpha-numeric 

• On-chip multiplexing with LED segment and digit 
drivers 

• Independent and asynchronous digit access 
• Independent cursor function: can be disabled 

• Display clear function 
• Display blank function 
• Two chip selecfinputs for multiple chip systems 

Connection Diagram 

DIGIT OUTPUTS 
Dual-In-Line Package 

SEG L 40 VOO 

SEG 02 39 
SEG C 

SEG M 
38 

SEG G2 

SEG E 37 SEG Gl 

SEG J 36 SEG 01 

SEG B 35 SEG H 

SEG K 
34 

SEG F 

SEG OP 
33 

SEG I 
32 

OSO SEG A2 
10 31 

jji MM74C956 SEG Al 
11 30 

06 
12 

CUE 
29 

CE2 05 
13 28 

CEi 04 
I' 27 

03 AD 
15 26 

02 Al 
16 25_ 

01 cu 
17 24 

00 WE 

CLR 
18 23 

DIG 3 

DIG 0 
19 22 

DIG 2. 
20 21 

VSS DIG 1 

TOP VIEW 

CONTROL/ADDRESS 
INPUTS 

ASCII/CURSOR DATA 
INPUTS 

F'~'~" EI~I~lc 
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Absolute Maximum Ratings (Note 1) 

Voltage ~t Any Pin -0.3V to Vee +0.3V Package Dissipation 700mW 

Operating Temperature Range Operating Vee Range 4.5Vt05.5V 
MM74C956 -40·Cto +85·C Vee 6.0V 

Storage Temperature Range -65·Cto +150·C Lead Temperature (Soldering, 10 seconds) 300·C 

DC Electrical Characteristics TA = 25°C 

Parameter Conditions Min Typ Max Units 

VINlll Logical "1" Input Voltage Vcc =5.0V 2.4 V 

VINIOI Logical "0" Input Voltage Vcc =5.0V 0.8 V 

IINlll Logical "1" Input Current Vcc = 5V. VIN = 5V 0.005 1.0 p.A 

IINIOI Logical "0" Input Current Vcc = 5V, VIN = OV -100.0 25.0 ItA 

Icc Supply Current Vcc =5V @ TA=25·C 0.5 1.0 rnA 
All Outputs Open 
All Inputs Ijp 5V 

OUTPUT DRIVE (Notes 2 and 3) 

Peak Output Source Current (I SOURCE) Vcc=5.0V, VOUT=1.9V 14.8 rnA 
(P·Channel Segment Driver wiih 1 Segment On) TA=25°C 

Peak Output Source Current (I SOURCE) Vcc = 1{Q, VOUT = 3.3V 4.2 rnA 
(P·Channel Segment Driver lI)Iith 17 Segments TA=25°C 
On) 

Peak Output Sink Current (lSINK) Vcc = 5.0V. VOUT = 0.25V 18.5 rnA 
(N-Channel Digit Driver with 3 Segments On) TA=25°C 

Peak Output Sink Current (lSINK) Vcc= 1{w. VOUT= 1.3V 172.0 rnA 
(N-Channel Digit Driver with 17 Segments On) TA=25'C 

AC Electrical Characteristics TA=25·C, Vcc =5.0V 

Symbol Parameter Conditions Min Typ Max Units 

tw Write Pulse Width All Inputs Swing from OV-4V 240 ns 

tDS Data Set-Up Time All Inputs Swing from OV-4V 100 ns 

tDH Data Hold Time All Inputs Swing from OV-4V 50 ns 

tAS Address Set-Up Time All Inputs Swing from OV-4V 300 ns 

tAH Address Hold Time All Inputs Swing from OV-4V 0 ns 

tCLR Clear Time - All Inputs Swing from OV-4V 1 P.s 

Note 1: Absolute Maximum Ratings are those values beyond which the safety of the device cannot be guaranteed. Except for Operating Range th.ey are not 
meant to imply that the devices should be operated at these limits. The table of Electrical Characteristics provides conditions for actual device operation. 

Note 2: Average drive current == peak drive current -;. 4. 

Note 3: Current/segment is dependent upon total number of segments on. Maximum current occurs with 1 segment on; minimum current occurs with 17 
segments on. 

I Timing Diagram for data access 

I 
'AS 

4 
V m,CE2 

cu. Aiili J 0 
I tw 

{ 4 
If WE 

.J 0 
J 

4 
~-'DS- [''" DO-D6 

0 
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Functional Description 
Entry Into Data Memory 

To enter an ASCII code, the CEl and CE2 inputs must be 
low, CD must be high. When the address is set up at AO 
andAl, the WE can go low, atwhichtimethe internal RAM 

. will respond to the data inputs (00-06). Note that the data 
. need not be set up prior to the WE transition. 

All digits can be cleared by holding the CLR input low for 
the specified interval. 

Entry into Cursor Memory 

This is accomplished by setting the CEl and CE2 inputs 
as well as the CD input low. The cursor memory consists 
of 4 bits corresponding to the four digits, each one ad­
dressable by way of the AO and Al inputs. Once the 
address is stable, the WE input must go low and the 
cursor memory will respond to the DO input. That is, if DO is 
high, a cursor will be written and if DO is low, the cursor will 
be erased. CLR will not erase a cursor. A cursor will only be 
displayed when CUE is high and the cursor function can 
be bypassed by tying CUE low. A flashing cursor can be 
implemented by pulsing CUE; this results in alternately 
displaying the cursor and the character originally written 
in that digit. CUE will not alter the contents of either the 
cursor or data memory. 

Blanking the Display 

Display blanking can be realized by using the BL input. By 
taking BL low, the display will be disabled while leaving 
the contents of the data and cursor memory unchanged. A 
flashing display will occur if 8[ is pulsed. The display 
is blanked by BL regardless of whether a cursor or charac­
ter is being displayed. 

Illegal Code 

If an illel/al ASCII code is entered into the data memory 
(I.e., 06 = 05) the display will automatically be blanked for 
the corresponding digit. 

OSD Pin 

Taking the OSD pin high disables the internal oscillator 
and prohibits normal multiplex scanning. This pin is 
pulled low internally and is primarily meant to be used in 
testing the part only. This pin should be grounded or left 
open in normal operation. 

Clearing the Display 

PulSing the CLR pin low for the specified time will clear all 
internal data memories while leaving the cursor memories 
unchanged> 

TABLE I. DATA AND CURSOR ENTRY FUNCTION EXAMPLE 
Assume initially 06 = 1 and 05 - DO = 0 for all internal digit memories. Cursor memory is cleared. Table is 
intended to be read in sequence. 

--- - - - DIG Ol~ DIG DIG 
BL CEl CE2 CUE CU WR CLR Al AD 06 05 04 03 02 01 DO 

3 2 1 0 

0 x x x x X 1 X X X X X X X X X 

1 1 0 X X X 1 X X X X X X X X X 0] --, :-, ,:CI eu '-'_I 
z 1 0 1 X X X 1 X X X X X X X X X 

--, ,;] 0] --, 
0 ell eu 
i= 1 0 0 X X 1 1 X X X X X X X X X ,:CI I:,] 0] I:,] 0 z 

1 0 0 X 0 0 0 0 0 0 
--, -1 ,:CI c; :;) 1 1 1 1 1 1 ell cu u. 

> 1 0 0 X 1 0 1 1 0 0 1 1 0 1 0 0 eCi II --, c; II: , 0_' 
l-

X X X X X X 0 X X X X X X X X X z 
w 

:=:: ~ 1 0 0 X 1 0 1 0 0 1 0 0 0 0 0 1 
<C 1 0 0 X 1 0 1 0 1 1 0 0 0 0 1 0 

-,-, ,--, 
c )J ,--, 

1 0 0 X 1 0 1 1 0 1 0 0 0 0 1 1 
,-- J: ::=: L_ 

1 0 0 X 1 0 1 1 1 1 0 0 0 1 0 0 11 ,-- J: F: _L' L_ 

1 0 0 1 0 0 1 o 0 X X X X X X 1 -11 ,-- -0 W _u '-- _u 
1 0 0 1 0 0 1 0 1 X X X X X X 1 T, ,-- W ~ -') L_ 
1 0 0 1 0 0 1 1 1 X X X X X X 1 /WI ,-

~ ~ @ L_ 
Z 1 0 0 1 0 0 1 1 0 X X X X X X 1 /WI IS0 IS0 ~ 0 

@ @ w 
i= 1 X X 0 1 1 1 X X X X X X X X X -11 ,--

~8 FI 0 _U '--
Z 1 X X 1 1 1 1 X X X X .x X X X X /WI W ~ ~ :;) @ 
u. 

0 0 0 0 0 X X X X /WI ~ IS0 :=:: > 1 0 1 1 X X 0 09 w II: 
I- 1 0 0 0 0 0 1 '1 0 X X X X X X 0 11 ,-- L' Fi Z _LI L_ _u 
w 1 X X 1 1 1 1 X X X X X X X X X IS0 ,-

~ D 
II: ~ L_ , , 
0 0 X X X 1 1 1 X X X X X X X X X en 
II: 

IS0 ,-- /WI H :;) 1 X X 1 1 1 1 X X X X X X X X X 0 W '-- @ 

1 X X 1 1 X 0 X X X X X X X X X ~ ~ 
1 0 0 1 0 0 1 1 1 X X X X X X .0 ISI7I 

@ 

1 0 0 1 0 0 1 0 1 X X X X X X 0 
X-don t care 
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TABLE II. ROM OUTPUT FONT FOR ASCII TO ALPHA·NUMERIC DECODING 

06 05 04 03 

L H L L 

L H L H 

L H H L 

L H H H 

H L L L 

H L L H 

H L H L 

H L H H 

Typical Application 

~P C .,,'"' ! lOGIC 

~PWRITE 
STROBE 

~P ! ADDRESS 
BUS 

= = ADDRESS 

= DECODE 

-

~P 
DATA 

BUS 

~ CUE 

~ Eii 
~ ClR 

~ Bl 

~ WE 

1---+ CE2 

1---+ eel 

~ A7 .... 
~ AD 

~ D6 

~ D5 

~ D4 

~ DJ 

~ 02 

~ 01 

~ DO 

DO L H L H L H L H 

, " '" ,- ,-,/" / . :0:0 ;0 ,-~, 

/ \ \'/ , 
\ / ;" -,- / ,-, 

'-' u u 
,=' :1 

/ 

'-I '; 
/ 

C __ 

,_:,_-," , -,-, ,-- -,-, c: ,-­
,--, _0 ,__ _U '-_ ,-

/ 
/ -, , 

-, 
-'-f--f -,- '/' " /' " , , -, U ,- \ '- _ , , , \' , _, ,--, 
'-~, 

\/ \/ / 
/\ , l_ 

SEGMENT 
OUTPUTS 

,­
'-

h. 

, , 

'\'/' 
'~'S' 

-, 
-' /\ --

-- ,\,/, '\'/' 
'~'S' '~'S' 

'\'/' 
'~'S' ( 

ll-SEGMENT ALPHA-NUMERIC DISPLAY 
LIKE HEWLETT PACKARD HDSP-6504 
OR TEXAS INSTRUMENTS HDSP-6504 

DIG 1 DIG 2 DIG J DIG4 

MM74C9S6 I 
DIG 0 

DIG 1 

DIG 2 

DIG 3 
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Section 3 

CMOS AID Converters 





~National a Semiconductor 

ADC0808, ADC0809 8-Bit J.tP Compatible AID Converters 
With 8-Channel Multiplexer 
General Description 
The ADCOBOB, ADCOB09 data acquisition component is a 
monolithic CMOS device with an 8-bit analog-ta-digltal 
converter, B-channel multiplexer and microprocessor 
compatible control logic. The8-blt A/D converter uses suc­
cessive approximation as the conversion technique. The 
converter features a high Impedance chopper stabilized 
comparator, a 256R voltage divider with analog switch tree 
and a successive approximation register. The 8-channel 
multiplexer can directly access any of B-single-ended ana­
log signals. 

The device eliminates the need for external zero and full­
scale adjustments. Easy interfacing to microprocessors 
is provided by the latched and decoded multiplexer ad­
dress Inputs and latched TIL TRI-STATEI!> outputs. 

The design of the ADCOB08, ADC0809 has been optimized 
by Incorporating the most desirable aspects of several 
AID conversion techniques. The ADCOB08, ADCOB09 of­
fers high speed, high accuracy, minimal temperature 
dependence, excellent long-term accuracy and repeatabi­
lity, and consumes minimal power. These features make 
this device ideally suited to applications from process and 
machine control to consumer and automotive applica­
tions. For 16-channel multiplexer with common output 
(sample/hold port) see ADC0816 data sheet_ (See AN-247 
for more information. 

Block Diagram 

Features 
• Resolution - B-bits 
iii Total unadjusted error - ± 1/2 LSB and ± 1 LSB 

• No missing codes 
• Conversion time - 100 p's 

• Single supply - 5 V DC 

• Operates ratiometrically or with 5 V DC or analog span 
adjusted voltage reference 

• B-channel multiplexer with latched control logic 
• Easy Interface to all microprocessors, or operates 

"stand alone" 

• Outputs meet T2L voltage level specifications 
• OV to 5V analog input voltage range with single 5V 

supply 

• No zero or full-scale adjust required 
• Standard hermetic or molded 2B-pin DIP package 

• Temperature range -40·C to +85·C or -55·C to 
+125·C 

• Low power 90nsumptlon - 15 mW 
• Latched TRI-STATEI!> output 

START CLOCK 

ra.m,v;;----
1 

--, 
I-li-------o ~=~ED:R~~~~ERSIDN 

B ANALOG INPUTS 

. 3-8IT ADDRESS { 

ADDRESS 
LATCH ENABLE 

I 
1 
I 

B CHANNELS 1 
MU~1!:mING I----tl ... 

SWITCHES 

ADDRESS 
LATCH 
AND 

DECODER 

1 1 
VCC GND 

TRI·STATE@ is a registered trademark of National Semiconductor Corp. 

CONTROL & TIMING 

S.A.R. 
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o 
C» o 
CD 



<", ,. 

" ...:' 

0) 
o 

B c 
<C 
tt5 
o 
~ o 
c 
<C 

l 

Absolute Maximum Ratings (Notes 1 and 2) Operating Ratings (Notes 1 and 2) 

Supply Vollage (V CC) (Nole 3) 
Vollageal Any Pin 

Excepl Conlrollnpuls 

6,SV 
-0.3V 10(VCC + 0.3V) 

VollagealConlrolinpuls -0.3Vlo +lSV 
(START, OE, CLqCK, ALE, ADD A, ADD B, ADD C) 

SlorageTemperalureRange -65'Clo +lS0'C 
Package DI •• 'palionatTA = 25'C 87S mW 
Lead Temperalure (Soldering, 10 seconds) 300'e 

Electrical Characteristics 

Temperature Range(Nole 1) 
ADC0808CJ 
ADC0808CCJ, ADC0808CCN, 

ADC0809CCN 
RangeofVCc(Nolel) 

Conyerter Specifications: Vec=S VDe = VREF(+), VREF(-)= GND, T MINSTAsT MAX and feLK= 640 kHz 

unless otherwise stated. 

Parameter , Conditions Min Typ 

ADC0808 
Total Unadjusted Error 2SoC 

(NoteS) TMINto TMAX 

ADC0809 
Total Unadjusted Error OOG to 70~C 
(NoteS) TMIN to TMAX 

Input Resistance From Ref( + ) to Ref( - ) 1.0 2.S 

Analog Input Voltage Range (Note 4) V( +) or V(-) GND-0.10 

VREF(+) Voltage, Top of Ladder Measured at Ref( +) Vee 

V REF( +)+ V REFH Voltage, Center of Ladder VeeI2- O.1 Vee12 
2 

VREFH Voltage, Bottom of Ladder Measured at Ref(-) -0.1 0 

Comparator Input Current f c = 640 kHz, (Note 6) -2 :t:O.S 

Electrical Characteristics 
, 

TMIN sTASTMAX 
-5S'CsTAs+12S'C 

-40'CsTAs+8S'C 
4,SVDCIoMVDC 

Max Units 

:t: 112 LSB 
:t:314 LSB 

:t:1 LSB 
:t: 1114 LSB 

kO 

Vee+0.1O VDe 

Vee+0.1 V 

VecI2+0.1 V 

V 

2 p.A 

Digital Levels and DC Specifications: ADC0808CJ 4.SV S'VecsS.SV, - SsoC sTAs + 12SoC unless otherwise noted 
ADCOBOBCCJ" ADC0808CCN, and ADCOB09CCN 4.7Ss Vee sS.2SV, - 40°CsTAs + BSoC unless otherwise noted 

Parameter Conditions 

ANALOG MULTIPLEXER 

IOFF(-) 

OFF Channel Leakage Current Vce=SV, V,N=SV, 
TA=2SoC 

TMINto TMAX 

OFF Channel Leakage Current Vcc =SV, V,N = 0, 
TA=2SoC 

TMINto TMAX 

CONTROL INPUTS 

V'N(l) Logical "1" Input Voltage 

V'N(O) Logical "0" Input Voltage 

I'N(l) ,Logical "1" Input Current V ,N =1SV 
(The Control Inputs) 

I,N(O) Logical "0" Input Current V,N=O 
(The Control Inputs) 

Icc Supply Current f CLK = 640 kHz 

3-4 

, 

Min Typ Max Units 

10 200 nA 
1.0 p.A 

-200 -10 nA 
-1.0 p.A 

Vcc-1.S V 

1.5 V 

1.0 p.A 

-1.0 p.A 

0.3 3.0 rnA 



Electrical Characteristics (Continued) 

Digital Levels and DC Specifications: ADC0808CJ 4.5V:5 Vee:5 5.5V, - 55·C:5 TA:5 + 125·C unless otherwise noted 

ADC0808CCJ, ADC0808CCN, and ADC0809CCN 4.75:5Vee :55.25V, - 40·C:5TA:5 + 85·C unless otherwise noted 

Parameter 

DATA OUTPUTS AND EOC (INTERRUPT) 

VOUT(t) Logical "1" Output Voltage 

VOUT(O) Logical "0" Output Voltage 

VOUT(O) Logical "0" Output Voltage EOC 

lOUT TRI-STATE® Output Current 

Electrical Characteristics 

Conditions 

10= -360p.A 
, 

10= 1.6 rnA 

10= 1.2 rnA 

Vo=5V 

Vo=O 

Min 

Vcc-0.4 

-3 

Typ Max 

0.45 

0.45 

3 

Timing Specifications: Vee = V REF(+)= 5V, VREF(-)= GND, tr= tf= 20 ns and TA = 25·C unless otherwise noted. 

Symbol Parameter Conditions 

tws Minimum Start Pulse Width (Figure 5) 

tWALE Minimum ALE Pulse Width (Figure 5) 

ts Minimum Address Set-Up Time (Figure 5) 

tH Minimum Address Hold Time (Figure 5) 

to Analog MUX Delay Time Rs=OIl (Figure 5) 
From ALE 

tHt, tHO OE Control to Q Logic State C L = 50 pF, RL = 10k (Figure 8) 

ttH, tOH OE Control to Hi·Z C L = 10 pF, RL = 10k (Figure 8) 

tc Conversion Time I c = 640 kHz, (Figure 5) (Note 7) 

Ic Clock Frequency 

tEoe EOC Delay Time (Figure 5) 

Min 

90 

10 

o 

Typ 

100 

100 

25 

25 

1 

125 

125 

100 

640 

Max 

200 

200 

50 

50 

2.5 

250 

250 

116 

1280 

8+2p.s 

Units 

v 
V 

V 

p.A 

p.A 

Units 

ns 

ns 

ns 

ns 

P.s 

ns 

ns 

P.s 

kHz 

Clock 

Periods 

CIN Input Capacitance At Control Inputs 

COUT TRI-STATE® Output At TRI·STATE® Outputs, (Note 12) 

Capacitance 

Note 1: Absolute maximum ratings are those values beyond which the life of the device may be Impaired. 
Note 2: All voltages are measured with respect to GNO, unless otherwise specified. 
Note 3: A zener diode exists, Internally, from Vee to GNO and has a typical breakdown voltage of 7 Voe. 

10 15 pF 

10 15 pF 

Note 4: Two on·chlp diodes are tied to each analog Input which will forward conduct for analog Input voltages one diode drop below ground or one diode drop 
greater than the Vee supply. The spec allows 100 mV forward bias of either diode. This means that as long as the analog VIN does not exceed the supply 
voltage by more than 100 mY, the output code will be correct. To achieve an absolute a Voe to 5 Voe input voltage range will therefore require a minimum sup· 
ply voltage of 4.900 Voe over temperature variations. Initial tolerance and loading. 
Note 5: Total unadjusted error includes offset, full·scale,lInearity, and multiplexer errors. See Figure 3. None of these AIDs requires a zero or full·scale adjust. 
However, If an all zero code Is desired for an analog Input other than O.OV, or If a narrow full·scale span exists (for example: 0.5V to4.5V full·scale) the reference 
voltages can be adjusted to achieve this. See Figure 13. 
Note 6: Comparator Input current Is a bias current Into or out of the chopper stabilized comparator. The bias current varies directly with clock frequency and 
has lillie temperature dependence (I'lgure 6). See paragraph 4.0. 
Note 7: The,outputs of the data register are updated one clock cycle before the rising edge of EOe. 
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,Functional Description 
Multiplexer. The device contains an 8-channel single­
ended analog signal multiplexer. A particular input chan­
nel is selected by using the address decoder. Table I 
shows the Input states for the address lines to select any 
channel. The address is latched into the decoder on the 
low-ta-high transition of the address latch enable signal. 

TABLE I 

SELECTED ADDRESS LINE 
ANALOG CHANNEL C B A 

INO L _L L 

IN1 L L H 

IN2 L H L 

IN3 L H H 

IN4 H L L 

INS H L H 

IN6 H H L 

IN7 H H H 

CONVERTER CHARACTERISTICS 

The Converter 

The heart of this single chip data acquisition system is its 
B-blt analog-ta-digital converter. The converter is designed 

to give fast, accurate, and repeatable conversions over a 
wide range of temperatures. The converter Is partitioned 
into 3 major sections: the 256R ladder network, the suc­
cessive approximation register, and the comparator. The 
converter's digital outputs are positive true. 

The 256R ladder network approach (Figure 1) was chosen 
over the conventional Rl2R ladder because of Its Inherent 
monotonicity, which guarantees no missing digital codes. 
Monotonicity Is particularly important in closed loop feed­
back control systems. A non-monotonic relationship can 
cause oscillations that will be catastrophic for the 
system. Additionally, the 256R network does not cause 
load variations on the reference voltage. 

The bottom resistor and the top resistor of the ladder 
network in Figure 1 are not the same value as the 
remainder of the network. The difference in these 
resistors causes the output characteristic to be sym­
metrical with the zero and filII-scale pOints of the transfer 
curve. The first output transition occurs when the analog 
signal has reached + 112 LSB and succeeding output 
transitions occur every 1 LSB later up to full-scale. 

The successive approximation register (SAR) performs B 
Iterations to approximate the input voltage. For any SAR 
type converter, n-iterations are required for an n-blt con­
verter. Figure 2 shows a typical example of a 3-bit con­
verter. In the ADCOB08, ADC0809, the approximation 
technique Is extended to 8 bits using the 256R network. 

CONTRO LS FROM S.A.R. 
) 

REF(+) 0---, 

· · R 
~ · · ..... · -· 256R · · · · TO 

• .......... COMPARATOR · 
R · · • '- INPUT 

· · 
R · · 

REFH 0--

FIGURE 1. Resistor Ladder and Switch Tree 

3-6 



Functional Description (Continued) 

The AID converter's successive approximation register 
(SAR) is reset on the positive edge of the start conversion 
(SC) pulse. The conversion is begun on the falling edge of 
the start conversion pulse. A conversion in process will be 
interrupted by receipt of a new start conversion pulse. 
Continuous conversion may be accomplished by tying the 
end·of·conversion (EOC) output to the SC input. If used in 
this mode, an external start conversion pulse should be 
applied after power up. End·of-conversion will go low be­
tween 0 and 8 clock pulses after the rising edge of start 
conversion. 

The most important section of the AID converter Is the 
comparator. It is this section which is responsible forthe 
ultimate accuracy of the entire converter. It is also the 

w 
c 
0 
'-' 
I-

~ 
I-
:::> 
0 
c 
;;c 

111 

110 

101 

100 

011 

010 

i- FULL·SCAlE -- ERROR = l/Z lS8 

lJ.I. __________ VIN 

1/8 2/8 3/8 4/8 5/8 6/8 7/8 

VIN AS FRACTION OF FUll·SCAlE 

FIGURE 2. 3·Bil AID Transfer Curve 

comparator drift which has the greatest influence on the 
repeatability of the device. A chopper-stabilized com­
parator provides the most etfective method of satisfying 
all the converter requirements. 

The chopper-stabilized comparator converts the DC input 
signal Into an AC Signal. This signal is then fed through a 
high gain AC amplifier and has the DC level restored. This 
technique limits the drift component of the amplifier since 
the drift is a DC component which is not passed by the AC 
amplifier. This makes the entire AID converter extremely 
insensitive to temperature,long term drift and input offset 
errors. 

Figure 4 shows a typical error curve for the ADC0808 as 
measured using the procedures outlined in AN-179. 

INFINITE RESOLUTION 

111 PERFECT CONVERTER 

110 
I w 

C I 
0 101 _J 

'-' 
I-

100 L -llS8 :::> 

~ A8S0lUTE 
:::> 011 ACCURACY 0 
c 

010 ~ -1/ZlS8 ;;C 
QUANTIZATION 

001 ERROR 
000 1<..1. ___________ VIN 

0/8 1/8 2/8 3/8 4/8 5/8 6/8 7/8 

VIN AS FRACTION OF FUll·SCAlE 

FIGURE 3. 3-Bit AID Absolute Accuracy Curve 

.'"'''''' U", QUAN~~Z~~~ {111111111111111111"""""""",IIIIIIII"I"~ 11111111111111111111111111111111111111""""""111'1111111 
INPUT OV FULL 

VOLTAGE SCALE 

FIGURE 4_ Typical Error Curve 
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START 

ALE 

ADDRESS 

ANALOG 
INPUT 

COMPARATOR 
INPUT 

(INTERNAL NODE) 

OUTPUT 
ENABLE 

EOC 

r----\ 
_50% 50% , -IWS-
I~ 50% 50% 

~-lWALE 
, 

--. ;: ~ STABLE ADDRESS , 
50% 50% 

- - - I 

's '. 
STABLE ; X 

$~fa-

: x ....... __ 
f*- to--

I / 
1- 50% 

---IEDC I I-------tc-------'----lf 
OUTPUTS ________________ 2R!!.T~E ____ ~..;..-----------_:_-_{\. ______ .....J}-

FIGURES 
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Typical Performance Characteristics 

1.5 .-----.---.-----.-----." 

i 0.5 f---f---t---d-+. ...... y 
~ .... 
'" '"' a:: i:: -0.5 1--"Z>I'q..-p.-t---j----t 

-1 

1.25 z.s 
VIN (V) 

3.75· 

FIGURE 6. Comparator liN VS VIN 
(Vee= V REF = 5V) 

TRI·STATE® Test Circuits and Timing Diagrams 

Vee 
Vee 

OUTPUT 
ENABLE 

g .. 
o 

ex: .... 
'" 1£ 
> 
I-

D ~-~--~-~-~ 
D 1.Z5 Z.S 

VIN (V) 

3.75 

FIGURE 7. Multiplexer RON vs VIN 
(Vee = VREF = 5V) 

GNO ----'-''9-1'------
OUTPUT 
ENABLE 

OUTPUT 
ENABLE 

VOH~~lH 
OUTPUT ~ 

GNO -------= 

OUTPUT 
ENABLE 

GND 

Vee . ---~
OH 

OUTPUT . 

VOL 10% 

FIGURE 8 
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Applications Information 
OPERATION 

1.0 Ra~iometric Conversion 

The ADC0808, ADC0809 Is designed as a complete Data 
Acquisition System. (DAS) for ratiometrlc conversion 
systems. In ratiometric systems, the physical variable 
being measured is expressed as a percentage of full·scale 
which Is not necessarily related to an absolute standard. 
The voltage input to the ADC0808 is expressed by the 
equation 

Dx 

V ,N = Input voltage into the ADC080B 
V's= Full-scale vO.ltage 
V z = Zero voltage 
Dx = Data point being measured 
DMAX = Maximum data limit 
DMIN = Minimum data limit 

(1) 

A good example of a ratiometric transducer is a poten­
tiometer used as a position sensor. The position of the 
wiper is directly proportional to the output voltage which 
is a ratio of the full-scale voltage across It. Since the data 
Is represented as a proportion of full-scale, reference 
requirements are greatly reduced, eliminating a large 
source of error and cost for many applications. A major 
advantage of the ADCOB08, ADCOB09 is that the input 
voltage range is equal to the supply range so the 
transducers can be connected directly across the supply 
and their outputs connected directly into the multiplexer 
inputs, (Figure 9). 

Ratiometric transducers such as potentiometers, strain 
gauges, thermistor bridges, pressure transducers, etc., 
are suitable for measuring proportional relationships; 
however, many types of measurements must be referred 
to an absolute standard such as voltage or current. This 
means a system reference must be used which relates 
the full-scale voltage to the standard volt. For example, if 
Vee= VREF = 5.12V, then the full-scale range is divided in­
to· 256 standard steps. The smallest standard step is 1 
LSB which is then 20 mY. 

2_0 Resistor Ladder Limitations 

The voltages from the resistor ladder are compared to the 
selected input 8 times in a conversion. These voltages are 
coupled to the comparator via an analog switch tree which 
is referenced to the supply. The voltages at the top, center 
and bottom of the ladder must be controlled to maintain 
proper operation. 

The top of the ladder, Ref( +), should not be more positive 
than the supply, and the bottom of the ladder, Ref( - ), 
should not be more negative than ground. The center of 
the ladder voltage must also be near the center of the 
supply because the analog switch tree changes from 
N-channel switches to P-channel switches. These limita· 
tions are automatically satisfied in ratiometric systems 
and can be easily met in ground referenced systems. 

Figure 10 shows a ground referenced system with a 
separate supply and reference. In this system, the supply 
must be trimmed to match the reference voltage. For in­
stance, if a 5.12V is used, the supply should be adjusted to 
the same voltage within O.W. 

>-.... ---+----+-------1ln7 
• 

~---fIr.O 

REFH 

L----~----~~---~~-tGNO 

ADCOBOB 

DOUT 

DIGITAL 
OUTFUT 
PROPORTIONAL 
TO ANALOG 
INPUT 

V,N v,N 
OOUT= VREF = vee 
4.75V sVee=vREFS5.25V 

'11: Aatlometric transducers 

FIGURE 9. Ratiometric Conversion System 
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Applications Information (Continued) 

The ADC0808 needs less than a milliamp of supply current 
so developing the supply from the reference is readily 
accomplished. In Figure 11 a ground referenced system is 
shown which generates the supply from the reference. The 
buffer shown can be an op amp of sufficient drive to 
supply the milliamp of supply current and the desired bus 
drive, or if a capacitive bus is driven by the outputs a large 
capacitor will supply the transient supply current as seen 
in Figure 12. The LM301 is overcompensated to insure 
stability when loaded by the 10 ",F output capacitor. 

1---------1 vcc 

The top and bottom ladder voltages cannot exceed Vcc 
and ground, respectively, byt they can be symmetrically 
less than V cc and greater than ground. The center of the 
ladder voltage should always be near the center of the 
supply. The sensitivity of the converter can be increased, 
(i.e., size of the LSB st.eps decreased) by using a sym­
metrical reference system. In Figure 13, a 2.5V reference 
is symmetrically centered about Vcd2 since the same 
current flows in identical resistors. This system with a 
2.5V reference allows the LSB bit to be half the size of a 
5V reference system. 

1-----1 REF(+) DIGITAL 
'OUTPUT 
REFERENCED 
TO In1 

• · · InO 
REFH 

L-------~------~~_fGND 

ADC0808 

FIGURE 10. Ground Referenced 
Conversion System Using Trimmed Supply 

>---4~--I VCC 

1-_+ __________ -1 REF(+) 

In1 · • • 
InO 

REFH 

L------------------------4~~GND 

ADCOBOB 

FIGURE 11. Ground Referenced Conversion System with 
Reference Generating Vee Supply 
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Applications Information (Continued) 10-15VoC 

Ik 

1000 pF 

lMJ29B 

3.0 Converter Equations 

The transition between adjacent codes Nand N + 1 is 
given by: 

The center of an output code N Is given by: 

VIN={ (VREF(+)- VREF(-) ~~6J ± VTUE} + VREF(-) (3) 

The output code N for an arbitrary input are the Integers, 
within the range: 

N = V IN - V REF( -) x 256 ± Absolute Accuracy (4) 
VREF(+)- VREF(-) 

where: VIN = Voltage at comparator Input 

VREF(+)= Voltage at Ref( +) 

VREF(-)= Voltage at Ref(-) 
VTUE=Total unadjusted error voltage (typically 

VREF(+) + 512) 

3-12 

VCC 

>-41-+-.. REF(+) 

DIGITAL OUTPUT 
PROPORTIONAL TO 
ANALOG INPUT. 
1.25V::;; VIN::;; 3.75V 

* Ratlometrlc transducers 

4.0 Analog Comparator Inputs 

The dynamic comparator input current Is caused by the 
periodic switching of on·chip stray capacitances. These 
are connected alternately to the output of the resistor 
ladder/switch tree network and to the comparator input as 
part of the operation of the chopper stabilized comparator. 

The average value of the comparator Input current varies 
directly with clock frequency and with VIN as shown in 
F/gure6. 

If no filter capacitors are used at the analog inputs and the 
signal source impedances are low, the comparator input 
current should not Introduce converter errors, as the tran· 
slent created by the capacitance discharge will die out 
before the comparator output Is strobed. 

If input filter capacitors are desired for noise reduction 
and signal conditioning they will tend to average out the 
dynamic comparator Input current. It will then take on the 
characteristics of a DC bias current whose effect can be 
predicted conventionally. 



Typical Application 

ADDRESS 
DECODE 

(AD4-ADI5)* 

WRITE --"'1.._, 

ADI 

AD2 

a....._--Ivcc 
r----jGND 

ADC0808 
ADC0809 

In7 

• 

1--"'---. INTERRUPT 

087 MSB 

DB6 

DB5 

DB4 

083 

OB2 

OBI 

080 LSB 

VIN8 ) 

VIN 1 

0-5V 
ANALOG 
INPUT RANGE 

• Address latches needed for 8085 and SC/MP interfacing the ADC0808to a microprocessor 

MICROPROCESSOR INTERFACE TABLE 

PROCESSOR READ WRITE INTERRUPT (COMMENn 

8080 MEMR MEMW INTR (Thru RST Circuit) 

8085 RD WR INTR (Thru RST Circuil) 

Z-80 RD WR INT (Thru RST Circuli, Mode 0) 

SC/MP NRDS NWDS SA (Thru Sense A) 

8800 VMA'~ 2·R/W. VMA·,,2·RiW IROA or IROB (Thru PIA) 
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Analog-ta-Digital Converters 

ADC0816, ADC0817 8-Bit j.tP Compatible AID Converters 
with 16-Channel Multiplexer· 
General Description 
The ADC0816, ADC0817 data acquisition component is a 
monolithic CMOS device with an 8-bit analog-to-digital 
converter, 16-channel mUltiplexer and microprocessor 
compatible control logic. The 8-bit AID converter uses suc­
cessive approximation as the conversion technique. The 
converter features a high impedance chopper stabilized 
comparator, a 258R voltage divider with analog switch tree 
and a successive approximation register. The 16-channel 
multiplexer can directly access anyone of 16-single­
ended analog signals, and provides the logic for addi­
tional channel expansion. Signal conditioning of any 
analog input signal is eased by direct access to the 
multiplexer output, and to the input of the 8-bit AID 
converter. 

The device eliminates the need for external zero and full­
scale adjustments. Easy interfacing to microprocessors 
Is provided by the latched and decoded multiplexer ad­
dress Inputs and latched TTL TRI-STATE<!l outputs. 

The design of the ADC0816, ADC0817 has been optimized 
by incorporating the most desirable ~spects of several 
AID conversion techniques. The ADC0816, ADC0817 of­
fers high speed, high accuracy, minimal temperature 
dependence, excellent long-term accuracy and repeatabil­
ity, and consumes minimal power. These features make 
this device ideally suited to applications from process and 
machine control to consumer and automotive applica­
tions. For similar performance in an 8-channel, 28-pi~, 

Block Diagram 
COMPARATOR IN 0----------, 

MULTIPLEXER 
OUT 

8-bit AID converter, see the ADC0808, ADC0809 data 
sheet. (See AN-258 for more information.) 

Features 
• Resolution - 8-bits 
• Total unadjusted error - ± 1/2 LSB and ± 1 LSB 

• No missing codes 
• Conversion time - 100,..s 
• Single supply - 5 VDe 
• Operates ratiometrically or with 5 V DC or analog span 

adjusted voltage reference. 
• 16-channel multiplexer with latched eontrollogie 
• Easy interface to all microprocessors, or operates 

"stand alone" 
• Outputs meet T2L voltage level specifications 
• OV to 5V analog input voltage range with single 5V 

supply 
• No zero or full-scale adjust required 
• Standard hermetic or molded 40-pin DIP package 
• Temperature range -40·C to +85·C o~ -55·C to 

+125·C 
• Low power consumption - 15 mW 
• Latched TRI-STATE<!l output 
• Direct access to "comparator in" and "multiplexer out" 

for signal conditioning 

START CLOCK 

re.;;: Z;; - - - -
I 

--, 
t-:~I ==:::;----0 END OF CONVERSION 

16 ANALOG INPUTS 

HIT A.DDRESS { 

ADDRESS LATCH ENABLE 

EXPANSION CONTROL 

16 CHANNELS 
MULTIPLEXING 

ANALOG 
SWITCHES 

ADDRESS 
LATCH 

AND 
DECODER 

I 
I 
I 
I 
I 

1 1 
VCe" GND 

CONTROL & TIMING 

S.A.R. 
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Absolute Maximum Ratings (Notes 1 and 2) Operating Ratings (Notes 1 and 2) 

Supply Voltage (VCC) (Nole 3) 
Vollage al Any Pin 

Excepl Conlrollnpuls 

6.5V 
-O.3V 10 (VCC + O.3V) 

Voltage at Control Inputs -O.3V to 15V 
(START, OE, CLOCK, ALE, EXPANSION CONTROL, 
ADD A, ADD B, ADD C, ADD D) 

Storage Temperature Range - 65"C to + 150"C 
Package Dissipation alTA ~ 25"C 875 mW 

Temperalure Range(Nole 1) 
ADC0816CJ 
ADC0816CCJ, ADC0816CCN, 

ADC0817CCN 
RangeofVCC(Nole 1) 
Voltage al Any Pin 

Except Control Inputs 
Voltage at Controllnpuls 

TMIN"TA"TMAX 
-55"C"TA" +125"C 
-40'C"TA" +85"C 

4.5 VDC t06.0 VDC 
OVtoVCC 

OVt015V 
Lead Temperature(Soldering, 10 seconds) 300'C (START, OE, GLOCK. ALE, EXPANSION CONTROL. 

ADD A, ADD B, ADD C, ADD D) 

Electrical Characteristics 
Converter Specifications: Vcc= 5 V DC = V REF(+), VREF(-)= GND, VIN = VCOMPARATOR IN, T MIN:sTA:sT MAX and 
fCLK = 640 kHz unless otherwise stated. 

Parameter Conditions Min Typ Max 

ADC0816 
Total Unadjusted Error 25"C ± 112 
(Note 5) TMIN to TMAX ±3/4 

ADC0817 
Total Unadjusted Error O°C t070'C ±1 

(Note 5) T MIN to TMAX ±11/4 

Input Resistance From Rel( +) to Rel( -) 1.0 4.5 

Analog Input Voltage Range (Note 4) V( +) or V( -) GND-0.10 Vcc+ 0.1O 

VREF(+) Voltage, Top 01 Ladder Measured at Rel( +) Vcc Vcc+ 0.1 

V REF( +)+ V REF( -) Voltage, Center 01 Ladder Vcc /2- O.1 Vce /2 Vcc /2 + O.1 
2 

VREF(-) . Voltage, Bottom 01 Ladder Measured at Rel( -) -0.1 0 

Comparator Input Current I c ~ 640 kHz, (Note 6) -2 ±0.5 2 

Electrical Characteristics 

Units 

LSB 
LSB 

LSB· 
LSB 

kll 

VDC 

V 

V 

V 

~A 

Digital Levels and DC Specifications: ADC0816CJ 4.5V:s Vcc :s5.5V, - 55°C:sTA:S + 125°C unless otherwise noted. 

ADC0816CCJ, ADC0816CCN, ADC0817CCN 4.75V :sVcc :s5.25V, - 40°C:sTA:s + 85°C unless otherwise noted. 

Parameter Conditions 

ANALOG MULTIPLEXER 

IOFF(+) 

10FF(_) 

Analog Multiplexer ON 
Resistance 

(Any Selected Channel) 
TA = 25"C, Rl = 10k 
TA=85'C 
TA= 125'C 

a ON Resistance Between Any (Any Selected Channel) 
2 Channels Rl = 10k 

OFF Channel Leakage Current Vee = 5V, VIN = 5V, 
TA=25'C 

TMIN to TMAX 

OFF Channel Leakage Current Vee= 5V, VIN = 0, 
TA=25°C 

TMIN to TMAX 

CONTROL INPUTS 

VIN(1) Logical "1" Input Voltage 
-

VIN(O) Logical "0" Input Voltage 

IIN(1) Logical "1" Input Current VIN = 15V 
(The Control Inputs) 

IIN(O) Logical "0" Input Current VIN=O 
(The Control Inputs) 

Icc Supply Current IClK = 640 kHz 
-

3-15 

- - -

Min Typ Max Units 

1.5 3 kll 
6 kll 
9 kll 

75 Il 

10 200 nA 
1.0 p.A 

-200 nA 
-1.0 ~A 

Vcc-1.5 V 

1.5 V 

1.0 p.A 

-1.0 p.A 

0.3 3.0 rnA 
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Electrical Characteristics (Continued) 

Digital Levels and DC Specifications: ADC0816CJ - 4.5V oE; Vee oE; 5.5V, -55·C oE; TA oE; +125·C unless otherwise noted. 
ADC0816CCJ, ADC0816CCN, ADC0817CCN - 4.75VoE; Vee oE; 5.25V, -40·C oE; +85·C unless otherwise noted. 

Parameter I Conditions I Min. I Typ. I Max. I Units 

DATA OUTPUTS AND EOC (INTERRUPT) 

VOUT(l) 

VOUT(O) 

VOUT(O) 

lOUT 

Logical "1" Output Voltage 10= -360I'A, TA=85·C 

10 = -300I'A, 'TA = 125·C 

Logical "0" Output Voltage 10 = 1.6 mA 

Logical "0" Output Voltage EOC 10 = 1.2mA 

TRI·STATE® Output Current Vo=Vee 
Vo=O· 

Electrical Characteristics 

Vee-0.4 V 

-3.0 

0.45 

0.45 

3.0 

V 

V 

I'A 

I'A 

Timing Specifications: Vee= V REF(+)= 5V, V REF(-)= GND, tr= tl = 20 ns and TA = 25·C unless otherwise noted. 

Symbol Parameter Conditions 

tws Minimum Start Pulse Width (Figure 5) 

tWALE Minimum ALE Pulse Width (Figure 5) 

ts Minimum Address Set-Up Time (Figure 5) 

tH Minimum Address Hold Time (Figure 5) 

to Analog ,MUX Delay Time Rs = 00 (Figure 5) 
From ALE 

t H1, tHO OE Control to Q Logic State C L =50 pF, RL = 10k (Figure 8) 

t1H, tOH OE Control to Hi·Z CL = 10 pF, RL = 10k (Figure 8) 
" 

tc Conversion Time tc= 640 kHz, (Figure 5}(Note 7) 

tc Clock Frequency 

t EOC EOC Delay Time (Figure 5) 

C IN Input Capacitance At Control Inputs 

COUT TRI·STATE® Output At TRI·STATE Outputs. (Note 7) 
Capacitance 

Note 1: Absolute maximum ratings are those values beyond which the .lIle 01 the device may be impaired. 
Note 2: All voltages are measured with respect to GNO, unless otherwise specified. 
Note 3: A zener diode exists, internally, lrom Vee to GNO and has a typical breakdown voltage 01 V VOC. 

Min Typ Max Units 

100 200 ns 

100 200 ns 

25 50 ns 

25 50 ns 

1 2.5 p's 

125 250 ns 

125 250 ns 

90 100 116 P.s 

10 640 1280 kHz 

0 8+2p.s Clock 

Periods 

10 15 pF 

10 15 pF 

Note 4: Two on·chlp diodes are tied to each analog input which wlillorward conduct lor analog input voltages one diode drop below ground or one diode drop 
greater than the Vce supply. The spec allows 100 mV lorward bias 01 either diode. This means that as long as the analog VIN does not exceed the supply 
voltage by more than 100 mY, the output code will be correct. To achieve an absolute 0 Voe t05 Voe input voltage range will therelore require a minimum sup­
ply voltage 014.900 VOC over temperature variations, initial tolerance and loading. 
Note 5: Total unadlusted error includes ollset, lull·scale, and linearity errors. See Figure 3. None 01 these AIDs requires azero or lull·scale adjust. However, il 
an all zero code is desired lor an analog Input other than O.OV, or II a narrow lull·scale span exists (lor example: 0.5V to 4.5V lull·scale) the relerence voltages 
can be adjusted to achieve this. See Figure 13. 

Note 6: Comparator Input current is a bias current into or out 01 the chopper stabilized comparator. The bias current varies directly with clock Irequency and 
has little temperature dependence (Figure 6). See paragraph 4.0. 
Note 7: The outputs 01 the data register are updated one clock cycle belore the rising edge 01 EOC. 
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Functional Description 
Multiplexer: The device contains a 16·channel single· 
ended analog signal multiplexer. A particular input chan· 
nel is selected by using the address decoder. Table I 
shows the input states for the address line and the expan· 
sion control line to select any channel. The address is 
latched into the decoder on the low·to·high transition of 
the address latch enable signal. 

TABLE I 

SELECTED I--_A"TD_D_R_E,...SS_LI"TN_E--l EXPANSION 
ANALOG CHANNEL D C B A CONTROL 

INO L L L L H 

IN1 L L L H H 

IN2 L L H L H 

IN3 L L H H H 

IN4 L H L L H 

IN5 L H L H H 

IN6 L H H L H 

IN7 L H H HH 

INS H L L L H 

IN9 H L L H H 

IN10 H L H L H 

IN11 H L H H H 

IN12 H H L L H 

IN13 H H L H H 

IN14 H H H L H 

IN15 H H H H H 

All Channel::;'OFF X X X X L 

x = don't care 

Additional single·ended analog signals can be multi· 
plexed to the AID converter by disabling all the multiplexer 
inputs using the expansion control. The additional exter· 
nal signals are connected to the comparator input and the 
device ground. Additional signal conditioning (i.e., 
prescaling, sample and hold, instrumentation amplifica· 
tion, etc.) may also be added between the analog input 
signal and the comparator input. 

CONVERTER CHARACTERISTICS . 

The Converter 

The heart of this single chip data acquisition system is its 
a·bit analog·to·digital converter. The converter is designed 
to give fast, accurate, and repeatable conversions over a 
wide range of temperatures. The converter is partitioned 
into 3 major sections: the 256R ladder network, the suc· 
cessive approximation register, and the comparator. The 
converter's digital outputs are positive true. " 

The 256R ladder network approach (Figure 1) was chosen 
over the conventional Rl2R ladder because or'its inherent 
monotonicity, which guarantees no missing digital codes. 
Monotonicity is particularly important in closed loop feed· 
back control systems. A non·monotonic relationship can 
cause oscillations that will be catastrophic for the 
system. Additionally, the 256R network does not cause 
load variations on the reference voltage. 

The bottom resistor and the top resistor of the ladder 
network in Figure 1 are not the same value as the 
remainder of the network. The difference in these 
resistors causes the output characteristic to be sym· 
metrical with the zero and full·scale pOints of the transfer 
curve. The first output transition occurs when the analog 
signal has reached + 112 LSB and succeeding output 
transitions occur every 1 LSB later up to full·scale. 

CONTROLS FROM S,A,R, 
I 

REF(+I <>-'-

· · · 256R · · · · · 
R ~ · · 

.':J- TO • r+- COMPARATOR 
INPUT . 

· · 
R · · 

REFI-Io--

FIGURE 1. Resistor Ladder and Switch Tree 
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Functional Description (Continued) 

The successive approximation register (SAR) performs 8 
iterations to approximate the input voltage. For any SAR 
type converter, n-iterations are required for an n·bit 
converter. Figure 2 shows a typical example of a 3-bit 
converter. In the ADC0816, ADC0817, the approximation 
technique is extended to 8 bits using the 256R network. 

The AID converter's successive approximation register 
(SAR) is reset on the positive edge of the start conversion 
(SC) pulse. The conversion is begun on the falling edge of 
the start conversion pulse. A conversion in process will be 
interrupted by receipt of a new start conversion pulse. 
Continuous conversion may be accomplished by tying the 
end·of-conversion (EOC) output to the SC input. If used In 
this mode, an external start conversion pulse should be 
applied after power up. End-of-conversion will go low be­
tween 0 and 8 clock pulses after the rising edge of start 
conversion. 

111 

110 

~ 101 
o 
~ 100 
::::I 

I!: 011 
::::I • 
o 
e DID .. 

:-FULL.SCALE 
-" ERROR = 1/Z LSD 

l.J.L----------VIN 
liB Z/8 3/B 4/B SIB 6/B 7/B 

VIN AS FRACTION OF FULL·SCALE 

FIGURE 2. 3-Bit AID Transfer Curve 
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The most important section of the AID converter is the 
comparator. It is this section which is responsible for the 
ultimate accuracy of the entire converter. It is also the 
comparator drift which has the greatest influence on the 
repeatability of the device. A chopper-stabilized com· 
parator provides the most effective method of satisfying 
all the converter requirements. 

The chopper-stabilized comparator converts the DC input 
Signal into an AC signal. This signal is then fed through a 
high gain AC amplifier and has the DC level restored. This 
technique limits the drift component of the amplifier since 
the drift is a DC component which Is not passed by the AC 
amplifier. This makes the entire AID converter extremely 
insensitive to temperature, long term drift and input offset 
errors. 

Figure 4 shows a typical error curve for the ADC0816 as 
measured using the procedures outlined in AN-179. 

INFINITE RESOLUTION 

111 PERFECT CONVERTER 

w 
110 

I 
0 

101 
I 

0 _J ... 
I-

100 L -1 LSD ::::I .. ABSOLUTE I-
::::I 011 ACCURACY 
0 

~ DID ~ -l/ZLSB 
QUANTIZATION 

001 ERROR 
DOD IU.. __________ VIN 

DIB liB Z/B 3/B 4/B SIB 6/B 7/8 

VIN AS FRACTION OF FULL·SCALE 

FIGURE 3. 3-Bit AID Absolute Accuracy Curve 



Connection Diagram 

Timing Diagram 

CLOCK 

,----., 
START 50% 50% 

!--IWS-

50%r-R 
~ -IWALE--I I 

ALE 

-f---- STABLE ADDRESS 

ADDRESS 

ANALOG 
INPUT 

MULTIPLEXER 
OUT 

OUTPUT 
ENABLE 

EOC 

50% 

---1 
's 

50% 

~ ~ 

'H 

::~i:-

1- 'D-~ 

IN3 

IN4 

INS 

IN6 

IN7 

INB 

IN9 

IN10 

IN!! 

IN12 

IN13 

IN14 

Eoe 

IN15 

MULTIPLEXER 
OUT 

START 
vee 

COMPARATOR IN 

REF(+) 

GNO 

---tEOC---

Dual-In-Line Package 

• 40 
IN2 

39 
INI 

3B 
INO 

37 
EXPANSION CONTROL 

36 
ADO A 

35 
ADO B 

34 
ADD C 

33 
ADD 0 

32 
ALE 

10 AOC0816, 31 

11 AoeOB17 30 
2- 1MSB 

2-2 
12 29 

2-3 
13 2B 

2-4 
14 27 

2-5 
15 26 

2-6 
16 25 

2-7 
17 24 

18 23 
2-B LSB 

REFH 
19 22 

CLOCK 
20 21 

OUTPUT 
ENABLE 

TOP VIEW 

STABlE- ------------~x~ ________ __ 
~--------------~x~---
1-----------_1 

~------------------~----IC 

OUTPUTS ________________ ..2.R~T~E ___________________ _{\. ______ ____l>_ 

FIGURE 5 
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1.5 ,...----r---y-----r-----.. 

j 0.5 f---+--~_d+,.4y 

.... 
C( .... 
~ -0.5 f-'72I'q..~-~--+----l 

-1 

1.25 2.5 

VIN (V) 

3.75 

FIGURE 6. Comparator liN vs VIN 
(Vee=VREF=5V) . 

TRI·STATE® Test Circuits and Timing Diagrams 

OUTPUT 
ENABLE 

Vee 

'"' Q 
0: .... 
C( .... 
0:: 
> 
0-

1.25 2.5 

VIN (V) 

3.75 

FIGURE 7. Multiplexer RON vs VIN 
(Vee = VREF ", 5V) 

GNO ----!.~~-----
OUTPUT 
ENABLE 

VOH~o/:lH 
OUTPUT ~ 

GNO -------= 
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Applications Information 
OPERATION 

1.0 Ratlometrlc Conversion 

The ADC0816, ADC0817 is designed as a complete Data 
Acquisition System (DAS) for ratlometric conversion 
systems. In ratlometrlc systems, the physical variable 
being measured is expressed as a percentage of full·scale 
which is not necessarily related to an absolute standard. 
The voltage input to the ADC0816 is expressed by the 
equation 

Ox 

Y,N = Input voltage Into the ADC0816 
V's= Full·scale voltage 
Vz = Zero voltage 
Ox = Data point being measured 
DMAx = Maximum data limit 
DMIN = Minimum data limit 

(1) 

A good example of a ratiometric transducer is a poten' 
tiometer used as a position sensor. The position of the 
wiper is directly proportional to the output voltage which 
is a ratio of the full·scale voltage across it. Since the data 
is represented as a proportion of full·scale, reference 
requirements are greatly reduced, eliminating a large 
source of error and cost for many applications. A major 
advantage of the ADC0816, ADC0817 is that the input 
voltage range is equal to the supply range so the 
transducers can be connected directly across the supply 
and their outputs connected directly into the multiplexer 
inputs, (Figure 9). 

Ratiometric transducers such as potentiometers, strain 
gauges, thermistor bridges, pressure transducers, etc., 
are suitable for measuring proportional relationships; 
however, many types of measurements must be referred 
to an absolute standard such as voltage or current. This 
means a system reference must be used which relates 
the full·scale voltage to the standard volt. For example, if 
Vee= VREF = 5.12V, then the full·scale range is divided in· 
to 256 standard steps. The smallest standard step is 1 
LSB which is then 20 mY. 

2.0 Resistor Ladder Limitations 

The voltages from the resistor ladder are compared to the 
selected input 8 times in a conversion. These voltages are 
coupled to the comparator via an analog switch tree which 
is referenced to the supply. The voltages at the top, center 
and bottom of the ladder must be controlled to maintain 
proper operation. 

The top of the ladder, Ref( +), should not be more positive 
than the supply, and the bottom of the ladder, Ref( -), 
should not be more negative than ground. The center of 
the ladder voltage must also be near the center of the 
supply because the analog switch tree changes from 
N·channelswitches to P·channelswitches. These limita· 
tions are automatically satisfied in ratiometric systems 
and can be easily met in ground referenced systems. 

Figure 10 shows a ground referenced' system with a 
separate supply and reference. In this system, the supply 
must be trimmed to match the reference voltage. For in· 
stance, if a 5.12V reference is used, the supply should be 
adjusted to the same voltage within 0.1V. 

r-------~------__ ~----~~vcc 
REF(+) 

~ __ -----+--------I---------.....j In15 
• 

• 
1-----......flnO 

REF(-) 

~------~-------4~----~--~GND 

- ADC0816.17 

FIGURE 9. Ratiometric Conversion System 
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Applications Information (Continued) 

The ADC0816 needs less than a milliamp of supply current 
so developing the supply from the reference is readily 
accomplished. In Figure 11 a ground referenced system is 
shown which generates the supply from the reference. The 
buffer shown can be an op amp of sufficient drive to 
supply the milliamp of supply current and the desired bus 
drive, or if a capacitive bus is·driven by the outputs a large 
capacitor will supply the transient supply current as seen 
in Figure 12. The LM301 is overcompensated to insure 
stability when loaded by the 10 I'F output capacitor. 

~------------~VCC 

1--------1 REF(+) 

InO 
REFH 

L-------~----~--~~GND 

The top and bottom ladder voltages cannot exceed Vee 

and ground, respectively, but they can be symmetrically 
less than Vee and greater than ground. The center of the 
ladder voltage should always be near the center of the 
supply. The sensitivity of the converter can be increased, 
(Le., size of the LSB steps decreased) by using a sym­
metrical reference system. In Figure 13, a 2.5V reference 
is symmetrically centered about Vecl2 since the same 
current flows in identical resistors. This system with a 
2.5V reference allows the LSB to be half the size of the 
LSB in a 5V reference system. 

DIGITAL 
OUTPUT 
REFERENCEO 
TO 
GROUND 

QOUT= ~ 
VREF 

4.75V"Vee=VREF,,5.25V 

ADCOB16,17 

FIGURE 10. Ground Referenced 
Conversion System Using Trimmed Supply 

>---4 ....... ~VCC 

~ __ ~----_------------~ REF(+) 
In15 

InO 

REFH 

L-------------------------6-~GND 

ADC0816,17 

FIGURE 11. Ground Referenced Conversion System with 
Reference Generating V cc Supply 
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Applications Information (Continued) 

2.5V 
REFERENCE 

3.0 Converter Equations 

LM329B 

10-15 VOC 

lk 

Rl 1000 pF 

R2 
lOT 

R3 

Vcc 

>-4 ......... --+ REF(+) 

L---~-----~~---~-4""'~GNO 

REF(-) 

FIGURE 12. Typical Reference and Supply Circuit 

5V 

RA 

VCC 

3.75V 
REF(+) 

MSB 

In15 

GOUT 

InO 

1.25V 
REFH 

RB LSB 

GNO 

"::" 

FIGURE 13. Symmetrically Centered Reference 

DIGITAL OUTPUT 
PROPORTIONAL TO 
ANALOG INPUT 
1.25V" VIN s: 3.75V 

RA=RS 

'* Ratiometric transducers 

The transition between adjacent codes Nand N + 1 is 
given by: 

The output code N for an arbitrary input are the integers 
within the range: 

The center of an output code N is given by: 

VIN ={ (VREF(+)- VREF(-)) [2~6J ± VTUE} + VREF(-) (3) 

VIN-VREF(-) 
N = x 256 ± Absolute Accuracy (4) 

VREF(+)- VREF(-) 

where: VIN = Voltage at comparator input 

V REF( +) = Voltage at Ref( +) 

V REF( _) = Voltage at Ref( -) 
VTUE = Total unadjusted error voltage (typically 

VREF(+) -;. 512) 
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Applications Information (Continued) 

4.0 Analog Comparator Inputs 

The dynamic comparator input current is caused by the 
periodic switching of on·chip stray capacitances. These 
are connected alternately to the output of the resistor lad· 
der/switch tree network and to the comparator input as 
part of the operation of the chopper stabilized comparator. 

If no filter capacitors are used at the analog or comparator 
inputs and the signal source impedances are low, ~he 
comparator input current should not introduce converter 
errors, as the transient created by the capacitance 
discharge will die out before the comparator output is 
strobed. 

The average value of the comparator input current varies 
directly with clock frequency and with VIN as shown in 
Figure 6 .. 

If input filter capacitors are desired for noise reduction 
and signal conditioning they will tend to average out the 
dynamic comparator input current. It 'Wi II then take on 
the characteristics of a DC bias current whose effect 
can be predicted conventionally. See AN-258 for further 
discussion. 

Typical Application 

. ADDRESS 
DECODE 

(A04-AOI5)* 

WRITE --lL..._ 

ADC0816 
AOC0817 

COMMON OUT 

COMPARATOR 
IN 

IN15 

• 
• 
• 
INO 

J---"---.'NTERRUPT 

VIN
I
6] 

VIN 1 

0-5V 
ANALOG 
INPUT RANGE 

• Address latches needed for 8085 and SC/MP Interfacing the ADC0816 .. 17 to a microprocessor 

Microprocessor Interface Table 

PROCESSOR READ WRITE INTERRUPT (COMMEN1) 

8080 MEMR MEMW INTR (Thru RST Circuit) 

8085 RD WR INTR (Thru RST Circuit) 
- -

Z-80 RD WR INT (Thru RST Circuit, Mode 0) 

SC/MP NRDS NWDS SA (Thru Sense A) 

6800 VMA-",2·RIW VMA·"'2·R/W IRQA or I!=lQB (Thru PIA) 

Ordering Information 

TEMPERATURE RANGE -40·C to +85·C -55·C to +125·C 

Error i ± 1/2 Bit Unadjusted ADC0816CCN ADC0816CCJ ADC0816CJ 

± 1 Bit Unadjusted ADC0817CCN 

Package Outline N40A Molded DIP J40A Hermetic DIP J40A Hermetic DIP 
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~National 
~ Semiconductor 
ADC3511 
3 1/2·Digit Microprocessor Compatible AID Converter 
ADC3711 
3 3/4·Digit Microprocessor Compatible AID Converter 
General Description 
The ADC3511 and ADC3711 (MM74C937-1, MM74C938-
1) monolithic AID converter circuits are manufactured 
using standard complementary MOS (CMOS) technology_ 
A pulse modulation analog-to-digital conversion tech­
nique is used and requires no external precision 
components_ In addition, this technique allows the use 
of a reference voltage that is the same polarity as the 
input voltage_ 

One 5V (TTL) power supply is required_ Operating 
with an isolated supply allows the conversion of positive 
as well as negative voltages. The sign of the input voltage 
is automatically determined and indicated on the sign 
pin_ If the power supply is not isolated, only one polarity 
of voltage may be converted. 

The conversion rate is set by an internal oscillator. 
The frequency of the oscillator can be set by an external 
RC network or the oscillator can be driven from an 
external frequency source. When using the external RC 
network, a square wave output is available. 

The ADC3511 and ADC3711 have been designed to 
provide addressed BCD data and are intended for use 
with microprocessors and other digital systems. BCD 
digits are selected on demand via 2 Digit Select (DO, D1) 
inputs. Digit Select inputs are latched by, a low-to-high 
transition on the Digit Latch Enable (OLE) input and 
will remain latched as long as D LE remains high. A start 

conversion input and a conversion complete output are 
included on both the ADC3511 and the ADC3711. 

Features 
II Operates from single 5V supply 

II ADC3511 converts 0 to ±1999 counts 

II ADC3711 converts 0 to ±3999 counts 

II Addressed BCD outputs· 

II No external precision components necessary 

II Easily interfaced to microprocessors or other digital 
systems 

II Medium speed-200 mslconversion 

II TTL compatible 

II Internal clock set with RC network or driven exter­
nally 

II Overflow indicated by hex "EEEE" output reading as 
well as an overflow output 

Applications 

II Low cost analog-to-digital converter 

II Eliminate analog multiplexing by using remote AID 
converters 

II Convert analog transducers (temperature, pressure, 
displacement, etc.) to digital transducers 

Connection Diagram 
Dual-In-Line Package 

VCC ....1 

ANALOGVCC ..2. 

u ~21 

~20 

222 ~vss 

23 ....! r!!. 01 

OVERFLOW 2 ~ 00 

CONVERSION COMPLETE...! r!!- OLE 

START CONVERSION -2.. r!!- fOUT 

SIGN 2. ~ fiN 

VFlLTER 2. fl!. VREF 

10' 15 
V,N{-) ..;..:. 'F- SWI 

V'NI+) ...!.!. r!!- SW2 

VFB....!!. ~ ANALOG GNO L-____ ---I 

TOP VIEW 
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Absolute Maximum Ratings (Note 1) --
Voltage at Any Pin -D.3V to VCC +0.3V 
Operating Temperature Range (T A) -40°C to +85°C 
Package Dissipation at T A = 25°C 500mW 
Operating VCC Range 4.5V to 6.0V 
Absolute Maximum VCC 6.5V 
Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics ADC3511CC, ADC3711CC 

4.75V:::; VCC:::; 5.25V, -40°c:::; TA:::; +85°C, unless otherwise specified. 

PARAMETER CONDITIONS MIN 
TYP 

(Note 2) 

VIN(l) Logical "l"lnput Voltage VCe-1.5 

(Except f,N) 

VIN(O) Logical "0" Input Voltage 

(Except f,N) 

VIN(1) Logical "1" I nput Vol tage VCe-0.6 

(f,N) 

VIN(O) Logical "0" Input Voltage 

(fIN) 

VOUT(1) Logical "1" Output Voltage 10= 360j.tA VCC-D·4 
(Except 20,21,22,23) 

VOUT(l) Logical "1" Output Voltage 10 ~ 360j.tA VCe-1.O 

(20, 21, 22, 23) 

VOUT(O) Logical "0" Output Voltage 10= 1.6mA 

IIN(l) Logical "1" Input Current VIN = VCC 0.005 

(SC, DLE, DO, Dl) 

IIN(O) Logical "0" Input Current VIN ~ OV -1.0 -D.005 

(SC, DLE, DO, Dl) 

ICC Supply Current All Outputs Open 0.5 

AC Electrical Characteristics ADC3511CC,ADC3711CC 

V CC = 5V; T A = 25°C; CL = 50 pF; tr = tf = 20 ns; unless otherwise specified. 

PARAMETER CONDITIONS MIN 
TYP 

(Note 2) 

fOSC Oscillator Frequency 0.6/RC 

fiN Clock Frequency 100 

fCONV Conversion Rate ADC3511CC fiN/64,512 ' 

ADC3711CC fl N/129,024 

tSCPW Start Conversion Pulse Width 200 

tpdO, tpdl Propagation Delay DLE =OV 2.0 

DO, Dl,to 20, 21, 22, 23 

tpdO, tpdl Propagation Delay 2.0 

DLE to 20, 21, 22, 23 

tSET-UP Set-Up Time tHOLD = 0 ns 100 

DO, Dl, to DLE 
" 

tpWDLE Minimum Pulse Width 100 

Digit Latch Enable (Low) 
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MAX UNITS 

V 

1.5 V 

V 

0.6 V 

V-

V 

0.4 V 

1.0 j.tA 

j.tA 

5.0 mA 

MAX UNITS 

Hz 

640 kHz 

conversions/sec 

conversions/sec 

DC ns 

5.0 j.ts 

5.0 j.ts 

200 ns 

200 ns 



Converter Characteristics ADC351 lCC, ADC371 lCC 4.75V:::; VCC:::; 5.25V; -40°C:::; TA:::; +85°C, 

fc = 5 conv./sec (ADC351 lCC); 2.5 conv./sec (ADC3711CC); unless otherwise specified. 

PARAMETER CONDITIONS MIN 
TYP 

MAX UNITS (Note 2) 

Non-Linearity VIN = 0-2V Full Scale -0.05 ±0.025 +0.05 % of Full-Scale 

VIN = 0-200 mV Full Scale (Note 3) 

Quantization Error -1 +0 Counts 

Offset Error VIN =OV -0.5 +1.0 +3.0 mV 

(Note 4) 

, Rollover Error -0 +0 Counts 

VIN+, VIN- Analog Input Current TA = 25°C -5 ±1 +5 nA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditionsfor 
actual device operation. 
Note 2: All typicals are given for T A = 25· C. 
Note 3: For the ADC3511CC: ful!·scale = 1999 counts; therefore 0.025% of full·scale = 1/2 count and 0.05% of full·scale = 1 count. For the 
ADC3711 CC: full·scale = 3999 counts; therefor. 0.025% of full .. cal. = 1 count and 0.05% of full .. cal. = 2 count. 
Note 4: For full .. cal. = 2.000V: 1 mV = 1 count for the ADC3511CC; 1 mV = 2 counts for the ADC3711CC. 

Block Diagram 
ADC3511 31/2-Digit AID (*ADC3711 3 3/4-Digit AID) 

31/Z(Jl/4)·DlGIT 

.~ .----- . 
AI4 f--t>o--,o 
.,~ 

LSD 
.,~ 

Ol~ f--
A'~ 

f--t>o--" 
•• 4 

START CONY ......- ....... 
O'~ f-- 16:4 ROM BCD 
A3~ MUX DECODER 

B3~ 

f--t>o--" 
.3 ..... 
03 ..... 
A' ..... r--

FREO.lN II-- DIGITAL TIMING ....... MSO 
AND CONTROL ....... 

'--- l-b" f--t>o--,3 
101 I - '= -
10' I 

f---.I DO 

1:4 
LATCH f---oIDI 

FREQ OUT Ii"--
DECODER 

103 I f---.lDlE 
10' I - -,-- I COMPARATOH i-- I-

TIMING I- ~ OVERFLOW t--+ - ~ ROM f--

GNO ..... Vss y 
DIGITAL Vee 

OVERFLOW 

CONY COMPLETE 

100 SIGN 

8fL'VREF 
ANALOG Vee -• Q 

VFILTER 

1 - ] SWI 
+VJN + +' ....... 

I I "-

~~ 
- ~D - - - -

Q 

+ -
-VIN 

L':'...J 
VREF 

VF. 
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Applications Information 

THEORY OF OPERATION 

A schematic for the analog loop is shown in Figure 1. 
The output of SW1 is either at VREF or zero volts, 
depending on the state of the D flip-flop. If Q is at a 
high level, VOUT= VREF and if Q is at a low level VOUT 
= OV. This voltage is then applied to the low pass filter 
comprised of R1 and C1. The output of this filt~r, VFB, 
is connected to the negative input of the comparator, 
wliere it is compared to the analog input voltage, VIN. 
The output of the comparator is connected to the D 
input of the D flip-flop. Information is then transferred 
from the D input to the Q and 0: outputs on the positive 
edge of clock. This loop forms an oscillator whose duty 
cycle is precisely related to the analog input voltage, VIN. 

An example will demonstrate this relationship. Assume 
the input voltage is equal to 0.500V. If the Q output of 
the D flip-flop is high then VOUT will equal VREF 
(2.000V) and VFB will charge toward 2V with a time 
constant equal to R1C1. At some time VFB will exceed 
0.500V and the comparator output will switch to OV. 
At the next clock rising edge the Q output of the D flip­
flop will switch to ground, causing VOUT to switch to 
OV: At this time, VFB will start discharging toward OV 
with a time constant R 1 C 1. When V FB is less than 0.5V 
the comparator output will switch high. On the rising 
edge of the next clock the Q output of the D flip·flop 
will switch high and the process will repeat. There exists 
at the output of SW1 a square wave pulse train with 
positive amplitude V,REF and negative amplitude OV. 

The DC value of this pulse train is: 

tON 
VOUT = VREF = VREF (duty cycle) 

tON +tOFF 

V,. 

VF.~-o-J 

Rl 

VIN = VFB = VREF x (duty cvcle) 

f = (duty cvcle) x fiN 

The lowpass filter will pass the DC value and then: 

VFB = VREF (duty cycle) 

Since the closed loop system will always force VFB to 
equal VI N, we can then say that: 

VIN = VFB = VREF (duty cycle) 

or 

VIN 
-- = (duty cycle) 
VREF 

The duty cycle is logically ANDed with the input 
frequency fiN. The resultant frequency f equals: 

\ 

f = (duty cycle) x (fiN) . 

Frequency f is accumulated by counter no. 1 for a time 
determined by counter no. 2. The count contained in 
counter no. 1 is then: 

f (duty cycle) x (fiN) 
(count) = --- = -....:.......:...---.:.:.:.-

(fIN)/~ (fIN)/N 

VIN 
=--xN 

VREF 

For the ADC3511 N = 2000. 

For the ADC3711 N = 4000. 

RESET 

COUNTER NO.2 C;.zN) 

Count in counter no. 1 = _f_ = (duty c~cle) x fiN = ~ x N 
flN/N flN/N VREF 

FIGURE 1. Analog Loop Schematic Pulse Modulation A/D Converter 
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Applications Information (Continued) 

GENERAL INFORMATION 

The timing diagram, shown in Figure 2, gives operation 
for the free running mode. Free running operation is 
obtained by connecting the Start Conversion input to 
logic "1" (VCC). In this mode the analog input is con· 
tinuously converted and the digit latches are updated 
at a rate equal to 64,512 x l/flN for the ADC3511, or 
129,024 for the ADC3711. 

The rising edge of the Conversion Complete output 
indicates that new information has been transferred 
from the internal counter to the digit latches. This infor· 
mation will remain in the digit latches until the next 
low-to-high transition of the Conversion Complete 
output. Alogic "1" will" be maintained on the Conversion 
Complete output for a time equal to 64 xl/fiN on the 
ADC3511, or 128 x l/flN on the ADC3711. 

Figure 3 gives the operation using the Start Conversion 
input. It is important to note that the Start Conversion 
input and Conversion Complete output do not influence 
the actual analog-to-digital conversion in any way. 
Internally the ADC3511 and ADC3711 are always 
continuously converting the analog voltage present at 
their inputs. The Start Conversion input is used to con· 
trol the transfer of information from the internal 
counter to the digit latches. 

An RS latch on the Start Conversion input allows a 
broad range of input pulse widths to be used on this 
signal. As shown in Figure 3, the Conversion Complete 
output goes to a logic "0" on the rising edge of the 
Start Conversion pulse and goes to a logic "1" some time 
later when the new conversion is transferred from the 
internal counter to the display latch_ Since the Start 
Conversion pulse can occur at any time during the 
conversion cycle, the amount of time from Start Con· 
version to Conversion Complete will vary. The maximum 
time is 64,512 x 1/fIN (129,024 x l/flN for the 
ADC3711) and the minimum time is 256 x 1/fIN (512 
x 1/fIN for the ADC3711). 

SYSTEM DESIGN CONSIDERATIONS 

The ADC3511 and ADC3711 have reduced the problem 
of high resolution, high accuracy analog-to·digital con­
version to nearly the level of simplicity, economy, and 
compactness usually associated with digital logic circuitry. 
However; they are truly high precision analog devices, 
and require the same kind of design considerations given 
to all analog circuits. While great care has been taken in 
the design of the ADC3511 and ADC3711 to make their 
application as easy as possible, in order to utilize them 
to their full performance potential, good grounding, 
power supply distribution, decoupling, and regulation 
techniques should be exercised. 

64,512x1if1N ~ 
(129,024 x 1/fIN) 

64,000 x 1ifiN I 
1------(128,000 xI/fiN) . 

CONVERSION CYCLE 
(INTERNAL SIGNAL) 

(1~~~~~: VJJI%ln I 64/fIN 
11128/fIN) 

CONVERSION ~ 
COMPLETE :------+--" 

+ + 
NEW CONVERSION 

CONVERSION ENOS 
STARTS 

FIGURE 2. Conversion Cycle Timing Diagram for Free Running Operation 
(Times Shown in Parentheses are for the ADC3711) 

CONVERSION CYCLE J 
(INTERNAL SIGNAL) U ~ 

START r""1 n 1""1 
CONVERSION I I I I -I I , 

I 

CONVERSION i r--, I COMPLETE 
I L ___ 

FIGURE 3. Conversion Cycle Timing Diagram Operating with Start Conversion Input 
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DIGIT SELECT INPUTS 

DLE D1 

L L 

L L 

L H 

L H 

H x 
L = Low logic level 
H = High logic level 
X = I rrelevant logic level 

DO 

L 

H 

L 

H 

X 

SELECTED DIGIT 

Digit 0 (LSD) 

Digit 1 

Digit 2 

Digit 3 (MSD) 

Unchanged 

The value of the Selected Digit is presented at the 23, 22, 21 
and 20 outputs In BCD format. 

Note 1: If the value of a digit changes while it is selected, 
that change will be reflected at the outputs. 
Note 2: An overflow condition will be indicated by a high 
level on the OVERFLOW output (pin 5) and E16 in all digits. 
Note 3: The sign of the input voltage, when these devices are 
operated in the bipolar mode, is indicated by the SIGN out­
put (pin 8). A high level indicates a positive ,voltage, a low 
I~vel a negative. 

Timing Diagrams 

Vee 
OLE 

GNO 

Vee 

00,01 

GNO 

VOH 
23,22,21,20 

GNO 

Typical Applications 

Figure 4 shows the ADC3511 and ADC3711 connected 
to convert 0 to +2.000 volts full scale operating from a 
non-isolated power supply. (Note that the ADC3511 
converts Oto +1999 counts full scale, while the ADC3711 
converts 0 to +3999 counts full scale.) In this configura-

, tion the SIGN output (pin 8) should be ignored. Higher 
voltages can, of course, be converted by placing fixed 
dividers in the inputs, while lower voltages can be con­
verted by placing fixed dividers in the feedback loop, 
as shown in Figure 6. 

Figures 5 and 6 show systems operating with isolated 
supplies that will convert both polarities of inputs. 60 Hz 

, common-mode noise can become a problem in these 
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configurations, so shielded transformers have been shown 
in the figures. The necessity for, and the type of shielding 
needed depends on the performance requi re ments, and 
the actual applications. 

The filter capacitors connected to VFB (pin 12) and 
VFILTER (pin 11) should be of a low leakage variety. 
In the examples shown every 1.0 nA of leaka~ will 
cause approximately 0.1 mV error (1.0 x 10 A x 
100 kSl = 0.1 mV). If the currents in both capacitors are 
exactly equal however, little error will result since the 
source impedances driving both capacitors are approxi­
mately matched. 



Typical Applications (Continued) 

2] 22 2' 20 01 DO OLE 

.------_----'J j 
r-------------------+-t-~~----------------t_------------------~'V 

~~:~~~~c~----------, 
vee 2' 
ANALOG Vee 20 I--

'-----+,' 
ADCJ511CC 

(AOel711CC) 

'--------i0VERFlDW 

VSSt-----+-+-+., 

olr---

oor---....I 

2V REFERENCE r------
I 
I 
I 

-- --, 
.ao 

I 
I 
I 
I 

'-_______ -i~g~~~~~DN 

I 
I OLE 1-----' I 

L----------------l~~~~~RS10N fOUT I :.~k. rt~ 11,32'" }RI fN91,~r I r omeTl 
ADJUST I 

VINI-I 

VIN{"" 

SIGN fiN f-----I 250 P' LM'" I 
lOOk 

V,N ...-'VI.IIr .... ---1VFIL TER 

o.4h~.l V:I-~--R-,---t-++: -IOO-O-':·~~}. G ~;.! 
I 
I lOOk I 

ANALOG zoo ____ L _ -I __.1 

lOOk GRDUNO"'/fI'~C-~==-~------, 
J.: 

L 

NOTE' - c-

22M 

~~~'------~H-//-+--\~\-----------------....I 

I 
'Ok I 
__ .1 

Note 1: All resistors 1/4 watt, and 
±5%, unless otherwise specified. 
Note 2: All capacitors ±10%. 
Note 3: Low leakage capacitor. 
Note 4: R1R2 

R3 = Rl + R2 ±25.n. 1~INoT_E3~1 \~ ____ ~ 
~--------------------------------~GNo 

SIG::~ ~ __________________________ --' 

51k 

5Ik 

FIGURE 4. 3 1/2·Digit AID; +1999 Counts, +2.000 Volts Full Scale 
(3 3/4·Digit AID; +3999 Counts, +2.000 Volts Full Scale) 

tj 
J LM'D9 OR 

11::" lE 11 LM'''·' 

EE~' + lpF + 2V REfERENCE 
Vee ,f r------ ---I TIOVDC 

-,15VDC 

ANALOG Vee ,0- I 
-,' AOCJ511CC 

VSS I 680 I 
" 

(ADel1!1CC) OI- I I 
OVERFLOW DO I I 
CONVERSION OLE I I COMPLETE 
START 

fOUT 1." J.~ : "",. lN914~ I r ornETI CDrNERSIDN =-=:JJoP' Rl 

~ 
I I ADJUST I SIGN fiN 

G OAM~ NDTEJ zo 
lOki I I VflLTER VREf lOOk 

I I I I VIN(_) SWI - R' ., 11ODO ±1% IN'" ~ , I r-++: 50k I VIN!"') SWI ~ 
r-- v" ANALOG ~ L_ -- - .1 L _.J 

GROUNDJ/~ I"-. 

~ 
22M 

lOOk 

~ II \\ 
T~·47" 1 \ NDTEJ 

FIGURE 5. 3 1/2·Digit AID; ±1999 Counts, ±2.000 Volts Full Scale 
(3 3/4·Digit AID; ±3999 Counts, ±2.000 Volts Full Scale) 
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Note 1: All resistors 1/4 watt, and 
ified. ±5%, unless otherwise spec 

Note 2: All capacitors ± 1 0%. 
Note 3: Low leakage cap acitor. 
Note 4: R1R2 

R3 = Rl + R2 125H. 
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II) 
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V,NH 

V'N(+) 

51' 
51k 

Ji 
LMJ09 ... 0. 

lf~' 2V REFERENCE 

1~~1:~ 
+ lJ.1F +1DDOJ.<F 

Vec ,1 r--- - -, TlOVDC --15VDC 

ANALOG Vee ,0_ I 
-,' ADC3511CC 

Vss I 680 I 
" 

IADC3711CC) 
OI- I I 

OVERFLOW 00 I I 
CONVERSION OLE I I COMPLETE 
START 

fOUT 7." I.t I 232:!:1% 
lN914~ ,. I 

CONVERSION r ., ~,l'PF SIGN fiN I 

~ 
I I 

04~~ G NOTEJ L 50 
lOki I VFllTER VREF 

V,NH 

V'N(+} 

i--- V" 

/ 
::-....... 

T~47"F NOTEl 

I I I SWlr--- ., 
~ l'02D:!:!% lN914~ ,. I rt+ sw, 

'DO V ANALOG L_ - - .J L 
G.OUND~ ~ 100k±l% 22M 

•• ~ 
NOTES II \\ 

lj ~ 
Note 1: All resi:tors 1/4 watt. and ±5%, unless otherwise specified. 
Note 2: All capacitors ± 1 0%. 
Note 3: Low leakage capacitor. 
Note 4: R1 R2 

R3 = R1 + R2 ±50n. 

Note 5: R4 = 900k ±1% for the ADC3511CC, 200.0 mV Full·Scale. 
R4 = 400k ±1% for the ADC3711CC, 400.0 mV Full-Scale. 

omEV 
ADJUST I 

lOOk I 
I 

50' I 
f--.J 

FIGURE 6. 3 1/2-Digit AID; ±1999 Counts, ±200.0 mV Full Scale 
(3 3/4-Digit AID; ±3999 Counts, ±400.0 mV Full-Scale) 
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~National 
~ Semiconductor 

ADD3501 3Y2 Digit DVM with 
Multiplexed 7·Segment Output 

General Description 
The ADD3501 (MM74C935-1) monolithic DVM circuit 
is manufactured using standard complementary MOS 
(CMOS) technology_ A pulse modulation analog-to­
digital conversion technique is used and requires no 
external precision components_ In addition, this tech­
nique allows the use of a reference voltage that is the 
same polarity as the input voltage_ 

One 5 V (TTL) power supply is required. Operating with 
an isolated supply allows the conversion of positive as 
well as negative voltages. The sign of the input voltage 
is automatically determined and output on the sign pin. 
If the power supply is not isolated, only one polarity of 
voltage may be converted. 

The conversion rate is set by an internal oscillator. The 
frequency of the oscillator can be set by an external RC 
network or the oscillator can be driven from an external 
frequency source. When using the external RC network, 
a square wave output is available. It is important to note 
that great care has been taken to synchronize digit 
multiplexing with the AID conversion timing to elimi­
nate noise due to power supply transients. 

The ADD3501 has been designed to drive 7-segment 
mUltiplexed LED displays directly with the aid of 
external digit buffers and segment resistors. Under 
condition of overrange, the overflow output will go high 
and the display will read +OFL or -OFL, depending on 
whether the input voltage is positive or negative. In 
addition to this, the most significant digit is blanked 
when zero. 

A start conversion input and a conversion complete' 
output are included on all 4 versions of this product. 

Connection Diagram 

vee - I 

ANALOG vee - 2 

Sd- 3 
s,- 4 

Sb - 5 
sa- 6 

OHO - 7 ADD35Dl 
CONVERSION COMPLETE - 8 

START CONVERSION - 9 

SIGN - 10 

VFlLTER - II 
VINI-)- 12 
VINI+)_ 13 

VFB- 14 
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Features 
• Operate~ from single 5 V supply 

• Converts OV to ±1.999V 

• Multiplexed 7-segment 

• Drives segments directly 

• No external precision component necessary 
• Accllnicy specified over temperature 

• Medium speed - 200ms/conversion 

• I nternal clock set with RC network or driven 
externally 

• Overrange indicated by +OF L or -OFL display reading 
and OF LO output 

• Analog inputs in applications shown can withstand 
±200 Volts 

Applications 
• Low cost digital power supply readouts 

• Low cost digital multimeters 

• Low cost digital panel meters 

• Eliminate analog multiplexing by using remote AID 
converters 

• Convert analog transducers (temperature, pressure, 
displacement, etc.) to digital transducers 

28-S, 

27 -Sf 

26 - S, 

25~ GNO 

24 f- DIGIT I IMSO) 

23f- OlGIT2 

22f- DIGITJ 

21 ~ DIGIT 4 ILSO) 

20f- fOUT 

19~f1N 
, 

18~VREF 

17f- SWI 

16i-- SW2 

15i-- ANALOG GND 

:J> 
C 
C 
(,.) 
en 
o ..... 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.3V to Vee + 0.3V 

Operating Temperature Range (T A) _40°C to +85°C 
Package Dissipation at T A = 25°C 800mW 

derate at e JA(MAX) = 125°C!Watt above T A = 25°C 

Operating Vee Range 4.5V to 6.0V 
Absolute Maximum Vee 6.5V 
Lead Temperature (Soldering, 10 seconds) 300°C 
Storage Temperature Range _65°C to +150°C 

Electrical Characteristics 4.75 V ..;; Vee";; 5.25 V, -40°C";; T A ..;; +85°C, unless otherwise spe~ified. 
ADD3501 

PARAMETER CONDITIONS MIN TYP (2) MAX UNITS 

VIN (1) Logical "1" Input Voltage Vee- lo5 V 

VIN(O) Logical "0" Input Volt~ge 1.5 V 

VOUT(O) Logical "0" Output Voltage 10=1.1mA 0.4 V 
(All Digital Outputs except 
Digit Outputs) 

VOUT(O) Logical "0" Output Voltage 10 = 0.7 rnA 0.4 V 
(Digit Outputs) 

VOUT(1) Logical "1" Output Voltage 10 =50mA @TJ = 25°C Vcc = 5V Vee -l.6 Vee - 1.3 V 
(All Segment Outputs) 10 = 30mA@TJ = 100°C Vee -l.6 Vee- lo3 V 

VOUT(1) Logical "1" Output Voltage 10 = 500MA (Digit Outputs) Vee -0.4 V 
(All Digital Outputs except 10 = 360MA (Conv. Complete, 
Segment Outputs) +1-, Otlo Outputs) 

ISOURCE Output Source Current VOU.T= 1.0V 2.0 rnA 
(Digit Outputs) 

IIN(1) Logical "1" Input Current V IN = 1.5V 1.0 MA 
(Start Conversion) 

IIN(O) Logical "0" Input Current VIN = OV -1.0 MA 
(Start Conversion) 

lee Supply Current Segments and Digits Open 0.5 10 rnA 

Oscillator Frequency 0.6/RC kHz 

fiN Clock Frequency 100 640 kHz 

fc Conversion Rate f IN/64,512 conv.lsec 

f MUX Digit Mux Rate f lN/256 Hz 

tSLANK Inter Digit Blanking Time 1/(32tIV!Ux) sec 

tsepw Start Conversion Pulse Width 200 DC ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides 
conditions for actual device operation. 

Note 2: All typicals given for T A = 25°C. 
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Electrical Characteristics ADD3501 

tc = 5 conversions/second, O°C .;;; T A .;;; 70°C, unless otherwise specified. 

Non-Linearity V IN = 0-2V Full Scale 
V IN = 0 - 200mV Full Scale 

Quantization Error 

Offset Error, VIN = OV 

Rollover Error 

Analog Input Current 
(V IN+, VIN-) 

block diagram 

START CONY -

. TA = 25°C 

A1r-

B1r-
Cl f--
01 f--
A2-

82-

C2-

02-

AJ-

8J-

CJ-

OJ-
A4_ 

3'h-DIGIT 
LATCH 
r--

lSO 

I---

e---

e---

FRED IN - DIGITAL TIMING 84- MSO 
AND CONTROL C4_ 

.-FRED OUT 

GNO 

DIGITAL Vee 

ANALOG Vee 

VflLTER 

+ -
_vss 

--~ 1 

~ I - I 

~ 
L_-:.J 

'---

101 

102 

IOJ 

104 
OIGI1: BLANK 

-
COMPARATOR 

TIMING 
r--

r-'----, 

100 

-
C n 

+ .......... 

~o r-- -n 
-

f 

~ 

'Ii 7 

-0.05 

-1 

-0.5 

-0 

-5 

16:4 
MUX 

OVERFLOW 
ROM 

ADD3501 3%·Digit DVM Block Diagram 
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±0.025 

+1.5 

±0.5 
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+0.05 % of 
full scale 

+0 counts 

+3 mV 
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..... S, 

.... 

...... S 
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..... S, 
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Theory of Operation 
A schematic for the analog loop is shown in figure 1. 
The output of SW1 is either at V REF or zero volts, 
depending on the state of the D flip·flop. If Q is at a 
high level VOUT = V REF· and if Q is at a low level VOUT 
= OV. This voltage is then applied to the low pass filter 
comprised of R1 and C1. The output ofthis filter, VFB ' 
is connected to the negative input of the comparator, 
where it is compared to the analog input voltage, V IN. 
The output of the comparator is connected to the D 
input of the D flip·flop. Information is then transferred 
from the D input to the Q and Q outputs on the positive 
edge of clock. This loop forms an oscillator whose duty 
cycle is precisely related to the analog input voltage, VIN . 

An example will demonstrate this relationship. Assume 
the input voltage is equal to 0.500V. If the Q output of 
the D flip-flop is high then VOUT will equal VREF 
(2.000V) and VFB will charge toward 2V with a time 
constant equal to R,C,. At some time VFB will exceed 
0.500V and the comparator output will switch to OV. 
At the next clock rising edge the Q output of the D flip­
flop will switch to ground, causing VOUT to switch to 
OV. At this time VFB will start discharging toward OV 
with a time constant R,C,. When VFB is less than 0.5V 
the comparator output will switch high. On the rising 
edge of the next clock the Q output of the D flip-flop 
will switch high and the process will repeat. There exists 
at the output of SW1 a square wave pulse train with 
positive amplitude VREF and negative amplitude OV. 

The DC value of this pulse train is: 

TON 
VOUT = VREF ( -- ) VREF(dutycycle) 

TON+TOFF 

Schematic Diagram· 

The lowpass filter will pass the DC value and then: 

Since the closed loop system will always force VFB to 
equal V IN, we can then say.that: 

or 

(duty cycle) 

The duty cycle is logically ANDed with the input 
frequency fiN. The resultant frequency f equals: 

f = (duty cycle) x (clock) 

Frequency f is accumulated by counter no. 1 for a time 
determined by counter no. 2. The count contained in 
counter no. 1 is then: 

(count) = 
(clock)/N 

(duty cycle) x (clock) 

(clock)/N 

For the ADD3501, N = 2000. 

liN 0--""-" COUNTER NO.1 (+NI RESET 

.... -----!COUNTER NO. 2(+2N) 

VIN = VFB = VREFx(dutYcycle) 
I = (dutY cycle) x fiN· 

Count in Counter No.1" _1_ = (dutY cycle) x liN = ~ x N 
liNIN liNIN VREF 

Figure 1. Analog Loop Schematic 
Pulse Modulation AID Converter 
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general information 
The timing diagram, shown in figure 2, gives operation 
for the free running mode. Free running operation is 
obtained by connecting the Start Conversion input to 
logic "1" (Veel. I n this mode the analog input is con­
tinuously converted and the display is updated at a rate 
equal to 64,512 x l/f lN . 

The rising edge of the Conversion Complete output 
indicates that new information has been transferred 
from the internal counter to the display latch. This 
information will remain in the display latch until the 
next low-to-high transition of the Conversion Complete 
output. A logic "1 "will be maintained on the Conversion 
Complete output for a time equal to 64 x l/flN. 

Figure 3 gives the operation using the Start Conversion. 
input. It is important to note that the Start Conversion 
input and Conversion Complete output do not influence 
the actual analog-to-digital conversion in any way. 

Timing Waveforms 

fiN JUl 

Internally the ADD3501 is always continuously con­
verting the analog voltage present at its inputs. The Start 
Conversion input is used to control the transfer of infor­
mation from the internal counter to the display latch. 

An RS latch on the Start Conversion input allows a 
broad range of input pulse widths to be used on this 
signal. As shown in figure 3, the Conversion Complete 
output goes to a logic "0" on the rising edge of the 
Start Conversion pulse and goes to a logic "1" some time 
later when the new conversion is transferred from the 
internal counter to the display latch. Since the Start 
Conversion pulse can occur at any time during the 
conversion cycle, the amount of time from Start Con­
version to Conversion Complete will vary. The maximum 
time is 64,512 x l/flN and the minimum time is 
256 x 1/fIN' 

r:I----------64,512X llflN 

"'.-1----------- 64,000 x llflN --------1, -
CONVERSION CYCLE --------------------..,1 r-­
(INTERNAL SIGNAL) L--I 

1 .. 1---------- 64,256 x llflN --------lnl'-! I 
j+- 64/flN 

CONVERSION n",,,,,,,,,,,,,,,,,,,,,,"-
COMPLETE r r 

NEW CONVERSION 
CONVERSION ENDS 

STTTS I 

Figure 2. Conversion Cvcle Timing Diagram for Free Running Operation 
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CONVERSION CYCLE r----------U (INTERNAL SIGNAill u 
r-, n .-.' START CONVERSION,:..·_ .. : __ .... L_~_ .. ! ...... ! _________________ _ 

CONVERSION i r------~ 
COMPLETE - - - -- - - ... --------...... 

Figure 3. Conversion Cycle Timing Diagram Operating with Start Conversion Input 

Applications 

SYSTEM DESIGN CONSIDERATIONS 

Perh.aps the most important thing to consider when 
designing a system using the ADD3501 is power supply 
noise on the Vee and ground lines. Because a single 
power supply is use~ and currents in the 300 mA range 
are being switched, good circuit layout techniques can­
not be overemphasized. Great care has been exercised 
in the design ,of the ADD3501 to minimize these prob- , 
lems but poor printed circuit layout can negate these 
features. 

Figures 4, 5, and 6 show schematics of DVM systems. 
An attempt has been made to show, on these schematics, 
the proper distribution for ground and Vee. To help 
isolate digital and analog portions of the circuit, the 
analog Vee and ground have been separated from the 
digital Vee and ground. Care must be taken to eliminate 
high current from flowing in the analog Vee and ground 
wires. The most effective method of accomplishing this 
is to use a single ground point and a single Vee point 
where all wires are brought together. I n addition to this 
the conductors must be of sufficient size to prevent 
significant voltage drops. 

To prevent switching noise from causing jitter problems, 
a voltage regulator with good high frequency response 
is necessary. The LM309 and the LM340·5 voltage 
regulators both function well and are shown in figures 
4, 5, and 6. Adding more filtering than is shown will in 
general increase the jitter rather than decrease it. The 
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most important characteristic of transients on the Vee 
line is the duration of the transient and not its amplitude. 

F igu re 4 shows a DPM system wh ich converts 0 V to 
1.999V operating from a non-isolated power supply. 
In this configuration' the sign output could be + (logic 
"1") or - (logic "0") and it should be ignored. Higher 
voltages could be converted by placing a fixed divider 
on the input; lower voltages could be converted by 
placing a fixed divider on the feedback, as shown in 
figure 6. ' 

Figures 5 and 6 show systems operating with an isolated 
supply that will convert positive and negative inputs. 
60 Hz common mode input becomes a problem in this 
configuration and a transformer with an electrostatic 
shield between primary and secondary windings is shown. 
The necessity for using a shielded transformer depends 
on the performance requirements ,and the actual applica­
tion. 

The filter capacitors connected to V FB (pin 14)' and 
V FLT (pin 11) should be low leakage. In the application 
examples shown every 1.0nA of leakage current will 
cause O.lmV error (1.0xlO-9 Ax100kU = 0.1mV). 
If the leakage current in both capacitors is exactly the 
same no error will result since the source impedances 
driving them are matched. 
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NOTES: 
V(+) 1. ALL-RESISTORS'!. WATT:!: 5% UNLESS OTHERWISE 
OV TO 1" 1.999V SPECIFIED. 

V(-) >-- 2. ALL CAPACITORS ~10%. R1R2 = RJ± 25H 
4. AI +R2 

J. LOW LEAKAGE CAPACITOR REQUIRED 

Figure 5. 3%·Oigit OPM, ±1.999 Volts Full Scale 
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Figure 6. 

NOTES 
1. All RESISTORS % WATT!. 5% UNlESS OTHERWISE 

SPECIFIED 
2. All CAPACITORS .dO%. 
3. lOW LEAKAGE CAPACITOR REOUIRED. 

3J(,-Digit DVM, Four Decade, ±0.2 V, ±2 V, ±20 V and ±200 V Full Scale 

J!1.!!l... = R3! 25H 
4 Rl + R2 

~os&aa" 



,.. 
~ ~National 
g a Semiconductor 
c( 

ADD3701 33/4 Digit DVM with 
Multiplexed 7 -Segment Output 
General Description 
The ADD3701 (MM74C936-1) monolithic DVM circuit 
is manufactured using standard complementary MOS 
(CMOS) technology_ A pulse modulation analog-to-digital 
conversion technique is used and requires no external 
precision components. In addition, this technique allows 
the use of a reference voltage that is the same polarity 
as the input voltage. 

One 5 V (TTL) power supply is required. Operati'ng with 
an isolated supply allows the conversion of positive as 
well as negative voltages. The sign of the input voltage 
is automatically determined and output on the sign pin. 
If the power supply is not isolated, only .one polarity of 
voltage may be converted. 

The conversion rate is set by an internal oscillator. The 
frequency of the oscillator can be set by an external RC 
network or the oscillator can be driven from an external 
frequency source. When using the external RC network, 
a square. wave output is available. It is important to note 

. that great care has been taken to synchronize digit 
multiplexing with the AID conversion timing to elimi­
nate noise due to power supply transients. 

The ADD3701 has been designed to drive 7-segment 
multiplexed LED displays directly with the aid of 
external digit buffers and segment resistors. Under 
condition of overrange, the overflow output will go high 
and the display will read +OFL or -OFL, depending on 
whether the input voltage is positive or negative. In 
addition to this, the most significant digit is blanked 
when zero. 

A start conversion input and a conversion complete 
output are included. 

Connection Diagram 

VCC- 1 

ANALOGVCC- 2 

5d- l 

S,- 4 

Sj,- 5 s.- 6 
OFLO- 7 

Features 
• Operates from single 5 V supply 

• Converts 0 to ±3999 counts 

• MUltiplexed 7-segment 

• Drives segments directly 

• No external precision components necessary 

• Accuracy specified over temperature 

• Medium speed - 400 mslconversion 

• Internal clock set with RC network or driven ex­
ternally 

• Overrange indicated by +OFLor-OFLdisplay reading 
and OFLO output 

• Analog inputs in applications shown can withstand 
±200 Volts 

Applications 
• Low cost digital power supply readouts 

• Low cost digital multimeters 

• Low cost digital panel meters 

• Eliminate analog multiplexing by using remote AID 
converters 

• Convert analog transducers (temperature, pressure, 
displacement, etc.) to digital transducers 

• Indicators and displays requiring readout up to 3999 
counts 

28-S. 

27 -51 
2& -Sg 
25 -GNO 

24 -DIGITI (MSD) 

23 -DIGIT2 

22 -D1GITl 

CONVERSION COMPLETE - 8 ADD3701 21 -DIGIT 4 (LSD) 

START CONVERSION - 9 20 -fOUT 

SIGN- 10 19-f1N 

VFILTER- 11 18 -VREF 

VIN!-J- 12 17 -SWI 

VIN(+)- 13 1& -SW2 

VFB- 14 15 -ANALOG GND 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin except Start Conversion -0.3V to Vee + 0.3V 
Voltage at Start Conversion -0.3Vto+15.0V 
Operating Temperature Range (T A) _40°C to +85°C 

Package Dissipation at T A = 25°C 800mW 
Operating Vee Range 4.5V to 6.0V 
Absolute Maximum Vee 6.5V 
Lead Temperature (Soldering, 10 seconds) 300°C 
Storage Temperature Range _65°C to +150°C 

Electrical Characteristics ADD3701 

4.75V .;;; Vee';;; 5.25V, -40°C';;; T A';;; +85°C. unless otherwise specified. 

Parameter Conditions Min Typ2 Max Units 

VIN(1 ) Logical "1" Input Voltage Vee -l.5 V 

VINIO) Logical "0" Input Voltage 1.5 V 

VOUTIO) Logical "0" Output Voltage 10=1.1 mA 0.4 V 
(All Digital Outputs Except 
Digit Outputs) 

VOUTIO) Logical "0" Output Voltage 10= 0.7 mA 0.4 V 
(Digit Outputs) 

VOUTll) Logical "1" Output Voltage 10 = 50 mA@TJ = 25°C Vcc=5V Vee -l.6 Vee- 1.3 V 
(All Segment Outputs) 10 =30 mA@TJ = 100°C Vee-1.6 Vee -l.3 V 

VOUTll) Logical "1" Output Voltage 10 = 500f.!A (Digit Outputs) Vee -O.4 V 
(All Digital Outputs Except .10 = 360f.!A (Conv. Complete, 
Segment Outputs) +1-, OFLO Outputs) 

IsouReE Output Source Current VOUT= 1.0 V 2.0 rnA 
(Digit Outputs) 

IINO) Logical "1" Input Current V IN = 15V 1.0 f.!A . (Start Conversion) 

IINIO) Logical "0" Input Current VIN = OV -1.0 f.!A 
(Start Conversion) 

Icc Supply Current Segments and Digits Open 0.5 10 mA 

Oscillator Frequency 0.6/RC kHz 

fiN Clock Frequency 100 640 .kHz 

fe Conversion Rate f 1N /129,024 conv.!sec 

fMUX Digit Mux Rate f lN/512 Hz 

tBLANK I nter Digit Blanking Time 1/(32fMux ) seconds 

tsepw Start Conversion Pulse Width 200 DC ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Range" they are not meant to imply that the devices should be operated at these limits. The table. of "Electrical Characteristics" provides 
conditions for actual device operation. 

Note 2: All typicals given for T A = 25° C. 
Note 3: Full scale = 4000 counts; therefore Q.025% of full scale = 1 count and 0.05% of full scale = 2 counts. 
Note 4: For 2.000 Volts full scale, 1 mV = 2 counts. 
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Electrical Characteristics ADD3701 

tc = 2.5 conversions/second, o°c.;;; TA .;;; +70°C, unless otherwise specified. 
Or-----------------------.---------------~--._------._--~~----~--------I « Parameter Conditions 

Non-Linearity of Output V ,N = 0-2 V Full Scale 
Reading V ,N = 0-200mV Full Scale 

Quantization Error 

Offset Error, V IN = 0 V 

Rollover Error 

Analog Input Current 
(V ,N+, V ,W) 

Block Diagram 

START CONY 

FREDIN 

FREQ DUT 

GND 

DIGITAL Vee 

ANALOG VCC 

VFlLTER 

+VIN 

3%·0IGI1 
LATCH 
~ 

A'_ 
B._ LSD c.-
D.- r---A2_ 

82-- C2 :: D2 r--- 16:4 
' A3 :: MUX 

B3 

C3-

D3- e----
A4_ - DIGITAL TIMING B4 - MSD 

AND CONTROL C4_ 

'---

~ 
104 

103 

- ID2 

" 

10. 
DIGIT BLANK 

t---
COMPARATOR f---

TIMING 
+ "..---L-, - OVERFLOW 

ROM 

-VSS y 
.00 

"-~ 

r --l 1 

~ 
+ ..... 

COMPARA~ i>- D 

I - I 

~ i! 
I : '---

.!.. 
L __ -' 

Ao03701 3%·oigit DVM Block Diagram 
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Theory of Operation 
A schematic for the analog loop is shown in figure 1. 
The output of SW1 is either at V REF or zero volts, 
depending on the state of the D flip-flop. If Q is 'at a 
high level, VOUT = VREF and if Q is at a low level VOUT 
= 0 V. This voltage is then applied to the low pass filter 
comprised of R 1 and C1. The output of this filter, V FB, 
is connected to the negative input of the comparator, 
where it is compared to the analog input voltage, VIN . 
The output of the comparator is connected to the D 
input of the D flip·flop. Information is then transferred 
from the D input to the Q and Q outputs on the positive 
edge of clock. This loop forms an oscillator whose duty 
cycle is precisely related to the analog input voltage, VIN . 

An example will demonstrate this relationship. Assume 
the input voltage is equal to 0.500 V. If the Q output of 
the D flip·flop is high then VOUT will equal VREF 
(2.000V) and VFB will charge toward 2V with a time 
constant equal to R,C,. At some time VFB will exceed 
0.500 V and the comparator output will switch to 0 V. 
At the next clock rising edge the Q output of the D flip­
flop will switch to ground, causing VOUT to switch to 
OV. At this time VFB will start discharging toward OV 
with a time constant R,C,. When VFB is less than 0.5 V 
the comparator output will switch high. On the rising 
edge of the next clock the Q output of the D flip·flop 
will switch high and the process will repeat. There exists 
at the output of SW1 a square wave pulse train with 
positive amplitude V REF and negative amplitude 0 V. 

The DC value of this pulse train is: 

tON 
VOUT = VREF = VREF (duty cycle) 

tON + tOFF 

Schematic Diagram 

The lowpass filter will pass the DC value and then: 

V FB = V REF (duty cycle) 

Since the closed loop system will always force V FB to 
equal VIN , we can then say that: 

or 

VIN = VFB = VREF (duty cycle) 

VIN 
--= (duty cycle) 
VREF 

The duty cycle is logically ANDed with the input 
frequency fiN' The resultant frequency f equals: 

f = (duty cycle) x (clock) 

Frequency f is accumulated by counter no. 1 for a time 
determined by counter no. 2. The count contained in 
counter no. 1 is then: 

(count) = __ f __ = (duty cycle) x (clock) 

(clock)/N (clock)/N 

V IN 
=--xN 

V REF 

For the ADD3701 N = 4000. 

COUNTER NO. 'I~NI RESET 

..... ----;COUNTER NO. 2(~2NI 

V IN = V FB = V REF x Iduty cycle) 

1 = Iduty cycle) x liN 

Count in Counter No.1 = _1_ 
liNIN 

Iduty cycle) x liN = ~x N 
liNIN VREF 

Figure 1. Analog Loop Schematic Pulse Modulation AID Converter 
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General Information 
The timing diagram, shown in figure 2, gives operation 
for the free running mode. Free running operation is 
obtained by connecting the Start Conversion input to 
logic ''1'' (Vee!. In this mode the analog input is con­
tinuously converted and the display is updated at a rate 
equal to 129,024 x 1/fIN • 

The rising edge of the Conversion Complete output 
indicates that new information has been transferred 
from the internal counter to the display latch. This 
information will remain in the display latch until the 
next low·to-h igh transition of the Conversion Complete 
output. A logic "1" will be maintained on the Conversion 
Complete output for a time equal to 128 x 1/f IN • 

Figure 3 gives the operation using the Start Conversion 
input. It is important to note that the Start Conversion 
input and Conversion Complete output do not influence 
the actual analog-to-digital conversion in any way. 

Timing Waveforms 

fiN llJl 

Internally - the ADD3701 is always continuously con­
verting the analog voltage present at its inputs. The Start 
Conversion input is used to control the transfer of 
information from the internal counter to the display 
latch. 

An RS latch on the Start Conversion input allows a 
broad range of -input pulse widths to be used on this 
signal. As shown in figure 3, the Conversion Complete 
output goes to a logic "0" on the rising edge of the ' 
Start Conversion pulse and goes to a logic "1" some time' 
later when the new conversion is transferred ,from the 
internal counter to the display latch. Since the Start 
Conversion pulse can occur at any time during the 
conversion cycle, the amount of time from Start Con­
version to Conversion Complete will vary. The maximum 
time is 129,024 x 1/f1N and the minimum time is 
512 x 1/f11ll' 

r:I----------129,024 x l/flN 

"'--1----------128,000 x l/fIN-----~.~1 

CONVERSION CYCLE --------------------;. r-­
(INTERNAL SIGNAL) L......J 

, ..... 0----------128,512 x l/fIN-------+f1I-1 I 
~128/f1N 

CONVERSION n ... __ _ 
COMPLETE t t 

NEW 
CONVERSION 

STARTS 
CONVERSION 

ENOS 

Figure 2. Conversion Cycle Timing Diagram for Free Running Operation 
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CONVERSION CYCLE r----------'I r--------....,U 
(INTERNAL SIGNAill U 

r-, n .-. 
START CONVERSION,::..'_"-_--' L ___ i..I ..... I ________________ _ 

CONVERSION i r------~ 
COMPLETE - - - - - - _ .. _ -------.1 

Figure 3. Conversion Cycle Timing Diagram Operating with Start Conversion Input 

Applications 
SYSTEM DESIGN CONSIDERATIONS 

Perhaps the most important thing to consider when 
designing a system using the ADD3701 is power supply 
noise on the Vee and ground lines. Because a single 
power supply is used and currents in the 300 mA range 
are being switched, good circuit layout techniques 
cannot be overemphasized. Great care has been exercised 
in the design of the ADD3701 to minimize these prob­
lems but poor printed circuit layout can negate these 
features. 

Figures 4, 5, and 6 show schematics of DVM systems. 
An attempt has been made to show, on these schematics, 
the proper distribution for ground and Vee. To help 
isolate digital and analog portions of the circuit, the 
analog Vee and ground have been separated from the 
digital Vee and ground. Care must be taken to eliminate 
high current from flowing in the analog V cc and ground 
wires. The most effective method of accomplishing this 
is to use a single ground point and a single Vee point 
where all wires are brought together. In addition to this 
the conductors must be of sufficient size to prevent 
significant voltage drops. 

To prevent switching noise from causing jitter problems, 
a voltage regulator with good high frequency response 
is necessary. The LM309 and the LM340-5 voltage 
regulators all function well and are shown in figures 4, 
5, and 6. Adding more filtering than is shown will in 
general increase the jitter rather than decrease it. 
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The ,most important characteristic of transients on the 
V cc line is the duration of the transient and not its 
amplitude. 

Figure 4 shows a DPM system which converts a to +3.999 
counts operating from a non-isolated power supply. 
In this configuration the sign output could be + (logic 
"1") or - (logic "a") and it should be ignored. Higher 
voltages could be converted by placing a fixed divider 
on the input; lower voltages could be converted by 
placing a fixed divider on the feedback, as shown in 
figure 5. 

Figures 5 and 6 show systems operating with an isolated 
supply that will convert positive and negative inputs. 
60 Hz common mode input becomes. a problem in this 
configuration and a transformer with an electrostatic 
shield between primary and secondary windings is shown. 
The necessity for using a shielded transformer depends 
on the performance requirements and the actual applica­
tion. 

The filter capacitors connected to V FB (pin 14) and 
V FL T (pin 11) should be low leakage. In the application 
examples shown every 1.0 nA of leakage current will 
cause 0.1 mV error (1.0xl0-9 A x 100krl = 0.1 mV). 
If the leakage current in both capacitors is exactly the 
same no error will result since the source impedances 
driving them are matched. 
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NOTES: 

1. All RESISTORS Yo WATT ± 5% UNLESS OTHERWISE 
SPECIFIED. 

2. All CAPACITORS ±1 0%. 

3. lOW LEAKAGE CAPACITOR REQUIRED. 

+ lO~F -.T lovoe 

4 . ....!!l!!L R1+R2" R3±.25'u 

Figure 4. 3%·Digit DPM. +3.999 Count Full Scale 
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v(+) NOTES: 
1. ALL RESISTORS %. WATT! 5% UNLESS OTHERWISE 

VI-} SPECIFIED. 

OV TO i.999V 2. ALL CAPACITORS ±10%. 
(0.3.99' COUNTS) 3. LOW LEAKAGE CAPACITOR REOUIRED. 

4. R1A2 =R3±25n 
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Figure 5. 3l4-0igit OPM, ±3.999 Counts Full Scale 

i 

t n .. nn 

~OlEaa" 



2]1 .. 
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ADD3701 

ADD3701 

NOTES: 
1. ALL RESISTORS % WATT. 5% UNLESS OTHERWISE 

SPECIFIED. 
2. ALL CAPACIToRS±10%. 
3.- LOW LEAKAGE CAPACITOR REQUIRED. 

4. R1H2 .. R3±25n.. 
R1 +R2 

Figure 6. 314-Digit DVM. Four Decade. ±O.4V. ±4V. ±40V.and ±400V Full Scale 
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Figur. 7. ADD3701 Driving Liquid Crystal Display 
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~National 
~ Semiconductor 

MM54C905/MM74C90512·Bit Successive 
Approximation Register 

General Description 
The MM54C905/MM74C905 CMOS 12-bit successive 

, Il-pproximation' register contains all the digit control and 

Features 
• Wide supply voltage range 

• Guaranteed noise margin 

• High noise immunity 

• Low power TTL 
compatibility 

3.0Vto 15V 

10.V 

0.45 Vee typo 

fan out of 2 
driving 74L 

storage necessary for successive approximation analog­
to digital conversion_ Because of the unique capability 
of CMOS to switch to each supply rail without any offset 
voltage, it can also be used in digital systems as the 
control and storage element in repetitive routines. • Provision for register extension or truncation 

• Operates in START/STOP or continuous conversation 
, mode 

• Drive ladder switches directly. For 10 bits or less with 
50k/100k R/2R ladder network 

See page 2-7 
for Detailed 

Specifications 
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~National 
~ Semiconductor 

PRELIMINARY 

ADcoao1, ADcoao2, ADcoao3, ADcoao4, ADcoa05 a·Bit j.tP 
Compatible AID Converters 
General Description 
The ADC0801, ADC0802, ADC0803, ADC0804 and 
ADC0805 are CMOS 8·bit successive approximation 
A/D converters which use a differential potentiometric 
ladder-similar to the 256R products. These converters 
are designed to allow operation with the 8080A control 
bus, and TR I·STA TE® output latches directly drive 
the data bus. These A/Ds appear like memory locations 
or I/O ports to the microprocessor and no interfacing 
logic is needed. 

A new differential analog voltage input allows increasing 
the common·mode rejection and offsetting the analog 
zero input voltage value. In addition, the voltage refer· 
ence input can be adjusted to allow encoding any smaller 
analog voltage span to the full 8 bits of resolution. 

Features 
• Compatible with 8080 J!P derivatives-no inter· 

faci ng logic needed 

• Easy interface to all microprocessors, or operates 
"stand alone" 

Typical Applications 
(VI 

I 
cs 

2 
ifIi . 

3 
Wii 

5 
iNfR 

II 
DB1 

I, ANY ~~ 12 
DB6 

,IlPROCESSOR ; 13 AID 
DB5 

14 
DB. 

IS 
DB3 

16 
DB2 

~~=======:;~ ~:: 
W 

8080 Interface 

• Differential analog voltage inputs 

• Logic inputs and outputs meet both MOS and T2L 
voltage level specifications 

• Works with 2.5V (LM336) voltage reference 

• On·chip clock generator 

• OV to 5V analog input voltage range with single 5V 
supply 

• No zero adjust required 

• 0.3" standard width 20'pin DIP package 

Key Specifications 

Vee 

eLK R 

eLKIN 

VIN(-fJ 

V,NH 

A GND 

• Resolution 

• Total error 

8 bits 

±1/4 LSB, ±1/2 LSB and ±1 LSB 

• Conversion time 100 J!S 

• Access time 135 ns 

• Single supply 5 VDC 
• Operates ratiometrically' or with 5 VDC, 2.5 VDC, 

or analog span adjusted voltage reference 

5V 

2. 1 
t!;b 

19 

• 10k 

6 

1 >OIFF INPUTS 

B 

. I 

I 

r-- ..!!!!NSDUCER 

'---

S-BIT RESOLUTION 
OVER ANY DESIRED 
ANALOG INPUT 
VOLTAGE RANGE 
seE SECTION 2.4.1 

9 SPANADJ 4-
VREFI2 r--o ~EE SECTION ':' 

10 2.4.1 

DGND~ 

r-------~ ~--------~ Connection Diagram 

PART NUMBER 

ADC0801 
ADC0802-
ADC0803 
ADCOBD4 
ADC0805 

BOBO, 
za., 

BQ4B, 
ETC. 

csl---.a 

iiiit----+c:J( 

Wii t----+c:J( 

DATA 

LINEARITY SPECIFICATION 

fULL-SCALE 
ADJUSTED 

±1/4 LSB 

±1/2 LSB 

VREF/2"" 2.500 Voc 
(NO ADJUSTMENTS) 

±1/2 LSB 

±1 LSB 

TRI-STATE- is a registered trademark of National Semiconductor Corp. 

AiD 

VREF/2 - NO CONNECTION 
(NO ADJUSTMENTS) 

±l LSB 
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ADC080X 
Dual-In-Line Packag~ 

cs --c '-.../ ~ Vee IDR VREF' 

ifIi----l: .!!..eLKR 

Wii ~ .!!.. DBO ILSB' 

CLKIN...!. .!!... DBI 

INTR --t ..!.!...- DB' 

V'NI+'...!.. ..!.!...-DB3 

VINH-2. ..!!- DB. 

AGND ...!.. ..!.!-DBS 

VREF" ....!. ..!!..-DB6 

D GND....!!.. 
II 
-DB7IMSB' 

TOP VIEW 
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Absolute Maximum Ratings (Notes 1 and 2) 

Supply Voltage (VCC) (Note 3) 
Voltage 

logic Control Inputs 

6.5V 

-O.3V to +18V 
At Other Input and Outputs 

Storage Temperature Range 

Package Dissipation at TA = 2S·C 

-O.3V to (VCC + O.3V) 
-65·C to +150·C 

875mW 
lead Temperature (Soldering, 10 seconds) 300·C 

Electrical Characteristics 

Operating Ratings (Notes 1 and 2) 

Temperature Range (Note 1) 
ADC08il1/02/03lD 
ADC0801/02/03/04lCD 
ADC0801/02/03/05lCN 
ADC0804lCN 

Range of V CC (Note 1) 

TMIN S TA S TMAX 
-55·C S TA S +125·C 
-4o"C S TA S +85"C 
-40·C S TA S +85·C 

O·CSTAS+70·C 

4.5 VDC to 6.3 VDC 

('t) The following specifications apply for VCC = 5 VOC, TMIN::; TA::; TMAX and fCLK = 640 kHz unless otherwise specified. 

~ 
C 
<C 

I c 
<c' 
~ 

~ 
o 
C 
<C 

PARAMETER CONDITIONS MIN TVP 

ADC0801: 

Total Adjusted Error With Full·Scale Adj. 

(Note 8) (See Section 2.S.2) 

ADC0802: 

Total Unadjusted Error VREFI2 = 2.S00 VDC 

(Note 8) (RSOURCE::; 20m 

ADC0803: 

Total Adjusted Error With Full·Scale Adj. 

(Note 8) (See Section 2.S.2) 

ADC0804: 

Total Unadjusted Error VREF/2 = 2.S00 VDC 
(Note 81 (RSOURCE ::; 20m 

ADC080S: VREFI2 - NC 
Total Unadjusted Error (RSOURCE::; 20m 

V REFI2 Input Resistance (Pin 91 ADC080110210310S 2.S 8.0 
ADC0804 (Note 9) 1.0 1.3 

Analog Input Voltage Range (Note 4) V(+) or V(-) Gnd-O.OS 

DC Common-Mode Rejection Over Analog Input Voltage ±1116 

Range 

Power Supply Sensitivity VCC = S VDC ±10% Over ±1116 

Allowed VIN(+) and VIN(-) 

Voltage Range (Note 4) 

AC Electrical Characteristics 
The following specifications apply for VCC = 5 VOC and TA = 25°C unless otherwise specified. 

PARAMETER CONDITIONS MIN TVP 

fCLK Clock Frequency VCC = 6V, (Note SI 100 640 

VCC= SV 100 640 

Tc Conversion Time (Note 6) 66 

CR Conversion Rate I," Free-Running INTR tied to WR with 

Mode es = 0 VDC, fCLK = 640 kHz 

tW(WR)L Width of WR Input (Start Pulse es = 0 VDC (Note 7) 100 

Width) 

tACC Access Time (Delay from CL = 100 pF 135 

Falling Edge of ROta Output (Use Bus Driver IC for 

Data Valid) larger CLl 

tlH, tOH TRI·STATE Control (Delay CL = 10pF, RL = 10k 12S 

from Rising Edge of AD to (See TRI·STATE Te.st 

Hi·Z State) Circuits) 

tWI, tRI Delay from Falling Edge 300 

of WR or RD to Reset.of INTR 

CIN Input Capacitance of Logic S 

; Control Inputs 

COUT TR I·STATE Output 5 

Capacitance (Data Buffers) 

3-54 
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MAX UNITS 

±114 LSB 

±112 LSB 

±112 LSB 

±1 LSB 

±1 LSB 

kn 

kn 

VCC+O.OS VDC 

±118 LSB 

±118 LSB 

MAX UNITS 

1280 kHz 

800 kHz 

73 l/fClK 

8770 conv!s 

ns 

200 ns 

2S0 ns 

450 ns 

7.5 pF 

7.5 pF 



Electrical Characteristics 
The following specifications apply for Vee = 5 Voe and TMIN $ TA $ TMAX, unless otherwise specified. 

PARAMETER I CONDITIONS I MIN I TYP I MAX I UNITS 

CONTROL INPUTS [Note: CLK IN (Pin 4) is the input of a Schmitt trigger circuit and is therefore specified separately] 

VIN (1) Logical "1" Input Voltage VCC = 5.25 VOC 2.0 15 VDC 
(Except Pin 4 ClK IN) 

VIN (0) Logical "0" Input Voltage VCC = 4.75 VOC 0.8 VDC 
(Except Pin 4 ClK IN) 

liN (1) Logical "1" Input Current VIN = 5 VOC 0.005 1 }lAOC 
(All Inputs) 

liN (0) Logical "0" Input Current VIN=OVOC -1 -0.005 }lAOC 
(All Inputs) 

CLOCK IN ANO CLOCK R 

VT+ CLK IN (Pin 4) Positive Going 2.7 3.1 3.5 VDC 
Threshold Voltage 

Vr ClK IN (Pin 4) Negative 1.5 1.8 2.1 VOC 
Going Threshold Voltage 

VH ClK IN (Pin 4) Hysteresis 0.6 1.3 2.0 VOC 
(VT+)- (Vr) 

VOUT (0) Logical "0" ClK R Output 10 = 360}lA 0.4 VOC 
Voltage VCC = 4.75 VOC 

VOUT(1) Logical "1" CLK R Output 10 = -360pA 2.4 VOC 
Voltage VCC = 4.75 VDC 

DATA OUTPUTS ANO INTR 

VOUT(O) logical "0" Output Voltage 

Oata Outputs lOUT = 1.6 mA, VCC = 4.75 VOC 0.4 VOC 
INTR Output lOUT = 1.0 mA, VCC = 4.75 VOC 0.4 VOC 

VOUT (1) logical "1" Output Voltage 10=-360pA, VCC=4.75VOC 2.4 VOC 

VOUT(1) Logical "1" Output Voltage 10 = -10}lA, VCC = 4.75 VOC 4.5 VOC 

lOUT TR I·STATE Oisabled Output VOUT = 0 VOC -3 }lAOC 
Leakage (All Oata Buffers) VOUT= 5 VOC 3 }lAOC 

ISOURCE VOUT Short to Gnd, TA = 25°C 4.5 6 mAoc 

ISINK VOUT Short to VCC, TA = 25°C 9.0 16 mAoc 

POWER SUPPLY 

ICC Supply Current (Includes fClK = 640 kHz, 

Ladder Current) VREF/2 = NC, TA = 25°C 

andCS-"l" 

AOC0801/02/03 1.1 1.8 mA 

AOC0804 (Note 9) 1.9 2.5 mA 

Note 1: Absolute maximum ratings are those values beyond which the Jife of the device may be impaired. 

Note 2: All voltages are measured with respect to Gnd, unless otherwise specified. The separate A Gnd point should always be wired to the D Gnd. 

Not. 3: A zener diode exists. internally, from VCC to Gnd and has a typical breakdown voltage of 7 VOC. 
Note 4: For VIN(-) ~ VIN(+) the digital output code will be 0000 0000. Two on-chip diodes are tied to each analog input (see block diagram) 
which will forward conduct for analog input voltages one diode drop below ground or one diode drop greater than the Vee supply. Be careful, 
during testing at low VCC levels (4.5V), as high level analog inputs (5V) can cause this input diode to conduct-especially at elevated temperatures, 
and cause errors for analog inputs near full~scale. The spec allows 50 mV forward bias of either diode. This means that as long as the analog VIN 
does not exceed the supply voltage by more than 50 mV, the output code will be correct. To achieve an absolute 0 VOC to 5 VOC input voltage 
range will therefore require a minimum supply voltage of 4.950 VDC over temperature variations, initial to~erance and loading. 

Note 5: With Vce = 6V, the digital logic interfaces are no longer TTL compatible. 

Note 6: With an asynchronous start pulse, up to 8 clock periods may be required before the internal clock phases are proper to start,the'conversion. 
process. The start request is internally latched, see Figure 2 and section 2.0. 
Note 7: The Cs input is assumed to bracket the WR strobe input 'and therefore timing is dependent on the WR pulse width. An arbitrarily wide 
pulse width will hold the converter in a reset mode and the start of conversion is initiated by the low to high transition of the WR pulse (see 

timing diagrams). 
Noto 8: None of these A/Os requires a zero adjust (see section 2.5.11. To obtain zero code at other analog input voltages see section 2.5 and 

Figure 5. 

Note 9: For AOC0804lCD typical value of VREF/2 input resistance is 8 kfl and of ICC is 1.1 mAo 
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~ Typical Performance Characteristics 

c « 

i 
c « 
M 

~ 
c « 

I c « 
..... 

~ 
c « 

logic Input Threshold Voltage 
VS. Supply Voltage 

~ 1.8 "rT-'-'--~55-::'~C<-_~TA~::;~+1-2""!5''''C'''' 

~ 1.7 HH-+++-l-+-HVr-:.t~-l 

> ~ i l.a HH-++ .. !/q-++++-+-l 
~ 1.5 HH--J.4-+-l-+-H-+-+-l ... ~ 
i1! 
~ 1.4 I'"'-IH-+++-l-+-H-+-+-l 
u 
;; 
g 1.3 I-'-'--'--"--'-.L..."-L....J....J.-'---' 

4.50 4.75 5.00 5.25 5.50 

VCC - SUPPLY VOLTAGE IVOC) 

fClK vs. Clock Capacitor 

1000 ~l~~m~~~jmm 
"\R -10k 

\ , 
\ 

100 1000 

CLOCK CAPACITOR IpF) 

Output Current vs Temperature 

8 ,....,.-,-..-r-r..-r..,...VC-C.." .... 5,.,.Vo-C,..., 

7 I I 
H"'...,..:+--H-t- DATA OUTPUT f-

BUFFERS ! 
aH-I-N-++-H--t-t-t"""""1c+-i 
I-+++-PH+IIS~U~C~ I' 

5 .... ~OUT=2.4VOC 

4 I-++"iod-++-+++ I~I:+-l-l 

31-+~1-+~~~4-rt~ 

H-I-+-I-v~~~K. 0.4 VD'C'''' 
2\...J.....1.....l....l_=_--'::.=....1--'--= 
-50 -25 0 25 50 75 100 125 

TA - AMBIENTTEMPERATURE I'C) 

Delay From Falling Edge of 
RD Jo Output Data Valid 
vs. load Capacitance 

500EI±m~ 

~ 300 

Q~e 200~ 

100 '-'-'-'-'-'-L.-L.-L.-L.......I 
o 200 400 600 800 1000 

LOAO CAPACITANCE IpF) 

Full-Scale Error vs fClK 

o 400 800 1200 1600 2000 

ICLK 1kHz) 

Power Supply Current 
vs Temperature (Note 9) 

2A "'H-I-J J I l I I I 
~ -4. -J,. ADCOBOr 
oS 2.0....j. f"N-b VCc~:--
~ 1.6 :gg:80~ ~ 
'" 80JANDADCD80~fo 
B 1.2 =5. V 
~ I:±..VCC • 5V ! O.B r- ~Cf = 4.5V 

~ 0.4 ~fCLK=640kHZ 
o mer'll) I L 

-50 -25 0 25 50 75 100 125 

TA - AMBIENT TEMPERATURE I'C) 
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ClK IN Schmitt Trip levels 
vs. Supply Voltage 

3.5 ,...,.....,.-r-r-..,--r-r-,...,.....,.-,-, 

~ 31 H-::+-++-t:: .... 'i""'f-... -jl-""-+-+-l 
c:C VT+ 
!:; 
!; 2.7 f-i--'++-H-+-+:+--I:--">--+-+--1 
g _55°& s: TA:S: +125°C 

~ I * 2.3 HH-+++-l-+-H1-+-+-l 

i= VT_ ~ ~ 
~ 1.9 H-+++-t-1I:::.O-+-' IFf-+--1 
~ ~f-

1.5 L""""..L....L--'-J......J......L.....I_.L.....J...I....L.....IC......I 

'" ., 

4.50 4.75 5.00 5.25 5.50 

VCC - SUPPLY VOLTAGE IVoc) 

Effect of Unadjusted Offset Error 
VS. VREF{2 Voltage 

16~ vINI+)' VINI-)' OV. 
14 ASSUMES VOS' 2 mV. 

H THIS SHOWS THE NEEO 
12 r- FOR A ZERO AOJ. IF 

10 

8 

6 

4 

!~~~TIHEIISP~A!NIIS!RIEIOU!C~EO!'illII 
: tElEffit~. 

0.01 0.1 1.0 

VREFI2IVOC) 

linearity Error at low 
VREF{2 Voltages 

1.0 r-r-,-,-,-..,-..,... .... -r--r-, 
_~ocb80j - 'IILSBI, 21~R~FI21-

.j 256 . 

f--+-+-+-I + IZERO AND FULL. -
I SCALE ADJUSTED)-

ffi 0.5 I-t-I LSB VALUE ImV) l.L 
1.22 I 4.88' U 119.J3 > ... 

0: 
:li 
z 
::; ~:~~~ 

ow....'--w....'--'--,"-'--'--'--'-" 
2.5 

VREFI2 VOLTAGE IVoe) 



TRI·STAT~ Test Circuits and Waveforms 

t1H. CL = 10 pF 

vcc 

VCC 
jjjj 

DATA ::: ~~'H jjjj 

tOH 

VCC 

10k 

DATA 
OUTPUT 

GNO 

VCC ---
DATA 

CL-r 

~
toH 

OUTPUTS 10% 
VOL 

OUTPUTS ~ 
GNO -------~ 

tr = 20 ns 

Timing Diagrams 

START 

CONVERSI: _____ ""\'-____ -/, ______ 1 
- II . 

ACTUAL INTERNAL 
STATUS OF THE 

CONVERTER 

~I',.....J 
tWI_ 

~ tW(WR)L 

~ 

-

":' 

"NOT BUSY" J 

r--- 1 TO B, 1IfCLK -

(LAST DATA WAS READ) 

V 
(LAST DATA WAS NOT READ) I ----------

\ 

Output Enable and Reset I NTR 

J 

"BUSY" 

---INTERNAL TC 

TRI·STATE" DATA 
OUTPUTS ------~ >--------

Note: All timing is measured from the 50% voltage points. 
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tr = 20 ns 

\ ... DATA IS VALID IN 
OUTPUT LATCHES 

.~ 
INT ASSERTED 

tVI- _1I2TCLK 
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Typical Applications (Continued) 

V,. 

6800 Interface 

cs ~ ., »-c cs 
t---'"'-VOA 

6800, iNflj 
6802, .... 8502, iii! AID 
ETC. t v 

RJW WA 

A 
DATA ., 

Absolute with a 2_500V Reference 

Vee 
(SVocl 

VINI+) Vee 1---+--...., 

AID 

V'Nf-} 

+ 
~ID.uF 

" 

VREFI2I--___ -+...;;;'··;;;;OD;...V;,:;De 

• For low power, see also LM385-2.5. 

,,. 
FS 
ADJ 

Zero-Shift and Span Adjust: 2V:::; VIN:::; 5V 

Vee 
(SVocl 

r---<>-~V'NI" Vee 1--""---------, 

Uk 

AID r- - - - - - - -., 
I I 
I I 

10k LMll. I 
FS 
ADJ I 

SETS ZERO 
CODE VOLTAGE 330 

I 
I sis':,vs~~~~~ :~~N I 

Ik 

L _________ J 

2.7k 2Voc 
ZERO ADJ 

Ratiometric with Full-Scale Adjust 
Vee 

(SYocl 

,...----, 

~"'+""'---;V'N(" 

I I 
Vee 1---+--..,.-., I 

, 
I 

•• 1. •• 

AID 

" : 
I 
I 

r---L-.(IOD I' 
I 

, , , .. ~ .. .. ,. .. 

" I 
I 
I 
I L. ____ .J 

OPTIONAL 
FSADJUST 

°Note: before using caps at VIN or VREF/2, 
see section 2.3.2 Input Bypass Capacitors. 

~ 

V'N 

Absolute with a 5V Reference 

VIN{+) Vee 

AID 

VINH VREF/2 

VCC"VREF 
1SVoci 

,-----, 
I I 

I 
I I 

+ I I T 1DPF I " I 
":' I I 

100 I 
I 
I 

2k I 
I 

I ":' I L- ____ J 
OPTIONAL 
FSADJUST 

Zero-Shift and Span Adjust: OV:::; VIN :::; 3V " 

r---<>---1 V'NI" 

AID 

Vee 
(SVocl 

Vee 1-""---------, 
+ 

~IDjJF 

+ 

~IPF 

2k 

LM:J36 
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Typical Applications (Continued) 

Directly Converting a Low-Level Signal 

Vee 
(SVoc) 

1 mV Resolution with p.P Controlled Range 

VREF/2 = 128 mV 
1 LSB= 1 mV 

VOAC::; VIN::; (VOAC + 256 mV) 

Vee 
(SVoc) 

A p.P I nterfaced Comparator 

AID 

Vee 
(SVoC) 

For: VIN(+) > VINH 
Output = FFHEX 

For: VIN(+) < VINI-) 
Output = OOHEX 

r--o----------jVrNI+1 Vccl-~f-----------, 

V,N 

B·8ITDAC 

AID 

+ 
1"O/.lF 

0::; VOAC < 2.5V "::" 

Digitizing a Current Flow 

" 
9.1k 

r.l\l'.,... ......... 2.50DVoc 

,. 
SPAN 
ADJ 

LM336 

15~~o--1~~O.l~-t ___ ~~.~IL~DA=D~_-=aA~'U~LL~.s~eA=L~EI~ ________ --, 

100 

VINf+) Vee 1------+-------. 
+ 

AID 

24011 1 10
.' 

9,11c 

" 

'''' 
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Typical Applications (Continued) 

Self-Clocking Multiple AIDs 

. 

* 

NCO--- elKR 

elKR eLKIN 

AiD sa-

elKIN t--
-'-3D,F 

NCO-- CLKR 

I 
Use a large R value 
to reduce loading 
at CLK R output. eLK IN 

I 
I 
+ 

IF MDAE THAN 5 ADDITIONAL 
AIDs, USE A CMOS BUFFER INOTTZLI 

Self-Clocking in Free-Running Mode 

10k 

eLKIN 

AID ";J; t50pf 

'-----------6--0"1 START' 

After power-up, a momentary grounding 

AID #1 

A/D#Z 

of the WR input is needed to guarantee operation. 

Operating with "Automotive" Ratiometric Transducers 

AID 
3k 

'VINH = 0.15 VCC 

Vee 
(SVnc) 

+ 

~'0/JF 

VREFIZ ~D"'.3"'5"'VC-C""'-< 

15% of VCC:;:; VXDR:;:; 85% of VCC 

16k 

1k 
FS 
AD' 

B.2k 
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External Clocking 

5V 

;1 IJlf ___ fC~~ -----Z.7VMINI 

> I, -- -- --- ----1.5VMAXO 

,..-------, 
o ~ 

I 

fCLK .....-- elK IN AID 

100 kHz:;:; fCLK :;:; 800 kHz 

MP Interface for Free-Running AID 

;t; 
D.001~F 

RESET 

1-STAGE 

AID elK R I---.--.. I>CLK B~D~~~4~~R 

10k 
V07" 

eLKIN 

-;J; 150pF 

-I !-lh1lfCLKJ 

*V07 n r-l PREVENTS AD 
I L----...J L DURING AID 

1 ! DATA UPDATE 
----T,----

RESET (72 x 1/fCUI RESET 

Ratiometric with VREF/2 Forced 

XDR 

READY 
(TOpP) 

Vee 
(SVnc) 

Veel---4~----4 

AID 

+ 
~'0/JF 

10k 

10k 



Typical Applications (Continued) 

J.lP Compatible Differential-Input Comparator with Pre-Set Vas (with or without Hysteresis) 

. 

AID 

MSB 
(OB1) 

See Figure 5 to select R value 

r---------------------"'j 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

r-~~,-~~~+<~ftl 
I 
I 

':' I 
I 
I 

Vcc 
(SVac) 

t.!ik 

lMlJ6 

I--'-"-CD-'-"-' t::~~_-_:..>_-... +-+I .... ;~ ~;r (OR Vosl 
~ ____________________ .J 

DB7 = "1" for VIN(+) > VIN(-) +2 (VREF/2) 

Omit circuitry within the dotted area if 
hysteresis is not needed 

Handling ±10V Analog Inputs Low-Cost, J.lP Interfaced, Temperature-to-Digital Converter 

,----------... -O~!iC~DCI 
Sk' 

. -

+ 

~'0,<.lF 

Beckman Instruments #694-3-R10K resistor array 

lMJJ5 

':' 

SVac 

10'1 TAMIN 
ADJ 

J.lP Interfaced Temperature-to-Digital Converter 

Jk 

Vee 
(SVac) 

VIN(+) Vee 

A/D 

V/NH VREF/2 

+ 

Vee 
(SVac) 

1'10,' 

10k 
TAMAX 
ADJ 

':' 

,-.... -'IIVY-... """1r-iVINf+) Vee I-~)------------. 
lM3JS·· 

(Z.98V@25Q C, 
10mVrK) 

2.5V 

TAMIN 

1kf . .. Circuit values shown are for 0° C :::; T A:::; +128" C 

Can calibrate each sensor to allow easy replacement, then 
AID can be calibrated with a pre-set input voltage_ 

ADJ 

21k" 

AID 
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Typical Applications (Continued) 

. 

Handling ±5V Analog Inputs 

1O"r-------, 

Vee 

AID 

Vee 
(SVocl 

Beckman Instruments #694-3-Rl0K resistor array 

f-IP Interfaced Comparator with Hysteresis 

MSBIDBll 

V'N DB6 OUTPUT. 

AID 

+VREF 

cs~I eLK 
IIli 

Analog Self-Test for a System 

• CHANNEL 
ANALOG 

MUX 
C04051 

C CHANNEl 
SELECT 

'------------' 

AID 

* LM389 transistors 

Read-Only Interface 

pPBUS 

AID 

Protecting the Input 

15VOC 

:> ...... W'lr-t---I V'."I Vee 

AID 

Diodes are 1 N914 

DATA 

Vee 
IivDel 

+ 

1'10" 

A Low-Cost, 3-Decade Logarithmic Converter 

, .. 
:>-<~"""W'lr---iVI.'·1 

AID 

'00 

A. B. C. 0 = LM324A quad op amp 
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Typical Applications (Continued) 

3-Decade Logarithmic A/D Converter 

A. B. e. D = lM324A 

2.411 4Jk 

10k 

-5V ;:)<t-J\IO'">h--.---I 
ADJ 

Noise Filtering the Analog Input 

I,' 

fe = 20 Hz 

Uses Chebyshev implementation for steeper roll-off 
unity-gain, 2nd order, low-pass filter 

Adding a separate filter for each channel increases 
system response time if an analog multiplexer 
is used 

100 

100 

10k 

10k 

10k 

10k 

AID 

AID 

MUltiplexing Differential Inputs 

4 
CHANNEL 

DIFFERENTIAL 
MUX 

C04D52. 

B CHANNEL 
SELECT 

'--~~..-J 

FROM OUTPUT 
PORT OR II' 

AID 

Output Buffers with A/D Data Enabled Increasing Bus Drive and/or Reducing Time on Bus 

cs~""'-d-' 
\Vii~--t--oL_~ 

AID 

AID 
DATA* 

TRI·STATE® 
BUFfERS 

~~--------------------~ 

* AID output data is updated 1 elK period 
prior to assertion of I NTR 

TOjJP 
DATA BUS 
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WR~+-----OI \Vii AID 

DATA OUT 

TRI·STATE'] 
BUFFERS 

~~----------------------------------~ 

. --
Allows output data to set-up at falling edge of es 

TO liP 
DATA BUS 
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Typical Applications (Continued) 

Sampling an AC Input Signal 

OdB 

I~~~C ':;t' -60TO-BOdB 

LOW·PASS, MUL TI·POLE 
FILTER 

-ITCI-

SfH 

SAMPLE 
AND 

HOLD 
lF398 

CDNT'Dl "ICh 

--'L..:r ---i;>o----' -11/1,1-

AID 

Note 1: Oversample whenever possible [keep fs > 2f(-601] to eliminate input frequency folding 
(aliasing) and to allow for the skirt response of the filter. 
Note 2: Consider the amplitude errors which are introduced within the passband of the filter. 

70% Power Savings by. Clock Gating 

TO AID 

1/314C04 

TO AID 
Complete shutdown takes", 30 seconds. 

Power Savings by A/D and VREF Shutdown 

SV~ON 
Off 

0-

.--------.... ----..... -----o(l rsC~ocl 

",PCONTROl 
BUS 

AID-

vccl-.... --.. 

S1k 

V,,," 1----" 

'Use ADCOB01, 02 or 03 for lowest power consumption. 

CMOS 
BUFFER 

Note: Logic inputs can be driven to VCC with AID supply at zero volts. 

TO DATA 
BUS 

Buffer prevents data bus from Qverdriving outputs of AID when in shutdown mode. 
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1.0 UNDERSTANDING A/D ERROR SPECS 

A perfect AID ,transfer characteristic (staircase wave· 
form) is shown in Figure 1a. The horizontal scale is 
analog input voltage and the particular points labeled are 
in steps of 1 LSB (19.53 mV with 2.5V tied to the 
VREF/2 pin). The digital output codes which correspond 
to these inputs are shown as D-1,. D, and D+1. For 
the perfect AID, not only will center·value (A-1, A, 
A+1, ... ) analog inputs produce the correct output 
digital codes, but also each riser (the transitions between 
adjacent output codes) will be located ±1/2 LSB away 
from each center·value. As shown, the risers are ideal and 
have no width. Correct digital output codes will be 
provided for a range of analog input voltages which ex· 
tend ±1/2 LSB from the ideal center·values. Each tread 
(the range of analog input voltage which provides the 
same digital output code) is therefore 1 LSB wide. 

Figure 1b shows a worst case error plot for the ADCOB01. 
All center:valued inputs are guaranteed to' produce the 
correct output codes and the adjacent risers are guaran· 
teed to be no closer to the center·value points than 

Transfer Function 

0+ , 5"T'6 
I 
I 

J'"T"1 I 
I 

I I , I 
0-' 7 

I I 
I , 
I I , 

I , 

A-' A+ , 

ANALOG INPUT (VIN) 

±1/4 LSB. I n other words, if we apply an analog input 
equal to the center·value ±1/4 LSB, we guarantee that 
the AID will produce the correct digital code. The 
maximum range of the position of the code .transition is 
indicated by the horizontal arrow and it is guaranteed to 
be no more than 112 LSB. 

The error cu rve of Figure 1 c shows a worst case error 
plot for the ADCOB02. Here we guarantee that if we 
apply an analog input equal to the LSB analog voltage 
center·value the AID will produce the correct digital code. 

Next to each transfer function is shown the correspond· 
ing error plot. Many people may be more familiar with 
error plots than transfer functions. The analog input 
voltage to the AID is provided by either a linear ramp or 
by the discrete output steps of a high resolution DAC. 
Notice that the error is continuously displayed and 
includes the quantization uncertainty of the AID. For 
example the error at point 1 of Figure 1a is +112 LSB 
because the digital code appeared 112 LSB in advance of 
the center·value of the tread. The error plots always have 
a constant negative slope and the abrupt upside steps 
are always 1 LSB in magnitude. 

Error Plot 

+1 LSD 1----------

+1/2 LSB ----I nUANT. 

I-~---\:c--l---\,r+---\,c--l-_~_'-_ j EA AD A 

--~-2 -:- 4--:--6 

'" 0 

'" '" 
-ll2lSB 

I I I 
I I I 

-1 LSD 

A-' A' , 

ANALOG INPUT (VIN) 

a) Accuracy = ±O LSB A Perfect AID 

0+' 

0-' 

0+ , 

0-' 

Transfer Function 

A-' A+ , 

ANALOG INPUT (VIN) 

Transfer Function 

A-' A+ , 

ANALOG INPUT (VIN) 

b) Accuracy = ±1/4 LSB 

Error Plot 

+llSB 1---------­
+3/4 LSD 

'1/2lSB ---I 
~ I--++--I~t___\+- nU~NT. 
~ _]EAAOA 

-1/2 LSB 

-3/4 LSB - - -...!--
I 

-, LSB '-_--.JL-_'--_"--__ 

A-I A+ 1 

ANALOG INPUT (VIN) 

Error Plot 

+1 LSB 1-------.----

-I LSB L-__ L-_J.:..._-'-__ 

A-' A+' 

ANALOG INPUT (VIN) 

c) Accuracy = ±1/2 LSB 
FIGURE 1. Clarifying the Error Specs of an A/D Converter 
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2.0 FUNCTIONAL DESCRIPTION 

The ADCOaO' series contains a circuit equivalent of 
the 256R network. Analog switches are sequenced 
by successive approximation logic to match the analog 
difference input voltage [VIN(+) - VIN(-)] to a corre· 
sponding tap on the R network. The most significant 
bit is tested first and after a comparisons (64 clock 
cycles) a digital a·bit binary code (1'" '11' = full· 
scale) is transferred to an output latch and then an 
interrupt is asserted (lNTR makes a high·to·low tran· 
sition). A conversion in process can be interrupted by 
issuing a second start command. The device may be 
operated in the free·running mode by connecting INTR 
to the WR input with CS = O. To insure start·up under 
all possible conditions, an external WR pulse is required 
during the first power·up cycle. 

On the high·to·low transition of the WR input the 
internal SAR latches and the shift register stages are 
reset. As long as the CS input and WR input remain low, 
the A/D will remain ina reset state. Conversion will 
start from 1 to 8 clock periods after at least one 13f these 
inputs makes a low·to·high transition. 

20 
VCC IVREFlOO--........ ----/ 

9 
VREFl2o---.... ---.... 

AGND 

-= Vee 

& 

DAC 
VIDUTI 

VINI+lo-... -IH~CD· ....... 

1 
VINI-lo-+-4_....J 

LADDER 
AND 

DECODER 

A functional diagram of the A/D converter is shown in 
Figure 2. All of the package pinouts are shown and the 
major logic control paths are drawn in heavier weight 
lines. 

The converter is started by having CS and WR simul· 
taneously low. This sets the start flip·flop (F/F) and the 
resulting "'" level resets the a·bit shift register, resets 
the Interrupt (lNTR) F/F and inputs a "'" to the D 
flop, F/F', which is at the input end of the a·bit shift 
register. Internal clock signals then transfer this "1" to 
the Q output of F/F,. The AND gate, G" combines 
this "'" output with a clock signal to provide a reset 
signal to the start F/F. If the set signal is no longer 
present (either WR or CS is a ",") the start F/F is reset 
and the a·bit shift register then can have the "'" clocked 
in, which starts the conversion process. If the set signal 
were to still be present, this reset pulse would have no 
effect (both outputs of the start F/F would momentarily 
be' at a "'" level) and the a·bit shift register would can· 
tinue to be held in the reset mode. This logic therefore 
allows for wide CS and WR signals and the converter will 
start after at least one of these signals returns high and 
the internal clocks again provide a reset signal for the 
start F/F. 

"1~' RESET SHIFT REGISTER 
"0.1• BUSV AND QUIESCENT STATE 

INPUT PROTECTION 
FOR All LOGIC INPUTS 

INPUT F TOINTERNAL 
CIRCUITS 

BV ~30V 

elK B 

ClK 

-11--11 x I(fClKI 

+ 

INTR f/F 

DIGITAL OUTPUTS ~ fl!IIi7. CliMPL. 

TRI-STATE@)CONTROL -I ~ 8 x 1lfClK 
CSINOTE 1)~~=====~=} _______ .: .. :!:I .. :.: • .!!D.!!:UT!!:P.!!:UT~E~N~AB!!;l~EL-_______ --;;d 

iiDC RESET 

Note 1: CS shown twice for clarity. 
Note 2: SAR = Successive Approximation Register. 

FIGURE 2. Block Diagram. 
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After the "'" is clocked through the 8-bit shift register 
(which completes the SAR search) it appears as the 
input to the D-type latch, LATCH ,_ As-soon as this 
"'" is output from the shift register, the AND gate, 
G2, causes the new digital word to transfer to the 
TRI-STATE output latches_ When LATCH , is sub­
sequently enabled, the Q output makes a high-to-Iow 
transition which causes the INTR F/F to set_ An in­
verting buffer then supplies the TNTR"output signal. 

Note that this SET control of the I NTR F IF remains 
low for 8 of the external clock periods (as the internal 
clocks run at , 18 of the frequency of the external 
clock)_ If the data output is continuously enabled 
(CS and RD both held low), the INTR output will 
still signal the end of conversion (by a high-to-Iow 
transition), because the SET input can control the Q 
output of the I NTR F IF even though the RESET 
input is constantly at a "'" level in this operating 
mode_ This INTR output will therefore stay low for 
the duration of the SIT signal; which is 8 periods of 
the external clock frequency (assuming the AID is not 
started during this interval)_ 

When operating in the free-running or continuous 
conversion mode (lNTR pin tied to WR and CS wired 
low-see also section 2_8), the START F/F is SET 
by the high-to-Iow transition of the INTR signal. This 
resets the SHIFT REGISTER which causes the input 
to the D-type latch, LATCH " to go low_ As the latch 
enable input is still present, the_ Q output will go high, 
which then allows the INTR F/F to be RESET_ This 
reduces the width of the resulting INTR output pulse 
to only a few propagation delays (approximately 300 ns). 

When data is to be read, the, combination of both 
CS and RD being low will cause the INTR F/F to be 
reset and the TR I-STATE output latches will be enabled 
to provide the 8-bit digital outputs, 

, 2,1 Digital Control Inputs 

The digital control inputs (CS, RD, and WR) meet 
standard T2L logic voltage levels, These signals have been 
renamed when compared to the standard AID Start and 
Output Enable labels, In addition, these inputs are active 
low to allow an easy interface to microprocessor control 
busses, For non-microprocessor based applications, the 
CS input (pin') can be grounded and the standard AID 
Start function is obtained by an active low pulse applied 
at the WR input (pin 3) and the Output Enable function 
is caused by an active low pulse at the RD input (pin 2), 

2,2 Analog Differential Voltage Inputs and 
Common-Mode Rej~ction 

This AID has additional applications flexibility due to 
the analog differential voltage input, The VIN(-) input 
(pin 7) can be used to automatically subtract a fixed 
voltage value from the input reading (tare correction), 
This is also useful in 4 mA-20 mA current loop conver- VA 

sian, In addition, common-mode noise can be reduced 
by use of the differential input, 

The time interval between sampling VIN(+) and VIN(-) 
is '4-' 12 clock periods, The maximum error voltage due 
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to this slight time difference between the input voltage 
samples is given by: 

.6.Ve (MAX) = (Vp) (27Tfcm ) -- , ( 
4,5 ) 

fCLK 

where: 

.6. Ve is the error voltage due to sampling delay 

Vp is the peak value of the common-mode voltage 

fcm is the common-mode frequency 

As an example, to keep this error to '14 LSB (-5 mV) 
when operating with a 60 Hz common-mode frequency, 
fcm, and using a 640 kHz AID clock, fCLK, would 
allow a peak value of the common-mode voltage, Vp, 
which is given by: 

or 

[.6.Ve (MAX) (fCLK)] 
Vp = ---'-'---'---"--'---'-­

(27Tfcm ) (4_5) 

(5 x 10-3 ) (640 x 103 ) 
Vp--------

(6,28) (60) (4,5) 

which gives 

Vp == 1.9V_ 

The allowed range of analog input voltages usually places 
more severe restrictions on input common-mode noise 
levels, 

An analog input voltage with a reduced span and a 
relatively large zero offset can be easily handled by 
making use of the differential input (see section 2.4 
Reference Voltage), 

2_3 Analog Inputs 

2_3_1 Input Current 

Normal Mode 

Due to the internal switching action, displacement 
currents will flow at the analog inputs_ This is due to on­
chip stray capacitance to ground as shown in Figure 3, 

RS 

r---------------~l 
I ipEAK'~ 
I 'ON+RS 

! 1, 
I 
I 

iCHARGE II 
---6 'ON 

--­TIME 

5Wl 

rON of SW 1 and SW 2 '" 5 kfl 

CSTRAY "I (12pF) 

T = rON eSTRAY'" 5 kfl x 12 pF = 60 ns 

FIGURE 3_ Analog Input Impedance 
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The voltage on this capacitance is switch~d and will 
result in currents entering the VIN(+) input pin and 
leaving the VIN(-) input which will depend on the 
analog differential input voltage levels. These current 
transients occur at the leading edge of the internal 
clocks. They rapidly decay and do not cause errors 
as the on-chip comparator is strobed at the end of the 
clock period. 

Fault Mode 

If the voltage source which is applied to the VIN(+) 
pin exceeds the allowed operating range of Vee + 
50 mV, large input currents can flow through a par-, 
asitic diode to the Vec pin. If these currents could 
exceed the 1 mA max allowed spec, an external diode 
(1 N914) should be added to bypass this current to the 
VCC pin (with the current bypassed with this diode, 
the voltage at the VIN(+) pin can exceed the VCC 
voltage by the forward voltage of this diode). 

2.3.2 Input Bypass Capacitors 

Bypass capacitors at the inputs will average these charges 
and cause a DC current to flow through the output 
resistances of the analog signal sources. This charge 
pumping action is worse for continuous conversions 
with the VIN(+) input voltage at full-scale. For con· 
tinuous conversions with a 640 kHz clock frequency 
with the VIN(+) input at 5V, this DC current is at a 
maximum of approximately 5 p.A. Therefore, bypass 
capacitors should not be used at the analog inputs or 
the VREF!2 pin for high resistance sources (> 1 kn). 
I f input bypass capacitors are necessary for noise fil­
tering and high source resistance is desirable to minimize 
capacitor size, the detrimental effects of the voltage 
drop across this input resistance, which is due to the 
average value of the input current, can be eliminated 
with a full-sc3le adjustment while the given source re­
sistor and input bypass capacitor are both in place. This 
is possible because the average value of the input current 
is a precise linear function of the differential input 
voltage. 

2_3.3 Input Source Resistance 

Large values of source resistance where an input bypass 
capacitor is not used, will not cause errors as the input 
currents settle out prior to the comparison tirne. If a 
low pass filter is required in the system, use a low 
valued series resistor (-:; 1 kn) for a passive RC section 
or add an op amp RC active low pass filter. For low 
source resistance applications, « 1 kn), a 0.1 p.F bypass 
capacitor at the inputs will pre~nt pickup due to series 
lead inductance of a long wire. A lOOn series resistor 
can be used to isolate this capacitor-both the Rand C 
are placed outside the feedback loop-from the output 
of an op amp, if used. 

2.3.4 Noise 

The leads to the analog inputs (pins 6 and 7) should be 
kept as short as possible to minimize input noise 
coupling. Both noise and undesired digital clock coupling 
to these inputs can cause system errors. The source 
,resistance for these inputs should, in general, be kept 
below 5 kn. Larger values of source resistance can cause 
undesired system noise pickup. Input bypass capacitors, 
placed from the analog inputs to ground, wi II eliminate 

system noise pickup but can create a,nalog scale errors as 
these capacitors will average the transient input switching 
currents of the A/D (see section 2.3.1). This scale error 
depends on both a large source resistance and the use of 
an input bypass capacitor. This error can be eliminated 
by doing a full-scale adjustment of the A/D (adjust 
VREF/2 for a proper full-scale reading-see section 2.5.2 
on Full-Scale Adjustment) with the source resistance 
and input bypass capacitor in place. 

2.4 Reference Voltage 

'2.4_1 Span Adjust 

For maximum applications flexibility, these A/Ds have 
been designed to accommodate a 5 VDC, 2.5 VDC or an 
adjusted voltage reference. This has been achieved in the 
design of the Ie as shown in Figure 4. 

vcc (VREFJ 

20 

R 

VREF/2 
9 I DIGITAL I 

~}-
CIRCUITS 

R : DECODE H ANALOG 1 CIRCUITS 

~}-
A GND 8 D GNU 10 

-:... n7 

FIGURE 4_ The VREFERENCE Design on the IC 

Notice that the reference voltage for the IC is either 1/2 
of the voltage which is applied to the Vce supply pin, 
or is equal to the voltage which is externally forced at 
the VREF/2 pin. This allows for a ratiometric voltage 
reference using the VCC supply, a 5 VDC reference 
voltage can be used for the V CC supply or a voltage less 
than 2.5 VDC can be applied to the VREF/2 input for 
increased application flexibility. The internal gain to the 
VREF/2 input is 2. 

An example of the use of an adjusted reference voltage is 
to accommodate a reduced span-or dynamic voltage 
,range of the analog input voltage. If the analog input 
voltage were to range from 0.5 VDC to 3.5 VDC, instead 
of OV to 5 VDC, the span would be 3V as shown in 
Figure 5. With 0.5 VDe applied to the VINH pin to 
absorb the offset, the reference voltage can be made 
equal to 1/2 of the 3V span or 1.5 VDC. The A/D now 
will encode the VIN(+) signal from 0.5V to 3.5V with 
the 0.5V input corresponding to zero and the 3.5 V DC 
input corresponding to full-scale. The full 8 bits of 
resolution 'are therefore applied over this reduced 
analog input voltage range. 
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• Add if VREF/2 ~ 1 VOC with LM358 
to draw 3 rnA to ground. 

~ 4 (J.5V) i5V VIN(t) MAX 

:> J" I 
2 VIN(t) MIN SPAN' JV 

: ~1:.~(0=.5v=)==I=== 

a) Analog Input Signal Example 

+VREF 

l+Q;~~ ~i.~~~e) 
0.5 VDe 1.5 VDe rn LMJ58 - ~ 1 F 

ZERD·SHIFT SPAN T " 
ADJ ADJ 

- - ~ 

b) Accommodating an Analog Input from 
O.5V (Digital Out = OOHEX) to 3.5V 
(Digital Out = FFHEX) 

FIGURE 5. Adapting the AID Analog Input Voltages to Match an Arbitrary Input Signal Range 

2.4.2 Reference Accuracy Requirements 

The converter can be operated in a ratiometric mode or 
an absolute mode. In ratiometric converter applications, 
the magnitude of the reference voltage is a factor in both 
the output of the source transducer and the output of 
the AID converter and therefore cancels out in the final 
digital output code. In absolute conversion applications, 
both the initial value and the temperature stability of the 
reference voltage are important accuracy factors in the 
operation of the AID converter. For VREF/2 voltages of 
2.5 VDC nominal value, initial errors of ±10 mVDC will 
cause conversion errors of ± 1 LSB due to the gain of 2 
of the VREF/2 input. In reduced span applications, the 
initial value and the stability of the VREF/2 input 
voltage become even more important. For example, if 
the span is reduced to 2.5V, the analog input LSB 
voltage value is correspondingly reduced from 20 mV 
(5V span) to 10 mV and 1 LSB at the VREF/2 input 
becomes 5 mV. As can be seen, this reduces the allowed 
initial tolerance of the reference voltage and requires 
correspondingly less absolute change with temperature 
variations. Note that spans smaller than 2.5V place even 
tighter requirements on the initial accuracy and stability 
of the reference source. 

In general, the magnitude of the reference voltage will 
require an initial adjustment. Errors due to an improper 
value of reference voltage appear as full-scale errors in 
the AID transfer function. IC voltage regulators maybe 
used for references if the' ambient temperature changes 
are not excessive. The LM336B 2.5V Ie reference diode 
(from National Semiconductor) is available which has 
a _ temperature stability of 1.8 mV typ (6 mV max) 
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, 
over DoC -s; TA -s; +70°C. Other temperature range 
parts are also available. 

2.5 Errors and Reference Voltage Adjustments 

2.5.1 Zero Error 

The zero of the AID does not require adjustment. If the 
minimum analog input voltage value, VIN(MIN), is 
not ground, a zero offset can be done. The converter 
can be made to output 0000 0000 digital code for this 
minimum input voltage by biasing the AID VIN (-) input 
at this VIN(MIN) value (see Applications section). This 
utilizes the differential mode operation of the AID. 

The zero error of the AID converter relates to the 
location of the first riser of the transfer function and 
can be measured by grounding the V (-) input and 
applying a small magnitude positive voltage to the V (+) 
input. Zero error is the difference between the actual 
DC input voltage which is necessary to just cause an 
output digital code transition from 0000 0000 to 0000 
0001 and the ideal 1/2 LSB value (1/2 LSB = 9.8 mV 
for VREF/2 = 2.500 VDcl. 

2.5.2 Full-Scale 

The full·scale adjustment can be made by applying a 
differential input voltage which is 1-1/2 LSB down from 
the desired analog full·scale voltage range and then ad­
justing the magnitude of the VREF/2 input (pin 9 
or the VCC supply if pin 9 is not used) for a digital 
output code which is just changing from 1111 1110 
to 1111 1111. 
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2.5.3 Adjusting for an Arbitrary Analog Input Voltage 
Range 

If the analog zero voltage of the AID is shifted away 
from ground (for example. to accommodate an analog 
input signal which does not go to ground) this new 
zero reference should be properly adjusted first. A 
VIN(+) voltage which equals this desired zero reference 
plus 1/2 LSB (where the LSB is calculated for the 
desired analog span. 1 LSB = analog span/256) is applied 
to pin 6 and the zero reference voltage at pin 7 should 
then be adjusted to just obtain the OOHEX to 01 HEX' 
code transition. 

The full-scale adjustment should then be made (with 
the proper VIN(-) voltage applied) by forcing a voltage 
to the VIN(+) input which is given by: 

VIN (+) fs adj = VMAX- 1.5 

where: 

[
(VMAX-VMIN) ] • 

256 

VMAX = The high end of the analog input range 

and 

VMIN = the low end (the offset zero) of the analog 
range. (Both are ground referenced.) 

The V R E F/2 (or V CC) voltage is then adjusted to 
provide a code change from FEHEX to FFHEX. This 
completes the adjustment procedure. 

2.6 Clocking Option 

The clock for the A/Dcan be derived from the CPU 
clock or an external RC Ciln be added to provide self­
clocking. The .CLK IN (pin 4) makes use of a Schmitt 
trigger as shown in Figure 6. 

ClK R 
19 

.C;,;;l;.;,K 71:t>----I~ ><>-..... ClK 

AID 

1 
fCLK"'--

1.1 RC 

R", 10 kn 

FIGURE 6. Self-Clocking the A/D 

Heavy capacitive or DC loading of the clock R pin 
should be avoided as this will disturb normal converter 
operation. Loads less than 50 pF. such as driving up to 7 
AID converter clock inputs from a single clock R pin of 
1 converter. are allowed. For larger clock line loading. a 
CMOS or low power. T2L buffer or PNP input logic 
should be used to minimize the loading .on the clock 
R pin (do not use a standard T2L buffer). 

2.7 Restart During a Conversion 

If the AID is restarted (CS and WR go low and return 
high) during a conversion. the converter is reset an9 a 
new conversion is started. The output data latch is not 
updated if the conversion in process is not allowed to 

be completed. therefore the data of the previous con­
version remains in this latch. The INTR output also 

. simply remains at the "1" level. 
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2.8 Continuous Conversions 

For operation in the free-running mode an initializing 
pulse should be used. following power-up. to insure 
circuit operation. In this application. the CS input is 
grounded and the WR input is tied to the INTR output. 
This WR and INTR node should be momentarily forced 
to logic low following a power-up cycle to guarantee 
operation. 

2.9 Driving the Data Bus 

This MaS A/D. like MaS microprocessors and mem­
ories. will require a bus driver when the total capacitance 
of the data bus gets large. Other circuitry. which is tied 
to the data bus. will add to the total capacitive loading. 
even in TRI-STATE (high impedance mode). Backplane 
bussing also greatly adds to the stray capacitance of the 
data bus. 

There are some alternatives available to the designer to 
handle this problem. Basically. the capacitive loading of 
the data bus slows down the response time. even though 
DC specifications are still met. For systems operating 
with a relatively slow CPU Clock frequency. more time is 
available in which to establish proper logic levels on the 
bus and therefore higher capacitive loads can be driven 
(see typical characteristics curves). 

At higher CPU clock frequencies time can be extended 
for I/O reads (and/or writes) by inserting wait states 
(8080) or using clock extending circuits (6800). 

Finally. if time is short and capacitive loading is high. 
external bus drivers must be used. These can be TR 1-
STATE buffers (low power 'Schottky is recommended 
such as the DM74LS240 series) or special higher drive 
current products which are designed as bus drivers. 
High current bipolar bus drivers with PNP inputs are 
recommended. 

2.10 Power Supplies 

Noise spikes on the Vec supply line can cause conversion 
errors as the comparator will respond to this noise. A 
low inductance tantalum filter capacitor should be used 
close to the converter VCC pin and values of 1 f-lF or 
greater are recommended. If·an unregulated voltage is 
available in the system. a separate LM340LAZ-5.0. 
TO-92. 5V voltage regulator for the converter (and 
other analog circuitry) will greatly reduce digital noise 
on the VCC supply. 

2.11 Wiring and Hook-Up Precautions 

Standard digital wire wrap sockets are not satisfactory 
for breadboarding this AID converter. Sockets on PC 
boards can be used and all logic signal wires and leads 
shoulo be grouped and kept as far away as possible from 
the analog signal leads. Exposed leads to. the analog 
inputs can cause undesired digital noise and hum pickup. 
therefore shielded leads may be necessary in many ap­
plications. 



A single point analog ground should be used which is 
separate from the logic ground points. The power supply 
bypass capacitor and the self·clocking capacitor (if used) 
should both be returned to digital ground. Any VREF/2 
bypass capacitors, analog input filter capacitors, or input 
signal shielding should be returned to the analog ground 
point. A test for proper grounding is to measure the 
zero error of the AID converter. Zero errors in excess of 
114 LSB can usually be traced to improper board layout 
and wiring (see section 2.5.1 for measuring the zero 
error). 

3.0 TESTING THE AID CONVERTER 

There are many degrees of complexity associated with 
testing an AID converter. One of the simplest tests is to 
apply a known analog input voltage to the converter and 
use LEDs to display the resulting digital output code as 
shown in Figure 7. 

For ease of testing, the VREF/2 (pin 9) should be 
supplied with 2.560 VDC and a VCC supply voltage of 
5.12 VDC should be used. This provides an LSB value 
of 20 mY. 

If a full·scale adjustment is to be made, an analog input 
voltage of 5.090 VDC (5.120 - 1 1/2 LSB) should be 
applied to the VIN(+) pin with theVIN(-) pin grounded. 
The value of the VREFI2 input voltage should then 
be adjusted until the digital output code is just changing 
from 1111 1110 to 1111 1111. This value of VREF/2 
should then be used for all the tests. 

The digital output LED display can be decoded by 
dividing the a bits into 2 hex characters, the 4 most 
significant (MS) and the 4 least significant (LS). Table I 
shows the fractional binary equivalent of these two 4·bit 
groups. By adding the decoded voltages which are ob· 
tained from the column: Input voltage value for a 2.560 
V R EF/2 of both the MS and the LS groups, the value of 

10k 

150 PF"J; or-'7-1!~-4I~05.120 voc 

N.D. 

VIN 1+) O-.... --::..j 

0.1 ~F 

A GNO 

o GNO 

FIGURE 7. Basic AID Tester 

the digital display can be determined. For example, for 
an output LED display of 1011 0110 or B6 (in hex). the 
voltage values from the table are 3.520 + 0.120 or 
3.640 VDC. These voltage values represent the center­
values of a perfect AID converter. The effects of quanti­
zation error have to be accounted for in the interpreta­
tion of the test results. 

For a higher speed test system, or to obtain plotted 
data, a digital-to·analog converter is needed for the test 
set-up. An accurate 10·bit DAC can serve as the precision 
voltage source for the AID. Errors of the AID under test 
can be provided as either analog voltages or differences 
in 2 digital words. 

A basic AID tester which uses a DAC and provides the 
error as an analog output voltage is shown in Figure 8. 
The 2 op amps can be eliminated if a lab DVM with a 
numerical subtraction feature' is available to directly 
readout the difference voltage, "A-C". The analog 
input voltage can be supplied by a low frequency ramp 
generator and an X-Y plotter can be used to provide 
analog error (Y axis) versus analog input (X axis). The 
construction details of a tester of this type are provided 
in the NSC application note AN·179, "Analog·to·Digital 
Converter Testing". 

For operation with a microprocessor or a computer· 
based test system, it is more convenient to present the 
errors digitally. This can be done with the circuit of 
Figure 9, where the output code transitions can be 
detected as the lO·bit DAC is incremented. This provides 
114 LSB steps for the a·bit AID under test. If the results 
of this test are automatically plotted with the analog 
input on the X axis and the error (in LSB's) as the Y 
axis, a useful transfer function of the AID under test 
results. For acceptance testing, the plot' is not necessary 
and the testing speed can be increased by establishing 
internal limits on the allowed error for each code. 
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FIGURE 8. AID Tester with Analog Error Output 
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TABLE I. DECODING THE DIGITAL OUTPUT LEOs 

OUTPUT VOLTAGE 
CENTER VALUES 

HEX BINARY 
FRACTIONAL BINARY VALUE FOR WITH 

MS GROUP 

F 1 1 1 1 15/16 

E 1 1 1 0 7/8 

·D 1 1 0 1 13/16 

C 1 1 0 0 3/4 

8 1 0 1 1 11/16 

A 1 0 1 0 5/8 

9 1 0 0 1 9/16 

8 1 0 0 0 1/2 

7 0 1 1 1 7/16 

6 0 1 1 0 3/8 

5 0 1 0 1 5/16 

4 0 1 0 0 1/4 

3 0 0 1 1 3/16 

2 0 0 1 0 1/8 

1 0 0 0 1 1/16 

0 0 0 0 0 

'V Display Output ~ VMS Group + VLS Group 

4.0 MICROPROCESSOR INTERFACING 

To discuss the interface with 8080A, 6800 and SC/MP-II 
microprocessors, a common sample subroutine structure 
is used. The microprocessor starts the AID, reads and 
stores the results of 16 successive conversions, then reo 
turns to the user's program. The 16 data bytes are stored 
at location 0200 to 020F. All Data and Addresses 
will be given in hexadecimal form. Software and hard­
ware details are provided separately for each type of 
microprocessor. 

4.1 Interfacing 8080 Microprocessor Derivatives 
(8048, 8085) 

This converter has been designed to directly interface 
with derivatives of the 8080 microprocessor. The AID 
can be mapped into memory space. (using standard 
memory address decoding for CS and the MEMR and 
MEMW strobes) or it can be controlled as an 1/0 device 
by using the 1/0 Rand 1/0 W strobes and decoding 
the address bits AO -> A7 (or address bits A8 -> A 15 
as they will contain the same 8-bit address information) 
to obtain the CS input. Using the 1/0 space provides 
256 additional addresses and may allow a simpler 
8·bit address decoder but the data can only be input 
to the accumulator. To make use of the additional 
memory reference instructions, the AID should be 
mapped into memory space. An example of an AID 
in 1/0 space is shown in Figure 10. 

1/32 
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VREF/2 = 2.560 VDC 

LS GROUP VMS GROUP* VLS GROUP* 

15/256 4.800 0.300 

7/128 4.480 0.280 

13/256 4.160 0.260 

3/64 3.840 0.240 

11/256 3.520 0.220 

5/128 3.200 0.200 

9/256 2.880 0.180 

2.560 0.160 

7/256 2.240 0.140 

3/128 1.920 0.120 

5/256 1.600 0.100 

1/64 1.280 0.080 

3/256 0.960. 0.060 

11128 0.640 0.040 

1/256 0.320 0.020 

0 0 

The standard control bus signals of the 8080 (CS, R D 
and WR) can be directly wired to the digital control in­
puts of the AID and the bus timing requirements are met 
to allow both starting the converter and outputting the 
data onto the data bus. A bus driver should be used for 
larger microprocessor systems where the data bus leaves 
the PC board andlor must drive capacitive loads larger 
than 100pF. 

4.1.1 Sample 8080A CPU Interfacing Circuitry and 
Program 

The following sample program and associated hardware 
may be used to input data from the converter to the 
INS8080A CPU chip set (comprised of the INS8080A 
microprocessor, the I NS8228 system controller and the 
INS8224 clock generator). For simplicity, the AID is 
controlled as an I/O device, specifically an 8-bit bi­
directional port located at an arbitrarily chosen port 
address, EO. The TRI·STATE output capability of the 
A/D eliminates the need for a peripheral interface device, 
however address decoding is still required to generate the 
appropriate CS for the converter. 

It is important to note that in systems where the AID 
converter is 1-of-8 or less I/O mapped devices, no address 
decoding circuitry is necessary. Each of the 8 address 
bits (AO to A7) can be directly used as CS inputs-one 
for each I/O device. 



0 

10k 

~I NT (14) 

I 

I 

i70Wii (27)­

i70ifii (25)-

I cs \....,/ 
Vee ~5V ::;flO"F 

~ 
19 

Ail elK R 

~ 
18 

ANALOG 
INPUTS 

WR 
eLK IN 

5 
INT 

6 
VIN(+) 

7 
VIN(-) 

I-~ PIT A GNO IT ~ VREF/2 ":' 10 
~ OGNO 

po- T5 

~ T4 

I...- T3 

,..,- T2 

p- Tl 

p- TO 

080 
11 

081 
16 

AID 
082 

15 
OB3 

OB4 
14 

OB5 
13 

OB6 
12 

11 
OB7 

1 j 
i -.l 
OUT Vee 

B5 

B4 
OM8131 

8US 
B3 

COMPARATOR 82 

Bl 

80 

~ ~ 

~ 
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Note 2: Pin 23 of the) NS8228 must be tied to +12V through a 1 kn resistor to generate the RST 7 
instruction when an interrupt is acknowledged as required by the accompanying sample program. 

FIGURE 10. ADC0801-INS8080A CPU Interface 

SAMPLE PROGRAM FOR FIGURE 10 ADC0801-INS8080A CPU INTERFACE 

0038 

0100 

0103 
0106 
0107 
0109 
010C 
010E 
010F 
0110 
0113 

0300 
0302 
0303 
0304 

C3 0003 

21 00 02 

31 0004 
70 
FE OF 
CA 1301 
03 EO 
FB 
00 
C3 OF 01 

DB EO 
77 
23 
C3 03 01 

RST 7: 

START: 

RETURN: 

LOOP: 

CaNT: 

(User program to 
process data) 

LD DATA: 

JMP LD DATA 

LXI H 0200H 

LXI SP 0400H 
MOV A, L 
CPI OF H 
JZ CaNT 
OUT EO H 
EI 
Nap 
JMP LOOP 

IN EO H 
MOV M, A 
INX H 
JMP RETURN 

H L pair will point to 
data storage I ocati ons 
Initialize stack pointer (Note 1) 
Test # of bytes entered 
If # = 16. JMP to 
user program 
Start AID 
Enable interrupt 
Loop until end of 
conversion 

Load data into accumulator 
Store data 
Increment storage pointer 

Note 1: The stack pointer must be dimensioned because a RST 7 instruction pushes the PC onto the stack. 
Note 2: All addresses used were arbitrarily chosen. 
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4.2 Interfacing the Z·80 

The Z·80 control bus is slightly different from that of 
the 8080. General RD and WR strobes are provided and 
separate memory request, MREO, and I/O request, 
IORO, signals are used which have to be combined with 
the generalized strobes to provide the equivalent 8080 
signals. An advantage of operating the A/D in I/O space 
with the Z·80 is that the CPU will automatically insert 
one wait state (the RD and WR strobes are extended one 
clock period)' to allow more time for the I/O devices to 
respond. Logic to map the A/D in I/O space is shown in 
Figure 11. 

i'Iii"--'VL_" 

FIGURE 11. Mapping the A/D as an I/O Device 
for Use-with the Z·80 CPU 

Additional I/O advantages exist as software DMA rou­
tines are available and use can be made of the output 
data transfer which exists on the upper 8 address lines 
(A8 to A15) during I/O input instructions. For example, ' 
MUX channel selection for the A/D can be accomplished 
with this operating mode. 

4.3 Interfacing 6800 Microprocessor Derivatives 
(6502, etc.) 

The control bus for the 6800 microprocessor derivatives 
does not use the RD and WR strobe signals. Instead it 
employs a single R/W line and additional timing, if 
needed, can be derived from the </J2 clock. All I/O 
devices are memory mapped in the 6800 system, and a 
special signal, VMA, indicates that the current address is 
valid. Figure 12 shows an interface schematic where the 
A/D is memory mapped in the 6800 system. For sim· 
plicity, the CS decoding is shown using 1/2 DM8092. 
Note that in many 6800 systems, an already decoded 
4/5 line is brought out to the common bus at pin 21. 
This can be tied directly to the CS pin of the A/D, pro· 
vided that no other devices are addressed at HEX 
ADDR: 4XXX or 5XXX. 

The following subroutine essentially performs the same 
function as in the case of the 8080A interface and it can 
be called from anywhere in the user's program. 

In Figure 13 the ADC0801 series is interfaced to the 
M6800 microprocessor through (the arbitrarily chosen) 
Port B of the MC6820 or MC6821 Peripheral Interface 
Adapter, (PIA). Here the CS pin of the A/D is grounded 
since the PIA is already memory mapped in the M6800 
system and no CS decoding is necessary. Also notice 
that the A/D output data lines are connected to the 
microprocessor b!Js under program control through 
the PIA and therefore the A/D RD pin can be grounded. 

SAMPLE PROGRAM FOR FIGURE 12 ADC0801-MC6800 CPU INTERFACE 

0010 DF 36 DATAIN STX TEMP2 ; Save contents of X 
0012 CE 00 2C LDX #$002C ; Upon IRO low CPU 
0015 FF FF F8 STX $FFF8 ; jumps to 002C 
0018 B7 5000 STAA $5000 ; Starts A6c0801 
001B OE CLI 
001C 3E CONVRT WAI ; Wait for interrupt 
001D DE 34 LDX TEMPl 
001F 8C 02 OF CPX #$020F ; Is final data stored? 
0022 27 14 BEO ENDP 
0024 B7 5000 STAA $5000 ; Restarts ADC0801 
0027 08 INX 
0028 DF 34 STX TEMPl 
002A 20 FO BRA CONVRT 
002C DE 34 INTRPT LDX TEMPl 
002E B6 50 00 LDAA $5000 ; Read data 
0031 A700 STAA X ; Store it at X 
0033 3B RTI 
0034 0200 TEMPl FDB $0200 ; Starting address for 

; data storage 
0036 0000 TEMP2 FDB $0000 
0038 CE 02 00 ENDP LDX #$0200 ; Reinitialize TEMPl 
003B DF 34 STX TEMPl 
003D DE 36 LDX T'EMP2 
003F 39 RTS ; Return from subroutine 

; To user's program 

Note 1: In order for the microprocessor to service subroutines and interrupts, the stack pointer must be 
dimensioned in the user's program. 
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Note 2: Numbers or letters in. brackets refer to standard M6800 system common bus code. 

FIGURE 12. ADC0801-MC6800 CPU Interface 
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FIGURE 13. ADC0801-MC6820 PIA Interface 
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i A sample interface program equivalent to the previous 4.4 Interfacing the INS8060-SC/MP·1I 
0 one, is shown below. The PIA Data and Control Registers 
0 of Port B are located at HEX addresses 8006 and 8007, The SC/MP·II interface technique with the ADC0801 
C respectively. series Figure 14, is similar to the 8080A CPU interface. c( 

~ 
i SAMPLE PROGRAM FOR FIGURE 13 ADC0801-MC6820 PIA INTERFACE 0 
0 0010 CE 00 38 OATAIN LOX #$0038 ; Upon I RO low CPU C 
c( 0013 FF FF F8 STX $FFF8 ; jumps to 0038 

0016 868006 LOAA PIAORB ; Clear possible I RO flags 

~ 0019 4F CLRA 
0 001A B7 80 07 STAA PIACRB 
CO 0010 B7 8006 STAA PIAOR8 ; Set Port B as input 
0 
0 0020 OE CLI 

C 0021 C634 LOAB #$34 

<C 0023 8630 LOAA #$30 
0025 F7 80 07 CONVRT STAB PIACRB ; Starts AOC0801 

N 0028 B7 80 07 STAA PIACRB 
0 002B 3E WAI ; Walt for interrupt 
CO 002C DE 40 LOX TEMP1' 0 
0 002E 8C 02 OF CPX #$020F ; Is final data stored? 

C 0031 27 OF BEQ ENOP 

c( 0033 08 INX 
0034 OF 40 STX TEMPl 

~ ..... 0036 20 ED BRA CONVRT 
0 0038 DE 40 INTRPT LOX TEMPl 
CO 003A B6 80 06 LOAA PIAORB ; Read data in 0 
0 0030 A700 STAA X ; Store it at X 

C 003F 3B RTI 

c( 0040 0200 TEMPl FDB $0200 ; Starting address for 
: data storage 

0042 CE 02 00, ENOP LOX #$0200 ; Reinitialize TEMPl 
0045 OF 40 STX TEMPl 
0047 39 RTS ; Return from subrouti ne 

PIAORB EOU $8006 ; To user's program 
PIACRB EOU $8007 

1>0 • SENSE AIm' 

NWDS(1J 

NRDS(Z) 
10k 

I 
os '-../ Vee ~5V l~lO"F ~R1i eLK R 

19 

-70 WR 
18 LSB 

080 080(16) 

4 elKIN OBI 
11 

DBl (15) 

'---+0 ' 16 
iNTlf 0"' DB2 (14) 

: VIN{+) 
A/O 

DB! 
15 

083(13) ANALOG 
INPUTS 

8 VIN!) 
DB4 14 DB4l121 

13 i!!!'PgAGNO 085 085(111 

IT ':' a;. VREF" 0 .. 
1! 

OR6(10) 

081 
11 MSB J., OGND 087(9) 

I Y 
OUT Vee 

"""" 
85 AD1t (36) 

~ B4 AD10/lS1 

""- OM81J1 B! A09{J4) .us 

t COMPARATOR B2 ADRll3) 

BI A07(32) 

STB GNO 
BO AD6(31) 

*Pin numbers in parentheses are for the SC/MP CPU. 

FIGURE 14. ADC0801-SC/MP·1I Microprocessor Interface 
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The AID is treated as a peripheral and it is mapped into 
the memory space of the SC/MP-II system_ An address, 
ODOO, is assigned to the AID and the CS signal is shown 
to be decoded by a bus comparator, DM8131. The RD 
and WR pins of the AID are tied directly to the Write 
Data Strobe, NWRS, and Read Data Strobe, NRDS, pins 
of the SC/MP-II CPU_ Notice that the INTR signal 
should be inverted before being tied to the SENSE A 
pin of the SC/MP-I L A sample interface program is 
shown below_ 

5_0 GENERAL APPLICATIONS 

The following applications show some interesting uses 
for the A/D_ The fact that one particular microprocessor 
is used is not meant to be restrictive. Each of these appli-

cation circuits would have its counterpart using any 
microprocessor which is desired. 

5.1 Multiple ADC0801 Series to MC6800 CPU 
Interface 

To transfer analog data from several channels to a single 
microprocessor system, a multiple converter scheme 
presents several advantages over the conventional multi­
plexer single-converter approach. With the ADC0801 
series, the differential inputs allow individual span 
adjustment for each channel. Furthermore, all analog 
input channels are sensed simultaneously, wh ich essen· 
tially divides the microprocessor's total system servicing 
time by the number of channels, since all conversions 
occur simultaneously. This scheme is shown in Figure 15. 

SAMPLE PROGRAM FOR FIGURE 14 ADC0801-SC/MP-1I MICROPROCESSOR INTERFACE 

0100 08 NOP 
0101 C4 02 LDI02 
0103 35 XPAH(Pl) 

0104 C4 OD LDIOD 
0106 36 XPAH(P2) 
0107 C4 03 LDI03 
0109 37 XPAH(P3) 
010A C4 00 LDIOO 
OlOC 31 XPAL(Pl) ; Pl=0200, Pl points to 1st byte address 
010D C4 00 LDIOO 
010F C9 11 ST(P1+11) ; Zero the byte count in address 0211 
0112 32 XPAL(P2) ; P2=ODOO, P2 points to AID 
0113 CA 00 START: ST(P2) ; START the AID 
0115 C4 00 LDIOO 
0117 33 XPAL(P3) ; P3=0300, P3 points to DATA in sub. 
0118 05 lEN ; starting address 
0119 08 LOOP: NOP 
011A 90 FE JMP(LOOP) 

User's Program 
011C USER NOP 
0110 NOP 

0300 C2 00 DATA IN: LD(P2) ; Load AID data into accumulator 
0302 CD 01 ST@l(Pl) ; Store AID data and increment byte 

; address 
0304 A911 1 LD(P1+11) ; Increment byte count 
0306 C4 OF LDIOF 
0308 03 SCL 
0309 F9 11 CAD(P1+11) ; OF-(P1+11): Is byte count = 16? 
030B 9B 03 JZ(USER) ; If byte count = 16 jump to user's 

; program 
030D C4 13 LDI13 
030F 33 XPAL(P3) ; P3=0113 
0310 3F XPPC(P3) ; Go to START and do another conversion 
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The following schematic and sample subroutine (DATA 
IN) may be used to interface (up to) 8 ADC0801's 
directly to the MC6800 CPU. This scheme can easily be 
extended to allow the interface of more converters. In 
this configuration the converters are (arbitrarily) located 
at HEX address 5000 in the MC6800 memory space. To 
save components, the clock signal is derived from just 
one RC pair on the first converter. This output drives the 
other A/Ds. 

All the converters are started simultaneously with a 
STORE instruction at HEX address 5000. Note that any 
other HEX address of the form 5XXX will be decoded 
by the circuit, pulling all the CS inputs low. This can 
easily be avoided by using a more definitive address de· 
coding scheme. All the interrupts are ORed together to 
insure that all A/Ds have completed their conversion 
before the microprocessor is interrupted. 

The subroutine, DATA IN, may be called from anywhere 
in the user's program. Once called, this routine initializes 
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the CPU, starts all the converters simultaneously and 
waits for the interrupt signal. Upon receiving the in· 
terrupt, it reads the converters (from HEX addresses 5000 
through 5007) and stores the data successively at (arbi· 
trarily chosen) H EX addresses 0200 to 0207, before 
returning to the user's program. All CPU registers then 
recover the original data they had before servicing DATA 
IN. 

5.2 Auto-Zeroed Differential Transducer Amplifier 
and AID Converter 

The differential inputs of the ADC0801 series eliminate 
the need to perform a differential to single ended 
conversion for a differential transducer. Thus, one op 
amp can be eliminated since the differential to single 
ended conversion is provided by the differential input 
of the ADC0801 series. In general, a transducer preamp 
is required to tak'e advantage of the full A/D converter 
input dynamic range. 
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Note 1: Numbers in parentheses refer to MC6800 CPU pin out. 
Note 2: Numbers or letters in brackets refer to standard M6800 system common bus code. 

FIGURE 15. Interfacing Multiple AIDs in an MCG800 System 
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PROGRAM FOR FIGURE 15 INTERFACING MULTIPLE A/Ds IN AN MC6800 SYSTEM 

ADDRESS HEX CODE MNEMONICS COMMENTS 

0010 DF 44 DATAIN STX TEMP ; Save Contents of X 
0012 CE 00 2A LDX #$002A ; Upon I RQ LOW CPU 
0015 FF FF FB STX $FFFB ; Jumps to 002A 
001B B7 50 00 STAA $5000 ; Starts all A/D's 
001B OE CLI 
001C 3E WAI ;Wait for interrupt 
OOlD CE 50 00 LDX #$5000 
0020 DF 40 STX INDEX1 ; Reset both I ND EX 
0022 CE 02 00 LDX #$0200 ; 1 and 2 to starting 
0025 DF 42 'STX INDEX2 ; addresses I 

0027 DE 44 LDX TEMP 
0029 39 RTS ; Return from subroutine 
002A DE 40 INTRPT LOX INDEX1 ;INDEX1 ->- X 
002C A6 00 LDAA X ; Read data in from A/D at X 
002E OB INX ; I ncrement X by one 
002F DF 40 STX INDEX1 ;X ~ INDEX1 
0031 DE 42 LDX INDEX2 ; INDEX2 -+ X 
0033 A7 00 STAA X ;Store data at X 
0035 BC 02 07 CPX #$0207 ; Have all A/D's been read? 
003B 27 05 BEQ RETURN ;Yes: branch to RETURN 
003A OB I"1X ;No: increment X by one 
003B DF 42 STX INDEX2 ;X -+ INDEX2 
003D 20 EB BRA INTRPT ;Branch to 002A 
003F 3B RETURN RTI 
0040 50 00 INDEX1 FDB $5000 ;Starting address for A/D 
0042 02 00 INDEX2 FDB $0200 ;Starting address for data storage 
0044 00 00 TEMP FDB $0000 

Note 1,: In order for the microprocessor to service 'subroutines and interrupts, the stack pointer must be dimensioned in 
the user's program. 

For amplification Of DC input signals, a major system 
error is the input offset voltage of the amplifiers used 
for the preamp. Figure 16 is a gain of 100 differential 
preamp whose offset voltage errors will be cancelled by a 
zeroing subroutine which is performed by the INSBOBOA 
microprocessor system. The total allowable input offset 
voltage error for this preamp is only 50 J.lV for 1/4 LSB 
error. This would obviously require very precise ampli­
fiers. The expression for the differential output voltage 
of the pream p is: 

Vo = [VIN(+) - VINH] [1 + :~2] + 
. , 

SIGNAL GAIN 

( 2R2) 1+-
Rl .. , 

DC ERROR TERM GAIN 

where Ix is the current through resistor Rx. All of the 
offset error terms can be cancelled by making ±lxRx = 

Vosl + Vos3 - Vos2· This is the principle of this 
auto-zeroing scheme. 

The I NSBOBOA uses the 3 I/O ports of an I NSB255 Pro­
grammable Peripheral Interface (PPI) to control the auto 
zeroing and input data from the ADCOBOl as shown in 
rigure 17. The PPI is programmed for basic I/O opera­
tion (mode 0) with Port A being an input port and Ports 
Band C being output ports. Two bits of Port C are used 
to alternately open or close the 2 switches at the input 
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of the preamp. Switch SW1 is closed to force the pre­
amp's differential input to be zero during the zeroing 
subroutine and then opened and SW2 is then closed for 
conversion of the actual differential input signal. Using 
2 switches in this manner eliminates concern for the ON 
resistance of the switches as they must conduct only the 
input bias current of the input amplifiers. 

Output Port B is used as a successive approximation 
register by the BOBO and the binary scaled resistors in 
series ·with each output bit create a D/A converter. 
During the zeroing subroutine, the voltage at Vx in­
creases or decreases as required to make the differential 
output voltage equal to zero. This is accomplished by 
insuring that the voltage at the output of A 1 is approxi­
mately 2.5V so that a logic "1" (5V) on any output of 
Port B will source current into node V x thus raising the 
voltage at Vx and making the output differential more 
negative. Conversely, a logic "0" (OV) will pull current 
out of node Vx and decrease the voltage, causing the 
differential output to become more positive. For the 
resistor values shown, Vx can move ±12 mV with a 
resolution of 50 J.lV which will null the offset error 
term to 1/4 LSB of full-scale for the ADCOB01. It is 
important that the voltage levels which drive the auto­
zero resistors be constant. Also, for symmetry, a logic 
swing of OV to 5V is convenient. To achieve this, a 
CMOS buffer is used for the logic output signals of Port 
B and this CMOS package is powered with a stable 5V 
source. Buffer amplifier A 1 is necessary so that it can 
source or sink the D/A output current. 
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Note 3: The 9 resistors used in the auto-zero section can be ±5% tolerance. 

FIGURE 16. Gain of 100 Differential Transducer Preamp 
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A flow chart for the zeroing subroutine is shown in 
Figure 18. It must be noted that the ADC0801 series 
will output an all zero code when it converts a negative 
input [VIN(-) ~ VIN(+)l. Also, a logic inversion exists 
as all of the liD ports are buffered with inverting gates. 

Basically, if the data read is zero, the differential output 
. voltage is negative, so a bit in Port B is cleared to pull 

V x more negative which will make the output more 
positive for the next conversion. If the data read is not 
zero, the output voltage is positive so a bit in Port B 
is set to make V x more positive and the output more 
negative. This continues for 8 approximations and the 
differential output eventually converges to within 5 mV 
of zero. 

The actual program is given in Figure 19. All addresses 
used are compatible with the BlC 80/10 microcomputer 
system. In particular: 

Port A and the ADC0801 are at port address E4 
Port B is at port address E5 
Port C is at port address E6 
PPI control word port is at port address E7 
Program Counter automatically goes to ADDR:3C3D 
upon acknowledgement of an interrupt from the 
ADC0801 

5.3 MUltiple AID Converters in a Z-80 
Interrupt Driven Mode 

In data acquisition systems where more than one AID 
converter (or other peripheral device) will be interrupting 
program execution of a microprocessor, there is ob­
viously a need for the CPU to determine which device 
requires servicing. Figure 20 and the accompanying 
software is a method of determining which of 7 
ADC0801 converters has completed a conversion (lNTR 
asserted) and is requesting an interrupt. This circuit 
allows starting the AID converters in any sequence, 
but will input and store valid data from the converters 
with a priority sequence of AID 1 being read first, 
AID 2 second, etc., through AID 7 which would have 
the lowest priority for data being read. Only the con­
verters whose INT is asserted will be read. 

The key to decoding circuitry is the DM74lS373, 
8-bit D type flip-flop. When the Z-80 acknowledges 
the interrupt, the program is vectored to a data input 
Z-80 subroutine. This subroutine will read a peripheral 
status word from the DM74lS373 which contains 
the logic state of the INTR outputs of all the con­
verters. Each converter which initiates an interrupt 
will place a logic "0" in a unique bit position in the 
status word and the subroutine will determine the 
identity of the converter and execute a data read. An 
identifier word (which indicates which AID the data 
came from) is stored in the next sequential memory 
location above the location of the data so the program 
can keep track of the identity of the data entered. 
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"EXCLUSIVE-OR" 
REG B WITH REG C 
TO SET NEXT BIT 
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"OR" REG B WITH 
REG C TO CLEAR 

BIT IN PORT B 
WHEN REAPPLIED 

FIGURE 18. Flow Chart for Auto-Zero Routine 
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3DOO 3E90 
3D02 D3E7 
3D04 2601 
3D06 7C 
3D07 D3E6 
3D09 0680 
3DOB 3E7F 
3DOD 4F 
3DOE D3E5 
3Dl0 31AA3D 
3D13 D3E4 
3D15 FB 
3D16 00 
3D17 C3163D 
3D1A 7A 
3D1B C600 
3D1D CA2D3D 
3D20 78 
3D21 F600 
3D23 IF 
3D24 FEOO 
3D26 CA373D 
3D29 47 
3D2A C3333D 
3D2D 79 
3D2E BO 
3D2F 4F 
3D30 C3203D 
3D33 A9 
3D34 C30D3D 
3D37 47 
3D38 7C 
3D39 EE03 
3D3B D3E6 
3D3D 

3C3D DBE4 
3C3F 'EEFF 
3C41 57 
3C42 78 
3C43 E6FF 
3C45 C21A3D 
3C48 C33D3D 

MVI90 
Out Control Port 
MVI HOI 
MOV A,H 
OUT C 
MVI B 80 
MVI A 7F 
MOV C,A 
OUT B 
LXI SP 3DAA 
OUT A 
IE 
NOP 
JMP Loop 
MOV A,D 
ADIOO 
JZ Set C 
MOV A,B 
ORIOO 
RAR 
CPIOO 
JZ Done 
MOV B,A 
JMP New C 
MOV A,C 
ORA B 
MOV C,A 
JMP Shift B 
XRA C 
JMP ~eturn 
MOV B,A 
MOV A,H 
XRI03 
OUT C 

Program for processing 
proper data values 
IN A 
XRI FF 
MOV D,A 
MOV A,B 
ANI FF 
JNZ Auto-Zero 
JMP Normal 

Auto-Zero Subroutine 

Return 

Start 

Loop 

Auto-Zero 

Shift B 

Set C 

New C 

Done 

Normal 

Read AID Subroutine 

; Program PPI 

; Close SW1, open SW2 
; Initialize SAR bit pointer 
; Initialize SAR code 

; Port B = SAR code 
; Dimension stack pointer 
; Start AID 

; Loop until INT asserted 

; Test AID output data for ~ero 

; Clear carry 
; Shift "I" in B right one place 
; Is B zero? 'If yes last 
; approximation has been made 

; Set bit in C that is in same 
; position as "1" in B 

; Clear bit in C that is in 
; same position as "1" in B 
; then output new SAR code. 
; Open SW1, close SW2 then 
; proceed with program. Preamp 
; is now zeroed~ 

; Read AID data 
; Invert data 

; Is B Reg = O? If not stay 
; in auto zero subroutine 

Note: All numerical values are hexadecimal representations. 

FIGURE 19, Software for Auto-Zeroed Differential AID 

5,3 Multiple AID Converters in a Z-80 
Interrupt Driven Mode (Continued) 

The following notes apply: 

1) It is assumed that the CPU automatically performs 
a RST 7 instruction when a valid interrupt is ac­
knowledged (CPU is in interrupt mode 1). Hence, 

. the subroutine starting address of X003S. 

2) The address bus from the Z-SO and the data bus to 
the Z-SO are assumed to be inverted by bus drivers. 

3) AID data and identifying words will be stored in 
sequential memory locations starting at the arbitrarily 
chosen address X 3EOO. 

4) The stack pointer must be dimensioned in the main 
program as the RST 7 instruction automatically 
pushes the PC onto the stack and the subroutine 
uses an additional 6 stack addresses. 

3-S2 

5) The peripherals of concern are mapped into lID 
space with the following port assignments: 

HEX PORT ADDRESS 

00 
01 
02 
03 
04 
05 
06 
07 

PERIPHERAL 

MM74C374 S·bit flip-flop 
AID 1 
AID 2 
AID 3 
AID 4 
AID 5 
AID 6 
AID 7 

This port address also serves as the AID identifying word 
in the program. 
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FIGURE 20. Multiple A/Os with Z-80 Type Microprocessor 

INTERRUPT SERVICING SUBROUTINE 

LOC OBJ CODE 

0038 E5 
0039 C5 
003A F5 
0038 21 003E 
003E DE 01 
0040 0300 
0042 0800 
0044 47 
0045 79 TEST 
0046 FE 08 

0048 CA 60 00 
0048 78 
004C 1F 
0040 47 
004E DA 5500 
0051 DC NEXT 
0052 C3 4500 
0055 ED 78 LOAD 
0057 EE FF 
0059 77 
005A 2C 
0058 71 
D05C 2C 
0050 C3 51 00 
0060 F1 DONE 
0061 C1 
0062 E1 
0063 C9 

SOURCE 
STATEMENT 

PUSH HL 
PUSH Be 
PUSH AF 

LD IHLI.X3EOO 
LD C.X01 
OUT XOO,A 
IN A, XOO 
LD B,A 

LD A,C 
CP, X08 
JPZ, DONE 
LD A,S 
RRA 
LD 8,A 
JPC, LOAD 

INC C 
JP,TEST 
IN A, (C) 

XOR FF 
LD IHLI,A 
INC L 
LD (HLI,C 
INC L 

JP,NEXT 
PDP AF 
POP 8C 
POP HL 
RET 
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COMMENT 

, Save contents of all registers affected by 
, this subroutine. 

, Assumed INT mode 1 earlier set. 

, Initlaille memory pOinter where data will be stored. 

; C register will be port ADDR of AID converters. 

; Load peripheral status word mto a-bit latCh. 

; Load status word mto accumulator. 

; Save the status word. 
; Test to see If the status of all AID's have 

; bel:!f1 checked. If so, exit subroutme. 

; Test a smgle bit In status word by lookmg for 

; a "1" to be rotated into the CARRY (an IhIT 

; IS loaded as a "1") If CARRY IS set then load 

; contents of AID at port ADDR In C register. 

, If CARRY IS not set, mcrement C register to pOint 

; to next AID, then test next bit In status word. 

, Read data from interrupting AID and IIlvert 

, the data 

, Store the data. 

, Store AID Identifier (AID port ADDR) 

; Test next bit In status word. 

; R,,·establish all registers as they were 

, before the Interrup~ 

; Return to original program. 
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Section 4 

CMOS Memory 





~National 
~ Semiconductor 

MM54C89/MM74C89 64-Bit TRI-STATE® 
Random Access ReadlWrite Memory 

General Description 
The MM54C89/MM74C89 is a 16-word by 4-bit random 
access read/write memory. Inputs to the memory con· 
slst of four address lines, four data input lines, a write 
enable line and a memory enable line. The four binary 
address inputs are decoded internally to select each of 
the 16 possible word locations. An internal address 
register, latches the address information on the positive 
to negative transition of the memory enable input. The 
four TRI·STATE@ data output lines working in conjunc· 
tion with the memory enable input provides for easy 
memory expansion. 

Address Operation: Address inputs must be stable tSA 
prior to the positive to negative transition of memory 
enable. It is thus not necessary to hold address informa· 
tion stable for more than tHA after the memory is 
enabled (positive to negative transition of memory enable). 

Note: The timing is different that the DM7489 In that a 
positive to negative transition of the memory enable 
must occur for the memory to be selected. 

Write Operation: Information present at the data inputs 
is written into the memory at the selected address by 
bringing write enable and memory enable low. 

TAl-STATE is a registered trademark of National Semiconductor Corp. 

Logic and Connection Diagrains 

Read Operation: The complement of the information 
which was written Into the memory is non--destructively 
read out at the four outputs. This is accomplished by 
selecting the desired address and bringing memory 
enable low and write enable high. 

When the device is writing or disabled the output 
,assumes a TRI·STATE (Hi-z) condition. 

Features 

• Wide supply voltage range 

• Guaranteed noise margin 

• High noise immunity 

• Lowpower 
TTL compatibility 

• Low power consumption 

• Fast access time 

• TRI·STATE output 

3.0Vto 15V 

1.0V 

0.45 Vcc (typ.) 

fan out of 2 
driving 74L 

100nW/package (typ.) 

130ns (typ.) at Vcc = 10V 

DATA DATi DATA DATA OATA fj'j{fA OATA DATA 
INPUT I 0Ufii'iifliNPUT2 iiiifii"i:ifZ INPUT] ifiifii'iif1IN'UT4 0ii'fPiif4 

WiiifE 
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MEMORY 
EiiAiLi 
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INPute 

INPUTB 
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WIITTHR4IU 3 14 ADDRESSIN'UTC 
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DATA INPUT Z 6 
ti Dm0Ufliijf4 

DATAWi'PiiTz 
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10 DATA INPUT 3 

GN. II IJlTlrromIT3 

TQPVlfW 

Order Number MM54C89D or 
MM74C89D 

See Package 3 
Order Number MM"74C89N 

See Package 15 



Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin - 0.3V to Vee + 0.3V Package Dissipation 500mW 
Operating Temperature Range Operating Vee Range 3.0Vto 15V 

MM54CB9 -55·Cto +125·C Absolute Maximum Vee 1BV 
MM74CB9 -40·Cto +B5·C Lead Temperature (Soldering, 10 seconds) 300·C 

Storage Temperature Range ..:.65·Cto +150·C 

DC Electrical Characteristics Minimax limits apply across temperature range, unless otherwise noted. 

Parameter I Conditions I Min., I Typ. I Max. I Units 

CMOS to CMOS 

VIN(l) Logical "1" Input Voltage' Vee=5.0V 3.5 V 
Vee=10V B.O V 

VIN(O) Logical "0" Input Voltage Vee=5.0V 1.5 V 
Vec=10V 2.0 V 

VOUT(l) Logical "1" Output Voltage Vee = 5.0V, 10= -1OI'A 4.5 V 
Vee =10V, 10= -101'A 9.0 

VOUT(O) Logical "0" Output Voltage Vee=5.0V, 10= +1OI'A 0.5 V 
Vee = 10V, 10 = +101'A 1.0 V 

IIN(l) Logical "1" Input Current Vee=15V, VIN=15V -0.005 1.0 I'A 

IIN(O) Logical "0" Input Current Vee=15V, VIN=OV -1.0 -0.005 I'A 
Output Current in High Vee=15V, V=15V 0.005 1.0 I'A 
Impedance State Vee=15V, Vo=OV -1.0 -0.005 I'A 

Icc Supply Current Vee=15V 0.05 300 I'A 

CMOSILPTTL Interface 

VIN(l) Logical "1" Input Voltage 54C, Vcc=4.5V Vee- 1.5 V 
74C, Vcc=4.75V Vce- 1.5 V 

VIN(O) Logical "0" Input Voltage 54C, Vcc=4.5V O.B V 
74C, Vee =4.75V O.B V 

VOUT(l) Logical "1" Output Voltage 54C, Vee = 4.5V, 10 = -36OI'A 2.4 V 
74C, Vcc=4.75V, 10= -36OI'A 2.4 V 

VOUT(O) Logical "0" Output Voltage 54C, Vee=4.5V, 10= +36OI'A 0.4 V 
74C, Vee = 4.75V, 10 = +36OI'A 0.4 V 

Output Drive (See 54C/74C Family Characteristics Data Sheet) (short circuit current) 

IsouReE Output Source Current Vee = 5.0V, VOUT=OV -1.75 -3.3 mA 
(P-Channel) TA=25·C 

IsouReE Output Source Current Vee = 10V, VOUT = OV -B.O -15 mA 
(P·Channel) TA=25·C 

ISINK Output Sink Current Vee = 5.0V, VouT=Vee 1.75 3.6 mA 
(N-Channel) TA=25·C 

ISINK Output Sink Current Vee = 10V, VOUT = Vee B.O 16 mA 
(N-Channel) TA=25·C 

AC Electrical Charac,teristics TA '" 25·C, CL = 50pF, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

tpd Propagation Delay from Vee=5.0V 270 500 ns 
Memory Enable Vee=10V 100 220 ns 

tAee Access Time from Vee=5.0V 350 650 ns 
Address Input Vee=10V 130 280 ns 

tSA Address Setup Time Vee=5.0V 150 ns 
Vee=10V 60 ns 

tHA Address Hold Time Vee=5.0V 60 ns 
Vec=10V 40 ns 

tME Memory Enable Pulse Width Vee=5.0V 400 250 ns 
Vee=10V 150 90 ns 

tME Memory Enable Pulse Width Vee=5.0V 400 200 ns 
Vee=10V 150 70 ns 
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AC Electrical Characteristics (Cont'd.) 

tSR 

tws 

tWE 

tso 

Parameter 
Write Enable Setup Time 
for a Read 
Write Enable Setup Time 
for a Write 
Write Enable Pulse Width 

Data Input Hold Time 

Data Input Setup 

Propagation Delay from a Logical 
"1" or Logical "0" to the High 
Impedance State from 
Memory Enable 
Propagation Delay from a Logical 
"1" or Logical "0" to the High 
Impedance State from 
Write Enable 
Input Capacity 
Output Capacity 
Power Dissipation Capacity 

Conditions 

Vee=5.0V 
Vee=10V 
Vee=5.0V 
Vee=10V 
Vee=5.0V, tws=O 
Vee = 10V, tws = 0 
Vee=5.0V 
Vee=10V 
Vee=5.0V 
Vee=10V 
Vee=5.0V, CL=5.0pF, RL=10k 
Vee=10V, CL=5.0pF, RL=10k 

Vee = 5.0V, CL = 5.0 pF, RL = 10 k 
Vee=10V, CL=5.0pF, RL=10k 

Any Input (Note 2) 
Any Output (Note 2) 
(Note 3) 

Min. 

o 
o 

300 
100 
50 
25 
50 
25 

Typ. 

160 
60 

180 
-85 

180 
85 

5.0 
6.5 
230 

Max. Units 

ns 
ns 

tME ns 
tME ns 

ns 
ns 
ns 
ns 
ns 
ns 

300 ns 
120 ns 

300 ns. 
120 ns 

pF 
pF 
pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Charac· 
teristics" provides conditions for actual device operation. 
Note 2: Capacitance Is guaranteed by periodic testing. 
Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Char· 
acteristics application note, AN-90. 

AC Electrical Characteristics (Guaranteed across the specified temperature range, CL=50pF) (eont'd) 

Parameter 

tpo 

tWE 

tSA 

Conditions 

Vee=5.0V 
Vee = 10V 
Vee=15V 

Vee=5.0V 
Vee = 10V 
Vee = 15V 

Vee=5.0V 
Vee = 10V 
Vee = 15V 

Vee=5.0V 
Vee = 10V 
Vee = 15V 

Vce=5.0V 
Vee=10V 
Vee = 15V 

Vee=5.0V 
Vee = 10V 
Vee=15V 

Vee=5.0V 
Vee = 10V 
Vee = 15V 

Vee=5.0V 
Vee = 10V 
Vee=15V 

Vee=5.0V 
Vee=10V 
Vee=15V 

Vee=5.0V 
Vee'= 10V, CL = 5.0pF 
Vee = 15V , RL = 10kQ 

MM54C89 
TA = 55°C to +125°C 

Min. Max. 

210 
90 
70 

80 
55 
45 

560 
210 
170 

560 
210 
170 

420 
140 
110 

70 
35 
30 

70 
35 
30 
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700 
310 
250 

910 
400 
320 

420 
170 
135 

MM74C89 
TA = -45°C to +85°C 

Min. Max. 

180 
80 
60 

70 
50 
40 

480 
180 
150 

480 
180 
150 

360 
120 
100 

60 
30 
25 

60 
30 
25 

600 
265 
210 

780 
345 
270 

360 
145 
115 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 
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AC Test Circuit 

ME 

L 

L 

H 

H 

1O. 

WE OPERATION CONDITION OF OUTPUTS 

L Write TRI-STATE@ 

H Read Complement of Selected Word 

L Inhibit, Storage TRI-STATE@ 

H Inhibit, Storage TRI-STATE@ 

SWitching Time Waveforms 
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n;m 

iiiffiili1' 

'v 

Read Cycle Write Cycle 
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~National 
~ Semiconductor 

MM54C200/MM74C200 256-Bit TRI-STATE® 
Random Access Read/Write Memory 

General Description 
The MM54G200/MM74G200 is a 256-bit random access 
read/write memory. Inputs consist of eight address lines, 
and three chip enables. The eight binary address inputs 
are decoded internally to select each of the 256 locations. 
The internal address register, latches, and address in· 
formation are on the positive to negative edge of GE3. 
The TRI·STATE® data output line, working in conjunction 
with GEl or GE2 inputs, provides for easy memory ex· 
pansion. 

Address Operation: Address inputs must be stable tSA 
prior to the positive to negative transition of GE3. It is 
therefore unnecessary to hold address information 
stable for more than tHA after the memory is enabled 
(positive to negative transition). 

Note: The timing is different from the DM74200 in that a 
positive to negative transition of the GE3 must occur for 
the memory to be selected. 

Read Operation: The data is read out by selecting the 
proper address and bringing GE3 low and WE high. 

TRI·STATE is a registered trademark of National Semiconductor Corp. 

Logic and Connection Diagrams 

Holding either GEl, GE2, orCE:3 at a high level forces the 
output into TRI·STATE. When used in bus·organized sys· 
tems, GEl, or GE2 , a TRI·STATE control provides for fast 
access times by not totally disabling the chip. 

Write Operation: Data is written into the memory with 
GE3 low and WE low. The state of GEl or GE2 has no 
effect on the write cycle. The output assumes TRI·STATE 
with WE low. 

Features 
• Wide supply voltage range 
• Guaranteed noise margin 
• High noise immunity 
• TTL compatibility 

• Lowpower 
• Internal address register 

3.0Vto 15V 
1.0V 

0.45 Vce (typ.) 
fan out of 1 

driving standard TTL 
500 nW (typ.) 

ADDRESS ADDRESS ADDRESS ADDRESS 
INPUT 0 INPUT C INPUT B INPUT A 

TRI-5TATE 

E:~~: __ ~ ____________ -+ __ ~ __ ~,---~~~~~~~-L~L-~ 
DA~:~_-+ ____________ -i __ -+ __ ---+I 

",'--------_---1")0<>-<_--' 

X·DECODER 

25&-BIT 
MEMORY ARRAY 
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ADDRESS 1 16 Vee 
INPUT A 

ADDRESS 2 15 ADDRESS 

INPUTB INPUTe 

fE, 3 14 ADDRESS 
INPUTH 

eE2 
4 

13 DATA IN 

eE3 

, 12 WRITE 
ENABLE 

DATA • 11 ADDRESS 
OUT INPUTG 

ADDRESS 1 TO ADDRESS 
INPUTD INPUTF 

GNO 
g ADDRESS 

INPUT E 

TOP VIEW 

Order Number MM54C200D 
or MM74C200D 

See Package 3 
Order Number MM74C200N 

See Package 15 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin -0.3 V to Vee + 0.3 V 
Operating Temperature Range 

MM54C200 -55·C to +125·C 
MM74C200 -40·C to +B5·C 

Storage Temperature Range -S5·C to +150·C 
Package Dissipation 500mW 
Operating Vee Range 3.0Vto 15V 
Absolute Maximum Vee 1BV 
Lead Temperature (Soldering, 10 seconds) 300·C 

DC Electrical Characteristics Min.lmax. limits apply across temperature range, unless othl'lrwise noted. 

Parameter I Conditions I Min. I Typ. I Max. I Units 

CMOS to CMOS 

V'N(1) Logical "1" Input Voltage Vee=5.0V 3.5 V 
Vee=10V B.O V 

V,NIO) Logical "0" Input Voltage Vee=5.0V 1.5 V 
Vee=10V 2.0 V 

VOUT(1) Logical "1" Output Voltage Vee=5.0V,lo=-10"A 4.5 V 
Vee=10V,lo=-10"A 9.0 V 

VOUTIO) Logical "0" Output Voltage Vee = 5.0V, lo=+10"A 0.5 V 
Vee=10V,lo=+10"A 1.0 V 

I'Nll) Logical "1" Input Current Vee = 15V, V,N =15V 0.005 1.0 "A 
I,NIO) Logical "0" Input Current Vee = 15V, Y,N =OV -1.0 -0.005 "A 
Icc Supply Current Vee = 15V 0.10 SOO "A 

CMOS/TTL Interlace 

V'N(1) Logical "1" Input Voltage 54C Vee=4.5V Vee- 1.5 V 
74C Vee =4.75V Vee- 1.5 V 

V,NIO) Logical "0" Input Voltage 54C Vee=4.5V O.B V 
74C Vee =4.75V O.B V 

VOUT(1) Logical "1" Output Voltage 54C Vee=4.5V, lo=-1.SmA 2.4 V 
74C Vee = 4.75, lo=-1.SmA 2.4 V 

VOUTIO) Logical "0" Output Voltage 54C Vee=4.5V, lo=1.SmA 
74C Vee = 4.75, lo=1.SmA 0.4 V 

Output Drive (See 54C/74C Family Characteristics Data Sheet) (Short Circuit Current) 

IsouReE Output Source Current Vee = 5.0V, VOUT=OV -4.0 -S.O rnA 
. (P·Channel) TA=25·C -1.B mA 

IsouReE Output Source Current Vee=10V, VOUT=OV -1S.0 -25 rnA 
(P·Channel) TA=25·C -1.5 mA 

ISINK Output Sink Current Vee = 5.0 V, VOUT.= Vee 5.0 B.O rnA 
(N·Channel) TA=25·C 

ISINK Output Sink Current Vee = 10V, VOUT';' Vee 20 30 mA 
(N·Channel) TA=·C 
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AC Electrical Characteristics TA = 25°C, CL = 50 pF, unless otherwise specified. 

Parameter Conditions Min. Typ. Max. Units 

tAcc Access Time from Address Vcc=5.0V 450 900 ns 
Vcc=10V 200 400 ns 

tpd Propagation Delay from CE3 Vcc=5.0V 360 700 ns 
Vcc=10V 120 300 ns 

tpCEl Propagation Delay from eEl or CE2 Vcc=5.0V 250 700 ns 
Vcc=10V 85 200 ns 

tSA Address Setup Time Vcc =5.0V 200 80 ns 
Vcc=10V 100 30 ns 

tHA Address Hold Time Vcc=5.0V 50 15 ns 
Vcc=10V 25 5.0 ns 

tWE Write Enable Pulse Width Vcc=5.0V 300 160 ns 
Vcc=10V 150 70 ns 

tCE CE3 Pulse Widths Vcc=5.0V 400 200 ns 
Vcc=10V 160 80 ns 

CIN Input Capacity Any Input (Notf! 2) 5.0 pF 

COUT Output Capacity in TRI·STATE® (Note 2) 9.0 pF 

CpD Power Dissipation Capacity (Note 3) 400 pF 

CL =50pF 

MM54C200 MM74C200 

Parameter Conditions TA = -55°C to +125°C TA = -45°C to +85°C Units 
Min. Max. Min. Max. 

tAcc Access Time from Address Vcc=5.0V 1200 1100 ns 
Vcc=10V 520 480 ns 

tpd Propagation Delay from CE3 Vcc =5.0V 950 850 ns 
Vcc=10V 400 360 ns 

tpdCEl Propagation Delay from Vcc=5.0V 650 600 ns 
CEl or CE2 Vcc=10V 300 275 ns 

tSA Address Setup Time Vcc=5.0V 250 250 ns 
Vcc= 10V 120 120 ns 

tHA Address Hold Time Vcc=5.0V 100 100 ns 
Vcc= 10V 50 50 ns 

tWE Write Enable Pulse Width Vcc=5.0V 450 400 ns 
Vcc=10V 225 200 ns 

tCE Disable Pulse Width Vcc=5.0V 500 460 ns 
Vce= 10Y 250 230 ns 

tHD Data Hold Time Vcc=5.0V 50 50 ns 
Vcc=10V 25 25 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Ope· 
rating Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 
Note 3: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family Char· 
acteristics application note, AN-SO. 
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Switching Time Waveforms 

ADDRESS 
INPUT 

DATA 
IN 

te, DRte, 

ADDRESS 
INPUT 

DATA 
IN 

Read and Write Cycles Using CE3 (CEl = CE2 = logic 0) 

r-------~-----------------------V~ 

--------------------___ OV 

~---------------- Vee 

~---------------OV 

,..-------Vee 

~-------'·------------OV. 

,..----v~ 

j ~-------'-----------OV 

tACC=-v---------------\ Vee 
~. TRI·STATE • 

- ffii:;.m- \.------OV 

Read and Write Cycles Using CE3 and CEl (or CE2) 

\ /t-------------------------------- Vee 

I ~---J. __ ----OV 

r-------~--------------------Vcc 

~~~~t_HA __ +_------~--~:~-tHA----------: 
'-----------OV 

r------Vcc 

I .'-________ J--------OV 

r . \ 
------Vee 

. TRI·STATE ~~~m ___________ _ 

_ _ _ _ _ _ _ _ _ __ __________________________ ----OV 

TRI·STATE 

Note: Used for fast access time in bused systems. 
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~National . 
~ Semiconductor 

MM54C910/MM74C910 256 Bit TRI-STATE® 
Random Access Read/Write Memory 

General Description 
The MM54C910/MM74C910 is a 64 word by 4 bit random 
access memory. Inputs consist of six address lines, four 
data input lines, a WE, and a ME line. The six address. 
lines are internally decoded to select one of 64 word loca­
tions. An internal address register latches the address 
information on the positive to negative transition of ME. 
The TRI·STATE'" outputs allow for easy memory expansion. 

Address Operation: Address inputs must be stable (tSA) 
prior to the positive to negative transition of ME, and 
(tHA) after the positive to negative transition of ME. The 
address register holds the information and stable address 
inputs are not needed at any other time. 

Write Operation: Data is written into memory at the· 
selected address if WE goes low while ME is low. WE 
must be held low for tWE and data must remain stable 
tHO after WE returns high. 

Outputs are in the TRI-STATE'" (Hi-Z) condition when the 
device is writing or disabled. 

Features 
II Supply voltage range 3.0Vto 5.5V 

II High noise immunity 0.45 Vcc (ty:p.) 

II TTL compatible fan out 1 TTL load 

II Input address register 

II Low power consumption 250nW/package (typ.) 
(chip enabled or disabled) 

II Fast access time 250ns (typ.)at 5.0V 

Read Operation: Data is nondestructively read from a II TRI-STATE outputs 
memory location by an address operation with WE held 
high. II High voltage inputs 

TRI·STATE Is a registered trademark of National Semiconductor Corp. 

Logic and Connection Diagram 
o IN1 DOUTI DIN2 0 Dun 0 IN] DOUTl D IN4 DOUT4 

I nput Protection 

Dual·ln·line Package 

WiITTt MEMoRV 
Vee Doun DIN3 0lN4 DDUT4"'£N'ABI"E ENAm AC 

" 

o nuu DINl DINI 0 DUH AB AA AF A£ GNU 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Voltage at any Output Pin -0.3 V to Vee + 0.3 V Min. 
Voltage at any Input Pin -0.3Vto +15 V Supply Voltage {Vee> 
Package Dissipation 500mW MM54C910 4.5 
Operating Vee Range 3.0Vt05.5V MM74C910 4.75 
Standby Vee Range 1.5Vto 5.5V Temperature (TA) 
Absolute Maximum Vee 6.0V MM54C910 -55 
Lead Temperature (Soldering, 10 seconds( 300·C MM74C910 -40 

DC Electrical Characteristics 
Mln.lmax. limits apply across the temperature and power supply range indicated 

Parameter Conditions Min. Typ. Max. 

VIN(1) Logical "1" Input Voltage Full Range Vee- 1.5 

VIN(O) Logical "0" Input Voltage Full Range 0.8 

IIN(1) Logical "1" Input Current VIN = 15V 0.005 2.0 
VIN =5.0V 0.005 1.0 

IIN(o) Logical "0" Input Current VIN=OV -1.0 -0.005 

VOUT(1) Logical "1" Output Voltage 10=-150JAA Vee- 0.5 
10=-400JAA 2.4 

VOUT(O) Logical "0" Output Voltage lo=1.6mA 0.4 

Output Current in High Vo =5.0V 0.005 1.0 
Impedance State Vo=OV -1.0 -0.005 

Icc Supply Current Vee=5.0V 5.0 300 

AC Electrical Characteristics TA=25·C, Ve6=5.0V, CL =50pF 

Parameter Min. Typ. Max. 

tAce Access Time from Address 250 500 

tpd Propagation Delay from ME 180 360 

tSA Address Input Set· Up Time 140 70 

tHA Address Input Hold Time 20 10 

tME Memory Enable Pulse Width 200 100 

tME Memory Enable Pulse Width 400 200 

tso Data Input Set·Up Time 0 

tHO Data Input Hold Time 30 15 

tWE Write Enable Pulse Width 140 70 

t1H, tOH Delay to TRI·STATE@(Note4) 100 200 

. Capacitance ... 
CIN Input Capacity 

Any Input (Note 2) 5.0 

COUT Output Capacity 
Any Output (Note 2) 9.0 

Cpo Power Dissipation Capacity 
(Note 3) 350 

-
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Max. Units 

5.5 V 
5.25 V 

+125 ·C 
+85 ·c 

Units 

V 

V 

JAA 
JAA 

JAA 

V' 
V 

V 

JAA 
JAA 

JAA 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

pF 



AC Electrical Characteristics (cont'd) CL=50pF 

MM54C910 MM74C910 
TA = -55·C to +125·C TA = -40·C to +85·C 

Parameter Vee =4.5V to 5.5V Vee = 4.75V to 5.25V Units 

Min. Max. Min. Max. 
tACC Access Time from Address 860 700 ns 

tpdl, tpdo Propagation Delay from ME 660 540 ns 

tSA Address Input Set·Up Time 200 160 ns 

tHA Address Input Hold Time 20 20 ns 

tME Memory Enable Pulse Width 280 260 ns 

tME Memory Enable Pulse Width 750 600 ns 

tso Data Input Set·Up Time 0 0 ns 

tHo Data Input Hold Time 50 50 ns 

tWE Write Enable Pulse Width 200 180 ns 

tlH, tOH Delay to TRI·STATE® (Note 4) 200 200 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of 
"Electrical Characteristics" provides conditions for actual device operation. 
Note 2: Capacitance is guaranteed by periodic testing. 

Nole 3: Cpo determines the no load AC power consumption for' any CMOS device. For complete explanation see 54C/74C Family 
Characteristics application note AN-SO. 

Nole 4: See AC test circuit for tlH, tOH' 

Typical Performance Characteristics 

g 

" >= 

~ .. 

450 

400 

350 

300 

250 

200 

150 

100 

50 

0 

Typical Access Time vs Ambient 
T emperatu re 

.... 
4.5V i-" .... 
5V 

5.5V 

-55 -25 5 35 65 95 125 

FREE AIR TEMPERATURE rei 

AC Test Circuit 
tOH 

ltc, 
l'J" 

Truth Table 

ME WE OPERATION OUTPUTS 

L L Write TRI-STATE 

L H Read Data 

H L Inhibit, Store TRI-STATE 

H H Inhibit, Store TRI-STATE 
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Time Waveforms Switching 
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~National 
~ Semiconductor 

MM54C920/MM74C920, MM54C921/MM74C921 
1024-Bit Static Silicon Gate CMOS RAMs 
General Description 

The MM54C920/MM74C920 256 x 4 random access 
read/write memory is manufactured using silicon gate 
CMOS technology. Data output is the same polarity as 
data input. Internal latches store address inputs CES 
and data output. This RAM is specifically designed to 
operate from standard 54/74 TTL power supplies. 
All inputs and outputs are TTL compatible. 

The MM54C921/MM74C921 is identical to the 
MM54C920/MM74C920, except data inptlts are inter­
nally connected to data outputs; the num ber of package 
leads thereby is reduced to 18. 

Complete address decoding as well as 2-chip select 
functions, CEL and CES, and TRI-STATE® outputs 
allow easy expansion with a minimum of external com­
ponents. Versatility plus high speed and low power make 

Connection Diagrams 
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these RAMs ideal elements for use in microprocessor, 
minicomputer as well as main frame memory applications. 

Features 

• 256 x 4-bit organization 

• Access time 
250 ns max MM74C920, MM74C921 
275 ns max MM54C920, MM54C921 
300 ns max MM74C920-3, MM74C921-3 

• TRI-STATE outputs 

• Low power 
• On-chip re1listers 

• Single 5V supply 

• Data retained with VCC as low as 2V 

Dual-In-line Package 
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Functional Description 

The functional description will reference the logic 
diagram of the MM54C920/MM74C920 shown in 
Figure 1. Input addresses and CES are clocked into 

, the input latches by the falling edge of STROBE. Input 
set·up and hold times must be observed on these signals 
(see timing diagrams). The true and complement address 
information is fed to the row and column decoders 
which access the'selected 4-bit memory word. 

The addressed word (4 bits) is fed to 4 sense amplifiers 
through the column decoders. The information from the 
sense amplifiers is latched into the output register when 
STROBE rises. The register 'drives the TRI-STATE® 
output buffers . 

. Chip select inputs, CEl and CES, have identical functions 
except that CES (Chip Enable Stored) is clocked into a 
latch on the falling edge of STROBE; CEl (Chip Enable 
level) is not. 

Note that set-up and hold times must be observed on 
CES. Because CEl is not clocked by STROBE, it may 
fall after STROBE has fallen without affecting access 
time provided that the tOE requirement is met. 

Logic Diagram * 

AD 

AI 
ADDRESS 

A2 LATCH 

A3 
AND 

INVERTERS 

A4 

011 ---~~---.r--l 
012 -----+----+1 013 ____ -+ ____ +1 
014 ----t----+L--,,--.J 

The outputs are in a high impedance state when the 
chip is not selected (CES or CEl high) or when writing 
(WE low). Note that the information stored in the out­
put latches will be changed whenever STROBE falls" 
regardl'ess of the logic states of WE, CE l or CES. 

The switching time waveforms in Figures 2, 3 and 4 
define the read, write, and output enable/disable para-, 
meters respectively. 

Reduced-Voltage Operation 

These memories will retain data with reduced VCC and 
hence are ,!Jseful for battery-backup data storage. Certain 
precautions must be observed as VCC is reduced: (1) 
input voltages must remain between the VCC and ground 
of the RAM or supply latch-up can occur, (2) WRITE 
mode must be avoided, (3) during power-up of VCC, 
ST logic state must be maintained (either GND or VCC) 
while address control lines stabilize. 

32 
X 
8 

DATA OUT 
LATCH 

DO 1 

DO 2 

DO 3 

DO. 

ADDRESS LATCH 
AND INVERTERS 

m 

A5 AS A1 

FIGURE 1. MM54C920/MM74C920 

*The logic diagram for the MM54C921/MM74C921 is identical to this except that data inputs (011-0141 are connected to data outputs 
(001-0041. 
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Absolute Maximum Ratings (Note 1) Operating Conditions 

MIN MAX UNITS 

Supply Voltage, VCC 7V Supply Voltage (VCC) 
Voltage at Any Pin -{).3V to V CC + 0.3V MM54C920, MM54C921 4.5 5.5 V 
Storage Temperature Range ~5°C to +150°C MM74C920, MM74C921 4.5 5.5 V 
Package Dissipation 500mW MM74C920·3, MM74C921·3 4.75 5.25 V 
lead Temperature ISoldering, 10 seconds) 300°C Ambient Temperature IT A) 

MM54C920, MM54C921 -55 +125 °c 
MM74C920, MM74C921 -40 +85 °c 
MM74C920·3, MM74C921·3 0 +70 °c 

DC Electrical Characteristics (Note 2) 

MM54C920, MM74C920, MM74C920-3, 

SYMBOL PARAMETER CONDITIONS MM54C921 MM74C921 MM74C921-3 UNITS 

MIN MAX MIN MAX' MIN MAX 

VIH logical "1" Input Voltage VCC-2.0 Vce Vee-2.O Vce Vee-1.5 Vee V 

VIL Logical "0" Input Voltage a 0.8 0 0.8 0 0.8 V 

VOHl Logical "1" Output Voltage 10H= -1 mA 2.4 2.4 2.4 V 

VOH2 logical "1" Output Voltage lOUT = a Vee-0.1 Vee-0.1 Vee-a. 1 V 

VOLl logical "0" Output Voltage IOl = 2 mA 0.4 0.4 0.4 V 

VOl2 logical .. a" Output Voltage lOUT = a 0.01 0.01 0.01 V 

III I nput leakage OV::;VIN::;Vee -1.0 1.0 -1.0 1.0 -1.0 1.0 iJ.A 

10 Output leakage OV::; VO::; Vee, -1.0 1.0 -1.0 1.0 -1.0 1.0 iJ.A 
--
eEL = Vee 

ICC Supply leakage Current VIN = Vee, Vo = OV 20 10 100 iJ.A 

VDR Vee for Data Retention (Note 3) 2.0 2.0 2.0 V 

lOR I ee for Data Retention eEL = Vee = 2V, 0.01 0.01 0.1 iJ.A 
Typical at 25°C (typ) (typ) (typ) 

\ 

Capacitance (Note 4) 

SYMBOL PARAMETER CONDITIONS MIN TYP MAX UNITS 

CIN I nput Capacitance VIN = av, f = 1 MHz, TA = 25°C 4 7 pF 

Co Output Capacitance VIN = av, f= 1 MHz, TA = 25°C 6 9 pF 

ClIO Data Input/Output Capacitance MM54C921/MM74C921 Only 8 12 pF 

~ote1: "Absolute Maximum Ratings" are ·those values above which the device may be permanently damaged. They do not mean the device may 
be operated at these values. 

Note 2: These limits apply over the entire operating range specified in the "Operating Conditions" unless otherwise stated. 

Note 3: CEl = VCC - 2V or = 2V, whichever is greater. 
Note 4. Capacitance is guaranteed by periodic testing. 

4-17 

s: 
s: 
01 
~ 
o 
CO 
N o -s: 
s: ...... 
~ 
o 
CO 
N 
5=' 
s: 
s: 
01 
~ o 
CO 
N ...... -s: 
s: ...... 
~ 
o 
CO 
N ...... 
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~ Truth Table o .-..... 
:E 
:E -'I"'" 
~ o .­
It) 

:E 
:E 
g 
CD o .­..... 
:E 
:E -~ 
CD o .-
It) 

:E 
:E 

ST CES* CEl WE 01* FUNCTION 

X X 1 X X Output in Hi-Z state 

0 1 X X X Output in Hi~Z state 

X X X 0 X Output in Hi-Z state 

0 0 0 0 0 Write "0", output in Hi-Z state 

0 0 0 0 1 Write "1 ", output in Hi-Z state 

0 0 0 1 X Read data, output enabled 

*Set-up and hold times must be met 
X = don't care 

AC Electrical Characteristics (Note 5) 

MM54C920, MM74C920, 

SYMBOL PARAMETER MM54C921 MM74C921 

MIN MAX MIN MAX 

tc Cycle Time 290 255 

tACC Access Time From Address 275 250 

tACS Access Time From Strobe 250 225 

tAS Address Set-Up Time 25 25 

tAH Address Hold Time 25 25 

tOE Output Enable Time 150 130 

too Output Disable Time 150 130 

tST ST Pulse Width (Negative) 150 130 

tST ST Pulse Width (Positive) 140 125 

!WP Write Pulse Width (Negative) 150 130 

tDS Data Set-Up Time 100 90 

tDH Data Hold Time 60 60 

MM74C920-3 

MM74C921-3 UNITS 

MIN MAX 

330 ns 

325 ns 

300 ns 

25 ns 

25 ns 

130 ns 

130 ns 

165 ns 

165 ns 

165 ns 

90 ns 

60 ns 

Note 5: These limits apply over the operating range specified in the "Operating Conditions" with tRISE = tFALL = 5 ns, load = 1 TTL gate i 

50pF. 
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Switching Time Waveforms 

--~~---~ -'''-----1 'ST ----=-:}.- AD-A7 

AD-A7 

m 

en 
tEl 

DDUT -----~~-~-~~-~TRI::::E------~~--==_=kl.. __ _ 

FIGURE 2. Read Cycle (WE = VIH) 

Sf~ __ _ 

't±:1'AH . cuJ j 

'---'DD-~I ________ Jr .. PUJTEL_ 

m~ )' 1'--_____ -' 

D,N 
---+77'77477757"/) 

*twp (the Write Pulse Width) is the time ST, CEl and WE are 
coincidentally low 

FIGURE 3. Write Cycle 

'DE -----I ,---_ 
_ _ _ _ T.!!!~'.!!'!!.. ___ -( .... ___ _ 

WE ~ 1 l'-___ ...,--_ 
DDUT ------~TRI.STATE ~~ ___ ={-i-----"D::.D-~--}----

FIGURE 4. Output Enable/Disable 

4-19 

3: 
3: 
(J1 
~ o 
CD 
N 
o -3: 
3: ..... 
".. o 
CD 
N 
5=' 

D 
i 



] 
u 

" :!-

] 
~ 
c 

~ 
~ 

lOO 

250 

200 

150 

100 

50 

0 

125 

100 

75 

50 

25 

200 

150 

100 

50 

Access Time vs Power Supply, 
Voltage 

TA .125"C 

I" r...... 
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3 l.5 4.5 5.5 

VCC IV) 

Data-In Setup Time vs 
Ambient Temperature 

25 85 
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Minimu';' ST Pulse Width 
(Positive) vs Ambient 
Temperature 

Address Setup Time vs 
Ambient Temperature 
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Typical Performance Characteristics (Continued) 

Output Enable Time vs 
Ambient Temperature 

200 ,...,--,---,--,----,--,-, 

150 

o 

40 

35 

3D 

25 

20 

15 

10 

o 

-55 -40 0 25 85 125 

TA ( e) 

Dynamic Current vs Power 
Supply Voltage (VIH = VCC, 
VIL=OV) 

V 

3 3.5 

V V 

4.5 

Vee (V) 

TA·25 e 

./ V 

5.5 

Output Sink Current vs 
Output Voltage 

Vee· 5V 

TA· -55 C J-I-
V TA· 25 C 

JL ....... 1-"'" J 
IV J.....-

I--

1/ V TA ·125 e 

Ii V I 
II' I 
o 0.5 1 1.5 2 2.5 3 3.5 4 

VOUT (V) 
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Minimum ST Pulse Width 
(Negative) vs Ambient 
Temperature 
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Output Source Current vs 
Output Voltage 

VCC· 5V 

I I 
11 

TA'· -55 C 

~ ""'T A· '2'5'7 
LV k- :IT' 

iL k:;: ~ r- TA ·125 e 

~ P' I I 
5 4.5 4 3.5 3 2.5 2 1.5 1 

VOUT lV~ 

Test Limit MM54C920, MM54C921 

Test Limit MM74C920, MM74C921 
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~National 
~ Semiconductor 

MM54C929/MM74C929, MM54C930/MM74C930 
1024-Bit Static Silicon Gate CMOS RAMs 

General Description 

The MM54C929/MM74C929 and the MM54C930/ 
MM74C930 1024 x 1 random access read/write memories 
are manufactured using silicon-gate CMOS technology. 
These RAMs are specifically designed to operate from 
standard 54/74 TTL power supplies; all inputs and 
outputs are TTL compatible. Data output is the same 
polarity as data input. Internal latches store the address 
inputs and data output. Chip select input CS1 serves 
as a chip strobe, controlling address and data latching. 
The Data-In and Data-Out terminals can be tied together 
for common I/O applications. Complete address decoding, 
3-chip select functions (MM54C930/MM74C930) and 
TRI-STATE® output allow easy memory expansion and 
organization. The MM54C929/MM74C929 differs from 
the MM54C930/MM74C930 only in that CS1, CS2 and 
CS3 are internally connected together, providing a single 
chip-select input CS. 

Connection Diagrams 

Dual-In-Line Package 

cs 16 
Vcc 

AD 
15 

01 

Al 

A2 
MMS4C929 

A9 

AJ 
MM74C929 

AS 

A4 A7 

DO A6 

GNO AS 

TOP VIEW 

Logic Symbols 

AD 

AI 

A2 

AJ 

A4 
MMS4C929 AS DO MM74C929 

A6 

A7 

AS 

A9 

01 cs WE 
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Versatility, high speed, and low power make these RAMs 
ideal elements for use in many microprocessor, mini­
computer and main-frame-memory applications. 

Features 

.. Fast access-250 ns max 

.. TRI-STATE outputs 

.. Low power-10 /lA max standby 

.. On·chip registers 

.. Single 5V supply 

.. Inputs and output TTL compatible 

.. Data retained with VCC as low as 2V 

.. Can be operated common I/O 

Dual-In-Line Package 

ESZ 
18 

VCC 

m 17 CSJ 

16 
AD DI 

15_ 
Al WE 

MMS4C9JD 14 
A2 MM74C9JD 

A9 

13 
A3 AS 

A4 
12 

A7 

DO II A6 

10 
GNO AS 

TOP VIEW 

AD 

AI 

A2 

A3 

A4 
MM54C9JD AS MM74C9JD DO 

A6 

A7 

AS 

A9 

01 



Functional Description 

Address inputs are clocked into the input latches by the 
falling edge of chip strobe CS1; set-up and hold times 
must be obs'erved on these input signals (see timing dia­
gram). The true and complement address information is 
fed to the row and column decoders which select one of 
the 1024-bit locations_ The addressed bit is fed, via a 
sense amplifier, to the output register and TRI-STATE® 
buffer. The information is latched into the output 
register on the rising edge of chip strobe CS1. The out­
put is in a high impedance state when the chip is not 
selected (CS2 or CS3 high) or when writing (WE low). 
Output buffer control is independent of chip strobe CS1. 

Logic Diagram * 

AO_ 

Al_ 

AZ_ 

AJ 

ADDRESS 
LATCH 
AND 

INVERTERS 

A4 -L...----,..--..... 

10 

01---------;------+1 

Reduced-Voltage Operation 

These memories will retain data with reduced VCC and 
hence are useful for battery-backup data storage. Certain 
precautions must be observed as VCC is reduced: (1) 
input voltages must remain between the VCC and ground 
of the RAM or supply latch-up can occur, (2) WR ITE 
mode must be avoided, (3) during power-up of VCC, 
strobe (CS for the MM74C929 and CSl for the 
MM74C930) logic state must be maintained (either 
GND or VCe)' while address control lines stabilize. 

STORAGE 
MATRIX 

AS A6 A7 A8 A9 

DO 

*The MM74C930 has 3 chip selects CS1, CS2 and CS3. The MM74C929 has these internal,ly 
connected together providing a single chip select input CS. 

FIGURE 1 
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Absolute Maximum Ratings 
Supply Voltage, VCC 
Voltage at Any Pin 
Storage Temperature Range 
Operating Temperature Range 

MM54C929, MM54C930 
MM74C929, MM74C930 
MM74C929-3, MM74C930-3 

Package Dissipation 

Lead Temperature (Soldering 10 seconds) 

7V 
-{).3V to VCC + O.3V 

-B5'C to +150'C 

-55'C to +125'C 
-40'C to +85'C 

O'C to +70'C 
500mW 

300'C 

DC Electrical Characteristics Vee ~ 5V ±10%, T A ~ Operating Range, unless otherwise noted 

MM54C929, MM74C929, 
MM74C929-3, 

MM74C930-3 
SYMBOL PARAMETER CONDITIONS MM54C930 MM74C930 

(NOTE 1) 

MIN MAX MIN MAX MIN MAX 

VIH Logical "1" Input Voltage VCC-2.0 VCC VCC-2.0 Vee Vee-2.O Vee 

VIL Logical "a" Input Voltage a 0.8 a 0.8 O. 0.8 

VOHl Logical "1" Output Voltage 10H= 1 mA 2.4 2.4 2.4 

VOH2 Logical "1" Output Voltage lOUT = a Vce-0.1 Vce-0.1 Vec-0.1 

VOLl Logical "a" Output Voltage 10L = 2.0 mA 0.4 0.4 0.4 

VOL2 Logical "a" Output Voltage lOUT = a 0.01 0.01 0.01 

IlL Input Leakage OV ~ VIN ~ Vee -1.0 1.0 -1.0 1.0 -1.0 1.0 

10 Output Leakage OV ~ Vo ~ Vee, (Note 2) -1.0 1.0 -1.0 1.0 -1.0 1.0 

ICC Supply Leakage Current VIN = Vce, Vo = OV 20 10 100 

VDR Vee for Data Retention (Note 3) 2.0 2.0 2.0 

IDR ICC for Data Retention Vee = 2V, TA = 25'C, (Note 2) 0.01 0.01 0.1 

(typ) (typ) (typ) 

Note 1: Vec = 5V ±5%. 
Note 2: CS2 = eS3 = Vec or CS = VCC. 
Note 3: CS2 or CS3 or es = Vec - 2V or = 2V, wh ichever is greater. 

AC Electrical Characteristics Vee = 5V ±10%, T A = Operating Range, unle~s otherwise noted 

TTL Interface (VIH = VCC - 2V, Vll = O.BV, Input tRISE - tFAlL = 5 ns, Load - 1 TTL Gate + 50 pF) 

MM54C929, MM74C929, 
MM74C929-3, 

SYMBOL PARAMETER MM54C930 MM74C930 
MM74C930-3 

(NOTE 1) 

MIN MAX MIN MAX MIN MAX 

te Cycle Time 290 255 330 

lACe Access Time From Address 265 240 315 

tAes,tAesl Access Time From es, CST 250 225 300 

tAS Address Set-Up Time 15 15 15 

tAH Address Hold Time 50 50 50 

tOE Output Enable Time 150 130 130 

too Output DISable Time 150 130 130 

tcs,tesl es, CSl Pulse Width (Negative) 150 130 165 
(Note 4) 

tes,tcsl es, CSl Pulse Width (Positive) 140 125 165 

twp Write Pulse Width (Negative) 150 130 165 

tDS Data Set-Up Time, (Note 5) 150 140 140 

tDH .Qata Hold Time, (Note 5) a a 0 

UNITS 

V 

V 

V 

V 

V 

V 

/lA 

/lA 

/lA 

V 

/lA 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Note 4: Greater than minimum es pulse width must be used when reading data from the MM54C929/MM74C929 to ensure that output TRI­
STATING does not occur before data becomes valid. Writing has no such limitation. 

Note 5: tDS and tDH are referenced to the low-to-high transition of eSl or CS2 or eS3 or WE,whichever switches first, for the MM54e930/ 
MM74C930 and are referenced to the es or WE low-to-high transition, whichever switches first, for the MM54e929/MM74C929. 

4-24 



Capacitance (Note 6) 

SYMBOL PARAMETER CONOITIONS MIN MAX 

Input Capacitance VIN = 0, f = 1 MHz, TA = 25°C 

Output Capacitance VIN = 0, f = 1 MHz, TA = 25°C 

Chip Select Capacitance MM54C929/MM74C929, MM74C929-3 

4 

6 

8 

7 

9 

12 

Note 6: Capacitance maximum is guaranteed by periodic testing. 

Truth Tables 

MM54C929/MM74C929 MM54C930/MM74C930 

CS WE 01 FUNCTION CSl CS2 CS3 WE 01 FUNCTION 

1 X X Output in Hi-Z State X 1 X X X Output in Hi·Z State 
X 0 X Output in Hi·Z State X X 1 X X Output in Hi·Z State 
0 0 0 Write "0," Output in Hi-Z State X X X 0 X Output in Hi·Z State 

UNITS 

pF 

pF 

pF 

0 0 1 Write "1," Output in Hi-Z State 0 0 0 0 0 Write "0," Output in Hi·Z State 
0 1 X Read Data, Output Enabled 0 0 0 0 1 Write "1," Output in Hi-Z State 

X = Don't care 0 0 0 1 X Read Data, Output Enabled 

Switching Time Waveforms 

, '---------'1 
~---------tcs*--------~~--------tcs--------~·-I 

AO-A9 './ X 
-;;; f-- -~r"t-A-H-----------------

tAce • ,.---------tACS =k 
DOUT - - ------ -TRI-STATE®---- --- ... __ D_AT_A_O_UT_VA_L_I_D_ 

*Greater than minimum CS pulse 'width must be used when reading data from the 
MM54C929/MM74C929 to ensure that output TRI-STATING does not occur before data 
becomes valid. Writing has no such limitation, (Figure 4a). 

FIGURE 2a. MM54C929/MM74C929 Read Cycle 

eSl '1\ ~f . tesl tesl 

AO-A9 ~( ~ tAS 
tAH\ 

tOE 

eS2 AND eSJ 

i-------tAesl------\ 
J-------tAee • 1(--------

00UT ---------TRI.STATE®--------'\ OATAOUTVALIO 

FIGURE 2b. MM54C930/MM74C930 Read Cycle 

4-25 

s:: 
s:: 
(J1 
01:1-
(') 
CD 
Co) 
o -s:: 
s:: ...... 
01:1-
(') 
CD 
Co) 
o 



Switching Time Waveforms (Continued) 

AU-AU 

AU-AU 

CS2 AND CS3 

~~~~~~-------ICS--------~I 

*twp (the Write Pulse width) is the time CS and WE are coincidentally low 

FIGURE 3a. MM54C929/MM74C929 Write Cycle 

<-;r7LA~I------ ICS1---------l 

*twP (the Write Pulse width) is the time CSI. CS2. CS3 and WE are coincidentally low 

FIGURE 3b. MM54C930/MM74C930 Write Cycle 

) )f. 
~ 

I( ~ 
J \ 

-IOE- -IDD-

DOUT - - -TRI·STATE®- - --{ DATA OUT VALID -------
FIGURE 40. MM54C929/MM74C929 

CS2 OR CS3 
, I[ , 

J 

~ 
J ~ 

-IOE- -IOD-

DOUT - - -TRI·STATE"'- - - -( OATA OUT VALID ,-------
FIGURE 4b. MM54C930/1l/lM74C930 
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'Typical Performance Characteristics 

Access Time vs Ambient 
Temperature 
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Typical Performance Characteristics (Continued) 

Output Enable Time v. 
Ambient Temperature 
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~National a Semiconductor 

MM54C989/MM74C989 64·Bit (16 x 4) TRI·STATE® RAM 

General Description 

The MM54C989/MM74C989 is a 16-word by 4-bit 
random access read/write memory. I nputs to the memory 
consist of 4 address lines, 4 data input lines, a write 
'enable line and a memory enable line. The 4 binary 
address inputs are decoded internally to select each of 
the 16 possible word locations. An internal address 
register latches the address information on the positive 
to negative transition of the memory enable input. The 4 
TR I-STATE data output lines working in conjunction 
with the memory enable input provides for easy memory 
expansion. 

Address Operation: Address inputs must be stable tSA 
prior to the positive to negative transition of memory 
enable. It is thus not necessary to hold address informa­
tion stable for more than tHA after the memory is 
enabled (positive to negative transition of memory 
enable). 

Note. The timing is different than the DM7489 in that 
a positive to negative transition of the memory enable 
must occur for the memory to be selected. 

Write Operation: Information present at the data inputs 
is written into the memory at the selected address· 'by 
bringing write enable and memory enable low. 

LogiC and Connection Diagrams 

Read Operation: The complement of the information 
which was written into the memory is non-destructively 
read out at the 4 outputs. This is accomplished by 
seJecting the desired address and bringing memory enable 
low and write enable high. 

When the device is writing or disabled the output assumes 
a TRI-STATE ® (Hi-Z) condition. 

Features 

• Wide supply voltage range 

• Guaranteed noise margin 

• High noise immunity 

• Low power TTL 
compatibility 

• I nput address register 

• ,Low power consumption 

• Fast access time 

• TRI-STATE output 

3.0V to 5.5V 

1.0V 

0.45 VCC (typ.) 

fan out of 2 
driving 74L 

250 nW/package (typ.) 
@VCC=5V 

140 ns (typ.) at VCC = 5V 

DATA DATA DATA DATA DATA DATA DATA DATA 

WRITE 
ENABLE 

MEMORY 
ENABLE 

INPUT A-+--+-i 

INPUT B 

INPUT C 

INPUTB 

INPUT 1 OUTPUT 1 INPUT 2 OUTPUT 2 INPUT 3 OUTPUT 3 INPUT 4 OUTPUT4 
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Dual-in-Line Package' 

ADDRESS 1 16 Vee INPUT A 

ME\llIRV 2 15 ADDRESS 
EI/AID: INPUTB 

WRlTl: J 14 ADDRESS 
EliJ\BU INPUTe 

DATA 4 13 ADDRESS 
INPUT' INPUlD 

om 5 12 DATA 
0ITfiiU'i'1 INPUT4 

DATA 6 11 DATA 
INPUTZ OU1PU14 

DATA 7 10 DATA 
iJijfliij"f2 INPUTl 

GNo 
g DATA 

1iTI'mJTJ 

TOP VIEW 

Order Number MM54C989J 
or MM74C989J 

See NS Package J16A 

Order Number MM74C989N 
See NS Package N16A 



Absolute Maximum Ratings (Note 1) Operating Conditions 

Voltage at Any Pin 
Package Dissipation 
Absolute Maximum VCC 
Lead Temperature (Soldering, 10 seconds) 

-o.3V to V CC + 0.3V 
500mW 

7.0V 
300°C 

Supply VOltage (Vcc) 
MM54C989 
MM74C989 

Temperature (T A) 
MM54C989 
MM74C989 

Operating V CC Range 

Standby V CC Range 

DC Electrical Characteristics MM54C989/MM74C989 

(Min/max limits apply across the temperature and power supply range indicated). 

VIN(l) 

VIN(O) 

IIN(l) 

IIN(O) 

VOUT(l) 

VOUT(O) 

ICC 

PARAMETER 

Logical "1" Input Voltage 

Logical "0" I nput Voltage 

Logical "1" I nput Current 

Logical' "0" I nput Current 

Logical "1" Output Voltage 

Logical "0" Output Voltage 

Output Current in High I mpedance State 

Supply Current (Active) 

Supply Current (Stand·By) 

CONDITIONS 

VIN = 5V 

VIN = 0, 

10 = -3601lA 

10 = -1501lA 

10 = 360llA 

VO= 5V 

VO=O 

ME = 0, 

VCC,= 5V 

ME=5V 

AC Electrlcal Characteristics MM54C989/MM74C989 

TA = 25°C, VCC = 5V, CL = 50 pF 

,PARAMETER 

tACC Access Time From Address 

tPD Propagation Delay From ME 

tSA Address Input Set-Up Time 

tHA Address Input Hold Time 

tME Memory Enable Pulse Width 

tME Memory Enable Pulse Width 

tSD Data Input Set-Up Time 

tHD Data Input Hold Time 

!WE Write Enable Pulse Width 

tlH, tOH Del'ay to TRI-STATE@, CL = 5 pF, RL = 10k, (Note 4) 

CAPACITANCE 

CIN Input Capacity, Any Input, (Note 2) 

COUT Output Capacity, Any Output, (Note 2) 

CPO Power Dissipation Capacity, (Note 3) 
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MIN 

VCe-l .S 

-1 

2.4 

VCC-0.5 

-1 

MIN 

140 

20 

200 

400 

0 

30 

140 

MIN 

4.7 
4.75 

-55 
-40 

TYP 

0.005 

-0.005 

0.005 

-0.005 

0.05 

TYP 

140 

110 

30 

15 

80 

100 

20 

70 

100 

5 

8 

350 

-, 
MAX UNITS 

5.5 V 
5.25 V 

+125 °c 
+85 °c 

3.0Vto 5.5V 

1.5V to 5.5V 

MAX UNITS 

V 

0.8 V 

1 IlA 

IlA 

V 

V 

0.4 V 

1 IlA 

IlA 

150 IlA 

3 IlA 

MAX UNITS 

500 ns 

360 ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

200 ns 

pF 

pF 

pF 



AC Electrical Characteristics (Continued) 

MM54C989: TA ~ -55°C to +125°C, VCC ~ 4.5V to 5.5V. CL ~ 50 pF 

MM74C989: TA ~ -40°C to +85°C, VCC ~ 4.75V to 5.25V. CL ~ 50 pF 

MM54C989 MM74C989 
PARAMETER UNITS 

MIN MAX MIN MAX 

tACC Access Time From Address 500 I 620 ns 

tPD1, tPDO Propagation Delay From ME 350 430 ns 

tSA Address Input Set-Up Time 150 140 ns 

tHA Address Input Hold Time 50 60 ns 

tME Memory Enable Pulse Width 250 310 ns 

tME Memory Enable Pulse Width 520 400 ns 

tSD Data Input Set·Up Time 0 0 ns 

tHD Data Input Hold Time 60 50 ns 

tWE Write Enable Pulse Width 220 180 ns 

tlH, tOH Delay to TRI-STATE®, (Note 4) 200 200 ns 

Note 1: uAbsolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Tempetature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Capacitance is guaranteed by periodic testing. 

Note 3: CPD determines the no load AC power consumption for any CMOS device. For complete explanation see 54C/74C Family Characteristics 
application OGte, AN·90. 
Note 4: See AC test circuit for tl H, tOH. 

Truth Table 

L 

L 
H 

H 

AC Test Circuits 

tOH 

Vee 
~~ 

:~ 10k . , 
_ ..... 5.0 pF 

T 

WE 

L 

H 

L 

H 

OPERATION 

Write 

Read 

Inhibit, Storage 

Inhibit, Storage 
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CONDITION OF OUTPUTS 

TRI-STATE 

Complement of Selected Word 

TRI-STATE 

TRI-STATE 

All Other AC Tests 

s: 
s: 
en 
~ 
(') 
CO 
00 
CO -s: 
s: 
~ 
~ 
(') 
CO 
00 
CO 



Switching Time Waveforms 

Read Cycle (Note 1) Write Cycle (Note 1) 

MEMORY 
ENABLE 

AbDRESS 
INPUT 

Vee ----+-r------.. 

Vee------..... 

~ VCC--------------1,--------
1!UT 

MEMORY 
ENiBlE 

ADDRESS 
INPUT 

WiiifE 
ENABLE 

Read-Modify-Write Cycle (Note 1) 

Vee---1-'-----,. 

vee-----..... 
LATCHED ADDRESS 

MEMi!liY 
ENABLE 

ADDRESS 
INPUT 

= 1!UT 

Vcc----h,-----, 

Vee ------""'-

VCC---------.... 

Vee qiwE 
--, '>C'o 

Vee X DATA 
IN ..... ____ _ 

Note 1: MEMORY ENABLE must be brought high for tME ns between every address change. 
Note 2: tr = tf = 20 ns for all inputs. 
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~National ADVANCE INFORMATION 

~ Semiconductor 

NMC27C16 16,384·Bit(2048 x 8) UV Erasable CMOS PROM 

Max Access/Current NMC27C16-1 

Access (TAVaV-ns) 350 

Active Current (ICC-rnA/MHz) 25 

Standby Current (ICC-pA) 100 

General Description 
The NMC27C168 is a high speed 16k UV erasable and 
electrically reprogrammable EPROM ideally suited for 
applications where fast turn·around, pattern ex· 
perimentation and low power consumption are important 
requirements. 

NMC27C16-2 NMC27C16 

390 450 

25 25 

100 100 

Features 
• 2048 x 8 organization 
• Low power during programming 
• Access time down to 350 ns 
• Single 5V power supply 
• Static-no clocks required 

The NMC27C16 is packaged in a 24·pin dual·in·line 
package with transparent lid. The transparent lid allows 
the userto expose the chip to ultraviolet light to erase the 
bit pattern. A new pattern can then be written into the 
device by following the programming procedure, 

• Inputs and outputs TTL compatible during both read 
and program modes 

This EPROM is fabricated with the reliable, high volume, 
time proven, CMOS silicon gate technology. 

Block and Connection Diagrams· 

• TRI·STATE® output 
• CMOS power consumption 

+-- VPP+5V 

+-- VCC+5V 

+-- VSS GNO 

A1 

A6 

A5 

Dual·ln·Line Package 

DATA OUTPUTS {PROGRAM INPUTSI 
00-01 (00-011 

A4 

Pin Connection During Read or Program 

Pin Name/Number 

V GATING 

16,384 
BIT MATRIX 

A3 

A2 

Al 

AD 

0.1001 

01 (011 10 

02 {021 11 

VSS 
12 

TOP VIEW 

Pin Names 

AO-A10 Address Inputs 

24 VCC 

23 A8 

22 A9 

21 
vpp 

20 DE IGi 

19 AID 

18 CE/PGM IE/PI 

17 01 (07) 

16 06t061 

15 05 (051 

14 04 (041 

13 03(031 

Mode CE/PGM OE 
VPP (i~/P) (Gj 
21 

VCC 
24 

Outputs 
9-11,13-17 

Oo-07(QO-Q7) Data Outputs 
CE/PGM(E/P) Chip Enable/Program 

18 20 

Read VIL VIL 5 5 
Program Pulsed VIL VIH 25 5 

toVIH 

* Symbols In parentheses are proposed industry standard. 

TRI·STAT~ Is a registered trademark of National Semiconductor Corp. 

OE(G) Output Enable 
DOUT VPP Read 5V, Program 25V 
DIN VCC Power5V 

VSS Ground 
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Absolute Maximum Ratings (Note 1) 

Temperature Under Bias -25'Cto + 85'C Output Voltages with Respect VCC + 0.3V to ~ 0.3V 

Storage Temperature -65'Cto +125'C toVSS 

VPP Supply Voltage with Respect 26.5V to - 0.3V Power Dissipation 1.5W 

toVSS Lead Temperature (Soldering, 10 seconds) 300'C 

Input Voltages with Respect to 6Vto -0.3V 
VSS (except VPP) (Note 6) 

READ OPERATION (Note 2) 

DC Operating Characteristics TA=O'C to + wc, VCC=5V ±5'10, VPP=VCC±0.6V (Note 3), VSS=OV, 

unless otherwise noted. 

Symbol Parameter Conditions Min Typ Max Units 

III Input Current VIN = 5.25V or VIN = VIL 10 p.A 

ILO Output Leakage Current VOUT = 5.25V, CE/PGM = 5V 10 p.A 

VIL Input Low Voltage -0.1 0.8 V 

VIH Input High Voltage 2.0 VCC+1 V 

VOL1 Output Low Voltage IOL=2.1 mA 0.45 V 

VOH1 Output High Voltage IOH= -400p.A 2.4 V 

VOL2 Output Low Voltage IOL=Op.A GND+0.01 V 

VOH2 Output High Voltage IOH=Op.A VCC-0.1 V 

IPP1 VPP Supply Current VPP=5.85V 10 p.A 

ICC1 VCC Supply Current (Active) CE/PGM = OE = VIL (Note 5) 25 mA/MHz 

ICC2 VCC Supply Current (Standby) CE/PGM = VIH, OE = VIL 100 p.A 

AC Characteristics (Note 2) TA = O'C to + 70'C, VCC = 5V ± 5%, VPP = VCC ± 0.6V (Note 3), VSS = OV, unless other-
wise noted. 

Symbol 
Parameter Conditions 

NMC27C16 NMC27C16-1 NMC27C16-2 
Units 

Alternate Standard Min Max Min Max Min Mjlx 

tACC TAVQV Address to Output Delay CE/PGM = OE = VIL 450 350 390 ns 

tCE TELQV CE to Output Delay OE=VIL 450 350 390 ns 

tOE TGLQV Output Enable to Output CElPGM =VIL 120 120 120 ns 
Delay 

tOF TGHQZ Output Enable High to Output CE/PGM=VIL 0 100 0 100 0 100 ns 
Hi-Z 

tOH TAXQX Address to Output Hold CElPGM = OE = VIL 0 0 0 ns 

too TEHQZ CE to Output Hi·Z OE=VIL 0 100 0 100 0 100 ns 

Capacitance (Note 4) TA = 25'C, f = 1 MHz AC Test·Conditions 
Symbol Parameter Conditions Typ Max Units Output Load: 1 TTL gate and CL = 100 pF 

.q Input Capacitance VIN=OV 4 6 pF 
Input Rise and Fall Times: s20ns 

CO Output Capacitance VOUT=OV 8 12 pF 

Nola 1: "Absolute Maximum Ratings" are Ihose values beyond which the salety 01 the device cannot be guaranteed. Except lor "Operating Temperature 
Range" they are not meant to imply that the devices should be operated at these limits. The table 01 "Electrical Characteristics" provides conditions lor actual 
device operation. 
Nole 2: Typical conditions are lor operation at: TA= 2S'C, VCC=SV, VPP=VCC, and VSS= OV. 
Nola 3: VPP may be connected to VCC except during program. The ± O.6V teilerance allows a circuit to switch VPP between the read voltage and the program 
voltage. 
Nole 4: Capacitance Is guaranteed by periodic testing. TA =2S'C, 1= 1 MHz. 
Nole 5~ ICC increases lor Input voltage VI: (VCC - O.3V) > Vi > + O.3V unless in standby mode. During standby, all Inputs except CE are disabled and draw no 
ICC lor any Vi' 
Nole 6: The inputs (Address, CE, CE) may go above VCC by one volt with no latch ~p danger. Only the oulput (data inputs during programming) need be 
restricted to VCC + O.3V to - O.3V. 
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Switching Time Waveforms· 

Read Cycle (CE/PGM = VIL) 

VIH mw;~~~r-----------'\: 

ADDRESSES VALID VALID 
VIL ~~~~~~ ___________ --{ 

10H 
--(TAXDX)--

VIH ~~~~~~~~~ 
OUTPUT ENABLE 

v�L----------li----~--~--~-------J 
.. IOE 

(TGLDV) 
... 10F 

(TGHDZ)--IACC 
_ __________ ~I~~~~===i(T~A~V~D~V)~--~~~------------------__\ 

VOH Hi.Z 
OUTPUT VALID 

VOL---------------------------'-___________ J 

Read Cycle (OE = VIL) 

VIH 
ADDRESSES VALID VALID 

VIL 

10H 
--(TAXDX)--

VIH 
CHIP ENABLE 

VIL 

... .. ICE 100 .. IACC (TELDV) (TEHDZ) 
(TAVDV)----

VOH 
Hi·Z OUTPUT VALID 

VOL 

Standby Power· Down Mode (OE = VIL) 

VIH 
ADDRESSES VALID VALID 

VIL 

VIH 

ICE 
---(TELDV) 

Hi·Z 

Hi·Z 

CHIP ENABLE / STANDBY 
-'{ 

ACTIVE STANDBY 
VIL 

--- ,100 IACC 
---(TEHDZ) - (TAVQV) --

VOH 
OUTPUT 

VOL 

VALID FOR Hi·Z VALID FOR Hi·Z 

CURRENT ADDRESS I CURRENT ADDRESS 

* Symbols in parentheses are proposed Industry standard. 
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PROGRAM OPERATION 

DC Electrical Characteristics and Operating Conditions 
(Notes 1 and 2) (TA = 25°C ± 5°C) (VCC = 5V ± 5%, VPP = 25V ± 1V) 

Symbol Parameter Min Typ Max Units 

III Inp'ut Leakage Current (Note 3) 10 p.A 

VIL Input Low Level -0.1 0.8 V 

VIH Input High Level 2.0 VCC+'1 V 

ICC VCC Power Supply Current 100 p.A 

IPP1 VPP Supply Current (Note 4) 10 p.A 

IPP2 VPP,Supply Current During 30 mA 
Programming Pulse (Note 5) 

AC Characteristics and Operating Conditions 
(Notes 1, 2, and 6) (TA=25°C±5°C) (VCC= 5V±5%, VPP=25V ± W) 

Symbol 
Parameter Min Typ Max Units Alternate Standard 

tAS TAVPH Address Set-up Time 2 P.s 

tos TGHPH OE Set-up Time 2 P.s 

tos TDVPH Data Set·up Time 2 I'S 

tAH TPLAX Address Hold Time 2 P.s 

tOH TPLGX OE Hold Time 2 P.s 

tOH TPLDX Data Hold Time 2 P.s 

tOF TGHQZ Output Disable to Output TRI-STATE 0 100 ns 
Delay (Note 4) 

tOE TGLQV Output Enable to Output Delay (Note 4) 120 ns 

tpw TPHPL Program Pulse Width 45 50 55 ms 

t pA TPH1PH2 Program Pulse Rise Time 5 ns 

tpF TPL2PL1 Program Pulse Fall Time 5 ns 

Note 1: vee must be applied at the same time or before VPP and removed after or at the same time as VPP, To prevent damage to the device it must 
not be inserted Into a board with power applied. 

N.ote 2: Care must be taken to prevent overshoot of the VPP supply when switching to + 25V. 

Nole 3: 0.45V sVIN s5.25V 

Nole 4: CEIPGM = VIL, VPP = vee 
NoteS: VPP=26V 

Nole 6: Transition tlmess20 ns unless noted otherwise. 
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Timing Diagram * 

Program Mode 

ADDRESSES 
VIH ==~r-------jr-------'""\ Ji-----
VIL ==74~-----+-----~ 

VIH===\ 
DATA 

VIL===-{ 

G VIH iTP~8~)--
VIL IDS __ _ 

(TOVPH) ~ tpw 
tDS ITPHPL) 

~(TGHPH1~ 

VIH -------I-f­
E/P 

VIL======;;;1j" 

tpR 
(TPH IPHZ)---

Functional Description 

DEVICE OPERATION 

The NMC27C16 has 3 modes of operation in the normal 
system environment. These are shown in Table I. 

Read Mode 

The NMC27C16 read operation requires that DE = VIL, 
CE/PGM = VIL and that addresses AO-A10 have been sta­
bilized. Valid data will appear on the output pins aftertAcc, 
tOE or tCE times (see Switching Time Waveforms) depend­
ing on which is limiting. 

Deselect Mode 

'The NMC27C16 is deselected by making DE = VIH, This 
mode is independent of CE/PGM and the condition of the 
addresses. The outputs are Hi-Z when DE = VIH. This 
allows OR-tying 2 or more NMC27C16s for memory 
expansion. 

Standby Mode (Power Down) 

The NMC27C16 may be powered down to the standby 
mode by making CE/PGM = VIH. This is independent of DE 
and automatically puts the outputs in their Hi-Z state. The 
power is reduced to 0.4% (500 p.W max) of the normal 
operating power. VCC must be maintained at 5V. Access 
time at power up remains either tAcc or tCE (see Switching 
Time Waveforms). ' 

TABLE I. OPERATING MODES (VCC = 5V) 

Pin Name/Number 

Mode CE/PGM OE 
Outputs (E/P) (G) 

18 20 9~11, 13-17 

Read VIL VIL DOUT 
Deselect Don't Care VIH Hi-Z 
Standby VIH Don't Care Hi-Z 

• Symbols in parentheses are proposed industry standard, 

tOH 
ITPLGX)-

tpF 
ITPL1PL1) 

PROGRAMMING 

The NMC27C16 is shipped from National completely 
erased. All bits will be at a "1" level (output high) in this 
initial state and after any full erasure. Table II shows the 3 
programming modes. 

Program Mode' 

The NMC27C16 is programmed by introducing "O"s into 
the desired locations. This is done 8 bits (a byte) at a time. 
Any individual address, a sequence of addresses, or ad­
dresses chosen at random may be programmed. Anyor all 
of the 8 bits associated with an address location may be 
programmed with a single program pulse applied to the 
chip enable pin. All input voltage levels, including the pro­
gram pulse on chip enable are TTL compatible. The pro­
gramming sequence is: 

With VPP = 25V, VCC = 5V, OE = VIH and CE/PGM = VIL, 
an address is selected and the desired data word is ap­
plied to the output pins. (VIL="O" and VIL="1" for both 
address and data.) After the address and data signals 
are stable the program pin is pulsed from VIL to VIH with 
a pulse width between 45 ms and 55 ms. 

Multiple pulses are not needed but will not cause device 
damage. No pins should be left open. A high level (VIH or 
higher) must not be maintained longer than tpW(MAX)on the 
program pin during programming. NMC27C16s may be 
programmed in parallel with the same data in this mode. 

TABLE 11_ PROGRAMMING MODES (VCC = 5V) 

Pin Name/Number 

Mode CE/PGM OE VPP Outputs Q (E/P) (G) 
18 20 21 9-11,13-17 

Program Pulsed VIL VIH 25 DIN 
toVIH 

Program Verify VIL, VIL 25(5) DOUT 
Program Inhibit VIL VIH 25 Hi-Z 
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Functional Description (Continued) 

Program Verify Mode 

The programming of the NMC27C16 may be verified either 
1 word at a time during the programming (as shown in the 
Timing Diagram) or by reading all of the words out at the 
end of the programming sequence. This can be done with 
VPP = 25V (or 5V) in either case. 

Program Inhibit Mode 

The program inhibit mode allows programming several 
NMC27C16s simultaneously with different data for each 
one by controlling which ones receive the program pulse. 
All similar Inputs of the NMC27C16 may be paralleled. 
Pulsing the program pin (from VIL to VIH) will program a 
unit while inhibiting the program pulse to a unit will keep it 
from being programmed and keeping 5E = VIH will put Its 
outputs in the Hi-Z state. 

ERASING 

The NMC27C16 is erased by exposure to high intensity ul­
traviolet light through the transparent window. This expo­
sure discharges the floating gate to its initial state 
through induced photo current. It is recommended that 
the NMC27C16 be kept out of direct sunlight. The UV con­
tent of sunlight may cause a partial erasure of some bits in 
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a relatively short period of time. Direct sunlight can also 
cause temporary functional failure. Extended exposure to 
room level fluorescent lighting will also cause erasure. An 
opaque coating (paint, tape, label, etc.) should be placed 
over the package window if this product is to be operated 
under these lighting conditions. Covering the window also 
reduces ICC due to photodiode currents. 

An ultraviolet source of 2537A yielding a total integrated 
dosage of 15 watt-seconds/cm2 is required. This will erase 
the part in approximately 15 to 20 minutes if a UV lamp 
with a 12,000 pW/cm2 power rating is used. The NMC27C16 
to be erased should be placed 1 inch away from the lamp 
and no filters should be used. 

An erasure system should be calibrated periodically. The 
distance from lamp to unit should be maintained at 1 inch. 
The erasure time is Increased by the square of the dis· 
lance(if the distance is doubled the erasure time goes up 
by a factor of 4). Lamps lose intensity as they age. When 
a lamp is changed, the distance is changed, or the lamp 
Is aged, the system should be checked to make certain 
full erasure is occurring. Incomplete erasure will cause 
symptoms thai can be misleading. Programmers, com­
ponents, and system designs have been erroneously sus­
pected when incomplete erasure was the basic problem. 



~National 
~ Semiconductor 

PRELIMINARY 

NMC6504 4096·Bit (4096 x 1) Static RAM 

General Description 
The NMC6504 is a static CMOS random access read/write 
memory organized as 4096 words of 1 bit each. This device 
is fabricated with National Semiconductor's silicon·gate 
CMOS technology and is fully compatible to the TTL en· 
vironment. Synchronous operation is provided by on·chip 
address, data, and write latches. The ENABLE input 
serves as the device strobe controlling the latching func· 
tions. The TRI·STATE'" output, in conjunction with the 
ENABLE input, allows easy memory expansion. 

Connection Diagram 

Dual·ln·Llne Package 

lB 
AD vee 

17 
Al A6 

Features 
• Industry standard pinout 
• Low data retention voltage - 2V 

• Low speed/power product 
.• TTL compatible - all inputs and outputs 

• TRI·STATE® outputs for bus operation 

• High output drive 
• High noise immunity 
• Military temperature range available 
• On·chip address registers (latches) 
• Common I/O - high density packaging 

• Output data latches 
• Input data latches 
• Select latch for microprocessor interface 

Logic Symbol 

o 
16 

A2 

15 

A7 Order Number NMC6504J·2, NMC6504J·9 
or NMC6504J·5 

A3 AB 

14 
A4 A9 

13 
AS A1D 

n 12 All 

Vi 110 

GND 
lL 

E 

TOP VIEW 

See NS Package J18A 

Order Number NMC6504N·5 
See NS Package N18A 

Pin Names 

AO-A11 

E 
iN 
o 
Q 
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Chip Enable 

Write Enable 
Data Input 
Data Output 
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Functional Description 
An NMC6504 memory cycle is initiated by the falling edge 
of the ENABLE (E) input which latches the address infor· 
mation into the on·chip registers. On·chip latches allow 
selection of a read, early write, or read·modify·write cycle 
as a function of the ENABLE and WRITE (W) input levels 
and timing. Data output is enabled by the falling edge of 
the ENABLE input and disabled by the rising edge except 
when performing an early write cycle. The input and out· 
put data latches are transparent except during the write 
pulse (not the WRITE input). 

When performing a read cycle a minimum ENABLE LOW 
time is required to assure valid data at the output. This 
minimum LOW time is defined as the enable access time. 
A minimum ENABLE HIGH time is required to return the 
columns to the HIGH state and to precharge the sense 
amplifiers in preparation of the next cycle. 

Block Diagram 

AI 

A7 

A6 ADDRESS GATED 
LATCH AND 12 ROW 

AD INVERTERS DECODER 
Al 

A2 
(MSB) 

Lt 

1'1 

E 
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An early write cycle is performed by preceding the 
ENABLE with the HIGH to LOW transition of the WRITE in· 
put. The WRITE input level is latched, and set·up and hold 
times must be met. The data output is not enabled during 
an early write cycle. The input data set·up and hold times 
are referenced to the leading edge of the write pulse, 
which is initiated by the falling edge of the ENABLE input 
and terminated by the rising edge of the ENABLE. 

A read·modify·write cycle is performed as a read cycle, for 
the enable access time, followed by the write pulse which 
is initiated by the falling edge of the WRITE input and 
terminated by the rising edge of either the ENABLE or 
WRITE input, whichever occurs first. The input data set·up 
and hold times are referenced to the falling edge of the 
WRITE input. Data is latched when the WRITE input goes 
LOW, allowing the modified data to be written into the 
memory while continuing to read the original data. 

FUNCTIONS ARE POSITIVE 
LOGIC 

64.64 DATA LATCHES ON RISING 
64 

ARRAY EDGE DFL 

0 

L t ADDRESS ADDRESSES AND CONTROL 
LATCH AND LATCHES ON THE RISING 
INVERTERS EDGE OFL 

A3 A4 A5 A11 A1D AD (MSB) 



Absolute Maximum Ratings Operating Range 
Min Max 

Supply Voltage VCC 7V Supply Voltage 

Voltage at Any Pin - 0.3V to VCC + 0.3V NMC6504·9 4.5V 5.5V 

Storage Temperature Range -65'Cto +150'C 
NMC6504·2 4.5V 5.5V 
NMC6504·5 4.75V 5.25V 

Package Dissipation 500mW 

I 
Lead Temperature(Soldering, 10 seconds) 300'C 

Temperature 
NMC6504·9 -40'C 85'C 

, NMC6504·2 -55'C 125'C 
I NMC6504·5 O'C 75'C 
I 

DC Electrical Characteristics over the operating range, unless otherwise noted 

Symbol Parameter Conditions 
NMC6504·9, NMC6504·2 NMC6504·5 

Units 
Min Max Min Max 

VCCDR Data Retention Supply VI=VCC, GND 2.0 2.0 V 
Voltage 

ICCSB Standby Supply Current 50 500 f.lA 

ICCOP' Operating Supply f=1 MHz, 10=0, 10 10 mA 
Current VI = VCC or GND 

ICCDR Data Retention Supply VCC = 3.0V, 10 = 0, 25 500 f.lA 
Current VI = VCC or GND 

II Input Leakage Current VI=VCC, GND -1.0 +1.0 -10 +10 f.lA 

VIL Input Low Voltage -0.3 0.8 -0.3 0.8 V 

VIH Input High Voltage VCC-2.0 VCC+0.3 VCC-2 VCC+0.3 V 

10Z Output Leakage Current VI=VCC, GND -1.0 +1.0 -10 +10 f.lA 

VOL Output Low Voltage IOL=2.0 mA 0.4 0.45 V 

VOH Output High Voltage 10H = -1.0 mA 2.4 2.4 V 

CI Input Capacitance f= 1 MHz 8 8 pF 

CO Output Capacitance f= 1 MHz 10 10 pF, 

* ICCOP is proportional to operating frequency. 

AC Test Conditions 
Input Rise and Fall Times: :;;20 ns 

All Timing Reference Levels: 112 VCC 

Output Load: 1 TTL Load, 50 pF 

NMC6504 Bit Map and Address Decoding 
E] IMSB) ROWS (LSB) 

A2 Al AO A6 A7 AS 

i32 COLUMNS- i32 COLUMNS_ 1 1 1 1 1 1 
1 1 1 1 1 0 
1 1 1 0 . 

~ ~ 0 0 0 ; 0 1 
~ ;g 0 0 0 1 0 0 

I I 
0 0 0 0 1 1 
0 0 0 0 1 0 
0 0 0 0 0 1 
0 0 0 0 0 0 

SENSE AMPS SENSE AMPS 

COLUMN DECODER COLUMN OECODER 

- I---
(MSB) A9 0 0 D D 1 1 1 1 

v.I Al0 0 0 1 1 0 0 1 1 

~ All 0 0 1 1 0 0 1 1 

6 A5 0 0 1 1 0 0 1 1 
u A4 0 0 1 1 0 0 1 1 

(LSB) A3 0 1 0 1 0 1 0 1 -- I---
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Read Cycle AC Electrical Characteristics over the operating range 

Symbol Parameter 
NMC6504-9 NMC6504-2 NMC6504-5 

Units 
Min Max Min Max 

TAVEL Address Set-up Time 20 20 ns 

TElAX Address Hold Time 50 50 ns 

TELaV Enable Access Time 300 350 ns 

TAVaV AddressAccess Time 320 370 ns 

TElEH Enable (El Minimum low Time 300 350 ns 

TElEl Read or Write Cycle Time 420 500 . ns 

TEHEl Enable (El Minimum High Time 120 150 ns 

TElaX Output Enable from Enable (El 100 100 ns 

TEHaZ Output Disable from Enable (El 100 100 ns 

Read Cycle Waveforms 

- rELAX.1:: 

, 

A XXXXXX -Q<XXXXXl 

- TAVEL I-
TELEL 

TELEH TEHEL 

E -'k- ,f0- IL-
TELny - TEHQZ I-

TAvnv , 

n ~1\ 
,. 

t---TELnX 

, 

-
-

, 

~ 
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Write Cycle AC Electrical Characteristics over the operating range :s: 

0 
CD 
U1 
0 
~ 

Symbol Parameter 
NMC6504-9, NMC6504-2 NMC6504-5 

Units 
Min Max Min Max 

TAVEL Address Set-up Time 20 20 ns 

TELAX Address Hold Time 50 50 ns 

TWLWH Write Pulse Width (W Low) 80 100 ns 

TELEL Read or Write Cycle Time 420 500 ns 

TELEH Enable (E) Minimum Low Time 300 350 ns 

TDVWL Data Set-up Time 0 30 ns 

TEHEL Enable (E) Minimum High Time 120 150 ns 

TWLDX Data Hold Time 80 100 ns 

TELWH Write Pulse Width (E and W Low) 80 100 ns 

TELWL Early Write Output Hi-Z Time 0 0 ns 

TWLEH Write Pulse Width (Wand E Low) 200 250 . ns 

TELQX Output Enable from E 100 100 ns 

TELQV Enable Access Time 300 350 ns 

TEHQZ Output Disable from E 100 100 ns 

Write Cycle Waveforms 

A 

o 

n ------+~ 
~~"------.:.:.:.::::...--I-...I\ 
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~ Early Write Cycle AC Electrical Characteristics over the operating range 
CD o 
:& 
z 

Symbol Parameter 
NMC6504·9, NMC6504·2 NMC6504·5 

Units Min Max Min Max 

TAVEL Address Set·up Time 20 20 ns 

TELAX Address Hold Time 50 50 ns 

TELWH Write Pulse Width (E and ViI Low) 80 100 ns 

TDVEL Early Write Data Set·up Time 0 30 ns 

TELEH Enable (E) Minimum Low Time 300 350 ns 

TWLEL Early Write Set·up Time 0 0 ns 

TEHEL Enable (E) Minimum High Time .120 150 ns 

TELDX Early Write Data Hold Time 80 100 ns 

TELEL Read or Write Cycle Time 420 500 ns 

Early Write Cycle Waveforms 

Q ------------Hi-Z------------
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Read·Modify·Write Cycle AC Electrical Characteristics over the operating range s: 

0 
0) 
(J1 
0 

NMC6504·9, NMC6504·2 NMC6504·5 0l:Io 
Symbol Parameter 

Min Max Min Max 
Units 

TAVEL Address Set·up Time 20 20 ns 

TELAX Address Hold Time 50 50 ns 

TELOV Enable Access Time 300 350 ns 

TAVOV Address Access Time 320 370 ns 

TEHEL Enable (E) Minimum High Time 120 150 ns 

TWHEL iN Read Mode Set·up Time 0 0 ns 

TWLEH Write Pulse Width (iN and E Low) 200 250 ns 

TOVWL Data Valid to Write Time 0 0 ns 

TWLWH Write Pulse Width (iN Low) 80 100 ns 

TWLDX Data Hold Time 80 100 ns 

TELOX Output Enable from Enable (E) 100 100 ns 

TEHOZ Output Disable from Enable (E) 100 100 ns 

TDVWL Data Set·up Time 0 30 ns 

Read·Modify·Write Cycle Waveforms 

Vi 

n --------------------~~~ 
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~National a Semiconductor 
CMOS RAMs 

NMC65081024·Bit (1024 x 1) Static RAM 

. General Description 
The NMC6508 is a static CMOS random access read/write 
memory organized as 1024 words of 1 bit each. This device 
is fabricated with National Semiconductor's silicon-gate 
CMOS technology and is fully compatible to the TTL en­
vironment. Synchronous operation is provided by the on­
chip latches for the address inputs. The NMC6508 may be 
used in common I/O applications by externally connecting 
the data input and output terminals. The TRI-STATE® out­
put, in conjunction with the ENABLE input, allows for easy 
memory expansion. 

Connection Diagram 

Dual-In-Line Package 

E 
16 vee 

AD 

AI 

AZ A9 

A3 

A4 

Q 

GND AS 

TOP VIEW 

Order Number NMC6S08J-2, NMC6S08J-9 
or NMC650SJ-S 

See NS Package J18A 

Order Number NMC6S0SN-S 
See NS Package N1SA 

Pin Names 

AO-A9 

E 
ViI 
o 
Q 

Features 
• Industry standard pinout 
• Low data retention voltage - 2V 

• Low speed/power product 
• TTL compatible - all inputs and outputs 
• TRI-STATE® outputs for bus operation 

• High output drive 

• High noise immunity 
• Military temperature range available 

• On-chip address registers (latches) 

• 16 pin - high density packaging 

• Output data latches 

Logic Symbol 

Address Inputs 

Chip Enable 

Write Enable 

Data Input 

Data Output 
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Functional Description 
An NMC6508 memory cycle is initiated by the falling edge 
of the ENABLE (E) input, which latches the address infor­
mation into the on-chip registers. The output buffer is 
enabled when the WRITE (Vii) input is HIGH and the 
ENABLE input is LOW. 

When performing a read cycle a minimum ENABLE LOW 
time is required to assure valid data at the output. This 
minimum LOW time is defined as the device enable ac­
cess time. A minimum ENABLE HIGH time is required to 

Block Diagram 

AO 

Al 
ADDRESS GATED 

A2 LATCH ANO ROW 

AD 
INVERTERS DECDDER 

A9 

(MSB) 
G 

L t 
INPUT (WRITE) 

CONTROL 

E----~ ~------~--------------~ 
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return the columns to the HIGH state and to precharge 
the sense amplifiers in preparation of the next memory 
cycle. 

When performing a write cycle, the minimum ENABLE 
LOW time is required to enter new data. The write pulse is 
created by the coincident LOW of the ENABLE and' 
WRITE inputs. The data set-up and hold times are 
referenced to the rising edge of either the ENABLE or 
WRITE input, whichever occurs first. 

32 x 32 
ARRAY 

ADDRESS 
LATCH AND 
INVERTERS 

FUNCTIONS ARE POSITIVE 
LOGIC 

DATA LATCHES ON FALLING 
EDGE OF "L" 

DATA 
OUTPUT 
LATCH 

ADDRESSES ARE 
LATCHED ON THE RISING 
EDGE OF L 

TRI·STATE"! 
OUTPUT 
BUFFER 

A3 A4 AS A6 A 7 (MSB) 

o 

z 
3: 
(') 
en 
01 
o 
CO 
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Absolute Maximum Ratings Operating Range 
Min 

Supply Voltage VCC 7V Supply Voltage 

Voltage at Any Pin -0.3VtoVCC +0.3V NMC6508B-9 4.SV 

Storage Temperature Range -65'Cto +150'C NMC6508B·2 4.SV 
NMC6S08-9 4.SV 

Package Dissipation SOOmW NMC6508-2 4.SV 
Lead Temperature(Solderlng, 10seconds) 3OO'C NMC6S08·S 4.7SV 

Temperature 
NMC6508B·9 -40'C 
NMC6508B·2 -55'C 
NMC6508-9 -4O'C 
NMC6508·2 -SS'C 
NMC6508-S O'C 

DC Electrical Characteristics over the operating range, unless otherwise noted 

NMC6508B·9, NMC6508B·2 
NMC6508·5 

Symbol Parameter Conditions NMC6508·9, NMC6508·2 

VCCDR Data Retention Supply 
Voltage 

ICCSB Standby Supply Current 

ICCOP' Operating Supply 
Current 

ICCDR Data Retention Supply 
Current 

II Input Leakage Current 

VIL Input Low Voltage 

VIH Input High Voltage 

10Z Output Leakage Current 

VOL Output Low Voltage 

VOH Output High Voltage 

CI Input CapaCitance 

CO Output Capacitance 

* ICCOP Is proportional to operating frequency. 

AC Test Conditions 
Input Rise and Fall Times: s20 ns 
All Timing Reference Levels: 1/2 vce 
Output Load: 1 TIL Load, 50 pF 

VI=VCC,GND 

f= 1 MHz, 10:=0, 
VI = VCC or GND 

VCC = 3.av, 10 = 0, 
VI = VCC or GND 

VI=VCC,GND 

VI=VCC,GND 

IOL=3.2mA 

10H= -O.4mA 

f= 1 MHz 

f=1'MHz 

NMC6508 Bit Map and Address Decoding 
~ 

- 16 COLUMNS-

Min 

2.0 

-1.0 

-0.3 

VCC-2.0 

-1.0 

2.4 

SENSE AMPS SENSE AMPS 

COLUMN OECOOER 

r"-----i-
(MSBI A7 0 0 0 0 

~A60D ••• 11 

~ A5 0 0 1 1 

BA400 1t 

(LSBIA3 0 I 0 I 
'-----

COLUMN DECODER 

I'"I-I--i~ 

o 0 • 
o 0 
o 0 

o I 

I I 

I I 

I I 

~ 
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Max Min Max 

2.0 

10 100 

4 4 

10 100 

+1.0 -1.0 +1.0 

0.8 -0.3 0.8 

VCC+0.3 VCC-2 VCC+0.3 

+1.0 -1.0 +1.0 

0.4 0.4 

2.4 

6 6 

10 10 

(MSBI ROWS (LSBI 
A9 AB A2 AI AO 

0 0 0 0 0 
0 0 0 0 I 
0 0 0 I 0 
0 0 0 I I 
0 0 I 0 0 
0 0 I 0 I 

· · · · · · · · I I I I 0 
I I I I I 

Max 

S.5V 
S.5V 
5.5V 
5.5V 

5.25V 

85'C 
125'C 
8S'C 

125'C 
75'C 

Units 

V 

p.A 

mA 

p.A 

p.A 

V 

V 

p.A 

V 

V 

pF 

pF 

I 



Read Cycle AC Electrical Characteristics over the operating range 

NMC6508B·9 NMC6508·9 
Symbol Parameter NMC6508B·2 NMC6508·2 

Min Max Min Max 

TAVEL Address Set·up Time 0 0 

TELAX Address Hold Time 40 50 

TELQV Enable Access Time 180 250 

TAVQV Address Access Time 180 250 

TELEH Enable (E) Minimum Low Time 180 250 

TELQX Output Enable from Enable (E) 120 160 

TEHQZ Output Disable from Enable (E) 120 160 

TEHEL Enable (E) Minimum High Time 100 100 

TELEL Read or Write Cycle Time 280 350 

Read Cycle Waveforms 

- TElAX~ 
A~ <X><X><X><X ~ 
~ 'I' - TAVEL - TElEl 

TElEH TEHEl 

E -'r ...,'--

TElnv - TEHnz -TAvnv 

n ~ ... 
-TElnX 
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NMC6508·5 

Min Max 

10 

70 

300 

310 

300 

200 

200 

150 

450 

-',---

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

z 
:s: 
o 
en en 
o 
00 



co 
0 Write Cycle AC Electrical Characteristics ave; the operating range . II) 
CD 
(,) 

::I NMC6508B-9 NMC6508-9 
Z Symbol Parameter NMC6508B-2 NMC6508-2 

NMC6508-5 
Units 

Min Max Min Max Min Max 

TAVEL Address Set-up Time 0 0 10 ns 

TELAX Address Hold Time 40 50 70 ns 

TEHEL Enable (E) Minimum High Time 100 100 150 ns 

TDVWH Data Set-up Time 80 110 130 ns 

TELWH Write Pulse Width (E and iN Low) 100 130 .160 ns 

TWLWH Write Pulse Width (iN Low) 100 130 160 ns 

TELEL Read or Write Cycle Time 280 350 450 ns 

TWHDM Data Hold Time 0 0 0 ns 

TWLEH Write Pulse Width (E and iN Low) 100 130 160 ns 

TELEH Enable (E) Minimum Low Time 180 250 300 ns 

TELQX Output Enable from E 120 160 200 ns 

TWLQZ Output Disable from iN 120 160 200 ns 

TWHQX Output Enable from iN 120 160 200 ns 

TEHQZ Output Disable from E 120 160 200 ns 

Write Cycle Waveforms 
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Read·Modify·Write Cycle AC Electrical Characteristics over the operating range s: 

0 
0) 
(J1 
0 
C» 

NMC650BB·9 NMC650B·9 
NMC650B·5 

Symbol Parameter NMC650BB·2 NMC650B·2 Units 
Min Max Min Max Min Max 

TAVEL Address Set· up Time 0 0 10 ns 

TElAX Address Hold Time 40 50 70 ns 

TELaV Enable Access Time 180 250 300 ns 

TAVaV Address Access Time 180 250 310 ns 

TEHEl Enable (E) Minimum High Time 100 100 150 ns 

TWHDM Data Hold Time 0 0 0 ns 

TaVWl Data Valid to Write Time 0 0 0 ns 

TWHEl IN Read Mode Set·up Time 0 0 0 ns 

TWlWH Write Pulse Width (IN low) 100 130 160 ns 

TElaX Output Enable from Enable (E) 120 160 200 ns 

TEHaZ Output Disable from Enable (E) 120 160 200 ns 

TWlaZ Output Disable from Write (IN) 120 160 200 ns 

TDVWH Data Set·up Time 80 110 130 ns 

TWHaX Output Enable from Write eN) 120 160 200 ns 

Read·Modify·Write Cycle Waveforms 

* Output enable can be avoided by preceding the rising edge of VI with the rising edge of E by time; TEHQZ 
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~National a Semiconductor 
PRELIMINARY 

NMC6514 4096·Bit (1024 x 4) Static RAM 

General Description Features 
• Industry standard pinout The NMC6514 is a static CMOS random access read/write 

memory organized as 1024 words of 4 bits each. This 
device is fabricated with National Semiconductor's 
silicon-gate CMOS technology and is fully compatible 
with the TIL environment. Synchronous operation is pro­
vided by on-chip address latches. The ENABLE input 
serves as the device strobe controlling the address 
latching function. The data I/O terminals, when not output 
data enabled, represent a high impedance for easy 
memory expansion. 

• Low data retention voltage - 2V 
• Low speed/power product 
• TIL compatible - all inputs and outputs 
• TRI-STATE@ outputs for bus operation 

• High output drive 
• High noise immunity 
• Military temperature range available 
• On·chip address registers (latches) 
• Common I/O - high density packaging 

Connection Diagram Logic Symbol 

Dual·ln·Line Package 

18 
A6 vee 

17 
Order Number NMC6514J·2, NMC6514J·9 

A5 A7 or NMC6514J-5 

16 See NS Package J18A 
A4 A8 

4 15 
A3 A9 Order Number NMC6514N·5 

AD See NS Package N18A 

AI 

A2 Pin Names 

E 11 DQ3 
AO-A9 Address Inputs 

10 _ 
E Chip Enable GND w 
iN Write Enable 
000-003 Data In/Out 

TOP VIEW 
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Functional Description 
An NMC6514 memory cycle is initiated by the falling edge 
of the ENABLE (E) input, which latches the address infor­
mation into the on-chip registers. Read, write, the read­
modify~write cycles are selected as a function of the 
ENABLE and WRITE (W) input levels and timing. Data out· 
put is enabled by the falling edge of the ENABLE input and 
disabled by the rising edge when the WRITE input is HIGH. 
The output is disabled when writing. 

When performing a read cycle a minimum ENABLE LOW 
time is required to assure valid data at the output. This 
minimum LOW time is defined as the device enable ac­
cess time. A minimum ENABLE HIGH time is required to 
return the columns to the HIGH state and to precharge 
the sense amplifiers in preparation of the next cycle. 

Block Diagram 

A9 

AB 

Al ADDRESS GATED 
LATCH AND 12 ROW 

A6 INVERTERS DECODER 
A5 

A4 

IMSBI 

Lt 

ADDRESSES 
LATCH ON THE 

RISING EDGE OF L 

W 

64 
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When performing a write cycle a minimum ENABLE LOW 
time is required to enter the new data. The write pulse is 
created by the coincident LOW of the ENABLE and 
WRITE inputs. The data set·up and hold time are 
referenced to the rising edge of either the ENABLE or 
WRITE inputs whichever occurs first. 

A read-modify-write cycle is performed as a read cycle, for 
the enable access time, followed by the write pulse 
caused by the LOW time of the WRITE input. The output 
data is disabled by the falling edge of the WRITE input, 
and input data, meeting the set-up and hold requirements 
must be provided. 

FUNCTIONS ARE PDSITIVE 
LDGIC 

64. B4 
ARRAY 

64 

DaD 

Dal 

uaz 

Da3 
TRI'STATE® 
OUTPUT 
BUFFERS 

AD AI A2 A3 IMSBI 

z 
s: 
o en c.n ....... 
~ 

• 



Absolute Maximum Ratings 

Supply Voltage VCC 

Vollage at Any Pin 

Storage Temperature Range 

Package DIssipation 

Lead Temperature(Solderlng, 10 seconds) 

7V 

-0.3VtoVCC +0.3V 

-65'Cto +150'C 

500mW 

300'C 

Operating Range 

Supply Voltage 
NMC6514·9 
NMC6514·2 
NMC6514·5 

Temperature 
NMC6514·9 
NMC6514·2 
NMC6514·5 

DC Electrical Characteristics over the operating range, unless otherwise noted 

Min 

4.5V 
4.5V 
4.75V 

-40'C 
-55'C 

O'C 

Max 

5.5V 
5.5V 

5.25V 

85'C 
125'C 
75'C 

Symbol Parameter Conditions NMC6S14·9, N MC6S14"".2=-+_.="N""M""C,6:...:S'-'.1..:..4.,=,S_----i Units 
Min Max Min Max 

VCCDR 

ICCSS 

ICCOP' 

·ICCDR 

II 

VIL 

Data Retention Supply 
Voltage 

Standby Supply Current 

Operating Supply 
Current 

'Data Retention Supply 
Current 

Input Leakage Current 

Input Low Voltage 

VI=VCC, GND 

f=1 MHz, 10=0, 
VI=VCCorGND 

VCC = 3.0V, 10 = 0, 
VI = VCC or GND 

VI=VCC, GND 

2.0 

-1.0 

-0.3 

50 

10 

25 

+1.0 

0.8 

2.0 

-10 

-0.3 

500 

10 

500 

+10 

0.8 

VIH Input High Voltage VCC-2.0 VCC+0.3 VCC-2 VCC+0.3 

10Z Output Leakage Current 

VOL Output Low Voltage 

VOH Output High Voltage 

CI Input Capacitance 

CO Output Capacitance 

• ICCOP Is proportional to operating frequency. 

AC Test Conditions 
Input Rise and Fall Times: ",20 ns 

All Timing Reference Levels: 1/2 VCC 

Output Load: 1 TTL Load, 50 pF 

VI =VCC, GND 

IOL=2.0 mA 

10H = -1.0 mA 

f=1 MHz 

f=1 MHz 

-1.0 

2.4 

NMC6514 Bit Map and Address Decoding 

- 16 COlUMNS- f---16 COlUMNS-

i 
SENSE AMPS SENSE AMPS SENSE AMPS 

COLUMN DECODER COLUMN DECODER COLUMN DECODER 

~"lI 
1 "J [[ 1 

~ Al 0 0 •• . 1- o 0 ... : ° o. • 1 

~ AD 0 0 1 o 0 o 0 1 

(LSB) AJ 0 1 1 o 1 o 1 1 
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+1.0 -10 +10 

0.4 .0.4 

2.4 

8 8 

10 10 
.. -~----, 

(MSB) ROWS (lSB! 
A4 A5 A6 A7 AS A9 

r~11~11 1 1 1 1 1 0 
, . 
" " 

Lo ° o 0 
o 0 
o 0 

._---' 

o 0 1 1 
o 0 1 0 
o 0 0 1 
GOO 0 

SENSE AMPS 

COLUMN DECODER 

""J o 0 ... : o 0 

o 1 

V 

p.A 

mA 

p.A 

p.A 

V 

V 

p.A 

V 

V 

pF 

pF 
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Read Cycle AC Electrical Characteristics over the operating range i: 

0 en 
(n ..... 

NMC6514·9, NMC6514·2 NMC6514·5 
.,., 

Symbol Parameter 
Min Max Min Max 

Units 

TAVEL Address Set·up Time 20 20 ns 

TELAX Address Hold Time 50 50 ns 

TElaV Enable Access Time 300 350 ns 

TAVaV Address Access Time 320 370 ns 

TElEH Enable (E) Minimum low Time 300 350 ns 

TEHEl Enable (E) Minimuni High Time 120 150 ns 

TElaX qutput Enable from Enable (E) 100 100 ns 

TEHaZ Output Disable from (E) 100 100 ns 

TElEl Read or Write Cycle Time 420 500 ns 

Read Cycle Waveforms 

- TAVEL I--
I---------TELEL---------~ 

i-----TELEH-----4-----TEHEL----l 

1----- TELQY -----l 
- TEHOZ I-

i---+--TAVQV ------1 

---,.TELQX--
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Write Cycle AC Electrical Characteristics over the operating range 1.1) 

CD 
0 
:E 
Z 

NMC6514·9, NMC6514-2 NMC6514-5 
Symbol Parameter 

Min Max Min Max 
Units 

TAVEL Address Set· up Time 20 20 ns 

TELAX Address Hold Time 50 50 ns 

TWLEH Write Pulse Width (E and ViI Low) 300 350 ns 

TEHEL Enable (E) Minimum High Time 120 150 ns 

TWLWH Write Pulse Width ('W Low) 300 350 ns 

TELEL Read or W~ite Cycle Time 420 500 ns 

TWHQX Output Enable from Write (VII) 100 . 100 ns 

TELQX Output Enable from Enable (E) 100 100 ns 

TEHQZ Output Disable from Enable (E) 100 100 ns 

TWLQZ Output Disable from Write (VII) 100 100 ns 

TDVWH Data Set·up Time 200 250 ns 

TWHDZ Data Hold Time 0 0 ns 

TELWH Write Pulse Width (E and ViI Low) 300 350 ns 

, Write Cycle Waveforms 

DQ--+-41_~--+----r-~~--
* Avoid bus contention 
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Read·Modify·Write Cycle AC Electrical Characteristics over the operating range s: 

0 
en 
en .... 

NMC6514·9, NMC6514·2 NMC6514·5 oI:ao 
Symbol Parameter Units 

Min Max Min Max 

TAVEL Address Set·up Time 20 20 ns 

TELAX Address Hold Time 50 50 ns 

TELOV Enable Access Time 300 350 ns 

TAVOV Address Access Time 320 370 ns 

TWLOZ Output Disable from Write (iN) 100 100 ns 

TDVWH Data Set·up Time 200 250 ns 

TWHDX Data Hold Time 0 0 ns 

TWLEH Write Pulse Width (iN and E Low) 300 350 ns 

TOVWL Data Valid to Write Time 0 0 ns 

TWLWH Write Pulse Width (iN Low) 300 350 ns 

TELOX Output Enable from Enable (E) 100 100 ns 

TEHEL Enable (E) Minimum High Time 120 150 ns 

TWHEL iN Read Mode Set·up Time 0 0 ns 

Read·Modify·Write Cycle Waveforms 

A 

TWHEl 

on -----------+--------~~n 

* Avoid bus contention 
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~ ~National 
~ a Semiconductor 

CMOS RAMs 

z 

NMC65181024-Bit (1024 x 1) Static RAM 

General Description 
The NMC6518 is a static CMOS random access read/write 
memory organized as 1024 words of 1 bit each. This device 
is fabricated with National Semiconductor's silicon-gate 
CMOS technology and is fully compatible with the TIL en' 
vlronment. Synchronous operation Is provided by the on­
chip latches for the address Inputs and· data output. The 
ENABLE input serves as the device strobe controlling the 
latching functions. The TRI-STAT~ output, in conjunc­
tion with the ENABLE Input, allow easy memory 
expansion. 

Connection Diagram 

Dual·ln-Line Package 

18 
Sf vee 

17 52 

AO 
16 0 

AI 
15 iii 

14 
A2 A9 

A3 13 1\8 

A4 12 A7 

Q 11 A6 

10 
GND A5 

TDPVIEW 

Order Number NMC6S18J-2, NMC8518J·9 
or NMC6518J-5 

Sea NS Package J16A 

Order Number NMC6S18N-5 
See NS Package N16A 

Pin Names 

AO-A9 
E 
iii 
o 
Q 
51,52 

Features 
• Industry standard pinout 
• Low data retention voltage - 2V 
• Low speed/power product 
• TIL compatible - all Inputs and outputs 
• TRI-STATE@ Ol!tputs for bus operation 

• High output elrive 
• High noise immunity . 
• Military temperature range available 
• On-chip address registers (latches) 
• 18 pin - high density packaging. 

• Output data latches 

Logic Symbol 

Address Inputs 

Chip Enable 
Write Enable 
Data Input 
Data Output 
Chip Selects 

AO 

AI 0 

A2 

A3 

A4 

AS 

A6 

A7 

A8 Q 

A9 . 
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Functional Description 
An NMC6518 memory cycle is initiated by the falling edge 
of the ENABLE input, which latches the address informa· 
tion into the on·chip registers. Data output is enabled 
when the WRITE (Vii) input is high and the ENABLE, 
SELECT 1 (81) and SELECT 2 (82) inputs are LOW. 

When performing a read cycle a minimum ENABLE LOW 
time is required to assure valid data at the output. This 
minimum ENABLE LOW time is defined as the device 
enable access time. A minimum ENABLE HIGH time is 
required to return the columns to the HIGH state and to 

Block Diagram 

AD 

AI 
ADDRESS GATED 

A2 LATCH AND ROW 

AB INVERTERS DECODER 

A9 

(MSB) 
G 

Lt 
INPUT (WRITE) 

CONTROL 

0 

51 

52 

Vi 

e--OI ~_----4I"""------I 

4-59 

precharge the sense amplifiers in preparation of the next 
cycle. 

When performing a write cycle, the minimum ENABLE 
LOW time is required to enter new data. The write pulse is 
created by the coincident LOW of the WRITE, ENABLE 
and both SELECT inputs. The input data set·up and hold 
times are referenced to the rising edge of the WRITE, 

, ENABLE, SELECT 1 or SELECT 2 inputs, whichever oc· 
curs first. 

FUNCTIONS ARE POSITIVE 
LOGIC 

32 x 32 DATA LATCHES ON FALLING 
ARRAY EDGE DF "L" 

GATED 
COLUMN 
DECODER 
AND 110 

ADDRESS 
LATCH AND 
INVERTERS 

DATA 
OUTPUT 
LATCH 

ADDRESSES ARE 
LATCHED ON THE RISING 
EDGE OF L 

A3 A4 A5 A6 A 7 (MSB) 

TRI·STATE® 
OUTPUT 
BUFFER 

n 

z s: 
o en c.n 
...a. 
CO 
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Absolute Maximum Ratings Operating Range 
Min 

Supply Voltage vcc 7V Supply Voltage 

VoltageatAnyPin -0.3VtoVCC +0.3V NMC6518B·9 4.SV 

Storage Temperature Range -65'Cto + 150'C NMC6518B·2 4.5V 
NMC6518·9 4.SV 

Package DIssipation 500mW NMC6518·2 4.5V 
Lead Temperature(Solderlng, 10 seconds) 3OO'C NMC6518·5 4.7SV 

Temperature 
NMC65188-9 -40'C 
NMC6S18B·2 -SS'C 
NMC6S18-9 -40'C 
NMC6S18-2 -5S'C 
NMC6S18-5 o·c 

DC Electrical Characteristics over the operating range, unless otherwise noted 

NMC6518B·9, NMC6518B·2 
NMC6518·5 

Symbol Parameter Conditions NMC6518·9, NMC6518·2 
Min 

VCCDR Data Retention Supply VI=VCC, GND 2.0 
Voltage 

leeSB Standby Supply Current 

Iceop' Operating Supply f=1MHz,10=0, 
Current VI = VCC or GND 

ICODR Data Retention Supply VCC = 3.0V, 10 = 0, 
Current VI = vce or GND 

II' Input Leakage Current 

VIL Input Low Voltage 

VIH Input High Voltage 

10Z Output Leakage Current 

VOL Output Low Voltage 

VOH Output High Voltage 

CI Input Capacitance 

CO Output Capacitance 

• ICCOP Is proportional to operating frequency. 

AC Test Conditions 
Input Rise and Fall Times: ::;;20 ns 

All Timing Reference Levels: 1/2 VCC 
Output Load: 1 TTL Load, 50 pF 

VI=VCC,GND -1.0 

-0.3 

VCC-2.0 

VI=VCC,GND -1.0 

IOL=3.2mA 

10H= -0.4mA 2.4 

f=1 MHz 

f= 1 MHz 

NMC6518 Bit Map and Address Decoding 

- 16 COLUMNS -

SENSE AMPS 

COLUMN DECODER 

(MSB) A7 r;;-;;--- --;-; 
~A&OO ••• 11 

~A500 11 
BA400 11 

(LSB)A3 ~ -!.! 

~ 

SENSE AMPS 

COLUMN DECODER 

.. 1-1-.... ~ 

o 0 • 
o 0 
o 0 
o 1 
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I I 

I 1 
I 1 
o 1 

I------

Max Min Max 

2.0 

10 100 

4 4 

10 100 

+1.0 -1.0 +1.0 

0.8 -0.3 0.8 

VCC+0.3 VCC-2 ~CC+0.3 

+1.0 -1.0 +1.0 

0.4 0.4 

2.4 

6 6 

10 10 

(MSB) ROWS (LSB) 
A9 AB A2 AI AO 

0 0 0 0 0 
0 0 0 0 I 
0 0 0 1 0 
0 0 0 1 1 
0 0 1 0 0 
0 0 1 0 1 · · · · · · · · I 1 1 1 0 
I 1 1 1 I 

Max 

5.SV 
5.SV 
S.SV 
S.5V 

5.2SV 

8S'C 
12S'C 
85'C 

12S'C 
75'C 

Units 

V 

/LA 

mA 

/LA 

/LA 

V 

V 

/LA 

V 

V 

pF 

pF 



Read Cycle AC Electrical Characteristics over the operating range 

NMC6518B·9 NMC6518·9 
NMC6518·5 

Symbol Parameter NMC6518B·2 NMC6518·2 Units 
Min Max Min Max Min Max 

TAVEL Address Set·up Time 0 0 10 ns 

TELAX Address Hold Time 40 50 50 ns 

TELaV Enable Access Time 180 250 300 ns 

TAVaV Address Access Time 180 250 310 ns 

TELEH Enable (E) Minimum Low Time 180 250 300 ns 

TELEL Read or Write Cycle Time 280 350 450 ns 

TEHEL Enable (E) Minimum High Time 100 100 150 ns 
I 

TSHaX Chip Select Output Disable Time 120 160 200 ns 

TSLaX Chip Select Output Enable Time 120 160 200 ns 

Read Cycle Waveforms 

- TElAX f-

A~ ~ <YXS<S ~ - TAVEL - TELEL 
TELEH 

1 
TEHEL 

E ~r 

'--
TAvnv 

TELnV 

n ~ 

__ ~m~~ 
51,52 ~ 
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Write Cycle AC Electrical Characteristics over the operating range It) 

CD 
0 
:E 
Z 

NMC6518B·9 NMC6518·9 
Symbol Parameter NMC6518B·2 NMC6518·2 

NMC6518·5 
Units 

Min Max Min Max Min Max 

TAVEL Address Set·up Time 0 0 10 ns 

TELAX Address Hold Time 40 50 50 ns 

lWLWH Write Pulse Width (W Low) 100 130 160 ns 

TELEL Read or Write Cycle Time 280 350 450 ns 

lWLSH Chip Select Write Pulse Set·up Time 100 130 160 ns 

lWLEH Chip Enable Write Pulse Set·up Time 100 130 160 ns 

TSLWH Chip Select Write Pulse Hold Time 100 130 160 ns 

lWHDX Data Hold Time 0 0 0 ns 

TDVWH Data Set-up Time 80 110 130 ns 

TEHEL Enable (E) Minimum High Time 100 100 150 ns 

TELEH Enable (E) Minimum Low Time 180 250 300 ns 

TELWH Write Pulse Width (E and W Low) 100 130 160 ns 

Write Cycle Waveforms 

Q ____________________________ ~H~i.Z~ __________________________ __ 

• TWLWH, the write pulse, is coincidence low of E, 'N, 81, and 52 inputs 
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Read·Modify·Write Cycle AC Electrical Characteristics over the operating range s:: 

0 
0) 
U1 ..... 

NMC6518B-9 NMC6518-9 
Q) 

Symbol Parameter NMC6518B-2 NMC6518-2 
NMC6518-5 

Units 
Min Max Min Max Min Max 

TAVEL Address Set-up Time 0 0 10 ns 

TElAX Address Hold Time 40' 50 50 ns 

TElQV Enable Access Time 180 250 300 ns 

TAVQV Address Access Time 180 250 310 ns 

TSHQX Chip Select Output Disable Time 120 160 200 ns 

TWlWH Write Pulse Width (Vii low) 100 130 160 ns 

TEHEl Enable (E) Minimum High Time 100 100 150 ns 

TWlSH Chip Select Write Pulse Set-up Time 100 130 160 ns 

TWlEH Chip Enable Write Pulse Set-up Time 100 130 160 ns 

TSlQX Chip Select Output Enable Time 120 160 200 ns 

TWHDX Data Hold Time 0 0 0 ns 

TDVWH Data Set-up Time 80 110 130 ns 

TWHQX Output Enable from Write (Vii) 120 160 200 ns 

TWlQZ Output Disable from Write (Vii) 120 160 200 ns 

Read·Modify·Write Cycle Waveforms 

-. Precede W rising edge with E rising edge to avoid unwanted output enabling 
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~National a Semiconductor 
CMOS RAMs 

NMC65511024·Bit (256 x 4) Static RAM 

General Description Features 
The NMC6551 is a static CMOS random access read/write .• Industry standard pinout 
memory organized as 256 words of 4 bits each. This device 
is fabricated with National Semiconductor's sllicon·gate 
CMOS technology and is fully compatible with the TTL en· 
vironment. Synchronous operation is provided by on·chip 
address input and data output latches. The ENABLE input 
serves as the device· strobe controlling the latching 
functions. The I/O terminals when not data output en· 

. abled, represent high impedance ports for easy memory 
expansion. 

Connection Diagram 
Dual·ln-Line Package 

A3 vee 

A2 21 A4 

Al 20 W 

AD 19 Si 

A5 18 E Pin Names 

A6 17 82 AO-A7 

E 
A7 16 a3 iN 

D 

GNO 15 03 Q . 51,52 
14 

DO nz· 

aD 
10 13 02 

11 12 al 01 

TOP VIEW 

Order Number NMC6551J-2, NMC6551J-9 
or NMC6551J-5 

See NS Package J22A 

Order Number NMC6551N·5 
See NS Package N22A 

• Low data retention voltage - 2V 
• Low speed/power. product 
• TTL compatible - all inputs and outputs . 
• TRI·STATE'" outputs for bus operation 

• High output drive 
• High noise immunity 
• Military temperature range available 
• On·chip address registers (latches) 
• 22 pin - high density packaging 

• Output data latches 
• Select latch for microprocessor interface 

Address Inputs 
Chip Enable 
Write Enable 

Data Input 
Data Output 
Chip Selects 

Logic Symbol 

AD 00 

A5 

A6 

A7 a3 
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Functional Description 
An NMC6551 memory cycle is initiated by the falling edge 
of the ENABLE (E) input, which latches the ADDRESS and 
SELECT 2 (82) information into the on-chip registers. Set­
up and hold times must be met. Data output is enabled 
when the WRITE (W) input is HIGH and the ENABLE and 
SELECT 1 inputs are LOW. 

When performing a read cycle a minimum ENABLE LOW 
time is required to assure valid data at the outputs. This 
minimum LOW time is defined as the device enable ac­
cess time. A minimum ENABLE HIGH time is required to 

Block Diagram 

AD 

Al 

A2 

A3 

A4 

(MSB 

-
-
-
-
-
) 

ADDRESS py LATCH AND 
INVERTERS 

L t I 

INPUT (WRITE) 
CONTROL 

GATED 

PV ROW 
DECODER 

r 

L[)~ 

'1 

return the columns to the HIGH state and to precharge 
the sense amplifiers in preparation of the next memory 
cycle. 

When performing a write cycle, the minimum ENABLE 
LOW time is required to enter new data. The write pulse 
timing is created by the coincident LOW of the WRITE, 
ENABLE and SELECT 1 inputs. The data set-up and hold 
times are referenced to the rising edge of the WRITE, 
ENABLE, or SELECT 1 input, whichever occurs first. 

FUNCTIONS ARE POSITIVE 
LOGIC 

DATA LATCHES ON FALLING 
32 x 32 EDGE OF L 
ARRAY 

~ 

32 

..... ...,)?' 

r-t) I 

~ 
rJ. GATED DATA 

COLUMN OUTPUT 

K( DECODER LATCH 
AND I/O 

000 

DOl 

D02 

D03 

I .. 
WG12 L+J 

"'1 TRI·STATE® 
OUTPUT 

I 
BUFFERS 

D SELECT 10 I }- I"-
Lt 

I I 
LATCH I 

ADDRESS ADDRESS AND SELECT 

Lt 

-, ..- LATCH AND LATCHES ON THE RISING 

I 
INVERTERS EDGE OF L 

J-- I I 1 
J I I 
A5 A6 A7 (MSB) 

Vii 
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Absolute Maximum Ratings Operating Range 
Min 

Supply Voltage VCC TV Supply Voltage 
Voltage at Any Pin -0.3VtoVCC +0.3V NMC65S1B-9 4.SV 

Storage Temperature Range -6S·Cto + 1S0·C NMC6551B-2 4.SV 

Package Dissipation SOOmW 
NMC6551·9 4.SV 
NMC6SS1·2 4.SV 

Lead Temperature (Soldering, 10 seconds) 300·C NMC6SS1·S 4.7SV 

Temperature 
NMC6551B-9 -40·C 
NMC65S1B·2 -55·C 
NMC6551·9 -40·C 
NMC65S1·2 -SS·C 
NMC6551·S o·c 

DC Electrical Characteristics over the operating range, unless otherwise noted 

Symbol Parameter 

VCCDR Data Retention Supply 
Voltage 

ICCSS Standby Supply Current 

ICCOp· Operating Supply 
Current 

ICCDR Data Retention Supply 
Current 

II Input Leakage Current 

VIL Input Low Voltage 

VIH Input High Voltage 

IOZ Output Leakage Current 

VOL Output Low Voltage 

VOH Output High Voltage 

CI Input Capacitanpe 

CO Output Capacitance 

*ICCOP is proporllonaltooperallng frequency. 

AC Test Conditions 
Input Rise and Fall Times: ,,;;20 ns 
All Timing Reference Levels: 112 VCC 

Output Load: 1 TIL Load, 50 pF 

NMC6551B·9, NMC6551B·2 
Conditions NMC6551·9, NMC6551·2 

Min Max 

VI=VCC, GND 2.0 

10 
1( + 25°C) 

f=1 MHz, 10=0, 4 
VI = VCC or GND 

VCC = 3.0V, 10 = 0, 10 
VI = VCC or GND 

VI=VCC,GND -1.0 +1.0 

-0.3 0.8 

VCC-2.0 VCC+0.3 

VI=VCC,GND -1.0 +1.0 

IOL=3.2 mA 0.4 

10H= -0.4mA 2.4 

f=1 MHz 6 

f = 1 MHz 10 

NMC6551 Bit Map and Address Decoding 
~ 

I--- 8 COLUMNS- -'-8 COLUMNS- - 8COLUMNS--8COLUMNS-

SENSE AMPS SENSE AMPS SENSE AMPS SENSE AMPS 

COLUMN DECODER COLUMN DECODER COLUMN DECODER COLUMN DECODER 

(MS8)A7[[1 0 
COLUMN A6 I 1 • • • 0 

(LSB) A5 1 0 0 
::.~ E.: 
10 ~ E 0 11· JJ 
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NMC6551·5 

Min Max 

2.0 

100 

4 

100 

-1.0 +1.0 

-0.3 0.8 

VCC-2 VCC+0.3 

-1.0 +1.0 

0.4 

2.4 

6 

10. 

(MSB) ROWS (LSBI 
A4 A3 AZ AI AD 

0 0 0 0 0 
0 0 0 0 I 
0 0 0 1 0 
0 0 0 1 I 
0 0 I 0 0 
0 0 I 0 1 · · · · · · I I I 1 0 
I I 1 1 1 

Max 

S.SV 
S.SV 
S.5V 
5.5V 

S.25V 

65·C 
125·C 
85·C 

12S·C 
7S·C 

Units 

V 

pA 

mA 

pA 

pA 

V 

V 

pA 

V 

V 

pF 

pF 



z 
Read Cycle AC Electrical Characteristics over the operating range :s: 

0 
0) 
en en 

NMC6551B·9 NMC6551·9 
...I. 

Symbol Parameter NMC6551B·2 NMC6551·2 
NMC6551·5 

Units 

Min Max Min Max Min Max 

TAVEL Address Set·up Time 0 0 10 ns 

TELAX Address Hold Time 40 50 70 ns 

TELOV Enable Access Time 220 300 350 ns 

TAVOV Address Access Time 220 300 360 ns 

TELEH Enable (E) Minimum Low Time 220 300 350 ns 

TELS2X Chip Select 2 Hold Time 40 50 70 ns 

TEHEL Enable (E) Minimum High Time 100 100 150 ns 

TELEL Read or Write Cycle Time 320 400 500 ns 

TS1LOX Chip Select 1 Output Enable Time 130 150 180 ns 

TS1HOZ Chip Select 1 Output Disable Time 130 150 180 ns 

TS2LEL Chip Select 2 Set·up Time 0 0 10 ns 

Read Cycle Waveforms 
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Write Cycle AC Electrical Characteristics over the operating range It) 
CO 
0 

NMC6551B-9 NMC6551-9 ::E NMC6551-5 
Z Symbol Parameter NMC6551 B-2 NMC6551-2 Units 

Min Max Min Max Min Max 

TAVEL Address Set-upTime 0 0 10 ns 

TELAX Address Hold Time 40 50 70 ns 

TWLWH Write Pulse Width (Vii Low) 120 180 210 ns 

TELEL Read or Write Cycle Time 320 400 500 ns 

TELEH Enable (E) Minimum Low Time 220 300 350 ns 

TS2LEL Chip Select 2 Set-up Time 0 0 10 ns 

TWHDX Data Hold Time 0 0 0 ns 

TELS2X Chip Select 2 Hold Time 40 50 70 ns 

TDVWH Data Set-up Time 100 150 170 ns 

TELWH Write Pulse Width (E and Vii Low) 120 1~0 210 ns 

TEHEL Enable (E) Minimum High Time 100 100 150 ns 

TWLEH Write Pulse Width (E and Vii Low) 120 180 210 ns 

TS1LWH Chip Select 1 Write Pulse Hold Time 120 180 210 ns 

TWLS1H Chip Select 1 Write Pulse Set-up Time 120 180 . 210 ns 

TS1LOX Output Enable from 51 130 1-50 180 ns 

TWLOZ Output Disable from Vii 130 150 180 ns 

TWHOX Output Enable from Vii 130 150 . 180 ns 

TEHOZ Output Disable from E 130 150 180 ns 

Write Cycle Waveforms 

A 

w 

~----------------~I 

Q----------------~~~--------~~~.----------------

• TWLWH. the write pulse. Is the coincidence low of E. W. and 51 inputs 
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Read·Modify·Write Cycle AC Electrical Characteristics over the operating range s: 

0 
NMC6551B·9 NMC6551·9 

Q) 

NMC6551·5 en 
Symbol Parameter NMC6551B·2 NMC6551·2 Units en ...... 

Min Max Min Max Min Max 

TAVEL Address Set·up Time 0 0 10 ns 

TELAX Address Hold Time 40 50 70 ns 

I TELOV Enable Access Time 220 300 350 ns 

TAVOV Address Access Time 220 300 360 ns 

lWLEH Write Pulse Width (Wand E Low) 120 180 210 ns 

TEHEL Enable (E) Minimum High Time 100 100 150 ns 

lWLWH' Write Pulse Width (W Low) 120 180 210 ns 

TELEL Read or Write Cycle Time 320 400 500 ns 

TS1LOX Chip Select 1 .output Enable Time 130 150 180 ns 

TS1HOZ Chip Select 1 .output Disable Time 130 150 180 ns 

TS2LEL Chip Select 2 Set·up Time 0 0 10 ns 

lWHDX Data Hold Time 0 0 0 ns 

TELS2H Chip Select 2 Hold Time 40 50 70 ns 

lWLS1H Chip Select 1 Write Pulse Set-up Time 120 180 210 ns 

lWLOZ .output Disable from Write (W) 130 150 180 ns 

TDVWH Data Set-up Time 100 150 170 ns 

TOVWL Data Valid to Write Time 0 0 0 ns 

lWHEL W Read Mode Set·up Time 0 0 0 ns 

lWHOX .output Enable from Write (W) 130 150 180 ns 

Read·Modify·Write Cycle Waveforms 

• Avoid unwanted output by preceding rising edge olW with rising edge 01 51 by time; TS1HQZ 
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~ I ~ National 
~ ~ Semiconductor 
z 

NMC65521024·Bit (256 x 4) Static RAM 

General Description 
The N MC6552 is a static CMOS random access read/write 
memory organ ized as 256 words of 4 bits each. Th is device 
is fabricated with National Semiconductor's silicon-gate 
CMOS technology and is fully compatible with the TTL en­
vironment. Synchronous operation is provided by the on­
chip address input and data output registers. The 
ENABLE input serves as the device strobe controlling the 
latching functions. The data I/O terminals, when not out­
put data enabled, represent a high impedance for easy 
memory expansion. 

Connection Diagram 

TOP VIEW 
Pin Names 

AO-A7 
E 
W 
DOO-D03 
51,52 

Features 
• Low data retention voltage - 2V 
• Low speed/power product 
• TTL compatible - all inputs and outputs 
• TRI-STATE® outputs for bus operation 

• High output drive 
• High noise immunity 
• Military temperature range available 
• On-chip address registers (latches) 
• Common 1/0 - high density packaging 

• Output data latches 
• Select latch for microprocessor interface 

Logic Symbol 

Address Inputs 
Chip Enable 
Write Enable 

Data In/Out 
Chip Selects 
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Functional Description 
An NMC6552 memory cycle is initiated by the failing edge 
of the ENABLE (E) input, which latches the ADDRESS and 
SELECT 2 (52) information into the on-chip registers. The 
output data latches are transparent when the ENABLE 
input is LOW, allowing the state of the memory to be 
presented to the output buffers. The output buffers are 
enabled when the WRITE (Vii) input is HIGH, and the 
SELECT 1 (81) input is LOW. 

When performing a read cycle, a minimum ENABLE LOW 
time is required to assure valid data at the device out· 
puts. This minimum LOW time is defined as the enable 
access time. A minimum ENABLE HIGH time Is required 

Block Diagram 

to return the columns to the HIGH state and to precharge 
the sense amplifiers in preparation of the next cycle. The 
data is latched with the rising edge of the ENABLE input, 
allowing maintenance of output data until the SELECT 1 
input goes HIGH. 

When performing a write cycle, a minimum ENABLE 
LOW time is required for new data entry. The write pulse 
timing is defined by the coincident LOW of the WRITE, 
ENABLE and SELECT 1 inputs. The input data set-up and 
hold times are referenced to the rising edge of the 
WRITE, ENABLE, or SELECT 1 inputs, whichever occurs 
first. 

AD 

A1 

A2 

A3 

A4 

.------., FUNCT10NS ARE POSITIVE 
LOGIC 

(MSB) 

ADDRESS 
LATCH AND 
1NVERTERS 

GATED 
ROW 

DECODER 

G 

1NPUT (WR1TE) CONTROL 

32 32 x 32 
ARRAY 

00----------1 ~~~.w~--=-., 
01--------------D-HH 

02 -------------1 >---+--+--4 

GATED 
COLUMN 
DECODER 
AND I/O . 

03 -----------f---l r-rH.,."....-=-.J 

DATA LATCHES ON FALLING 
EDGE OF L 

ADDRESS AND SELECT 
LATCHES ON THE RISING 

EDGE OF L 

TRI-STATE® 
OUTPUT 

BUFFERS 

>-1-+-00 

01 

>--+-02 

03 

A5 A6 A7 (MSB) 
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Absolute Maximum Ratings Operating Range 
Min 

SupplyVoltageVCC 7V Supply Voltage 

Voltage at Any Pin - 0.3V to VCC + 0.3V NMC6552B·9 4.5V 

Storage Temperature Range -65'Cto +150'C 
NMC6552B·2 4.5V 
NMC6552·9 4.5V 

Package Dissipation 500mW NMC6552·2 4.5V 
Lead Temperature(Soldering, 10 seconds) 300'C NMC~52·5 4.75V 

Temperature 
NMC6552B-9 -40'C 
NMC6552B·2 -55'C 

\ 
NMC6552·9 -40'C 
NMC6552·2 -55'C 
NMC6552-5 o·c 

DC Electrical Characteristics over the operating range, unless otherwise noted 

NMC6552B·9, NMC6552B·2 
Symbol Parameter Conditions NMC6552·9, NMC6552·2 

Min Max 

VCCDR Data Retention Supply VI=VCC, GND 2.0 
Voltage 

ICCSB Standby Supply Current 10 
1( + 25°C) 

ICCOP' Operating Supply 1=1 MHz, 10=0, 4 
Current VI = VCC or GND 

ICCDR Data Retention Supply VCC=3.0V, 10=0, 10 
Current 

II Input Leakage Current 

VIL Input Low Voltage 

VIH Input High Voltage 

10Z Output Leakage Curre'nt 

VOL Output Low Voltage 

VOH Output High Voltage 

CI Input Capacitance 

CO Output Capacitance 

• ICCOP Is proportional to operating frequency. 

AC Test Conditions 
Input Rise and Fall Times: :520 ns 
All Timing Reference Levels: 1/2 VCC 
Output Load: 1 TIL Load, 50 pF 

VI = VCC or GND 

VI=VCC,GND -1.0 +1.0 

-0.3 0.8 

VCC-2.0 VCC+0.3 

VI = VCC, GND -1.0 +1.0 

IOL=3.2mA 0.4 

10H = -0.4 mA 2.4 

1= 1 MHz 6 

1= 1 MHz 10 

NMC6552 Bit Map and Address Decoding 

~ 
~ I COLUMNS-!---I COLUMNS- - ICOLUMNS--ICOLUMNS_ 

SENSE AMPS SENSE AMPS SENSE AMPS SENSE AMPS 

COLUMN DECODER COLUMN DECODER COLUMN DECODER COLUMN DECODER 

NMC6552·5 

Min Max 

2.0 

100 

4 

100 

-1.0 +1:0 

-0.3 0.8 

VCC-2 VCC+0.3 

-1.0 +1.0 

0.4 

2.4 

6 

10 

(MSB) . ROWS (LSB) 
A4 A3 A2 Al AD 

0 0 0 0 0 
0 0 0 0 1 
0 0 0 1 0 
0 0 0 1 1 
0 0 1 0 0 
0 0 1 0 1 · · · · · · 1 1 1 1 0 
1 1 1 1 1 

IMSB)A7E' 0 
COLUMN A6 1 1 •• 0 

(LSI) A5 ' 0 0 
"3 [[, 0 ':011 .]].000 ' , • • • 0 1 1 • • • 0 
1 0 0 1 0 0 
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Max 

5.5V 
5.5V 
5.5V 
5.5V 

5.25V 

65'C 
125'C 
65'C 

125'C 
75'C 

Units 

V 

p.A 

mA 

p.A 

p.A 

V 

V 

p.A 

V 

V 

pF 

pF 



z 
Read Cycle AC Electrical Characteristics over the operating range s: 

0 
0) 
U'I 
U'I 
N 

NMC6552B·9 NMC6552·9 
NMC6552·5 

Symbol Parameter NMC6552B·2 NMC6552·2 Units 

Min Max Min Max Min Max 

TAVEL Address Set·up Time 0 0 10 ns 

TELAX Address Hold Time 40 50 70 ns 

TELQV Enable Access Time 220 300 350 ns 

TAVQV Address Access Time 220 300 360 ns 

TELEH Enable (E) Minimum Low Time 220 300 350 ns 

TELS2X Chip Select 2 Hold Time 40 50 70 ns 

TEHEL Enable (E) Minimum High Time 100 100 150 ns 

TELEL Read or Write Cycle Time 320 400 500 ns 

TS1LQX Chip Select 1 Output Enable Time 130 150 180 ns 

TS1HQZ Chip Select 1 Output Disable Time 130 150 180 ns 

TS2LEL Chip Select 2 Set·up Time 0 0 10 ns 

Read Cycle Waveforms 

DQ-------~~~ 
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Write Cycle Waveforms 

TELAX 

A 

w 

DQ ------------------------~--~ 

• TWLWH. the write pulse. is the coincidence low of E. W. and 51 inputs 
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Read·Modify·Write Cycle AC Electrical Characteristics over the operating range is: 

0 
en 
U1 
U1 
I\) 

NMC6552B·9 NMC6552·9 
NMC6552·5 

Symbol Parameter NMC6552B·2 NMC6552·2 Units 
Min Max Min Max Min Max 

TAVEL Address Set·up Time 0 0 10 ns 

TELAX Address Hold Time 40 50 70 ns 

TELOV Enable Access Time 220 300 350 ns 

TAVOV Address Access Time 220 300 360 ns 

TS2LEL Chip Select 2 Set·up Time 0 0 10 ns 

TWHDX Data Hold Time 0 0 0 ns 

TELS2X Chip Select 2 Hold Time 40 50 70 ns 

TWLS1H Chip Select 1 Write Pulse Set·up Time 120 180 210 ns 

TS1LOX Chip Select 1 Output Enable Time 130 150 180 ns 

TDVWH Data Set·up Time 100 150 170 ns 

TWLEH Write Pulse Width (IN and E Low) 120 180 210 ns 

TOVWL Data Valid to Write Time 0 0 0 ns 

TWLWH Write Pulse Width (IN Low) 120 180 210 ns 

TEHEL Enable (E) Minimum High Time 100 100 150 ns 

TOVWL Data Valid to Write Time 0 0 0 ns 

TWHOX Output Enable from Write (IN) 130 150 180 ns 

TWLOZ Output Disable from Write (IN) 130 150 180 ns 

Read·Modify·Write Cycle Waveforms 

f-----TWLWH----l 

* Avoid bus contention 
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Section 5 

CD4XXX Series Logic 





~National 
~ Semiconductor 

CD4000M/CD4000C Dual 3-lnput NOR Gate Plus Inverter 

General Description 
The CD4000MICD4000C is a monolithic complementary 
MOS (CMOS) dual 2-input NOR gate plus an inverter. N­
and P-channel enhancement mode transistors provide a 
symmetrical circuit with output swings essentially equal 
to the supply voltage. This results in high noise immunity 
over a wide supply voltage range. No DC power other than 
that caused by leakage current is consumed during static 
conditions. All inputs are protected against static dis­
charge and latching conditions. 

Schematic and Connection Diagram 

3 
Ao-------------~-,~----. 

4 
Bo-------~----_r-, 

5 
CO-~----_r----_r-, 

I! Z~ 7 6 B 
NC NC vss H G 

voo 

14 13 

NC NC A 

Features 
• Wide supply voltage range 3.0Vt015V 

10nW(typ.) 

0.45 VDD (typ.) 

• Lowpower 

• High noise immunity 

von 
14 

o 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin 
Operating Temperature Range 

CD4000M 
CD4000C 

Storage Temperature Range 
Package Dissipation 
Operating V 00 Range 

Vss -0.3 V to Voo + 0.3 V 

-55°C to +125°C 
_40°C to +85°C 

Lead Temperature (Soldering, 10 seconds) 

-65°C to +150°C 
500mW 

V ss + 3 V to V ss + 15 V 
300°C 

DC Electrical Characteristics CD4000M (Note 2) 

---------r--------,---;;-----,----;:---r---o-::-----.---. 
_55°C +25°C +12SoC 

100 

VOL 

VOH 

VNL 

VNH 

IDN 

lop 

liN 

PARAMETER CONDITIONS 

Quiescent Device Current Voo ~ 5 V 
Voo ~ 10V 

Low Level Output Voltage Voo ~ 5 V 
Voo~10V 

High Level Output Voltage Voo ~ 5V 
Voo ~ 10V 

Noise Immunity (Note 3) Voo~5V, ~o ~ 1.4 V or 3.6 V 
Voo ~ 10V, Va ~ 2.8V or 7.2 V 

Noise Immunity (Note 3) Voo~5V, Va ~ l.4Vor 3.6V 
Voo ~ 10V, Va ~ 2.8Vor 7.2V 

Low Level Output Current Voo~5V, Va ~ 0.4 V 
Voo ~ 10V, Vo ~ 0.5V 

High Level Output Current VoO~5V, VO~2.5V 
VoO~10V,VO~9.5V 

I nput Current VOO ~ 15V, VIN ~ OV 
Voo ~ 15V, VIN ~ 15V 

f----=:.r-~_+--..=c:.....:'_r_-_+---=..:::;....:=--~ UNITS 
MIN MAX MIN TYP MAX MIN MAX 

0.05 
0.1 

0.05 
0.05 

4.95 4.95 
9.95 9.95 

1.5 1.5 
3.0 3.0 

1.4 1.5 
2.9 3.0 

0.5 0.4 
1.1 0.9 

-0.62 -0.5 
-0.62 -0.5 

-1.0 -0.1 
1.0 

0.05 
0.1 

0.05 
0.05 

4.95 
9.95 

1.4 
2.9 

1.5 
3.0 

0.28 
0.65 

-0.35 
-0.35 

-10.5 -1.0 
10.5 0.1 

0.05 V 
0.05 V 

V 

V 

V 
V 

V 

V 

mA 
mA 

mA 
mA 

/1A 
1.0 /1A 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
Note 2: VSS = 0 V unless otherwise specified. 
Note 3: For the NOR gates VN Hand VN L are tested at each input while all other inpu'ts are at VSS. 
Note 4: CPO determines the no load AC power consumption of .. 'Y CMOS device. For explanation see 54C/74C Family Characteristics 
application note, AN-90. 

AC Electrical Characteristics 
~. 

CD4000M TA='25°C, CL=50pF, unless otherwise noted 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpHL Propagation Delay Time, High to Low l:.evel Voo ~ 5V 40 50 ns 
Voo~10V 20 40 ns 

tpLH Propagation Delay Time, Low to High Level VDO ~ 5 V 50 95 ns 
VDO ~ 10V 25 45 ns 

tTHL Transition Time, High to Low Level Voo ~ 5V 50 125 ns 
VOO ~ 10V 20 70 ns 

tTLH Transition Time, Low to High Level Voo ~ 5 V 70 175 ns 
VDO ~ 10V 35 75 ns 

CI I nput Capacitance Any Input 5 pF 

Cpo Power Dissipation Capacitance (Note 4) 35 pF 



DC Electrical Characteristics C4000C (Note 2) 

_40°C +25°C +85°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current Voo = 5V 0.5 0.5 15 /lA 
Voo = 10V 5 5 30 /lA 

VOL Low Level Output Voltage Voo = 5V 0.05 0.05 0.05 V 
Voo = 10V 0.05 0.05 0.05 V 

VOH High Level Output Voltage Voo = 5V 4.95 4.95 4.95 V 
Voo=10V 9.95 9.95 9.95 V 

VNL Noise Immunity (Note 3) Voo = 5V, V 0 = 1.4 V or 3.6 V 1.5 1.5 1.4 V 
Voo = 10V, Va = 2.8Vor 7.2V 3.0 3.0 2.9 V 

VNH Noise Immunity (Note 3) Voo=5V, Vo = 1.4 V or 3.6 V 1.4 1.5 1.5 V 
Voo = 10 V, Vo = 2.8 V or 7.2 V 2.9 3.0 3.0 V 

ION Low Level Output Current Voo = 5V, Vo=O.4V 0.35 0.3 0.24 mA 
Voo = 10V, Vo = 0.5 V 0.72 0.6 0.48 mA 

lop High Level Output Current Voo=5V, Vo = 2.5V -0.35 -0.3 -0.24 mA 
Voo= IOV,Vo=9.5V -0.3 -0.25 -0.2 mA 

liN I nput Current Voo=15V,VIN=OV -0.3 -0.3 -10.5 -1.0 /lA 
Voo = 15V, VIN = 15V 0.3 . 10,5 0.1 1.0 /lA 

AC Electrical Characteristics CD4000C TA=25°C, CL=50pF, unless otherwise noted 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpHL Propagation Delay Time, High to Low Level Voo=5V 40 80 ns 
Voo = 10V 20 55 ns· 

tpLH Propagation Delay Time, Low to High Level Voo = 5V 50 120 ns 
Voo=10V 25 65 ns 

tnil Transition Time, High to Low Level Voo=5V 50 200 ns 
Voo=10V 20 115 ns 

tTlH Transition Time, Low to High Level Voo.= 5V 70 300 ns 
V oo =,10V 35 125 ns 

CI Input Capacitance Any Input 5 pF 

CPO Power Dissipation Capacitance (Note 4) 35 pF 
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~ National . , a Semiconductor 

CD4001M/CD4001C Quadruple 2-lnput NOR Gate 
CD4011M/CD4011C Quadruple 2-lnput NAN D Gate 

General Description Features 
The CD4001M/CD4001C, CD4011M/CD4011C are monoli­
thic complementary MOS (CMOS) quadruple two-Input 
NOR and NAND gate integrated circuits. N- and P­
channel enhancement mode transistors provide a sym­
metrical circuit with output swings essentially equal to 
the supply voltage. This results in high noise immunity 
over a wide supply voltage range. No DC power other than 
that caused by leakage current is consumed during static 
conditions. All Inputs are protected against static dis­
charge and latching conditions. 

• Wide supply voltage range 

Connection Diagrams 

Voo 

14 

12 

• Lowpower 

• High noise immunity 

Vss 

TOP VIEW 

11 10 9 

4 

v .. 
TOP VIEW 

5-6 

3.0Vto 15V 

10nW(typ.) 

0.45 Voo (typ.) 



Absolute Maximum Ratings (Note 1) 

Voltage an Any Pin Vss- 0.3V to Voo+0.3V Storage Temperature Range -65°C to +150°C 
Operating Temperature Range Package Dissipation 500mW 

CD4001 M, CD4011 M -55°C to +125°C Operating Voo Range Vss +3.0V to Vss + 15 V 
CD4001C, CD4011C -40°C to +85°C Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics - CD4001M, CD4011M 

Limits 

Parameter Conditions -55°C 25°C 125°C Units 

Min. Max. Min. Typ. Max. Min. Max. 

IL Quiescent Device Voo=5.0V 0.05 0.001 0.05 3.0 ,.,A 
Current Voo= 10V 0.1 0.001 0.1 6.0 ,.,A 

Po Quiescent Device Voo =5.0V 0.25 0.005 0.25 15 ,.,W 
.Di ssi pat ion I Package Voo= 10V 1.0 0.01 1.0 60 ,.,W 

VOL Output Voltage Low Voo = 5.0V, VI = Voo, 10 = OA 0.05 0 0.05 0.05 V 
Level Voo = 10V, VI = Voo, 10 = OA 0.05 0 0.05 0.05 V 

VOH Output Voltage High Voo = 5.0V, VI = Vss, 10 = OA 4.95 4.95 5.0 4.95 V 
Level Voo = 10V, VI = Vss, 10 = OA 9.95 9.95 10 9.95 V 

VNL Noise Immunity Voo = 5.0V, Vo = 3.6V, 10 = OA 1.5 1.5 2.25 1.4 V 
(All Inputs) Voo = 10V, Vo = 7.2V, 10 = OA 3.0 3.0 4.5 2.9 V 

VNH Noise Immunity Voo = 5.0V, Vo = 0.95V, 10 = OA 1.4 1.5 2.25 1.5 V 
(All Inputs) Voo = 10V, Vo = 2.9V, 10 = OA 2.9 3.0 4.5 3.0 V 

IoN Output Drive Current Voo = 5.0V, Vo = O.4V, VI = Voo 0.5 0.40 1.0 0.28 mA 
N-Channel (4001) Voo = 10V, Vo = 0.5V, VI = Voo 1.1 0.9 2.5 0.65 mA 

loP Output Drive Current Voo = 5.0V, Vo = 2.5V, VI = Vss -0.62 -0.5 -2.0 -0.35 mA 
P·Channel (40Q1) Voo = 10V, Vo = 9.5V, VI = Vss -0.62 -0.5 -1.0 -0.35 mA 

IoN Output Drive Current Voo = 5.0V, Vo = O.4V, VI = Voo 0.31 0.25 0.5 0.175 mA 
N-Channel (4011) Voo = 10V, Vo = 0.5V, VI = Voo 0.63 0.5 0.6 0.35 mA 

loP Output Drive Current Voo = 5.0V, Vo = 2.5V, VI = Vss -0.31 -0.25 -0.5 -0.175 mA 
P-Channel (4011) Voo = 10V, Vo = 9.5V, VI = Vss -0.75 -0.6 -1.2 -0.4 mA 

II Input Current 10 pA 

Nole 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of 
"Electrical Characteristics" provides conditions for actual device operation. 

, 
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DC Electrical Characteristics - CD4001C, CD4011C 

Parameter Conditions -40·C 

Min. Max. 

IL Quiescent Device Voo =5.0V 0.5 
Current Voo=10V 5.0 

Po Quiescent Device Voo =5.0V 2.5 
Dissipation/Package Voo=10V 50 

VOL Output Voltage Low Voo = 5.0V, VI = Voo, 10 = OA 0.05 
Level Voo = 10V, VI = Voo, 10 = OA 0.05 

VOH Output Voltage High Voo = 5.0V, VI = Vss, 10 = OA 4.95 
Level Voo = 10V, VI = Vss, 10 = OA 9.95 

VNL Noise Immunity Voo = 5.0V, Vo = 3.6V, 10 = OA 1.5 
(All Inputs) Voo = 10V, Va = 7.2V, 10 = OA 3.0 

VNH Noise Immunity Voo = 5.0V, Va = 0.95V, 10 = OA 1.4 
(All Inputs) Voo = 10V, Va = 2.9V, 10 = OA 2.9 

IDN Output Drive Current Voo = 5.0V, Va = O.4V, VI = Voo 0.35 
N-Channel (4001) Voo = 10V, Va = 0.5V, VI = Voo 0.72 

loP Output Drive Current Voo = 5.0V, Va = 2.5V, VI = Vss -0.35 
P-Channel (4001) Voo = 10V, Va = 9.5V, VI = Vss -0.3 

IoN Output Drive Current Voo = 5.0V, Va = O.4V, VI = Voo 0.145 
N-Channel (4011) Voo = 10V, Va = 0.5V, VI = Voo 0.3 

loP Output Drive Current Voo = 5.0V, Va = 2.5V, VI = Vss -0.145 
P-Channel (4011) Voo = 10V, Va = 9.5V, VI = Vss -0.35 

II Input Current 
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Limits 

25·C 800C Units 

Min. Typ. Max. Min. Max. 

0.005 0.5 15 "A 
0.005 5.0 30 "A 
0.025 2.5 75 "W 
0.05 50 300 "W 

0 0.05 0.05 V 
0 0.05 0.05 V 

4.95 5.0 4.95 V 
9.95 10 9.95 V 

1.5 2.25 1.4 V 
3.0 4.5 2.9 V 

1.5 2.25 1.5 V 
3.0 4.5 3.0 V 

0.3 1.0 0.24 mA 
0.6 2.5 0.48 mA 

-0.3 -2.0 -0.24 mA 
-0.25 -1.0 -0.2 mA 

0.12 0.5 0.095 mA 
0.25 0.6 0.2 mA 

-0.12 -0.5 -0.095 mA 
-0.3 -1.2 -0.24 mA 

10 pA 



AC Electrical Characteristics TA = 25°C, CL = 15 pF, and input rise and fall times = 20 ns. 
Typical temperature coefficient for all values of Voo = 0.3%I"C 

Parameter I Conditions I Min. I Typ. I Max. I 
CD4001M 

tpHL Propagation Delay Time High to Low Level Voo=5.0V 35 50 
Voo=10V 25 40 

tpLH Propagation Delay Time Low to High Level Voo=5.0V 35 65 
Voo= 10V 25 40 

tTHL Transition Time High to Low Level Voo=5.0V 65 125 
Voo= 10V 35 70 

tTLH Transition Time Low to High Level Voo =5.0V 65 175 
Voo= 10V 35 75 

CIN Input Capacitance Any Input 5.0 

CD4001C 

tpHL Propagation Delay Time High to Low Level Voo=5.0V 35 80 
Voo=10V 25 55 

tpLH Propagation Delay Time Low to High Level Voo=5.0V 35 120 
Voo= 10V 25 65 

tTHL Transition Time High to Low Level Voo=5.0V 65 200 
Voo=10V 35 115 

tTLH Transition Time Low to High Level Voo=5.0V 65 300 
Voo=10V 35 125 

CIN Input Capacitance Any Input 5.0 

AC Electrical Characteristics TA = 25°C, CL = 15 pF, and input rise and fall times = 20 ns. 
Typical temperature coefficient for all values of Voo = 0.3%I"C 

Parameter I Conditions I Min. I Typ. I Max. I 
CD4011M 

tpHL Propagation Delay Time High to Low Level Voo=5.0V 50 75 
Voo=10V 25 40 

tpLH Propagation Delay Time Low to High Level Voo =5.0V 50 75 
Voo= 10V 25 40 

tTHL Transition Time High to Low Level Voo=5.0V 75 125 
Voo= 10V 50 75 

tTLH Transition Time Low to High Level Voo =5.0V 75 100 
Voo=10V 40 60 

CIN Input Capacitance 'Any Input 5.0 

CD4011C 

tpHL Propagation Delay Time High to Low Level Voo=5.0V 50 100 
Voo=10V 25 50 

tpLH Propagation Delay Time Low to High Level Voo=5.0V 50 100 
Voo=10V 25 50 

tTHL Transition Time High to Low Level Voo =5.0V 75 150 
Voo=10V 50 100 

tTLH Transition Time Low to High Level Voo=5.0V 75 125 
Voo= 10V 40 75 

CIN Input Capacitance Any Input 5.0 
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~National 
~ Semiconductor 

CD4001BM/CD4001BC Quad 2-lnput NOR Buffered 
B Series Gate 

CD4011BM/CD4011BC Quad 2-lnput NAND Buffered 
B Series Gate 

General Description 
These quad gates are monolithic complementary MOS 
(CMOS) Integrated circuits constructed with N- and P­
channel enhancement mode transistors. They have equal 
source and sink current capabilities and conform to 
standard B series output drive. The devices also have 
buffered outputs which improve transfer characteristics 
by providing very high gain. 

All inputs are 'protected against static discharge with 
diodes to Voo and Vss. 

Schematic and Connection Diagrams 

211.1.131 

2(6,9,131 

1/4 of device shown 

J = A + B 
Logical •• ,,, = High 
Logical "a" = Low \ 

*AII inputs protected by standard CMOS 
protection circuit. 

1/4 of device shown 

J=A'B 

Logical "'" = High 
Logical "a" = Low 

* All inputs protected by standard CMOS 
protection Circuit. 

Features 
III Low power TTL 

compatibility 
fan out of 2 driving 74L 

01 1 driving 74LS 

II 5V-10V-15V parametric ratings 

iii Symmetrical output characteristics 

.. Maximum input leakage 11-'A at 15Vover full tempera­
ture range 

CD4001 BC/CD4001 BM 
Dual-,In-Line and Flat Package 

CD4011 BCiCD40118M 
DU3!-!~:-U;.:'? and Flat Package 
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Absolute Maximum Ratings (Notes 1 and 2) Operating Conditions 

Voltage at Any Pin --{).5V to VDD + 0.5V Operating VDD Range 3 VDe to 15 VDe 
Package Dissipation SOOmW Operating Temperature Range 
VDD Range --{).S VDe to +18 VDC CD4001BM, CD4011BM -ssoe to +125°e 
Storage Temperature -65°e to +150°C CD4001Be,eD4011BC -40°C to +85°e 
Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics CD4001BM, CD4011BM (Note 2) 

PARAMETER CONDITIONS 
-5S"C +25"C +125"C 

UNITS 
MIN MAX MIN TVP MAX MIN MAX 

IDO Quiescent Device Current VDD: 5V 0.25 0.004 0.25 7.S IJA 

VOD= 10V 0.50 0.005 0.50 15 IJA 

VOD = 15V 1.0 0.006 1.0 30 IJA 

VOL Low Level Output Voltage VOO: 5V } 0.05 0 O.OS O.OS V 

VOD: 10V 1101< llJA O.OS 0 O.OS O.OS V 

VDD = lSV O.OS a O.OS 0.05 V 

VOH High Level Output Voltage VDO = 5V } 4.9S 4.9S 5 4.95 V 

VDD = 10V 1101< l/lA 9.95 9.95 10 9.95 V 

VDD = 15V 14.95 14.9S 15 14.95 V 

VIL Low Level Input Voltage VDD = SV, Va = 4.5V 1.5 2 I.S 1.5 V 

VDD = 10V, Va = 9.0V 3.0 4 3.0 3.0 V 

VDO = 15V, Va = 13.5V 4.0 6 4.0 4.0 V 

VIH . High Level Input Voltage VDD =5V, Va = 0.5V 3.5 3.5 3 3.5 V 

VDD: 10V, Va = 1.0V 7.0 7.0 6 7.0 V 

VOD = 15V, Va: 1.5V 11.0 11.0 9 11.0 V 

10L Low Level Output Current VDO:5V, Va = 0.4V 0.64 0.51 0.88 0.36 rnA 

VDD: 10V, Va = 0.5V 1.6 1.3 2.25 0.9 rnA 

VpD = 15V, Va = 1.5V 4.2 ·3.4 8.8 2.4 rnA 

10H High Level Output Current VOO =5V, Va = 4.6V --{).64 -0.51 -{I.88 -{I.36 mA 

VOO = 10V, Va: 9.5V -1.6 -1.3 -2.25 -0.9 rnA 

VDO = 15V, Va = 13.SV -4.2 -3.4 -8.8 -2.4 rnA 

liN Input Current VDO=lSV, VIN=OV -{I.l0 -lO-S -{I. 10 -1.0 IJA 

VOO = lSV, VIN = 15V 0.10 10-5 0.10 1.0 IJA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are' not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: All voltages measured with respect to VSS unless otherwise sPecified. 
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DC Electrical Characteristics CD4001BC, CD4011BC (Nole 2) 

PARAMETER . CONDITIONS 
-40°C +25°C 

MIN MAX MIN TVP MAX 

IOD Qu iescent Device Current VDO=5V 1 0.004 1 

VOO = 10V' 2 0.005 2 

VOO = 15V 4 0.006 4 

VOL Low Level Output Voltage VOO =5V } 0.05 0 0.05 

VOO = 10V 1101< lJ1A 0.05 0 0.05 

VOO = 15V 0.05 0 0.05 

VOH High Level Output Voltage VOO =5V } 4.95 4.95 5 

VOO = 10V 1101< lilA 9.95 9.95 10 

VOO = 15V 14.95 14.95 15 

VIL Low Level Input Voltage VOO = 5V, Va =4.5V 1.5 2 1.5 

VOO = 10V, Va", 9.0V 3.0 4 3.0 

Voo = 15V, Va = 13.5V 4.0 6 4.0 

VIH High'Level Input yoltage VOO = 5V, VO=0.5V 3.5 3.5 3 

VOO = 10V, Va = 1.011 7.0 7.0 6 

VOO = 15V, Va = 1.5V 11.0 11.0 9 

10L Low Level Output. Current VOO = 5V, Vo = 0.4V 0.52 0.44 0.88 

VOO = 10V, Vo = 0.5V 1.3 1.1 2.25 

VOO = 15V, Vo = 1.5V 3.6 3.0 8.8 

10H High Level Output Current VOD =SV, 110 =4.6V -0.52 -0.44 -0.88 

VOO = 10V, Vo = 9.SV -1.3 -1.1 -2.25 

VOO = ISV, Vo = 13.5V -3.6 -3.0 -8.8 

liN Input Current VOO = 15V, VIN = OV -0.30 -10-5 -0.30 

VOO = 15V, VIN = ISV 0.30 10-5 0.30 

AC Electrical Characteristics CD4001BC, CD4001BM 

T A = 25°C, Input t6 tf = 20 ns. CL = 50 pF, R L = 200k. Typical temperature coefficient is 0.3%tC. 

PARAMETER CONDITIONS TVP 

tPHL Propagation Oelay Time, High·to·Low Level VOO = SV 120 

VOO= 10V SO 

VOO= lSV 35 

Propagation Delay Time, Low·to·High Level 
,,/ 

tPLH VOO= 5V 110 

VOO= 10V SO 

VOO= ISV 35 

tTHL, tTLH Transition Time VOO= 5V 90 

VOO= 10\1 50 

VOO=15V 40 

CIN Averag~ Input Capacitance Any Input S 

CPO Power Dissipation Capacity Any Gate 14 
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+85°C 
UNITS 

MIN MAX , 

7.5 J1A 

15 J1A 

30 J1A 

0.05 V 

0.05 V 

0.05 V 

4.95 V 

9.95 V 

14.95 V 

1.5 I} 

3.0 V 

4.0 V 

3.5 V 

7.0 V 

11.0 V 

0.36 rnA 

0.9 rnA 

2.4 rnA 

-0.36 rnA 

-0.9 rnA 

-2.4 rnA 

-1.0 J1A 

1.0 IlA 

MAX UNITS 

2S0 ns 

100 ns 

70 ns 

250 ns 

100 ns 

'70 ns 

200 ns 

100 ns 

80 ns 

7.5 pF 

pF 



AC Electrical Characteristics CD4011BC, CD4011BM 

T A = 25°C, Input t6 tf = 20 ns. CL = 50 pF, R L = 200k: Typical Temperature Coefficient is 0.3%fc. 

PARAMETER CONDITIONS TYP MAX UNITS 

tpHL Propagation Delay, High·to·Low Level VDD = 5V 120 250 ns 

. VDD = 10V 50 100 ns 

VDD = 15V 35 70 ns 

tPLH Propagation Delay, Low·to·High Level VDD = 5V 85 250 ns 

VDD = 10V 40 100 ns 

VDD = 15V 30 70 ns 

tTHL, tTLH Transition Time VDD = 5V 90 200 ns 

VDD = 10V 50 100 ns 

VDD = 15V 40 80 ns 

CIN Average Input Capacitance Any Input 5 7.5 pF 

CPD Power Dissipation Capacity Any Gate 14 pF 

Typical Performance Characteristics 
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Typical Performance Characteri$tlcs (Cont'd.) 
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~National 
~ Semiconductor 

CD4002M/CD4002C Dual 4-lnput NOR Gate 
CD4012M/CD4012C Dual 4-lnput NAN D Gate 

General Description Features 
These NOR and NAND gates are monolithic complemen­
tary MOS (CMOS) integrated circuits. The N- and 
P-channel enhancement mode transistors provide a 
symmetrical cir:;~it with output swings essentially equal 
to the supply voltage. This results 1;-; higr. ncis€ immunity 
over a wide supply voltage range. No DC power other 
than that caused by leakage current is consumed during 
static conditions. All inputs are protected against static 
discharge and latching conditions. 

• Wide supply voltage range 3.0Vto 15V 

10nW(typ.) 

0.45 VDD (typ.) 
• Low power 
• High noise immunity 

Applications 
• Automotive iii Alarm system 

• Data terminals • Industrial controls 

• Instrumentation • Remote metering 

• Medical Electronics • Computers 

Connection Diagrams 
CD4002 

CD4012 

TOP VIEW 
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Absolute M,aximum Ratings (Note 1) 

Voltage an Any Pin Vss - 0.3 V to Voo + 0.3 V Storage Temperature Range -65°C to +150°C 
Operating Temperature Range Package Dissipation 500mW 

CD4002M, CD4012M -55°C to +125°C Operating Voo Range Vss + 3.0V to Vss + 15 V 
CD4002C, CD4012C -40°C to +85°C Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics - CD4002M, CD4012M 

Limits 

Parameter Conditions -55°C 25°C 125°C Units 

Min. Max. Min. "Typ. Max. Min. Max. 

IL Quiescent Device Voo =5.OV 0.05 0.001 0.05 3.0 ,..A 
Current Voo= 10V 0.1 0.001 0.1 6.0 ,..A 

Po Quiescent Device Voo=5.OV 0.25 0.005 0.25 15 ,..W 
Dissipation/Package Voo=10V 1.0 0.01 1.0 60 ,..W 

VOL Output Voltage Low Voo = 5.0V, VI = Voo, 10 = OA 0.05 0 0.05 0.05 V 
Level Voo ="10V, VI = Voo, 10 = OA 0.05 0 0.05 0.05 V 

VOH Output Voltage High Voo = 5.0V, VI = Vss, 10 = OA 4.95 4.95 5.0 4.95 V 
Level Voo = 10V, VI = Vss, 10 = OA 9.95 9.95 10 9.95 V 

VNL Noise Immunity Voo = 5.0V, Vo = 3.6V, 10 = OA 1.5 1.5 2.25 1.4 V 
(All Inputs) Voo = 10V, Vo = 7.2V, 10 = OA 3.0 3.0 4.5 2.9 V 

VNH Noise Immunity Voo = 5.0V, Vo = 0.95V, 10 = OA 1.4 1.5 2.25 1.5 V 
(All Inputs) Voo = "10V, Vo = 2.9V, 10 = OA 2.9 3.0 4.5 3.0 V 

IoN Output Drive Current Voo = 5.0V, Vo = O.4V, VI = Voo 0.5 0.40 1.0 0.28 mA 
N·Channel (4002) Voo = 10V, Vo = 0.5V, VI = Voo 1.1 0.9 2.5 0.65 mA 

loP Output Drive Current Voo = 5.0V, Vo = 2.5V, VI = Vss -0.62 -0.5 -2.0 -0.35 mA 
P·Channel (4002) Voo = 10V, Vo = 9.5V, VI = Vss -0.62 -0.5 -1.0 -0.35 mA 

IoN Output Drive Current Voo = 5.0V, Vo = 0.4V, VI = Voo 0.31 0.25 0.5 0.175 mA 
N·Channel (4012) " Voo = 10V, Vo = 0.5V, VI = Voo 0.63 0.5 0.6 0.35 mA 

loP Output Drive Current Voo = 5.0V, Vo = 2.5V, VI = Vss -0.31 -0:25 -0.5 0.175 mA 
P·Channel (4012) Voo = 10V, Vo = 9.5V, VI = Vss -0.75 -0.6 -1.2 -0.4 mA 

II Input Current 10 pA 

, 
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DC Electrical Characteristics - CD4002C, CD4012C 

Parameter Conditions -40°C 

Min. Max. Min. 

IL Quiescent Device Voo= 5.0V 0.5 
Current Voo= 10V 5.0 

Po Quiescent Device Voo=5.0V 2.5 
Dissipation/Package Voo= 10V 50 

VOL Output Voltage Low Voo = 5.0V, VI = Voo, 10 = OA 0.05 
Level Voo = 10V, VI = Voo, 10 = OA 0.05 

VOH Output Voltage High Voo = 5.0V, VI = Vss, 10 = OA 4.95 4.95 
Level Voo = 10V, VI = Vss. 10 = OA 9.95 9.95 

VNL Noise Immunity Voo = 5.0V, Vo ~ 3.5V, 10 = OA 1.5 1.5 
(All Inputs) Voo = 10V, Vo ~ 7.2V, 10 = OA 3.0 3.0 

VNH Noise Immunity Voo = 5.0V, Vo .. 1.5V, 10 = OA 1.4 1.5 
(All Inputs) Voo = 10V, Vo .. 3.5V, 10 = OA 2.9 3.0 

IoN Output Drive Current Voo = 5.0V, Vo = 0.4V, VI = Voo 0.35 0.3 
N·Channel (4002) Voo = 10V, Vo = 0.5V, VI = Voo 0.72 0.6 

loP Output Drive Current Voo = 5.0V, Vo = 2.5V, VI = Vss -0.35 -0.3 
P·Channel (4002) Voo = 10V, Vo = 9.5V, VI = Vss -0.3 -0.25 

IoN Output Drive Current Voo = 5.0V, Vo = O.4V, VI = Voo 0.145 0.12 
N·Channel (4012) Voo = 10V, Vo = 0.5V, VI = Voo 0.3 0.25 

loP Output Drive Current Voo = 5.0V, Vo = 2.5V, VI = Vss -0.145 -0.12 
P·Channel (4012) Voo = 10V, Vo = 9.5V, VI = Vss -0.35 -0.3 

II Input Current 
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Limits 

25°C 

Typ. Max. 

0.005 0.5 
0.005 5.0 

0.025 2.5 
0.05 50 

0 0.05 
0 0.05 

5.0 
10 

2.25 
4.5 

2.25 
4.5 

1.0 
2.5 

-2.0 
-1.0 

0.5 
0.6 

-0.5 
-q 
10 

85°C 

Min. Max. 

15 
30 

75 
300 

0.05 
0.05 

4.95 
9.95 

1.4 
2.9 

1.5 
3.0 

0.24 
0.48 

-0.24 
-0.2 

0.095 
0.2 

-0.095 
-0.24 

Units 

",A 
",A 

",W 
",W 

V 
V 

V 
V 

V 
V 

V 
V 

mA 
mA 

mA 
mA 

mA 
mA 

mA 
mA 
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AC Electrical Characteristics TA = 25-,,-CJ _CL = 15_pJ",_andJopuLrise_andJaIUimes_=_20ns . 
Typical temperature coefficient for all values of Voo = 0.3%/OC 

Parameter I Conditions I Min. I Typ. I Max. I Units 

CD4002M 

tPHL Propagation Delay Time High to Low Level Voo=5.0V 35 50 ns 
Voo= 10V 25 40 ns 

tpLH Propagation Delay Time Low to High Level Voo =5.0V 35 50 ns 
Voo= 10V 25 40 ns 

tTHL Transition Time High to Low Level Voo =5.0V 65 175 ns 
Voo= 10V 35 75 ns 

trLH Transition Time Low to High Level .Voo=5.0V 65 125 ns 
Voo=10V 35 70 ns 

CIN Input Capacitance Any Input 5.0 pF 

CD4002C 

tpHL Propagation Delay Time High to Low Level Voo=5.0V 35 120 ns 
Voo=10V 25 65 ns 

tpLH Propagation Delay Time Low to High Level Voo =5.0V 35 80 ns 
Voo=10V 25 55 ns 

tTHL Transition Time High to Low Level Voo =5.0V 65 300 ns 
Voo=10V 35 125 ns 

tTLH Transition Time Low to High Level Voo=5.0V 65 200 ns 
Voo=10V 35 115 ns 

CIN Input Capacitance Any Input 5.0 pF 

AC Electrical Characteristics TA=25°C, CL.,=15pF; and Input rise and fall times=20ns. 
Typical temperature coefficienUor all values of Voo = 0.3%I"C 

I Conditions I I I I 
.. 

Parameter Min. Typ. Max. Units 

CD4012M 

tpHL Propagation Delay Time High to Low Level Voo= 5.0V 50 75 ns 
Voo= 10V 25 40 ns 

tpLH Propagation Delay Time Low,to High Level Voo= 5.0V 50 75 ns 
Voo=10V 25 40 ns 

tTHL Transition Time High to Low Level Voo =5.0V 75 125 ns 
Voo=10V 50 75 ns 

tTLH Transition Time Low to High Level Voo=5.0V 75 100 ns 
Voo=10V 40 60 ns 

CIN Input CapaCitance Any Input 5.0 pF 

CD4012C 

tpHL Propagation Delay Time High to Low Level Voo =5.0V 50 100 ns 
Voo= 10V 25 . 50 ns . 

tPLH Propagation Delay Time Low to High Level Voo=5.0V 50 100 ns 
Voo=10V 25 50 ns 

tTHL Transition Time High to Low Level Voo=5.0V 75 150 ns 
Voo=10V 50 100 ns 

tTLH Transition Time Low to High Level Voo=5.0V 75 125 ns 
Voo=10V 40 75 ns 

CIN Input Capacitance Any Input 5.0 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 
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~National 
~ Semiconductor 

CD4002BM/CD4002BC Dual 4-lnput NOR Gate 
CD4012BM/CD4012BC Dual 4-lnput NAND Gate 

General Description 
These dual gates are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N-and 
P-channel enhancement mode transistors. They have 
equal source and sink current capabilities and conform 
to standard B series output drive. The devices also have 
buffered outputs which improve transfer characteristics 
by providing very high gain. All inputs are protected 
against static discharge with diodes to Voo and Vss. 

Connection Diagram 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TTL 

compatibility 

3.0Vto 15V 
0.45 Voo (typ.) 

fanout of 2 driving 74L 
or 1 drivi ng 74LS 

• 5V-10V-15V parametric ratings 
• Symmetrical output characteristics 
• Maximum input leakage 11'A at 15 V over full tempera­

ture rrnge 

CD4002BMICD4002BC 

CD4012BMICD4012BC 
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-Absolute-Maximum-Ratings-(Notes-1-and-2) ,------------

Voo Supply Voltage -0.5 V to +18 V 
VIN Input Voltage -0.5 to VooO.5 V 
Ts Storage Temperature Range -65°C to +150°C 
Po Package Dissipation 500mW 
TL Lead Temperature (soldering, 10 seconds) 3000e 

Recommended Operating Conditions (Note 2) 

Voo Supply Voltage 3.0 to 15V 
VIN Input Voltage OVtoVooV 
TA Operating Temperature Range 

CD4002BM, CD4012BM -55°C to +125°C 
CD4002BC, CD4012BC -40·C to +85·C 

DC Electrical Characteristics (Note 2) - CD4002BM, CD4012BM 

-55°C 25°C 1250C 
Parameter Conditions Units 

Min. Max. 'Min. Typ. Max. Min. Max. 

100 Quiescent Voo =5.0V 0.25 0.004 0.25 7.5 iJA 
Device Current Voo=10V 0.5 0.005 0.5 15 iJA 

Voo=15V 1.0 0.006 1.0 30 iJA 

VOL Low Level Voo =5.0V 0.05 0 0.05 0.05 V 
Output Voltage Voo = 10V 0.05 0 0.05 0.05 V 

Voo=15V 0.05 0 0.05 0.05 V 

VOH High Level Voo=5.0V 4.95, 4.95 5.0 4.95 V 
Output Voltage Voo= 10V 9.95 9.95 10 9.95 V 

Voo=15V 14.95 14.95 15 14.95 V 

VIL Low Level Voo=5.0V, Vo=0.5Vor 4.5V 1.5 2.25 1.5 1.5 V 
Input Voltage Voo = 10V, Vo = 1.0V or 9.0V 3.0 4.50 3.0 3.0 V 

Voo = 15V, Vo =1.5V or 13.5V 4.0 ' 6.75 4.0 4.0 V 

VIH High Level Voo = 5.0 V, Vo=0.5Vor 4.5V 3.5 ' 3.5 2.75 3.5 V 
Input Voltage Voo = 10V, Vo = 1.0V or 9.0V 7.0 7.0 5.50 7.0 V 

Voo =15V, Vo=1.5Vor 13.5V 11.0 11.0 8.25 11.0 V 

IOL Low Level Voo=5.0V, Vo=0.4V ' 0.64 0.51 0.88 0.36 mA 
Output Current Voo =10V, Vo =0.5V 1.6 1.3 2.2 0.90 mA 

Voo =15V, Vo=1.5V 4.2 3.4 B.O 2.4 mA 

IOH High Level Voo = 5.0 V, Vo =4.6V -0.64 -0.51 -0.88 -0.36 mA 
Output Current Voo =10V, Vo =9.5V -1.6 -1.3 -2.2 -0.90 mA 

- Voo =15V, Vo=13.5V -4.2 -3.4 -8.0 -2.4 mA 

liN Input Current Voo=15V, VIN=OV -0.10 -10-5 -0.10 -1.0 /AA 
Voo = 15V, VIN = 15V 0.10 105 0.10 1.0 /AA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to imply that the devices should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electri· 
cal Characteristics" provide conditions for actual device operation. 

Note 2: Vss = OV unless otherwise specified. 
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0 
DC Electrical Characteristics (Note 2) - CD4002BC, CD4012BC C 

.j::Io 
0 

-40"C 25°C 85°C 0 
Parameter Conditions Units I\,) 

Min. Max. Min. Typ. Max. Min. Max. aI 
too Quiescent Voo=5.0V 1.0 0.004 1.0 7.5 /JA s: -Device Current Voo=10V 2.0 0.005 2.0 15 /JA 0 

Voo=15V 4.0 0.006 4.0 30 /JA C 
VOL Low Level Voo=5.0V 0.05 0 0.05 0.05 V 

.j::Io 
0 

Output Voltage Voo=10V 0.05 0 0.05 0.05 V 0 
Voo=15V 0.05 0 0.05 0.05 V I\,) 

aI 
VOH High Level Voo=5.0V 4.95 4.95 5.0 4.95 V S"J Output Voltage Voo=10V 9.95 9.95 10 9.95 V 

Voo=15V 14.95 14.95 15 14.95 V 0 
VIL Low Level Voo =5V, Vo=0.5Vor 4.5V 1.5 2.25 1.5 1.5 V 

C 
.j::Io 

Input Voltage Voo = 10V, Vo = 1.0V or 9.0V 3.0 4.50 3.0 3.0 V 0 
Voo = 15V, Vo = 1.5V or 13.5V 4.0 6.75 4.0 4.0 V 

..... 
I\,) 

VIH High Level Voo=5.0V, Vo =0.5Vor 4.5V 3.5 3.5 2.75 3.5 V aI 
Input Voltage Voo = 10 V, Vo = 1.0V or 9.0V 7.0 7.0 5.50 7.0 V s: 

Voo = 15V, Vo =1.5V or 13.5V 11 11 8.25 11 V -0 
10L Low Level Voo=5.0V, Vo=0.4V 0.52 0.44 0.88 0.36 mA C 

Output Current Voo=10V, Vo=0.5V 1.3 1.1 2.2 0.90 mA .j::Io 
0 

Voo =15V, Vo=1.5V 3.6 3.0 8.0 2.4 mA ..... 
IOH High Level Voo=5.0V, Vo =4.6V -0.52 -0.44 -0.88 -0.36 mA 

I\,) 

aI 
Output Current Voo =10V, Vo=9.5V -1.3 -1.1 -2.2 -0.90 mA 0 

Voo = 15V, Vo = 13.5V -3.6 -3.0 -8.0 -2.4 mA 

liN Input Current Voo=15V, VIN =OV -0.3 -10-5 -0.3 -1.0 /JA 
Voo = 15V, VIN = 15V 0.3 10-5 0.3 1.0 /JA 

AC Electrical Characteristics TA = 25°C, CL = 50 pF, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

tpHL Propaga~ion Delay, High to Low Level Voo=5.0V 125 250 ns 
Voo=10V 60 100 ns 
Voo=15V 45 70 ns 

, tpLH Propagation Delay, Low to High Level Voo = 5.0V 125 250 ns 
Voo=10V 60 100 ns 
Voo=15V 45 70 ns 

tTHL, tTLH Transition Time Voo=5.0V 100 200 ns 
Voo=10V 50 100 ns 
Voo=15V 40 80 ns 

CIN Average Input Capacitance (Note 3) Any Input 5.0 7.5 pF 

Cpo Power Dissipation Capacity (Note 4) Any Gate 20 pF 

Note 3: Capacitance is guaranteed by periodic testing. 
Note 4: CPO determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family 
Characteristics, Application Note AN-gO. 
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CD4006BM/CD4006BC 18-Stage Static Shift Register 

§ General Description Features 
c 
o 

• Wide supply voltage range 
• High noise Immunity 

• Low power TTL 
compatibility 

3.0Vto 15V 
0.45 VDD (typ.)· 

fan out of 2 drYing 74L 
or 1 driving 74LS 

The CD4006BM/CD4006BC 18-stage static shift 
register is comprised of four separate shift register 
sections, two sections of four stages and two sections 
of five stages. Each section has an Independent data 
input. Outputs are available at the fourth stage and the 
fifth stage of each section. A common clock signal is 
used for all stages. Data is shifted to the next stage on 
the negative-going transition of the clock. Through 
appropriate connections of inputs and outputs, multiple 
register sections of 4, 5, 8, and 9 stages, or single regis· 
ter sections of 10, 12, 13, 14, 16, 17, and 18 stages can be 
implemented using one package. 

• Low clock Input capacitance 6 pF (typ.) 

• Medium speed 10 MHz (typ.) (with VDD = 10V) 

• Low power 

• Fully static operation 

Logic Diagrams 

FADM 
PREVIOUS 

STAGE 
lOR DATA 

IF 1ST STAGE) 

~ r-::--Ci 

CLOCK~CL 

Connection Diagram 

-{>o- 0UTPUT 
IF 4TH OR r 5TH'TAGE 

I 
TO NEXT STAGE 
0" 

Truth Table 

DATA 1 Nt CLOCK DATA 2 DATA J DATA4 Vss 

TOP VIEW 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

Voo DC Supply Voltage -0.5to+18Voc Voo DC Supply Voltage +3.0to +15V 
VIN Input Voltage -0.5 to Voo + 0.5 Voc VIN Input Voltage Oto Voo Voc 
Ts Storage Temperature Range -65·C to +150·C TA Operating Temperature Range 

Po Package Dissipation 500mW CD4006BM -55·C to +125·C 

TL Lead Temperature (Soldering, 10 seconds) 300·C CD4006BC -40·C to +85·C 

DC Electrical Characteristics CD4006BM (Note 2) 
--- -- --_._-----,-_. 

-55°C 25°C 125°C 
Parameter Conditions Units 

Min. Max. Min. Typ. Max. Min. Max. 
'---

100 Quiescent Voo = 5.0V 5.0 0.005 5.0 150 J.lA 
Device Current Voo=10V 10 0.010 10 300 J.lA 

Voo=15V 20 0.Q15 20 600 J.lA 

VOl Low Level Voo =5.0V 0.05 0 0.05 0.05 V 
Output Voltage Voo=10V 0.05 0 0.05 0.05 V 

Voo=15V 0.05 0 0.05 0.05 V 

VOH High Level Voo =5.0V 4.95 4.95 5.0 4.95 V 
Output Voltage Voo=10V 9.95 9.95 10 9.95 V 

Voo=15V 14.95 14.95 15 14,95 V 

VIL Low Level Voo = 5.0V, Vo =0.5V or 4.5V 1.5 2.25 1.5 1.5 V 
Input Voltage Voo = 10V, Vo = 1.0V or 9.0V 3.0 . 4.50 3.0 3.0 V 

Voo = 15V, Vo = 1.5V or 13.5V 4.0 6.75 4.0 4.0 V 

VIH High Level Voo =5.0V, Vo =0.5V or 4.5V 3.5 3.5 2.75 3.5 V 
Input Voltage Voo = 5.0V, Vo = 1.0V or 9.0V 7.0 7.0 5.50 7.0 V 

Voo =15V, Vo=1.5Vor 13.5V 11.0 11.0 8.25 11.0 V 

IOL Low Level Voo=5.0V, Vo =O.4V 0.64 0.51 0.88 0.36 mA 
Output Current Voo=10V, Vo=0.5V 1.6 1.3 2.25 0.9 mA 

Voo =15V, Vo=1.5V 4.2 3.4 8.8 2.4 mA 

IOH High Level, Voo= 5.0V, Vo=4.6V -0.64 -0.51 -0.88 -'0.36 mA 
Output Current Voo =10V, Vo=9.5V -1.6 -1.3 -2.25 -0.9 mA 

Voo = 15V, Vo = 13.5V -4.2 -3.4 -8.8 --2.4 mA 

liN Input Current Voo =15V, VIN=OV -0.1 -0.1 -10-5 --1.0 J.lA 
Voo = 15V, VIN = 15V 0.1 10--5 0.1 1.0 J.lA 

DC Electrical Characteristics CD4006BC (Note 2) 
------ ----

-40°C 25°C 85°C 
Parameter Conditions -- Units 

Min. Max. Min. Typ. Max. Min. Max. 

100 Quiescent Voo =5.0V 20 0.005 20 150 J.lA 
Device Current Voo=10V 40 0.010 40 300 J.lA 

Voo = 15V 80 0.Q15 80 600 J.lA 

VOL Low Level Voo =5.0V 0.05 0 0.05 0.05 V 
Output Voltage Voo=10V 0.05 0 0.05 0.05 V 

Voo = 15V 0.05 0 0.05 0.05 V 

VOH High Level Voo =5.0V 4.95 4.95 5.0 4.95 V 
Output Voltage Voo=10V 9.95 9.95 10 9.95 V 

Voo=15V 14.95 14.95 15 14.95 V 
VIL Low Level Voo =5.0V, Vo =0.5V or 4.5V 1.5 2.25 1.5 1.5 V 

Input Voltage Voo = 10V, Vo = 1.0V or 9.0V 3.0 4.5 3.0 3.0 V 
Voo =15V, Vo= 1.5V or 13.5V 4.0 6.75 4.0 4.0 V 

VIH High Level Voo=5.0V, Vo =0.5V or 4.5V 3.5 3.5 2.75 3.5 V 
Input Voltage Voo = 5.0 V, Vo = tOV or 9.0V 7.0 7.0 5.5 7.0 V 

Voo = 15V, Vo = 1.5V or 13.5V 11 11 8.25 11 V 
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DC Electrical Characteristics (cont'd) CD4006BC (Note 2) 

-55°C 250C 85°C 
Parameter Conditions Units 

Min. Max. Min. Typ. Max. Min. Max. 

IOL low level Voo = 5.0V, Vo=O.4V 0.52 0.44 0.88 0.36 mA 
Output Current Voo =10V, Vo=0.5V 1.3 1.1 2.25 0.9 mA 

Voo=15V, Vo=1.5V 3.6 3.0 8.8 2.4 mA 

IOH High level VIL = OV, VIH = Voo 
Output Current Voo=5.0V, Vo=4.6V -0.52 -0.44 -0.88 -0.36 mA 

Voo=10V, Vo=9.5V -1.3 -1.1 -2.25 -0.9 mA 
Voo=15V, Vo =13.5V -3.6 -0.3 -8.8 -8.8 -2.4 mA 

liN Input Current Voo=15V, VIN=OV -0.3 -0.3 -10-5 -1.0 p.A 
Voo=15V, VIN=15V 0.3 10-5 0.3 1.0 p.A 

AC Electrical Characteristics CD4006BM/CD4006BC TA = 25°C, CL = 50 pF, unless otherwise noted 

Parameter Conditions Min. Typ. Max. Units 

tpLH, tpHL Propagation Delay Time (tpLH = tpHJ Voo=5.0V 200 400 ns 
Voo=10V 100 200 ns 
Voo=15V 80 150 ns 

tTLH, tTHL Transition Time (tTLH = tTHLl Voo=5.0V 100 200 ns 
Voo=10V 50 100 ns 
Voo=15V 40 80 ns 

tWL, tWH Minimum Clock Pulse Width (tWL=twH) Voo=5.0V 100 200 ns 
Voo=10V 45 100 ns 
Voo=15V 35 70 ns 

tRCL, tFCL Clock Rise and Fall Time (tRCL = tFcLl Voo=5.0V 15 P.s 
Voo=10V 15 p.s 
Voo=15V 15 P.s 

tsu Minimum Set·up Time Voo=5.0V 50 100 ns 
Voo=10V 25 50 ns 
Voo=15V 20 40 ns 

tH Minimum Hold Time Voo =5.0V 55 110 ns 
Voo=10V 35 70 ns 
Voo=15V 30 60 ns 

fCL Maximum Clock Frequency Voo=5.0V 2.5 5.0 MHz 
Voo=10V 5.0 12 MHz 
Voo=15V 7.0 16 MHz 

CL Input Capacitance Data Input 5.0 pF 
ClK Input 7.5 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not 
meant to imply that the devices should be operated at these limits. The tables of "Recommended Operating Conditions" and 
"Electrical Characteristics" provide conditions for actual device operation. 
Note 2: Vss = 0 V unless otherwise specified. 

Switching Time Waveforms 

v -1"1:- -=I~-
DD 90% 90% ".. ,'J(:'~ ~\ V 10% 10% 

" -
twH ----- lWL - ~I - 'SETUP 

VDD ,k90% 90% 
DATA 50% 50% 

V 10% I 10% 

" 1). - --j 1-'''" -', -I --tTHL 

VDD .,v.; 90% 90% 
OUTPUT 

':.:. I~% 
50% 

Vss 
10% 

tSETUP I- - tpHL -
t,=t,=20ns 
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~National 
~ Semiconductor 

CD4007M/CD4007C Dual Complementary Pair 
Plus Inverter 

General Description Features 
The CD4007M/CD4007C consists of three complementary - Wide s~pply voltage range 
pairs of N- and P-channel enhancement mode MOS tran- _ High noise immunity 
sistors suitable for series/shunt applications_ All inputs 
are protected from static discharge by diode clamps to 
Vee and Vss· 

For proper operation the voltages at all pins must be 
constrained to be between Vss - 0.3V and Vee +0.3V at 
all times. 

Connection Diagram 

Voo 

14 13 12 11 

TOP VIEW 

10 

Note: All P..,hannel substrates are connected to V DD 
and all N-channel substrates are connected to VsS. 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin Vss - 0.3V to Voo + 0.3V Storage Tempeature Range --65°C to +150°C 
Operating Temperature Range Package Dissipation 500mW 

CD4007M -55°C to +125°C Operating Voo Range Vss + 3.0V to Vss + 15 V 
CD4007C -40°C to +85°C Lead Temperature (Soldering, 10 seconds) 300·C 

DC Electrical Characteristics - CD4007M 
------------------

Limits 
--,----------

Parameter Conditions -55°C 25°C 125°C Units 

Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

IL Quiescent Device Voo =5.0V 0.05 0.001 0.05 3.0 /lA 
Current Voo=10V 0.1 0.001 0.1 6.0 !-,A 

Po Quiescent Device Voo =5.0V 0.25 0.005 0.25 15 pW 
Dissipation/Package Voo=10V 1.0 0.001 1.0 60 ,C!W 

VOL Output Voltage Low Voo=5.0V 0.05 0 0.05 0.05 V 
Level Voo=10V 0.05 0 0.05 0.05 V 

VOH Output Voltage High Voo =5.0V 4.95 4.95 5.0 4.95 V 
Level VoD =10V 9.95 9.95 10 9.95 V 

VNL Noise Immunity Voo=5.0V, Vo =3.6V 1.5 1.5 2.25 1.4 V 
(All inputs) Voo =10V, Vo=7.2V 3.0 3.0 4.5 2.9 V 

VNH Noise Immunity Voo = 5.0V, Vo = 0.95V 1.4 1.5 2.25 1.5 V 
(All inputs) Voo = 10V, Vo = 2.9V 2.9 3.0 4.5 3.0 V 

IoN Output Drive Current Voo = 5.0V, Vo = 0.4 V, VI = Voo 0.75 0.6 1.0 0.4 mA 
N-Channel Voo =10V, Vo=0.5V, VI=Voo 1.6 1.3 2.5 0.95 mA 

loP Output Drive Current VDO = 5.0V, Vo = 2.5V, VI = Vss -1.75 -1.4 -4.0 -1.0 mA 
P-Channel Voo =10V, Vo=9.5V, VI=Vss -1.35 -1.1 '-2.5 -0.75 mA 

II Input Current 10 pA 
---------- _L_~ ____ 

DC Electrical Characteristics - CD4007C 

Limits 
---

Parameter Conditions -40°C 25°C 85°C Units 

Min. Typ. Max. Min. Typ. Max. Min. Typ. Max. 

IL Quiescent Device Voo =5.0V 0.5 0.005 0.5 15 !-,A 
Current Voo=10V 1.0 0.005 1.0 30 IIA 

Po Quiescent Device Voo=5.0V 2.5 0.025 2.5 75 !-'W 
Dissipation/Package Voo=10V 10 0.05 10 300 !-'W 

VOL Output Voltage Low Voo =5.0V 0.05 0 0.01 0.05 V 
Level Voo=10V 0.05 0 0.01 0.05 V 

VOH Output Voltage High Voo =5.0V 4.95 4.95 5.0 4.95 V 
Level Voo=10V 9.95 9.95 10 9.95 V 

VNL Noise Immunity Voo = 5.0V, Vo = 3.6V 1.5 1.5 2.25 1.4 V 
(All inputs) Voo =10V, Vo=7.2V 3.0 3.0 4.5 2.9 V 

VNH Noise Immunity Voo = 5.0V, Vo = 0.95V 1.4 1.5 2.25 1.5 V 
(All inputs) Voo = 10V, Vo = 2.9V 2.9 3.0 4.5 3.0 V 

IoN Output Drive Current Voo = 5.0V, Vo = 0.4 V, VI = Voo 0.35 0.3 1.0 0.24 mA 
N·Channel Voo = 10V, Vo = 0.5V, VI = Voo 1.2 1.0 2.5 0.8 mA 

loP Output Drive Current VOD = 5.0V, Vo = 2.5V, VI = Vss -1.3 -1.1 -4.0 -0.9 mA 
P-Channel Voo =10V, Vo=9.5V, VI=Vss -0.65 -0.55 -·2.5 -0.45 mA 

II Input Current 10 pA 
._'------ -- --_.-

Note 1: This device should not be connected to circuits with the power on because high transient voltages may cause permanent damage. 
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AC Electrical Characteristics - CD4007M T A = 25°C and CL = 15 pF and rise and fall times = 20 ns. 
Typical temperature coefficient for all values of Voo= 0.3%I"C 

Parameter Conditions Min. Typ. Max. Units 

tpLH = tpHL Propagation Delay Time Voo =5.0V 35 60 ns 
Voo=10V 20 40 ns 

tTLH = tTHL Transition Time Voo =5.0V 50 75 ns 
Voo=10V 30 40 ns 

C1 Input Capacitance Any Input 5.0 pF 

AC Electrical Characteristics CD4007C TA = 25°C and CL=15pF and rise and fall times=20ns. 
Typical temperature coefficient for all values of Voo = 0.3%I"C 

Parameter 

tpLH = tpHL Propagation Delay Time 

tTLH = tTHL Transition Time 

C1 Input Capacitance 

AC Test Circuits 

VDD 

J14.2 

\

IP 

INPUT 3 ~ OUTPUT 

I N 15 pF 

1:.4 J 

Conditions 

Voo =5.0V 
Voo= 10V 

Voo =5.0V 
Voo= 10V 

Any Input 

VDD 

J14.11 

Min. 

\

IP 

INPUT 10 HOUTPUT. 

I N 15pF 

1;.9 J . 
Switching Time Waveforms 

VDD---::::90%~1 
OUTPUT 

90% 
,,50% 5rr"J 

~ ______ ~~~~1~0%~_~10~%~~ 

''''L- \-
., ""1,::: ZOns 
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~National, a Semiconductor 

CD4008BM/CD4008BC 4-Bit Full Adder 

General Description 
The CD400BB types consist of four full-adder stages with 
fast look-ahead carry provision from stage to stage. Cir­
cuitry is Included to provide a fast "parallel-carry-out" bit· 
to permit high-speed operation In arithmetic 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 in" bit from a previous section. 
CD400BB outputs Include the four sum bits, 51 and 54, 
in addition to the high-speed "parallel-carry-out" which 
may be utilized at a succeeding CD400BB section. 

All inputs are protected from damage due to static dis­
charge by diode clamps to Voo and GND. 

Block Diagram 

B4 

A' 

83 

A3 

82 

A2 

8' 
. A' 

C, ICARRY INI 

Connection Diagram 

16 , 

HIGH SPEED 
PAR. CARRY 

Dual-In-Line and Flat Package 

A4 16 Voo 

BJ 1& B4 

AJ 14 Co (CARRY oUTI 

B2 lJ S4 

A2 
12 

S3 

81 1Ist 

A' 1U S1 

Vss I 
C, (CARRY 'NI 

TOP VIEW 

Features 
• Wide supply voltage range 

• High noise immunity 

• Low power TTL 
. compatibility 

3.0Vto 15V 

0.45 Vee (typ.) 

fan out of 2 driving 74L 
or 1 driving 74L5 

• 4 sum outputs plus parallel look-ahead carry-output 

• Quiescent current specified to 15-V 

• Maximum input leakage of l/lA at 15V (full package 
temperature range) 

1-___ .;.;.'40 CD ICARRY OUT) 

S4 

S3 

S2 

s, 

Truth Table 

Ai Bi Ci CO SUM 

0 0 0 0 0 
1 0 0 0 1 
0 1 0 0 1 

1 1 0 1 0 
0 0 1 0 1 

1 0 1 1 0 
0 1 1 1 0 
1 1 1 1 1 
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Absolute Maximum Ratings 
(Notes 1 and 2) 

VDD dc Supply Voltage 
VIN Input Voltage 
TS Storage Temperature Range 
Po Package Dissipation 

. -<l.5 to +18 VDC 

-<l.5 to VDD +0.5 VDC 
--<i5°C to +150°C 

500mW 
TL Lead Temperature (Soldering, 10 seconds) 300°C 

Recommended Operating Conditions 
(Note 2) 

VDD dc Supply Voltage 
VIN Input Voltage 
T A Operating Temperature Range 

CD4008BM 
CD4008BC 

3 to 15 VDC 

Oto VDD VDC 

-55°C to +125°C 
-40° C to +85° C 

DC Electrical Characteristics 4008BM (Note 2) 

~SSOC 25°C 125°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO = 5V 5 0.3 5 150 p.A 

VOO = lOV 10 0.5 10 300 p.A 

VOO = 15V 20 1.0 20 600 p.A 

VOL Low Level Output Voltage IIOI<lp.A 

VOO = 5V 0.05 0 0.05 0.05 V 

VOO = 10V 0.05 0 0.05 0.05 V 

VOO = 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage 1101 < lp.A 

VOO = 5V 4.95 4.95 5 4.95 V 

VOO = 10V 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage 1101<1p.A 

VOO = 5V. Va = 0.5V or 4.5V 1.5 1.5 1.5 V 

VOO= 10V, VO= lVor9V 3.0 3.0 3.0 V 

VOO = 15V, Va = 1.5Vor 13.5V 4.0 4.0 4.0 V 

VIH High Level Input Voltage 1I01<1p.A 

VOO = 5V, Va = 0.5V or 4.5V 3.5 3.5 3,5 V 

VOO = lOV, Va = lV or 9V 7,0 7.0 7.0 V 

VOO = 15V, Va = 1.5Vor 13.5V 11.0 11.0 11.0 V 

IOL Low Level Output Current VOO = 5V, Va = OAV 0.64 0.51 0.88 0.36 mA 

VOO = lOV. Va = 0.5V 1.6 1.3 2.25 0.9 mA 

VOO = 15V, Va = 1.5V 4.2 3.4 8.8 2.4 mA 

IOH High Level Output Current VOO = 5V, Va = 4,6V ~.25 ~.2 ~0.35 ~0,14 mA 

VOO = lOV, Va = 9.5V ~.62 ~0.5 ~.8 ~0.35 mA 

VOO = 15V, Va = 13.5V ~1.8 ~1.5 ~3.5 ~1.1 mA 

liN Input Current VOO = 15V, VIN = OV ~.1 ~10~5 ~.1 ~1.0 p.A 

VOO = 15V, VIN = 15V 0.1 1O~5 0.1 1.0 p.A 

DC Electrical Characteristics 4008BC (Note 2) 

-<lOCc 25°C 85°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO = 5V 20 0.5 20 150 p.A 

VOO = lOV 40 1 40 300 p.A 

VOO = 15V 80 5 80 600 p.A 

VOL Low Level Output Voltage IIOI<lp.A 

VOO = 5V 0.05 0 0.05 0.05 V 

VOO = lOV 0.05 0 0.05 0.05 V 

VOO = 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage IIOI<lp.A 

VOO = 5V 4.95 4.95 5 4.95 V 

VOO = lOV 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage 1I01<1p.A 

VOO = 5V, Vo = O.5V or 4.5V 1.5 1.5 1.5 V 

VOO = 10V, Vo = lV or 9V 3.0 3.0 3.0 V 

VOO = 15V, Va = 1.5V or 13.5V 4.0 4.0 4.0 V 

VIH High Level Input Voltage IIOI<lp.A 

VOO = 5V, Vo = 0.5V or 4,5V 3.5 3.5 3.5 V 

VO~ = 10V, Va =lV or 9V 7.0 7.0 7.0 V 

VO~ = 15V, Vo = 1.5V or 13.5V 11.0 11.0 11.0 V 

5-29 

(") 
C 
~ o o 
CO 
aI 
~ -(") 
C 
~ o o 
CO 
aI 
(") 



o 
~ DC Electrical Characteristics (Cont'd) CD4008BC (Note 2) 
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-40°C 2SoC 
PARAMETER CONDITIONS 

MIN MAX MIN TYP MAX 

IOL Low Level Output Current VOO= SV, Vo = O.4V 0.S2 0.44 0.88 

VOO = 10V, Vo = 0.5V 1.3 1.1 2.25 

VOO = 15V, Vo = 1.5V 3.6 3.0 8.8 

IOH High Level Output Current VOO= SV; Vo = 4.6V -Q.2 -Q.16 -Q.35 

VOO - 10V, Vo = 9.5V -Q.5 -Q.4 -Q.8 
VOO = 15V, Vo = 13.5V "':1.4 -1.2 -3.5 

liN Input Current VOO = ISV, VIN = OV -Q.3 -Q.3 

VOO = 15V, VIN = 15V , 0.3 0.3 

AC Electrical Characteristics TA = 25°C, CL=50pF, RL=2000k, input t r, tr=20ns, 
unless otherwise specified, 

PARAMETER CONDITIONS MIN TYP 

tPHL or tpLH Propagation Delay Time 

Sum I n to Sum Out VOO=SV 425 

VOO= 10V 170 

VOO = 15V 125 

Carry I n to Sum Out VOO= 5V 320 

VOO= 10V 125 

VOO= 15V 95 

Sum In to Carry Out VOO= 5V 250 

VOO= 10V 115 

VOO = 15V 90 

Carry In to Carry Out VOO=5V 130 

VOO=10V 60 

VOO = 15V 45 

Carry I n to Carry Out CL = 15 pF . VOO= 5V 100 

VOO= 10V 45 

VOO = 15V 35 

tTHL High-to-Low Transition Time VOO=5V 100 

VOO= 10V 50 

VOO= 15V 40 

tTLH Low-ta-High Transition Time VOO =5V 200 

VOO= 10V 100 

VOO = 15V 80 

CIN Average Input Capacitance 5 

CPO Power Dissipation Capacitance Note 3 100 

8SoC 
UNITS 

MIN MAX 

0.36 rnA 

0.9 rnA 

2.4 rnA 

-Q.12 mA 

-Q.3 mA 

-1.0 mA 

-1.0 p.A 

1.0 p.A 

MAX UNITS 

750 ns 

250 ns 

190 ns 
650 ns 

225 ns 

175 ns 

500 ns 

200 ns 

160 ns 

245 ns 

105 ns 

80 ns 

175 ns 

75 ns 

60 ns 

200 ns 

100 ns 

80 ns 

400 ns 

200 ns 

160 ns 

7.5 pF 

pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply 
that the devices should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides 
conditions for actual device operation. 

Note 2: VSS == OV unless otherwise specified. 
Note 3: CPO determines the no load ac power consumption of any CMOS device. For complete explanation, see 54CI74C Family Characteristics 
application note, AN-90. 

AC Test Circuit and' Switching Time Waveforms 
voo 

Voo CL 
C,. 

CL Vss 

VOH CL 
SH4 

VOL 

VOH 
COUT 

VOL 

':" ':" ':" ':" 
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CD4009M/CD4009C Hex Buffers (Inverting) 
CD4010M/CD4010C Hex Buffers (Non-Inverting) 

General Description 
These hex buffers are monolithic complementary MOS 
(CMOS) integrated circuits. The N- and P-channel en· 
hancement mode transistors provide a symmetrical cir· 
cuit with output swings essentially equal to the supply 
voltage. This results in high noise immunity over a wide 
supply voltage range. No DC power other than that 
caused by leakage current is consumed during static 
conditions. All inputs are protected against static dis· 
charge. These gates may be used as hex buffers, CMOS 
to DTL or TTL interface or as CMOS current drivers. Con­
version ranges are from 3 to 15 volts providing Vcc .. Voo. 

Schematic Diagrams 

::~.n A 

·00 

Hex CDSIMDS 10 DTL or TTL 
converter (non-inverting) 

Connecl Vee 10 DTL or TTL 
supply 

Connecl Voo 10 CDS/MDS supply 

CD4009M/CD4009C 

X-A 

..... -t-..... -o() x r-1 Vee 

....... --t---' oJ LGND 

Hex CDS/MDS 10 OTL or TTL 
cDn~:1er (inverting) 

Connect Vee 10 DTL or TTL 
.. pply 
Connect VDD 10 CDS/MDS supply 

CD401OM/CD4010C 

Features 
Ii Wide supply voltage range 
• Lowpower 

3.0Vto 15V 
100 nW (typ.) 

0.45 Voo (typ.) 
8mA(min.)at Vo=0.5V 

and Voo=10V 

III High noise immunity 
Ii High current sinking 

capability 

Applications 
II Automotive 
II Data terminals 

.• Instrumentation 
II Medical electronics 

iii Alarm system 
III Industrial controls 
II Remote metering 
• Compulers 

Connection Diagrams 

TOPVIEW 

·00 

TOP VIEW 
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Absolute Maximum Ratings 
Voltage at Any Pin (Note 1) Vss - O.3V to Vss + 1S.SV 
Operating Temperature Range CD40XXM -SSoC to +12Soe 

CD40XXC _40°C to +8Soe 
Storage Temperature Range -6SoC to +1S0oe 
Package Dissipation SOOmW 
Lead Temperature (Soldering. 10 seconds) 3000 e 
Operating V DO Range Vss + 3V to Vss + lSV 

DC Electrical Characteristics 
TEST LIMITS 

CONDITIQNS CD40XXM CD40XXC 

CHARACTERISTICS 
VOLTS,. 

-5S·C +2S·C +12S·C -40·C +2SoC +12S·C 

Yo Voo MIN MAX MIN TVP MAX MIN MAX MIN MAX MIN TVP MAX MIN MAX 

Quiescent Device Current 5 0.3 0.01 0.3' 20 3 0.03 3 42 
(ILl 10 0.5 0.01 O.S 30 5 O.OS 5 70 

- Quiescent Device S I.S 0.05 1.5 100 15 0.15 15 210 
DissipationlPackage (Pol 10' 5 0.1 5 300 50 0.5 50 700 

Output Voltage 5' 0.01 0 0,01 0.05 om 0 om 0.05 
Low Level (V DLI . 10 0.01 0 0.01 0.05 am 0 0,01 0.05 

High Level (VoHI 5 4.99 4.99 5 4.95 4.99 4.99 5 4.95 
10. 9.99 9.99 10 9.95 9.99 9.99 10 9.95 

Noise Immunity (All Inputsl 

(VNcl CD400SM { Vo;'4.0 5 1 1 2.25 0.9 1 1 2.25 0.9 
Vo "8.0· 10 2 2 4.5 1.9 2 2 4.5 1.9 

(VNLI CD4010M { Vo;'1.5 5 1.6 1.5 2.25 1.4 1.6 1.5 2.25 1.4 
Vo .. 3.0· 10 3.2 3 4.5 2.9 3.2 3 4.5 2.9 

(V';HI Vo "3.5 5 1.4 1.5 2.25 1.5 1.4 1.5 2.25 1.5 
Va;' 7.0 10· 2.9 3 4.5 3 2.9 3 4.5 3 

Output Drive Current 0.4 5 3.75 3 4 2.1 3.6 3 2.4 
N·Channel (loNI 0.5 10 10 8 10 5.6 9.6 8 6.4 

P-Channel (loPI 2.5 5 -1.85 -1.25 -1.75 -0.9 -1.5 -1.25 -1 
9.S 10 -0.9 -0.6 -0.8 -0.4 -0.72 -0.6 -0.48 

Input Current (1,1 10 10 

Note 1: This device should not be connected to circuits with the power on because high transient voltage may cause permanent 
damage. . 

AC Electrical Characteristics TA = 25°C. CL=1SpF. unless otherwise noted 
Typical Temperature Coefficient for all values of VDD = 0.3%/"e 

CHARACTERISTIC 

Propagation Oelay Time 

Hlgh·to·low lev~1 11PHL i 

Transition Time: 
Htgh·to·Low level (tTHd 

Low·lo-High Level (tTL"") 

I nput Capacitance (e,1 

Typical Applications 

TEST 
CONDITIONS 

Voo = lOV 

Vee"" 5V 

Voo" 10V 

. Vee" SV 

Vee = Voe 

Vee'" Voo 

Any Input 

Voo 
IVOLTS) 

5 

10 

5 

10 

5 

10 

5 

10 

CD40XXM 

MIN TYP 

15 

10 

10 
/ 

50 

25 

15 

20 

16 

80 

50 

5 
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LIMITS 

CD40XXC 

MAX MIN TYP MAX 

55 - 15 70 

30 - 10 40 

25' - 10 35 

80 - 50 100 

55 - 25 70 

30 - 15 40 

45 - 20 60 

40 - 16 50 

125 - 80 160 

100 - 50 120 

- - 5 -

UNITS 

ns 

ns 

OF 

UNITS 

p.A 
p.A 

p.W 
p.W 

v 
V 

V 
V 

V 
V 

V 
V 

V 
V 

rnA 
rnA 

rnA 
rnA 

pA 
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CD4013BM/CD4013BC Dual D Flip-Flop 

General Description Features 
The CD4013B dual D flip-flop is a monolithic comple­
mentary MOS (CMOS) integrated circuit constructed with 
N- and P-channel enhancement mode transistors_ Each 
flip-flop has independent data, set, reset, and clock 
inputs and "Q" and ,icr' outputs. These devices can be 
used for shift register applications, and by connecting 
'ia" output to the data input, for counter and toggle ap­
plications. 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 inde­
pendent of the clock and Is accomplished by a high level 
on the set or reset line respectively. 

• Wide supply voltage range 3.0Vto 15V 

0.45 Voo (typ.) 
fan out of 2 driving 74L 

or 1 driving 74LS 

Connection Diagram 

Ql 

Truth Table 

• High noise immunity 

• Low power TTL 
compatibility 

Applications 
• Automotive 

• Data terminals 

• Instrumentation 

• Medical electronics 

Dual-In-Line and Flat Package 

• Alarm system 
• Industrial electronics 

• Remote metering 

• Computers 

Q2 il2 'CLOCK 2 RESET 2 DATA 2 SET 2 

13 12 11 10 19 

I 
F/F F/F 
1 2 

I I I 

CLOCK 1 RESET 1 DATA 1 

f 
.r 
"\.... 

x 
x 

o 
o 

x 
x 

x x 

No change 
t = Level change 
x = Don't care case 

TOP VIEW 

R 

o 
o 
o 
1 

o 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

Voo de Supply Voltage ---{).5 to +18 VOC VOO de Supply Voltage +3 to +15 VOC 
VIN Input Voltage ---{).5 to VOO +0.5 VOC VIN Input Voltage OtoVOOVOC 
TS Storage Temperature Range ---4;5°C to +150°C T A Operating Temperature Range 
Po Package Oissipation 500mW C04013BM -55°C to +125°C 
TL Lead Temperature (Soldering, 10 seconds} 300°C C04013BC ---40°C to +85°C 

DC Electrical Characteristics 4013BM (Note 2) 

-55°C 2SoC 12SoC 
PARAMETER CONOITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO = SV 1.0 1.0 30 IlA 
VOO = 10V 2.0 2.0 60 IlA 
VOO = lSV 4.0 4.0 120 IlA 

VOL Low Level Output Voltage 1101 < 1.O/1A 

VOO = SV O.OS O.OS 0.05 V 

VOO = 10V 0.05 0.05 0.05 V 

VOO = 15V 0.05 0.05 0.05 V 

VOH High'Level Output Voltage 1101< 1.0llA 

VOO = 5V 4.95 4.95 4.95 V 

VOO = 10V 9.95 9.95 9.95 V 

VOO ~ 15V 14.9S 14.9S 14.95 V 

VIL . Low Level Input Voltage 1I01<1.0IlA 

VOO = SV, Va = 0.5V or 4.5V 1.5 1.5 1.5 V 

VOO = 10V, Va = 1.0V or 9.0V 3.0 3.0 3.0 V 

VOO" 15V, Va = 1.5V or 13.5V 4.0 4.0 4.0 V 

VIH High Level Input Voltage 1101<1.0IlA 

VOO = 5V, Va = 0.5V or 4.5V 3.5 3.5 3.5 . V 

VOO = 10V, Va = 1.0V or 9.0V 7.0 7.0 7.0 V 

VOO = 15V, Va = 1.5V or 13.5V 11.0 11.0 11.0 V 

10L Low level Output Current Von = 5V, Va = O.4V 0.64 0.51 0.88 0.36 rnA 

VOO = 10V, Va = 0.5V 1.6 1.3 2.25 0.9 rnA 

VOO = 15V, Va = 1.5V 4.2 3.4 8.8 2.4 rnA 

10H High L·;;vel Output Curtl'nt VOO = 5V, V() = 4.6V ~0.64 -0.51 -0.88 -0.36 rnA 

VOO = IOV, Vo = 9.5V -1.6 -1.3 -2.25 ~0.9 rnA 

VOO = 15V, Va = 13.5V -4.2 ~3.4 -8.8 -2.4 rnA 

liN Input Current VOO = 15V. VIN = OV -0.1 -10-5 -0.1 ~1.0 IlA 
VOO = 15V, VIN = ISV 0.1 10-5 0.1 1.0 pA 

. -. .. ---~-,. -
DC Electrical Characteristics 4013BC (Note 2) 

~_w~ ... --,------ --,----
-40"C 25"C 8S"C 

PARAMETER CONDITIONS UNITS 
MIN MAX MIN TVP MAX MIN MAX _. 

100 Quiesce"t Device Cur:-e.,t VOO = 5V 4.0 4.0 30 pA 

VOO = 10V 8.0 8.0 60 IlA 
VOO=15V 16.0 16.0 120 IlA 

VOL Low Level Output Voltage 1I01<1.0pA 

VOO = 5V 0.05 0.05 0.05 VJ 

VOO = 10V 0.05 0,05 0.05 V 

VOO = 15V 0.05 0.05 0.05 V 

VOH High Level Output Voltage 1I01<1.0pA 

VOO = 5V 4.95 4.95 4.95 V 
VOO = 10V 9.95 9.95 9.95 V 

VOO = 15V 14.95 14.95 14.95 V 

VIL Low Level InpUt Voltage 1101 < 1.O/1A 

VOO = 5V, Va = 0.5V or 4.5V 1.5 1.5 1..5 V 
VOO = 10V, Va ~ 1.0V or 9.0V 3.0 3.0 3.0 V 
'ioo = 15V, Vo = l.5Vo, 13.5V 4.0 4.0 4.0 V 
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DC Electrical Characteristics (Cont'd.) CD4013BC (Note 2) 

-40°C 25°C 85°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TVP MAX MIN MAX 

VIH High level Input Voltage 1I01<1.0pA 

VOD = 5V. Va = 0.5V or 4.5V 3.5 3.5 3.5 V 

VOD = 10V. Va = 1.0V or 9.0V 7.0 7.0 7.0 V 

VDD = 15V. Va = 1.5V or 13.5V 11.0 11.0 11.0 V 

IOl Low Level Output Current VOO = 5V. Va = O.4V 0.52 0.44 0.88 0.36 mA 

Voo = 10V. Va = 0.5V 1.3 1.1 2.25 0.9 mA 

VOO = 15V. Va = 1.5V 3.6 3.0 8.8 2.4 mA 

IOH High Level Output Current VOO= 5V. Va = 4.6V -{J.52 -{J.44 -{J.88 -0.36 mA 

VOO = lOV. Va = 9.5V -1.3 -1.1 -2.25 -{J.9 mA 

VOO = 15V. Va = 13.5V -3.6 -3.0 -8.8 -2.4 rnA 

liN Input Current VOO = 15V. VIN = OV -{J.3 -10-5 -{J.3 -1.0 pA 

VOO = 15V. VIN = 15V 0.3 10-5 0.3 1.0 pA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply 
that the devices should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides 
conditions for actual device operation. 

Note 2: VSS = OV unless otherwise specified. 

AC Electrical Characteristics TA=25°C, Cl=50pF, Rl=200k, unless otherwise noted 

PARAMETER I CONDITIONS I MIN I TYP I MAX I UNITS 

CLOCK OPERATION 

tpHl. or Propagation Delay Time VOO = 5V 200 350 ns 

tplH VOO = 10V 80 160 ns 

VOO = 15V 65 120 ns 

tTHl. or Transition Time VOO = 5V 100 200 ns 

tTlH VOO = 10V 50 100 ns 

VOO = 15V 40 80 ns 

tWL.or Minimum Clock Pulse Width VOD = 5V 100 200 ns 

tWH VOO = 10V 40 80 ns 

VOO = 15V 32 65 ns 

tRCl. tFCl Maximum Clock Rise and Fall Time VOO = 5V .15 i'S 

VOO = 10V 10 ps 

VOO = 15V 5 ps 

tsu Minimum Set·Up Time VOO = 5V 20 40 ns 

VOO = 10V 15 30 ns 

VOO = 15V 12 25 ns 

tCl Maximum Clock Frequency VOO= 5V 2.5 5 MHz 

VOO = 10V 6.2 12.5 MHz 

VOO = 15V 7.6 15.5 MHz 

SET ANO RESET OPERATION 

tPHlIR). Propagation Delay Time VOO = 5V 150 300 ns 
tPlHIS) VOO= 10V 65 130 ns 

VOO = 15V 45 90 ns 

'WHIR). Minimum Set and Reset VOO= 5V gO 180 ns 

twHIS) Pulse Width VOO=10V 40 80 ns 

VOO= 15V 25 50 ns 

CIN Average Input Capacitance />.ny Input 5 7.5 pF 

5-35 

o 
C 
.lito o ..... 
CA) 

m 
s:: -o 
C 
.lito 
o ..... 
CA) 

m 
o 



o 
~ Schematic Diagram 
~ c 
o -:E 
(II) .,.. 
o 
'11:1' 
C 
o SET 0----'---------------------------------------------, MASTER SECTION 

CL 

L 
o-fI~-"'" 
r-
ei. CL 

RESET o-________________ ..... ____ -"'C;;..L ________ --' 

VOD VOD 

CLOCK 0-----""'" dptL d 
. J-.CL 

1 1 
VSS 

ALL P·SUBSTRATES (1 E ) CONNECTED TO VOO 

~ I-
ALL N.sUBSTRATES ( .... ) CONNECTED TO VSS 

.1-

VSS 

5-36 

SLAVE SECTION 



logic Diagram 

SETo-------~~----------------------------------
.CL 

MASTER SECTION SLAVE SECTION 
CL 

TG 

DATA 

CL 

TG 

CL 
RESETo---~------------~--~~----------~ 

TG 

BUFFERED OUTPUTS 

Switching Time Waveforms 

CLOCK VSS----......;.;~ 

VDD-+-tJ---+---..1 

DATA 

Vss-+-I'---+---::='I 

VDD-----~-----+~,~-----------

nOR 0: Vss _______ --+ __________ .J 

tTHL 

nORO:vODI--------~~--------~ 

Vss-------------~~~---------
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CD4014BM/CD4014BC a-Stage Static Shift Register 
General Description 
The CD40148M/CD40148C is an 8-stage parallel input! 
serial outpu't shift register. A paralleliserial control input 
enables individual JAM inputs to each of 8 stages. Q out­
puts are available from- the sixth, seventh and eighth 
stages. All outputs have equal source and sink current 
capabilities and conform to standard "8" series output 
drive. 

When the parallel/serial control input is in the logical "0" 
state, data is serially shifted into the register syn­
chronously with the positive transition of the clock. When 
the parallel/serial control input is in the logical "1" state, 
data is jammed into each stage of the register syn­
chronously with the positive transition of the clock. 

All inputs are protected against static discharge with 
diodes to Voo and Vss. 

Features 
• Wide supply voltage range-3.0V to 15V 

• High noise immunitY-0.45 Voo (typ.) 
• Low power TTL compatibility - fan out of 2 driving 

74L or 1 driving 74LS 

• 5V·10V·15V parametric ratings 
• Symmetrical output characteristics 
• Maximum input leakage 1 /LA at 15V over full tempera­

ture range 

Connection Diagram Truth Table 

VOO 

16 

8 
PAR 
IN 

Dual·ln·Line Package 

PAR IN 

'7 

15 

" / 
U6/ U8 

14 

BUF BUF 
OUT OUT 

BUF 
OUT SER 

5' U7 IN 

13 12 11 

. 
PAR IN 

TOPVIEW 

Logic Diagram 

PARALLEL/SERIAL 9 
CONTROL 

PAR/ 
SER 

CLK CONT 

10 

1. VSS 

PS ..... __ .... 

Serial 
Parallel! 

CL* Serial 
Inpul 

Conlrol 

-----
X 1 

~ X 1 

-----
X 1 

----- X 1 

----- 0 0 

--- 1 0 

-----
X X 

• Level change 
X = Don't care case 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 & 2) (Note 2) 

VDD Supply Voltage -0.5to+18V VDD Supply Voltage 3.0 to 15V 

VIN Input Voltage -0.5 to VDD + 0.5 V VIN Input Voltage OtOVDD 
Ts Storage Temperature Range -65°C to +150°C TA Operating Temperature Range 
Po Package Dissipation 500mW CD4014BM -55°C to +125°C 

TL Lead Temperature (Soldering, 10 sec.) 300°C CD4014BC 40°C to 85°C 

DC Electrical Characteristics (Note 2) - CD4014BM 

-55°C 25°C 125°C 
Parameter Conditions Units 

Min Max Min Typ Max Min Max 

IDD Quiescent Device Current VDD =5V 5 0.1 5 150 ~A 
VDD =10V 10 0.2 10 300 ~A 
VDD =15V 20 0.3 20 600 ~A 

VOL Low Level Output Voltage 
VDD = 5V I 0.05 0 0.05 0.05 V 
VDD =10V Ilol<l~A 0.05 0 0.05 0.05 V 
VDD =15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage 
VDD =5V \ 4.95 4.95 5 4.95 V 
VDD =10V Ilol<l~A 9.95 9.95 10 9.95 V 
VDD =15V 14.95 14.95 15 14.95 V 

V'L Low Level Input Voltage VDD =5V, Vo=0.5V or 4.5V 1.5 2 1.5 1.5 V 
VDO = 10V, Vo= 1.0V or 9.0V 3.0 4 3.0 3.0 V 
Voo= 15V, Vo= 1.5V or 13.5V 4.0 6 4.0 4.0 V 

V'H High Level Input Voltage VOD = 5V, Vo=0.5V or 4.5V 3.5 3.5 3 3.5 V 
VDD =10V, Vo=1.0V or 9.0V 7.0 7.0 6 7.0 V 
VoD =15V, Vo=1.5Vor 13.5V 11.0 11.0 9 11.0 V 

10L Low Level Output Current Voo =5V, Vo =O.4V 0.64 0.51 0.88 0.36 mA 
VDo =10V, Vo=0.5V 1.6 1.3 2.2 0.90 mA 
VDD =15V, Vo =1.5V 4.2 3.4 8 2.4 rnA 

10H High Level Output Current VDo =5V, Vo=4.6V -0.64 -0.51 -0.88 -0.36 rnA 
Voo =10V, Vo =9.5V -1.6 -1.3 -2.2 -0.90 rnA 
Voo= 15V, Vo= 13.5V -4.2 -3.4 -8 -2.4 rnA 

I'N Input Current Voo =15V, V'N=OV -0.10 _10- 5 -0.10 -1.0 ~A 
Voo =15V, V'N=15V 0.10 10-5 0.10 1.0 ~A 

DC Electrical Characteristics (Note 2) - CD4014BC 

-40°C 25°C 85°C 
Parameter Conditions Units 

Min Max Min Typ Max Min Max 

100 Quiescent Device Current VDD =5V 20 0.1 20 150 "A 
VDD =10V 40 0.2 40 300 ~A 
VDD =15V 80 0.3 80 600 ~A 

VOL Low Level Output Voltage VDD =5V I 0.05 0 0.05 0.05 V 
VDo =10V jlol<l~A 0.05 0 0.05 0.05 V 
VDD =15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage VDo =5V I 4.95 4.95 5 4.95 V 
VoD =10V jlol<l~A 9.95 9.95 10 9.95 V 
VDD =15V 14.95 14.95 15 14.95 V 

V'L Low Level Input Voltage VDD =5V, Vo=0.5V or 4.5V 1.5 2 1.5 1.5 V 
VDD = 10V, Vo= 1.0V or 9.0V 3.0 4 3.0 3.0 V 
VDD = 15V, Vo= 1.5V or 13.5V 4.0 6 4.0 4.0 V 

IIlH High Level Input Voltage VDD =5V, Vo=0.5V or 4.5V 3.5 3.5 3 3.5 V 
VDD = 10V, Vo= 1.01( or 9.0V 7.0 7.0 6 7.0 V 
VDo =15V, Vo=1.5V or 13.5V 11.0 11.0 9 11.0 V 

10L Low Level Output Current VoD =5V, Vo =O.4V 0.52 0.44 0.88 0.36 rnA 
VDD =10V, Vo=0.5V 1.3 1.1 2.2 0.90 rnA 

VDD = 15V, Vo= 1.5V 3.6 3.0 8 2.4 rnA 

10H High Level Output Current VoD =5V, Vo =4.6V -0.52 -0.44 -0.88 -0.36 rnA 

VDD = 10V, Vo= 9.5V -1.3 -1.1 -2.2 -0.90 rnA 

VDD = 15V, VD= 13.5V -3.6 -3.0 -8 -2.4 rnA 

I'N Input Current VDD =15V, V'N=OV -0.3 _10- 5 -0.3 -1.0 ~A 

VDD =15V, V'N=15V 0.3 10-5 0.3 1.0 ~A 
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AC Electrical Characteristics TA=25°C, input t r, tf=20 ns, C L=50 pF, RL=200 kG 

Parameter Conditions Min Typ Max. Units 

t pLH, t pHL Propagation Delay Time Voo=5V 200 320 ns 

Voo=10V 80 160 ns 

Voo=15V 60 120 ns 

tTHLJ tTLH Transition Time Voo=5V 100 200 ns 

Voo= 10V 50 100 ns 

Voo=15V 40 80 ns 

tCL Maximum Clock Input Frequency Voo=5V 2.8 4 MHz 

Voo=10V 6 12 MHz 

Voo=15V 8 16 MHz 

tw Minimum Clock Pulse Width Voo=5V 90 180 ns 

Voo=10V 40 80 ns 

Voo=15V 25 50 ns 

trCL,tfCL Clock Rise and Fall Time (Note 3) , Voo=5V 15 /ls 
Voo=10V 15 /lS 
Voo=15V 15 /ls 

ts Minimum Set-up Time (Note 5) 

Serial Input Voo=5V 60 120 ns 
tH2:200 ns Voo=10V 40 80 ns 

Voo=15V 30 60 ns 

Parallel Inputs Voo=5V 80 160 ns 
t H2:200 ns Voo=10V 40 80 ns 

Voo=15V 30 60 ns 

Parallel/Serial Control Voo=5V 100 200 ns 
tH 2:200 ns Voo=10V 50 100 ns 

Voo=15V 40 80 ns 

tH Minimum Hold Time Voo=5V 0 ns 
Serial In, Parallel In, ts2:400 ns Voo=10V 10 ns 
Parallel/Serial Control Voo=15V 15 ns 

C I Average Input Capacitance Any Input 5 7,5 pF 

Cpo Power Dissipation Capacitance 110 pF 
(Note 4) 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 
Note 2: VSS = OV unless otherwise specified. 
Note 3: If more than one unit Is cascaded trCL should be made less than or equal to the fixed propagation delay of the output of the driving stage for the estimated 
capacitive load. 
Note 4: CpO determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/7.4C family characteristics application note 
AN·9O. 
Note 5: Set·up times are measured with reference to clock and a fixed hold time (tH) as specified. 

\ 
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Typical Performance Characteristics 
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i CD4015BM/CD4015BC DUAL 4·BIT Static Shift Register 
CD 
LD .... 
o 
-.:t B General Description 

The CD4015BM/CD4015BC contains two Identical, 
4-stage, serial-input/parallel-output registers with 
independent "Data," "Clock," and "Reset" inputs. 
The logic level present at the input of each stage Is 
transferred to the output of that stage at each 
positive-going clock transition. A logic high on the 
"Reset" Input resets all four stages covered by that 
input. All Inputs are protected from static discharge 
by a series resistor and diode clamps to VDD and 
VSS· 

Features 
• Wide supply voltage range 

• High noise immunity 

3.0Vto 18V 

0.45 VDD (typ.) 

Connection Diagram and Truth Table 
VOD DATAs RESETB OlB 02B OlD Q4... CLOCK ... 

Logic Diagrams 

• Lowpower 
TIL compatibility 

fan out of 2 
driving 74Lor 

1 driving 74LS 

• Medium speed operation 

• Fully static design 

8 M Hz(typ) clock rate 

@VDD - VSS = 10 Volts 

Applications 
• Serial-Inputlparallel-output data queueing 

• Serial to parallel data conversion 

• General purpose register 

CL" D 

..r 0 

..r 1 

'""- X 

X X 

... Level change 
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Absolute Maximum Ratings (Notes 1 and 2) 

VOO DC Supply Voltage -0.5to +18VOC 

VIN Input Voltage -0.5 to VOO + 0.5 VOC 

TS Storage Temperature Range -65to +150·C 

Po Package Dissipation 500mW 

TL Lead Temperature (Soldering, 10 seconds) 300·C 

Recommended Operating Conditions 

voo DC Supply Voltage +3to +15VOC 

VIN Input Voltage OtoVOOVOC 

TA Operating Temperature Range 
C04015BM -55·Cto +125·C 

C04015BC -40·Cto +85·C 

DC Electrical Characteristics (Note 2) - C04015BM 

Parameter Conditions 
-55°C 

Min Max 

100 Quiescent VOO=5V 5 
Device Current VOO= 10V 10 

VOO= 15V 20 

VOL Low Level VOO=5V 0.05 
Output Voltage VOO= 10V 0.05 

VOO= 15V 0.05 

VOH High Level VOO=5V 4.95 
Output Voltage VOO= 10V 9.95 

VOO=15V 14.95 

VIL Low Level VOO=5V, Vo = 0.5V or 4.5V 1.5 
Input Voltage VOO = 10V, Vo = 1.0V or 9.0V 3.0 

VOO = 15V, Vo = 1.5V or 13.5V 4.0 

VIH High Level VOO=5V, Vo = 0.5V; or 4.5V 3.5 
Input Voltage VOO = 10V, Vo = 1.0V or 9.0V 7.0 

VOO= 15V, VO= 1.5V or 13.5V 11.0 

IOL Low Level VOO=5V, VO=O.4V 0.64 
Output Current VOO=10V, VO=0.5V 1.6 

VOO = 15V, Vo = 1,5V 4.2 

IOH High Level VOO=5V, VO=4.6V -0.64 
Output Current VOO=10V, VO=9.5V -1.6 

VOO = 15V, Va = 13.5V -4.2 

liN Input Current VOO=15V, VIN::OV -0.1 
VOO = 15V, VIN = 15V 0.1 
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25°C 
Min Typ Max 

0.005 5 
0.010 10 
0.015 20 

0 0.05 
0 0.05 
0 0.05 

4.95 5 
9.95 10 
14.95 15 

2.25 1.5 
4.50 3.0 
6.75 4.0 

3.5 2.75 
7.0 5.50 
11.0 8.25 

0.51 0.88 
1.3 2.25 
3.4 8.8 

-0.51 -0.88 
-1.3 -2.25 
-3.4 -8.8 

-10-5 -0.1 
10-5 0.1 

125°C 
Min Max 

150 
300 
600 

0.05 
0.Q5 
0.05 

4.95 
9.95 
14.95 

1.5 
3.0 
4.0 

3.5 
7.0 
11.0 

0.36 
0.9 
2.4 

-0.36 
-0.9 
-2.4 

-1.0 
1.0 

Units 

I'A 
I'A 
I'A 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 
V 
V 

rnA 
mA 
rnA 

mA 
rnA 
rnA 

I'A 
I'A 

n 
c 
~ o 
..A. 
C1I 
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DC Electrical Characteristics (Note 2) - C04015BC 

Parameter Conditions 
-40·C 25·C 85·C 

Units 
Min Max Min Typ Max Min Max 

100 Quiescent VOO=5V 20 0.005 20 150 "A 
Oevice Current VOO=10V 40 0.010 40 300 "A 

VOO = 15V .80 0.015 80 600 "A 
VOL Low Level VOO=5V 0.05 0 0.05 0.05 V 

Output Voltage VOO=10V 0.05 0 0.05 0.05 V 
VOD= 15V 0.05 0 0.05 0.05 V 

VOH High Level VOO=5V 4.95 4.95 5 4.95 V 
Output Voltage VOO=10V 9.95 9.95 10 9.95 V 

VOO=15V 14.95 14.95 15 14.95 V 

VIL Low Level VOO =5V,. Vo =0.5V or 4.5V 1.5 2.25 1.5 1.5 V 
Input Voltage VOO= 10V, VO = 1.0V or 9.0V 3.0 4.50 3.0 3.0 V 

VOO=15V, VO=1.5Vor 13.5V· 4.0 6.75 4.0 4.0 V 

VIH High Level VOO=5V, VO=0.5V; or 4.5V 3.5 3.5 2.75 3.5 V 
Input Voltage VOO=10V, VO=1.0Vor9.0V 7.0 7.0 5.50 7.0 V 

VOO=15V, VO=1.5Vor 13.5V 11.0 11.0 8.25 11.0 V 

IOL Low Level VOO=5V, VO=O.4V 0.52 0.44 0.88 0.36 rnA -
Output Current VOO=10V, VO=0.5V 1.3 1.1 2.25 ' 0.9 rnA 

VOO=15V, VO=1.5V 3.6 3.0 8.8 2.4 rnA 

IOH High Level VOO=5V, VO=4.6V -0.52 -0.44 -0.88 -0.36 rnA 
Output Current VOO = 10V, Vo = 9.5V -1.3 -1.1 -2.25 -0.9 rnA 

VOO=15V, VO=13.5V -3.6 -3.0 -8.8 -2,4 inA 

liN Input Current VOO=15V, VIN=OV -0.3 -10-5 -0.3 -1.0 "A 
\iOO = 15V, VIN = 15V 0.3 10-5 0.3 1.0 "A 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device carnot be guaranteed, they are not 
meant to il)1ply that the devices should be operated at these limits. The tables of "Recommended Operating Conditions" and 
"Electrical Characteristics" provide conditions for actual device operation. 

Note 2: VSS = OV unless otherwise specified. 

\ 
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AC Electrical Characteristics TA=25°C, CL=50pF, RL=200K, tr =tf=20ns, 
unless otherwise specified. 

Clocked Operation Parameter Conditions Min Typ 

tpHl, tplH Propogation Delay Time VOO=5V 230 
VOO=10V 80 
VOO = 15V 60 

tTHl, tTlH Transition Time VDD=5V 100 
VOO=10V 50 
VOO=15V 40 

tWl,tWM Minimum Clock Pulse-Width VOD=5V 160 
VOO= 10V 60 
VOO=15V 50 

tIel, tiel Clock Rise and Fall Time VOO=5V 
VOO=10V 
VDD= 15V 

tsu Minimum Oata Set-Up Time VOO=5V 50 
VDD=10V 20 
VOO= 15V 15 

fel Maximum Clock Frequency VOO=5V 2 3.5 
VDD=10V 4.5 8 
VOO=15V 6 11 

CIN Input Capacitance Clock Input 7.5 
Other Inputs 5 

Reset Operation 

tpHl(R) Propogation Oelay Time VOO=5V 200 
VOO= 10V 100 
VOO=15V 80 

tWH(R) Minimum Reset Pulse Width VOO=5V 135 
VOO=10V 40 
VOO=15V 30 

) 
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Max 

350 
160 
120 

200 
100 
40 

250 
110 
100 

15 
15 
15 

100 
40 
30 

10 
7.5 

400 
200 
160 

250 
80 
60 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

,..S 
,..S 
,..S 

ns 
ns 
ns 

MHz 
MHz 
MHz 

pF 
pF 

ns 
ns 
ns 

ns 
ns 
ns 
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~National 
~ Semiconductor 

CD4016BM/CD4016BC Quad Bilateral Switch 

General Description 
The CD4016BM/CD4016BC is a quad bilateral switch 
intended for the transmission or multiplexing of analog 
or digital signals. It is pin-for-pin compatible with 
CD4066BM/CD4066BC. 

Features 

• Extremely high control input 
impedance 

1012Q (typ.) 

• Low crosstalk between switches -50dB (typ.) 
@fIS=0.9MHz,RL=1kQ 

• Frequency response, switch "ON" 40 MHz (typ.) 

• Wide supply voltage range 3Vto 15V Applications 
• Wide range of digital and ± 7.5 VpEAK 

analog switching 

• "ON" resistance for 15V operation 400Q (typ.) 

• Matched "ON" resistance over "RON = 10Q (typ.) 
15V signal input 

• High degree of linearity 0.4% distortion (typ.) 
@ fls = 1 kHz, VIS = 5 Vp-p, 

Voo-Vss=10V, RL=10kQ 

• Extremely low "OFF" switch leakage 0.1 nA (typ.) 
@ Voo-Vss=10V 

TA=25°C 

Schematic and Connection Diagrams 

CONTROL---..... ---I.><o-----. 

IN/OU~ -I IE- OUT/IN 

• Analog signal switching/multiplexing 
• Signal gating 
• Squelch control 
• Chopper 
• ModulatorlDemodulator 
• Commutating switch 

• Digital Signal switching/multiplexing 

• CMOS logic implementation 

• Analc;;·to-digital/digital-to-analog conversion 

• Digital control of frequency, impedance, phase, 
and analog-signal gain 

Dual·ln·Line Package 

IN/OUT 
14 

Voo 

OUT/IN 13 CONTROL A 

OUT/IN CONTROL 0 

IN/OUT IN/OUT 

CONTROL B 
5. 

OUT/IN 

CONTROlC OUT/IN 

Vss IN/OUT 

TOP VIEW 
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Absolute Maximum Ratings (Notes 1 and 2) Recommended Operating Conditions 
(Note 2) 

Voo Supply Voltage -0.5Vto +18V Voo Supply Voltage 3V to 15V 
VIN Input Voltage -0.5V to Voo + 0.5V VIN Input Voltage OVto Voo 
T s Storage Temperature Range -65·Cto +150·C TA Operating Temperature Range 
Po Package Dissipation 500mW CD4016BM -55·Cto +125·C 
Lead Temperature (Soldering, 10 seconds) 300·C CD4016BC -40·Cto +85·C 

DC Electrical Characteristics CD4016BM (Note 2) 

-55°C 25°C 125°C Units Parameter Conditions 
Min. Max. Min. Typ. Max. Min. Max. 

100 Quiescent Device Current Voo=5V 0.25 0.01 0.25 7.5 ,.,A 
Voo= 10V 0.5 0.01 0.5 15 ,.,A 
Voo = 15V 1.0 0.01 1.0 30 ,.,A 

Signal Inputs and Outputs 

RON "ON" Resistance RL= 10kQ to 
Voo -Vss 

2 

Vc = Voo, VIS = Vss or Voo 
Voo = 10V 600 250 660 960 Q 
Voo = 15V 360 200 400 600 Q 

RL = 10kQ to Voo - Vss 
2 

Vc=Voo 
Voo = 10V, VIS = 4.75 to 5.25V 1870 850 2000 2600 Q 
Voo = 15V, VIS = 7.25 to 7.75V 775 400 850 1230 Q 

IlRON Il "ON" Resistance RL = 10kQ to Voo - Vss 
2 

Between any 2 of 
Vc = Voo, VIS = Vss to Voo 

4 Switches 
(In Same Package) Voo= 10V 15 Q 

Voo= 15V 10 Q 

lis Input or Output Leakage Vc = 0, Voo = 15V ±50 ±0.1 ±50 ±500 nA 
Switch "OFF" VIS = 15V and OV, 

Vos = OV and 15V 

Control Inputs 

VILC Low Level Input Voltage VIS = Vss and Voo 
Vos = Voo and Vss 
Ils= ±10 flA 
Voo=5V 0.9 0.7 0.5 V 
Voo= 10V 0.9 0.7 0.5 V 
Voo = 15V 0.9 0.7 0.5 V 

VIHC High Level Input Voltage Voo =5V 3.5 3.5 3.5 V 
Voo= 10V (see Note 6 ar.d 7.0 7.0 7.0 V 
Voo = 15V Figure 8) 11.0 11.0 11.0 V 

liN Input Current Voo - Vss = 15V ±0.1 ±10-~ ±0.1 ±1.0 ,.,A 

Voo ;. VIS;' Vss 
Voo ;. Vc ;. Vss 
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DC Electrical Characteristics CD4016BC (Note 2) 

-40°C 25°C 85°C 
Parameter Conditions 

Min. Max. Min. Typ. Max. Min. Max. 

100 Quiescent Device Current Voo=5V 1.0 0.01 1.0 7.5 
Voo= 10V 2.0 0.01 2.0 15 
Voo= 15V 4.0 0.01 4.0 30 

Signal Inputs and Outputs 

RON "QN" Resistance RL = 10kQ to Voo; Vss 

Vc = Voo, V's = Vss or Voo 
NO~ = 10V 610 275 660 840 

Voo=15V 370 200 400 520 

RL = 10kQ to Voo; Vss 

Vc=Voo 
Voo = 10V, V's = 4.75 to 5.25V 1900 850 2000 2380 
Voo = 15V, V's = 7.25 to 7.75V 790 400 850 1080 

~RON ~ "ON" Resistance RL = 10 kQ to Voo; Vss 
(Between any 2 of 

Vcc = Voo, V's = Vss to Voo 4 Switches 
(In Same Package) Voo=10V 15 

Voo=15V 10 

1'5 Input or 'Output Leakage Vc=O, Voo=15V ±50 ±0.1 ±50 ±200 
Switch "OFF" V's = OV or 15V 

Vos = 15V or OV 

Control Inputs 

VILe Low Level Input Voltage V's = Vss' and Voo 
Vos = Voo and Vss 
1'5= ±101JA 
Voo=5V 0.9 0.7 0.4 
Voo=10V 0.9 0.7 0.4 
Voo=15V 0.9 0.7 0.4 

V'HC High Level Input Voltage Voo=5V' 3.5 3.5 3.5 
Voo=10V (see Note 6 and 7.0 7.0 7.0 
Voo=15V Figure 8) 11.0 11.0 11.0 

I'N Input Current Vcc - Vss = 15V ±0.3 ±10-5 ±0.3 ±1.0 
Voo ~ V's ~ Vss 
Voo ~ Vc ~ Vss 

AC Electrical Characteristics TA=25°C, t,=t,=20ns and Vss=OV unless otherwise specified 

Parameter Conditions Min. Typ. Max. 

tpHL,tpLH Propagation Delay Time Vc=Voo, CL=50pF, (Figure 1) 
Signal Input to Signal Output RL=200k 

Voo=5V 58 100 
Voo=10V 27 50 
Voo= 15V 20 40 

tpZH, tPZL Propagation Delay Time RL= 1.0kQ, CL=50pF, (Figures 2 
Control Input to Signal and 3) 
Output High Impedance to Voo=5V 20 50 
Logical Level Voo=10V 18 40 

Voo=15V 17 35 

tpHZ, tpLZ Propagation Delay Time RL=1.0kQ, CL=50pF, (Figures 2 
Control Input to Signal and 3) 
Output Logical Level to Voo=5V 15 40 
High Impedance Voo=10V 11 25 

Voo=15V 10 22 
Sine Wave Distortion Vc=Voo=5V, Vss= -5V 0.4 

RL = 10 kQ, V's = 5 Vp.p, f = 1 kHz, 
(Figure 4) 
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IJA 
IJA 
IJA 
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Q 
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Q 
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nA 

V 
V 
V 

V 
V 
V 

IJA 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

% 



AC Electrical Characteristics (Cont'd) 
TA=25°C, t r =t, =20ns and Vss=OV unless otherwise specified 

Parameter 

Frequency Response - Switch 
"ON" (Frequency at -3dS) 

Feedthrough - Switch "OFF" 
(Frequency at -50dS) 

Crosstalk Setween Any Two 
Switches (Frequency at -50dS) 

Crosstalk; Control Input to 
Signal Output 

Maximum Control Input 

Signal Input Capacitance 

Signal Output Capacitance 

Feedthrough Capacitance 

Control Input Capacitance 

Conditions 

VC=VDD =5V, Vss= -5V, 
RL = 1 kQ, VIS = 5 Vp.p, 
20 Log 10 VosiVos (1 kHz) - d S, 
(Figure 4) 

VDD =5V, Ve=Vss= -5V, 
RL = 1 kQ, VIS = 5 Vp.p, 
20 LOglO (VOSiVIS)= -50dS, 
(Figure 4) 

VDD = VC(A) = 5V; Vss = VC(B) = -5V, 
RL = 1 kQ, VISIA) = 5 Vp.p, 
20 LOgl0 (V05IB)iVOSIA)) = -50dS, 
(Figure 5) 

VDD = 10V, RL = 10 kQ 
RIN = 1 kQ, Vee = 10V Square Wave, 
CL = 50 pF (Figure 6) 

RL = 1 kQ, CL = 50pF, (Figure 7) 
VaSil) = '12 Vos(1 kHz) 
VDD =5V 
VDD = 10V 
VDD = 15V 

VDD= 10V 

Ve=OV 

Min Typ Max Units 

40 MHz 

1.25 MHz 

0.9 MHz 

150 mVp.p 

6.5 MHz 
B.O MHz 
9.0 MHz 

4 pF 

4 pF 

0.2 pF 

5 7.5 pF 

Nole 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to imply that the devices should be operated at these limits. The tables 01 "Recommended Operating Conditions" and 
"Electrical Characteristics" provide conditions for actual device operation. 

Nole 2: VSS = OV unless otherwise specified. 

Nole 3: These devices should not be connected to circuits with the power "ON". 

Nole 4: In all cases. there is approximately 5 pF of probe and jig capacitance on the output: however. this capacitance is included in CL 
wherever it is specified. 

Nole 5: VIS is the voltage at the in/out pin and Vas is the voltage at the out/in pin. Vc is the voltage at the control input. 

Note 6: If the switch input is held at VDD. VIHC is the control input level that will cause the switch output to meet the standard "B" 
series VO~i and IOH output levels. If the analog switch input is conected to Vss. VIHC is the control input level - which allows the 
switch to sink standard "B" series ltoHI. high level current. and still maintain a VOL" standard "B" series. See Figure 8. 

AC Test Circuits and Switching Time Waveforms 

VC'VDO, vI' 

CONTROL VOD 

~~'- -~'I-VOD 90% 

VIS 50% 

OV----' 10% 

Vos VDD - .. - f,.':lH -(PHl 

ov 

VIS IN/OUT S~I~~~ES OUT/IN 

.lCl 

VDS 

Vss Rl 

~ ISO" 200k 

-::-

Figure 1. tpHL' IpLH Propagalion Delay Time Signal Input to Signal OutP~t 

tpZH 

VOD _~ 
~5D% 

OV~I'PZH_ 
VDH 

10% . 
OV 

VDD~VDD 
50% 

OV~PHZ_" 
VOH 

90% 

OV 

Figure 2. IpZH' IpHZ Propagation Delay Time Control 10 Signal Oulput 
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AC Test Circuits and Switching Time Waveforms (Cant'd) 

Vc 

VIS=DV 

'::' 

tpZL tPLZ 
VDD 

tPZL IPLZ 

A, 

~:. -t,~ VDD~ 1k '0% 
VDS 

ov ----=:r c, Voo 90% VDO 

I"" 10% . 
VOL VOL 

'::' 

Figure 3. tpZH' tpHZ Propagation Delay Time Control to Signal Output 

Ve----, 

IN/OUT S~I~~H4ES OUTlIN!-_'--Vos 

Vss 

-5V 
Vc = VOO for distortion and frequency response tests 

V C = V SS for feed through test 

Figure. 4. Sine Wave Distortion, Frequency Rj!sponse and Feedthrough 

VeIAI' Voo -----, 

IN/OUT S~'~~:ES OUTIINI-~t--VosIAI 

RL 
lk 

2.5V-/\ /\ I 

Vism OV-b ~ \J 
-5V 

VCIBI' Vss ------, 
-2.5V . 

1----1/1-

V"ISI' ov IN/OUT S~'~~:ES OUT/IN!-~t-- VoslBI 

Vss 

-5V 

Ve------, 

RL 
Ik 

Figure 5. Crosstalk Between Any Two Switches 

VOO---------r~~~--~ 

IN/OUT ~I~~:ES OUT/lNI--... ----4~- Vos 

OV---->r-

RIN 
1k 

. Vss 
RL 
10k 

CL 'r 50
'f VOS 

Figure 6. Crosstalk - Control to Input Signal Output 
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VCI T VDD l" 1- -1" 1-
Ve 

90% 90% 

50% 
CONTROL VOO 

DV ~ 10% 

IN/OUT S~I~~~ES OUT/IN 

_1/1 

V'S ~ VOO-

~CL 
Vos 

Vss RL 1 
~ 

T50PF ~ 1k 
VOS@lkHz 

Vos 
--,-

-= -:;:- T 
Figure 7. Maximum Control Input Frequency 

Temperature Switch Input Switch Output 
Range Voo VIS lis (rnA) VOS(V) 

TLOW 25°C THIGH Min. Max. 

5 0 0.25 0.2 0.14 0.4 
5 5 -0.25 -0.2 -0.14 4.6 

MILITARY 
10 0 0.62 0.5 0.35 0.5 
10 10 -0.62 -0.5 -0.35 9.5 

I 

15 0 1.8 1.5 1.1 1.5 
15 15 -1.8 -1.5 -1.1 13.5 

5 0 0.2 0.16 0.12 0.4 
5 5, -0.2 -0.16 -0,12 4,6 

COMMERCIAL 
10 0 0.5 0.4 0.3 0.5 
10 10 -0.5 -0.4 -0.3 9.5 
15 0 1.4 1.2 1.0 1.5 
15 15 -1.4 -1.2 -1.0 13.5 

Figure 8. CD4016B Switch Test Conditions for VIHC 

Typical Performance Characteristics 

'ON' Resistance vs. Signal Voltage 'ON' Resistance Temperature 'ON' Resistance Temperature 
TA = 25°C Variation for Voo - VSS = 10V Variation for Voo - VSS = 15V 

900 

I aDO Ci' 900 i 500 I I 
1\ Voo-Vss=10V @ +125'C 

700 
\ 

i 800 It ~ !!:. @ +a5'~, 7 l\.. w w 400 @ +25'~ u 600 w 700 
11/ 1\\\ u y ~ I, z 

\ z 
~ 

z 600 ;5 / J r-..-"" 500 ~ II '/ \' :-... .... 
'" 300 

~ V If\~ ~ 
SOD ~ '/ V '" " 400 If} ~ ~\ .'\; = z / ./ ~ 400 @ +125'C ': / rN 

!? 300 :::... ~ 1//, .\. '" '@ +8S'C Z 200 
~V ~ ?' ... 300 !? ~ -' VOO - Vss = 15V -' /A/ ~ -..@ +25'C -' ::::-w 200 w 

~ @-40'CZ z ,/ z 200 @ -40'C w 
~ z ...- z '? 

z 100 @ -55'C 1 - ,--
~ @ -55'C z 

"" 100 "" 13 100 13 
1 I 

-a -6 -4 -2 0 2 4 6 a -8 -6 -4 -2 0 2 4 6 8 -a -6 -4 -2 0 2 4 6 

SIGNAL INPUT (,vIS)(V) SIGNAL INPUT IVIS)(VI SIGNAL INPUT (VIS)(V) 
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Typical Applications 

CHANNEL 1 

CHANNEL 2 

COMMON 

CHANNEL 3 

CHANNEL 4 

4 3 2 1 

CONTROL 

4 Input Multiplexer 

OUTPUT 
INPUT 

Sample/Hold Amplifier 

Special Considerations 

The CD4016B is composed of 4, two-transistor analog 
switches. These switches do not have any linearization or 
compensation circuitry for "RON" as do the CD4066B's. 
Because of this, the special operating considerations 
for the CD4066B do not apply to the CD4016B, but at low 
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supply voltages, ,;; 5V, the CD4016B's on resistance 
becomes non-linear: It is recommended that at 5V, volt­
ages on the in/out pins be maintained within about 1V of 
either Voo or Vss; and that at 3V the voltages-on the in/out 
pins should be at Voo or Vss for reliable operation. 



~National 
~ Semiconductor 

CD4017BM/ CD4017BC Decade Counter/ Divider with 
10 Decoded Outputs 

CD4022BM/CD4022BC Divide-by-a Counter/Divider with 
a Decoded Outputs 

General Description 
The CD4017BM/CD4017BC is a 5-stage divide-by-l0 
Johnson counter with 10 decoded outputs and a carry 
out bit, 

The CD4022BM/CD4022BC is a 4-stage divide-by-8 
Johnson counter with 8 decoded outputs and a carry­
out bit, 

These counters are cleared to their zero count by a 
logical "1" on their reset line, These counters are ad­
vanced on the positive edge of the clock signal when the 
clock enable signal is in the logical "0" state, 

The configuration of the' CD4017BM/CD4017BC and 
CD4022BM/CD4022BC permits medium speed operation 
and assures a hazard free 'counting sequence, The 10/8 
decoded outputs are normally in the logical "0" state 
and go to the logical "1" state only at their respective 
time slot, Each decoded output remains high for 1 full 
clock cycle, The carry-out signal completes a full cycle 
for every 1 0/8 clock input cycles and is used as a ripple 
carry signal to any succeeding stages, 

Connection Diagrams 

CD4017B 
Dual-In-Line and Flat Package 

DECODED OUTPUT "5" ..!. 

DECODED OUTPUT "1" .2. 

DECODED OUTPUT "0" .2.. 

DECODED OUTPUT "z" ..!. 

DECODED OUTPUT "6" ..! 

DECODED OUTPUT '")"" ...!. 
DECODED OUTPUT "J" ..2. 

VSS ...!. 

u 

TOP VIEW 

~ VDO 

~ RESET 

,.!!. CLOCK 

rE- CLOCK ENABLE 

~ CARRY·DUT 

r!1- DECODED OUTPUT "9"' 

i1.!!. DECODED OUTPUT "4" 

.2... DECODED OUTPUT "8" 
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Features 
• Wide supply voltage range 

• High noise immunity 

• Low power 
TTL compatibility 

• Medium speed operation 

• Low power 
• Fully static operation 

Applications 
• Automotive 
• Instrumentation 

• Medical electronics 

• Alarm systems 
• Industrial electronics 

• Remote metering 

3,OV to 15V 

0,45 VDD (typ,) 

fan out of2 
driving 74L 
or 1 driving 

74LS 
5,0 MHz (typ,) 

with 10V VDD 

10j.tW(typ,) 

CD4022B 
Dual-In-Line and Flat Package 

DECODED OUTPUT "1" ..!. 
DECODED OUTPUT "'0" .2. 

DECODED OUTPUT "'Z"' .2.. 

DECODED OUTPUT ''S'' ..!. 

DECODED OUTPUT ''S'' ..! 

Nt ...!. 
DECODED OUTPUT "'J" ..2. 

VSS ...!. 

u 

TOP VIEW 

..!!. vDD 

.!.!.. RESET 

.!!. CLOCK 

E.. CLOCK ENABLE 

2!. CARRY,DUT 

..!..!.. DECODED OUTPUT "4" 

fl.!!.. DECODED OUTPUT '"]" 

r!- NC 
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Absolute Maximum Ratings Recommended Operating Gonditions 
-

(Notes 1 and 2) (Note 2) 

Voo dc Supply Voltage -0.5 to +18 VOC Voo de Supply Voltage +3 to +15 VOC 
VIN Input Voltage -0.5 to VOO +0.5 VOC VIN Input Voltage OtoVOO VOC 
TS Storage Temperature Range -E!5°C to +150°C T A Operating Temperature Range 
Po Package Oissipation 500mW C04017BM, C04022BM -55°C to +125°C 
TL Lead Temperature (Soldering, 10 seconds) 300°C C04017BC, C04022BC -40° C to +85° C 

I 

DC Electrical Characteristics CD4017BM, CD4022BM (Note 2) 

-55°C 25°C 125°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

IDO Quiescent Device Current VOO = 5V 5 0.3 5 150 I-IA 

VOO = 10V 10 0.5 10 300 I-IA 

VOO = 15V 20 1.0 20 600 I-IA 

VOL Low Level Output Voltage IiOI<1.0I-lA 

VOO = 5V 0.05 0 0.05 0.05 V 

VOO = 10V 0.05 0 0.05 0.05 V 

VOO = 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage IIOI<1.0I-lA 

VOO = 5V 4.95 4.95 5 4.95 V 

VOO = 10V 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage IIOI<1.0I-lA 
, 

VOO = 5V, Va = 0.5V or 4.5V 1.5 1.5 1.5 V 

VOO = 10V, Va = 1.0V or 9.0V 3.0 3.0 3.0 V 

VOO = 15V, Va = 1.5V or 13.5V 4.0 4.0 4.0 V 

VIH High Level Input Voltage IiOI<1.0I-lA 

VOO = 5V, Va = 0.5V or 4.5V 3.5 3.5 3.5 V 

VOO = 10V, Va = 1.0V or 9.0V 7.0 7.0 7.0 V 

VOO = 15V, Vo = 1.5V or 13.5V 11.0 11.0 11.0 V 

IOL Low Level Output Current VOO =·5V, Vo = OAV 0.64 0.51 0.88 0.36. mA 

VOO = 10V. Va = 0.5V 1.6 1.3 2.25 0.9 mA 

VOO = 15V, Va = 1.5V 4.2 3.4 8.8 204 mA 

IOH High Level Output Current VOO = 5V, Va =4.6V -0.25 -0.2 ' -0.36 -0.14 mA 

VOO = 10V, Va = 9.5V -0.62 -0.5 -0.9 -0.35 mA 

VOO = 15V, Va = 13.5V -1.8 -1.5 -3.5 -1.1 mA 

liN Input Current VOO = 15V, VIN = OV -0.1 -10-5 -0.1 -1.0 I-IA 

VOO = 15V, VIN = 15V 0.,1 10-5 0.1 1.0 I-IA 

DC Electrical Characteristics CD4017BC, CD4022BC (Note 2) 

-4Q°C 25°C 85°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO = 5V 20 0.5 20 150 I-IA 

VOO= 10V 40 1.0 40 300 I-IA 

VOO = 15V 80 5.0 80 600 I-IA 

VOL Low Level Output Voltage IIOI<1.0I1A 

VOO = 5V 0.05 0 0.05 0.05 V 

VOO = 10V 0.05 0 0.05 0.05 V 

VOO = 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltaye 1I01<1.0I-lA 

VOO = 5V 4.95 4.95 5 4.95 V 

VOO= 10V 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15 14.95 V 
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DC Electrical Characteristics (Cont'd.) 4017BC, 4022BC (Note 2) 

-;40°C 25°C 8SoC 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

Vil low Level Input Voltage 1101< 1.0IJA 

Voo = 5V, Vo = 0.5V or 4.5V 1.5 1.5 1.5 V 

VOO = IOV, Vo = 1.0V or 9.0V 3.0 3.0 3.0 V 

VOO = 15V, Vo = 1.5Vor 13.5V 4.0 4.0 4.0 V 

High Level Input Voltage 1101< 1. O!, A 

VOO = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 V 

VOO = 10V, Vo = I.OV or 9.0V 7.0 7.0 7.0 V 

VOO = 15V, Va = 1.5V or 13.5V 11.0 11.0 11.0 V 

IOl Low Level Output Current VOO = 5V, Vo = O.4V 0.52 0.44 O.BB 0.36 mA 

VOO = 10V, Va = 0.5V 1.3 1.1 2.25 0.9 rnA 

VOO = 15V, Vo = 1.5V 3.6 3.0 B.B 2.4 mA 

IOH High level Output Current VOO = 5V, Va =4.6V -{J.2 -{J.16 -{J.36 -{J.12 rnA 

VOO = 10V, Va = 9.5V -{J.5 -{J.4 -{J.9 -{J.3 rnA 

VOO = 15V, Vo = 13.5V -1.4 -1.2 -3.5 -1.0 rnA 

liN Input Current VOO = 15V, VIN=OV -{J.3 -10-5 -{J.3 -1.0 !,A 

VOO = 15V, VIN = 15V 0.3 10-5 0.3 1.0 IJA 

Not9 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply 
that the devices should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides 
conditions for actual device operation. 
Note 2: VSS = OV unless otherwise specified. 

AC Electrical Characteristics TA = 25°C, Cl=50pF, Rl=200k, t,Cl and tfCl=20ns, unless otherwise 

specified 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

CLOCKED OPERATION 

tPHl, tPlH Propagation Delay Time: 

Carry Out Line VDD = 5V 415 800 ns 

VOO = 10V 160 320 ns 

VOO = 15V 130 250 ns 

Carry Out Line VOO = 5V } 240 480 ns 

VOO = 10V Cl = 15 pF 85 170 ns 

VOO = 15V 70 140 ns 

Decode Out Lines VOO = 5V 500 1000 ns 

VOO = 10V 200 400 ns 

VOO = 15V 160 320 ns 

tTlH, tTHl Transition Time Carry Out 
and Decode Out lines 

tTlH VOO = 5V 200 360 ns 

VOO = 10V 100 180 ns 

Voo = 15V 80 130 ns 

tTHl VOO = 5V 100 200 ns 

VOO = 10V 50 100 ns 

VOO = 15V 40 80 ns 

fCl Maximum Clock Frequency VOO = 5V } Measured with 2.0 2 MHz 

VOO = 10V Respect to Carry 5.0 5 MHz 

VOO = 15V Output Line 6.7 6 MHz 

tWl,tWH Minimum Clock Pulse VOO = 5V 125 250 ns 

Width VOO = 10V 45 90 ns 

VOO = 15V 35 70 ns 

t,Cl, tfCl Clock Rise and Fall Time VOO = 5V 20 /J.s 

VOO= 10V 15 /J.S 

VOO = 15V 5 /J.S 

tsu Minimum Clock Inhibit VOO= 5V 120 240 ns 

Data Set·Up Time VOO = 10V 40 80 ns 

VOO = 15V 32 65 ns 

CIN Average Input Capacitance 5 7.5 pF 
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AC Electrical Characteristics (Cont'd.) 

T A = 25°C. CL = 50 pF, R L = 200k, trCL and tfCL = 20 ns, unless otherwise specified. 

PARAMETER 

RESET OPERATION 

tpHL Propagation Delay Time: 

Carry Out Line 

Carry Out Line 

Decode Out lines 

tWH Minimum Reset Pulse 

Width 

tREM Minimum Reset Removal 

Time 

Timing Diagrams 

CLOCK 

RESET 

CLOCK 
ENABLE 

"0" 

"1" 

"2" 

"3" 

"4" 

"5"' 

"s" 

"1" 

"8" 

"9" 

CARRY· 
OUT 

CLOCK 

CONDITIONS 

VOO = 5V 415 

VOO = 10V 160 

VOO = 15V 130 

VOO = 5V } 240 

VOO = 10V CL = 15 pF 85 

VOO = 15V 70 

VOO = 5V 500 

VOO = 10V 200 

VOO = 15V 160 

VOO = 5V 200 

VOO = 10V 70 

VOO = 15V 55 

VOO = 5V 75 

VOO = 10V 30 

VOO = 15V 25 

C04017B 

"\ 
____ ~ _________________ 1'L--

____ ~~L ______________________ r_lL 

_____ ~fi., r 

-------~~~-----------------------
------------~~~-----------
________________ -J~L __________________ _ 

------------------~~~----------------
-----------~~~-------
________________________ ~~L ________ __ 

CD4022B 
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140 

1000 

400 

320 
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110 
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50 

RESET ,L-__________________________ ~-----------------------------
E~~~~~ _______________________________ ..J~\. ____________________ _ 

..... -----;\\.. ______________ n.L ____________ ~ 
"1"~ n r 
.,.. nl... __________________ ..J 

~\..-------------------
., .. _____ ~(i.\.. ___________ ....Jn\.. _______ __ 

.. , .. ______ -In n~ _____ __ 
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Logic Diagrams 

CLOCK 

TERMINAL NO.8 = GND 
TERMINAL NO, 16 = VOD 

RESET 

"5" 

C 1 
0 

"0" 

TERMINAL NO 16 = Von 
TERMINAL NO. B ~ GNO 

"0" 

C 1 

o 

"4" 

"1" 

C 1 C 

"S" 

CD4017B 

"5" 

C 1 
o 

"1" 

CD4022B 
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~National a Semiconductor· 

CD4018BM/CD4018BC Presettable Divide-by-N Counter 

General Description 
The CD4018B consists of 5 Johnson counter stages. A 
bufferedQ output from each stage, "CLOCK", "RESET", 
"DATA", "PRESET ENABLE", and 5 individual "JAM" 
inputs are provided. The counter is advanced one count 
at the positive clock signal transition. A high "RESET" 
signal clears the counters 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. 

Logic Diagram 

Connection Diagram 

JAM 1 

121 

JAM2 

(31 

Features 
• Wide supply voltage range 

• High noise immunity 

• Low power TTL 
compatibility 

• Fully static operation 

Applications 

3.0Vto 15V 

0.45 Voo (typ.) 

fan out of 2 driving 74L 
or 1 driving 74LS 

• Fixed and programmable divide-by-1(i, 9, 8, 7, 6, 5, 4, 
3, 2 counter ' 

.. Fixed and programmable counters greater than 10 

• Programmable decade counters 

• Divide by UN" counters/frequency synthesizers 

JAMJ 

(71 

JAM 4 

191 

JAMS 

(12) 

Dual-In-Line and Flat Package 

Voo RESET CLOCK 0.5 
JAM ,. 

1" " 

r-

, 2 

DATA JAM , 

14 

, 
JAM 

2 

13 12 

4 , 
-Q2 -., 
TOP VIEW 
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Absolute Maximum Ratings (Note 1) Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

voo dc Supply Voltage -<l.5 to +18 VOC VOO dc Supply Voltage 3 to 15 VOC 
VIN Input Voltage -<l.S to VOO + O.S VOC VIN Input Voltage Oto VOO VOC 
TS Storage Temperature Range --£S' C to +lS0' C T A Operating Temperature Range 
Po Package Dissipation SOOmW C04018BM -5SoC to +125°C 
TL Lead Temperature (Soldering, 10 seconds) 300°C C04018BC -40° C to +8So C 

DC Electrical Characteristics CD4018BM (Note 2) 

-5SoC 2Soc 12SoC 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO = 5V 5 0.3 S 150 I'A 

VOO = 10V 10 0.5 10 300 I'A 

VOO= 15V 20 1.0 20 600 I'A 

VOL Low Level Output Voltage ilOI<lI'A 

VOO = 5V O.OS P 0.05 O.OS V 

VOO = 10V 0.05 0 0.05 0.05 V 

VOO = lSV 0.05 0 0.05 0.05 V 
I 

VOH High Level Output Voltage 1101<11'A 

VOO = 5V 4.95 4.95 5 4.95 V 

VOO = 10V 9.95 9.95 10 9.9S V 

VOO = 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage VOO= 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 V 

VOO = 10V, Vo = IV or 9V 3.0 4.5 3.0 3.0 V 

VOO = lSV, Vo = 1.SV or 13.SV 4.0 6.7S 4.0 4.0 V 

VIH High Level Input Voltage VOO= 5V, Vo = O.SV or4.SV 3.5 3.S 2.75 3.5 V 

VOO = 10V, Vo = lV or 9V 7.0 7.0 5.S 7.0 V 

VOO = lSV, Vo = 1.5V or 13.SV 11.0 11.0 8.2S 11.0 V 

IOL Low Level Output Current VOO = 5V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 

VOO = 10V, Vo = 0.5V 1.6 1.3 2.25 0.9 mA 

VOO = 15V, Vo = 1.5V 4.2 3.4 8.8 2.4 mA 

IOH High Level Output Current VOO = 5V, Vo = 4.6V -0.64 -o.Sl -0.88 -0.36 mA 

VOO = 10V, Vo = 9.5V -1.6 -1.3 -2.25 -0.9 mA 

VOO = 15V, Vo = 13.5V -4.2 -3.4 -8.8 -2.4 mA 

liN I nput Current VOO = 1.5V, VIN = OV -0.1 -10-5 -0.1 -1.0 I'A 

VOO = 15V, VIN = 15V 0.1 10-5 0.1 1.0 I'A 

DC Electrical Characteristics CD4018BC (Note 2) 

-40°C 2S'C 8Soc 
PARAMETER . CONDITIONS 

MAX 
UNITS 

MIN MAX MIN TYP MAX MIN 

100 Quiescent Device Current VOO =SV 20 O.S 20 150 I'A 

VOO = 10V 40 1.0 40 300 I'A 

VOO = 15V 80 5.0 80 600 I'A 

VOL Low Level Output Voltage ilOI< 1 I'A 

VOO = SV 0.05 0 O.OS O.OS V 

VOO= 10V 0.05 0 0.05 0.05 V 

VOO=15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage 1101< lilA 

VOO = 5V 4.95 4.95 5 4.95 V 

VOO = 10V 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage VOO = 5V, Vo = 0.5V or 4.SV 1.5 2.25 1.5 1.5 V 

VOO = lOV, Vo = IV or 9V 3.0 4.5 3.0 3.0 V 

VOO = 15V, Vo = 1.5V or 13.5V 4.0 6.75 4.0 4.0 V 

VIH High Level Input Voltage VOO= 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 V 

VOO = 10V, Vo = IV or 9V 7.0 7.0 5.5 7.0 V 

VOO = 15V, Vo = 1.5V or 13.5V 11.0 11.0 8.25 11.0 V 
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DC Electrical Characteristics (Continued) CD4018BC 

--<10°C 2SoC 8SoC 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

IOL Low Level Output Current VDD = 5V, Vo = 0.4V 0.52 0.44 0.88 0:36 mA 

VDD = 10V, Vo = 0.5V 1.3 1.1~ ·2.25 0.9 mA 

VDD= 15V, VO= 1.5V 3.6 3.0 S.S 2.4 mA 

IOH High Level Output Current VDD= 5V, Vo = 4.6V -0.52 -0.44 -o.SS -0.36 mA 

VDD = 10V, Vo = 9.5V -1.3 -1.1 -2.25 -0.9 mA 

VDD = 15V, Vo = 13.5V -3.6 -3.0 -S.S -2.4- mA 

liN Input Current VDD = 15V, VIN = OV -0.30 -1O~5 -0.3 -1.0 p.A 

VDD = 15V, VIN = 15V 0.30 .10-5 0.3 1.0 p.A 

AC Electrical Characteristics 
TA = 25°C, CL = 50 pF, RL = 200k, Input tr = tf = 20 ns, unless otherwise specified 

PARAMETER I CONDITIONS I MIN I TYP I MAX I UNITS 

CLOCK OPERATION 

tPHL, tpLH Propagation Delay Time to Q VDD = 5V 235 700 ns 

VDD = 10V 95 250 ns 

VDD = 15V 70 200 ns 

tTHL, tTLH Transition Time Q Outputs VDD = 5V 125 250 ns 

VDD = 10V 65 130 ns 

VDD = 15V 50 100 ns 

tWL,twH Minimum Clock Pulse Width VDD = 5V 125 500 ns 

VDD = 10V 50 200 ns 

VDD = 15V 40 160 ns 

tRCL, tFCL Clock Rise and Fall Time VDD = 5V 15 p.s 

VDD = 10V 15 p.s 

VDD = 15V 15 p.s 

tsu Minimum Data Input Set-Up Time VDD = 5V 40 200 ns 

VDD = 10V 20 100 ns 

VDD = 15V 16 SO ns 

fCL Maximum Clock Frequency VDD= 5V 1 4 MHz 

VDD = lOV 3 9 MHz 

VDD = 15V 5 14 MHz 

PRESET OR RESET OPERATION 

tPLH(R) Propagation Delay Time to Q VDD= 5V 235 750 ns 

tPHL(PR) VDD = 10V 95 250 ns 

tPLH(PR) VDD= 15V 70 200 ns 

tWH(R)' Minimum Preset or Reset VDD= 5V 100 400 ns 

tWHIPR) Pulse Width VDD= 10V 40 160 ns 

VDD= 15V 30 120 ns 

tREM Minimum Preset or Reset Removal VDD = 5V 100 400 ns 
Time 

VDD= 10V 40 160 ns 

VDD= 15V 30 120 ns 

CIN Average Input Capacitance Any Input 5 7.5 pF 

CPD Power Dissipatio'n Capacitance (Note 31 63 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply 
that the devices should be operated a~ these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides 
conditions for actual device operation. 
Note 2: VSS = OV unless otherwise specified. 

Note 3: CPO determines the no load ac power consumption of any CMOS device. For complete explanation, see 54C/74C family characteristics 
application note AN·9O. 
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Typical Performance Ch~racteristics 

Typical Transition Time vs CL 

300 
] 
;g 250 

AMBIENT TEMPERATURE 

TA o25'C 

;: 

~ 200 ;: 
in 
z 

150 ~ 
V-V 

.... 
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100 " 
VOO o5V ....... V 

pf-

V-V- VtOOO~ :..-.... 
50 

" .... ~ ~ F-"' V~o °tI5~ 

20 40 60 80 

CL - LOAD CAPACITANCE (pF) 

External Connections 

External Connections for Divide by 
10,9,8,7,6,5,4,3,2, Operation 

Divide By 10 
Divide By 8 
Divide By 6 
Divide By 4 
Divide By 2 

05] 04 
03 Connected Back 
02 To "DATA" Input 

01 

Divide By 9 ~4D-- CONNECTEDTD 'DATA"INPUT 
05 

114 MM54COBIMM74COB 

Divide By 7 03D--~ CONNECTED TO 'DATA"INPUT 
04 

114MM54COBfMMJ4C08 

Divide By 5 ~lD--CONNECTEOTO' DATA" INPUT 
03 

li4MM54coalMM74coa 

Divide By 3 O'D--_ CONNECTED TO 
02 

'DATA" INPUT 

114MM54coa/MM74coa 

100 

- 300 ;g 
;: 
> 250 

g 
~ 
;: 

200 

;; 150 

i 100 

" 50 

Typical Propagation Delay vs. CL 

AM81ENT TEMPERATURE V 
TA °25'C I I V 

t-V i---' ~ 
J-~ l-f--

-
I lory-f-f-

20 40 60 80 100 

CL -, LOAD CAPACITANCE (pFI 

Timing Diagram 

CLOCK lJ'~~~~~~~~~~~~L~~~~L~-

! Irh 
RESET 

PRESET 

! ' 
I I I 

I 
i I 

III I I I 
t 

t i 
DON'T CARE UNTIL PRESET GOES HIGH 

I 

II i III I 
I-+-+-

I-
o-+-+-

~r 
f-
I 

I r-I-t-
, 

f-+ 

JAM 1 

JAM2 

JAMJ 

JAM4 

JAM5 

0' 

02 

f- I-l-iI f-
03 

04 

I 
05 

I 
I I 

Note. "Data" input tied to 05 for decade counter configuration. 
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~National a Semiconductor 

CD4019BM/CD4019BC Quad AND-OR Select Gate 

General Description 
The CD4019BM/CD4019BC is a complementary MOS 
quad AND-OR select gate_ Low power and high noise 
margin over a wide voltage range is possible through 
implementation of N and P-~hannel enhancement mode 
transistors_ These complementary MOS (CMOS) tran­
sistors provide the building blocks for the 4 "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. 
All inputs are protected 'against static discharge damage. 

Features 
• Wide supply voltage range 

• High noise immunity 

• Low power TTL 
compatibility 

Applications 
• AND-OR select gating 

• Shift-right/shift-Ieft registers 

• True/comple~ent selection 

3V to 15V 
0.45 VDD (typ.) 

fan out of 2 
driving 74L 

or 1 driving 74LS 

• AND/OR/EXCLUSIVE-OR selection 

Connection Diagram 
Dual-I n-Line and Flat Package 

.4 .3 .3 A,2 BZ ., B1 Vss 

TQPVIEW 

Schematic Diagram 
Voo 

KA.o--t-+--+-+-..... -jH--t 

KBo--t-tr-t-+---t rOOIAKA).IBKB) 

Schematic diagram for 1 of 4 identical stages 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

voo Supply Voltage -0.5 to +18V VOO Supply Voltage 3 to 15V 
VIN Input Voltag~ -0.5 to VOO + 0.5V VIN Input Voltage OtoVOO V 
TS Storage Temperature Range -<)SoC to +150°C T A Operating Temperature Range 
Po Package Dissipation 500mW C04019BM -55°C to +125"C 
TL Lead Temperature (Soldering, 10 seconds) 300°C C04019BC -40° C to +85° C 

DC Electrical Characteristics CD4019BM (Note 2) 

-55vc 25°C 125°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO = 5V 0.25 0.03 0.25 7.5 JJ.A 

VOO = 10V 0.5 0.05 0.5 15 JJ.A 

VOO = 15V 1.0 0.07 1.0 30 JJ.A 

VOL Low Level Output Voltage 1101< lJJ.A 

VOO = 5V 0.05 0 0.05 0.05 V 

VOO = 10V 0.05 0 0.05 0.05 V 

VOO = 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage 1101<1 JJ.A 

VOO = 5V 4.95 4.95 5 4.95 V 

VOO = 10V 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage VOO = 5V, Vo = 0.5V or 4.5V 1.5 2 1.5 1.5 V 

VOO = 10V, Vo = IV or 9V 3.0 4 3.0 3.0 V 

VOO = 15V, Vo = 1.5V or 13.5V 4.0 6 4.0 4.0 V 

VIH High Level Input Voltage VOO = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3 3.5 V 

VOO = 10V, Vo = IV or 9V 7.0 7.0 6 7.0 V 

VOO = 15V, Vo = 1.5Vor 13.5V 11.0 11.0 9 11.0 V 

10L Low Level Output Current VOO = 5V, Vo = O.4V 0.64 0.51 1 0.36 mA 

VOO = 10V, Vo = 0.5V 1.6 1.3 2.5 0.9 mA 

VOO = 15V, Vo = 1.5V 4.2 3.4 10 2.4 mA 

10H High Level Output Current VOO = 5V, Vo = 4.6V -0.25 -0.2 -0.4 -0.14 mA 

VOO = 10V, Vo = 9.5V -0.62 -0.5 -1.0 -0.35 mA 

VOO = 15V, Vo = 13.5V -1.8 -1.5 -3.0 -1.1 mA 

liN Input Current VOO = 15V, VIN = OV -0.10 -10-5 -0.10 -1.0 JJ.A 

VOO = 15V, VIN = 15V 0.10 10-5 0.10 1.0 JJ.A 
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DC Electrical Characteristics CD4019BC (Note 2) 

-40°C 25°C 85°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOD = 5V 1 0.03 1 7.5 /1 A 

VOO = 10V 2 0.05 2 15 /1A 

VOO = 15V 4 0.07 4 30 /1A 

VOL Low Level Output Voltage IIOI<I/1A 

VOO= 5V 0.05 0 0.05 0.05 V 

VOO= 10V 0.05 0 0.05 0.05 V 

VOO= 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage IIOI<I/1A 

VOO = 5V 4.95 4.95 5 4.95 V 

Voo = 10V 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage VOO = 5V. Vo = 0.5V or 4.5V 1.5 2 , 1.5 1.5 V 

VOO = 10V, Vo = IV or 9V 3.0 4 3.0 3.0 V 

VOO = 15\1, Vo = 1.5V or 13.5V 4.0 6 4.0 4.0 V 

VIH High Level Input Voltage VOO = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3 3.5 V 

VOO = 10V, Vo = IV or 9V 7.0 7.0 6 7.0 V 

VOO = 15V, Vo = 1.5V or 13.5V 11.0 11.0 9 11.0 V 

IOL Low Level Output Current VOO = 5V, Vo = OAV 0.52 0044 1 0.36 rnA 

VOO = 10V, Vo = 0.5V 1.3 1.1 2.5 0.9 rnA 

VOO = 15V, Vo = 1.5V 3.6 3.0 10 2.4 rnA 

IOH High Level Output Current Voo = 5V, Vo = 4.6V -il.2 -il.16 -il.4 -il.12 rnA 

Voo = 10V, Vo = 9.5V -il.5 -ilA -1.0 -il.3 rnA 

Voo = 15V, Vo = 13.5V -1.4 -1.2 -3.0 -1.0 rnA 

liN Input Current VOO = 15V, VIN = OV -il.30 :"'10-5 -il.30 -1.0 /1A 

VOO = 15V, VIN = 15V 0.30 10-5 0.30 1.0 /1A 

AC Electrical Characteristics TA=25°C. CL=50pF. RL=200k. unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tPHL, tPLH Propagation Oelay VOO= 5V 100 300 ns 

Input to Output VOO= 10V 50 120 ns 

VOO = 15V 45 100 ns 

tTHL High·to·Low Level VOO= 5V 100 200 ns 

Transition Time VOO= 10V 50 100 ns 

. VOO= 15V 40 80 ns 

tTLH Low-to-H igh Level VOO= 5V 150 300 ns 

Transition Time VOO= 10V 70 140· ns 

VOO= 15V 50 100 ns 

CIN Input Capacitance All A and 8 Inputs 5 7.5 pF 

KA and KS Inp~ts, (Note 3) 10 15 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply 
that the devices should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides 
conditions for actual device operation. 

Note 2: VSS = OV unless otherwise specified. 
Note 3: Capacitance is guaranteed by periodic testing. 
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CD4020BM/CD4020BC 14-Stage Ripple Carry 
Binary Counters 

CD4040BM/CD4040BC 12-Stage Ripple Carry 
Binary Counters 

CD4060BM/CD4060BC 14-Stage Ripple Carry 
Binary Counters 

General Description Features 
• Wide supply voltage range 

• High noise immunity 

• Low power TTL 
compatibility 

• Medium sp'eed operation 

1_0Vto 15V 

0.45 VDD (typ.) 

fan out of 2 driving 74L 
or 1 driving 74LS 

8 MHz typo at VDD = 10V 

The CD4020BMfCD4020BC, CD4060BMfCD4060BC are 
14-stage ripple carry binary counters, and the CD4040BMf 
CD4040BC is a 12-stage ripple carry binary counter_ The 
counters are advanced one count on the negative transI­
tion of each clock pulse_ The counters are reset to the 
zero state by a logical "1" at the reset input independent 
of clock_ • Schmitt trigger clock input 

Connection Diagrams 

TOP VIEW 

VIOO 011 010 

116 15 14 

08 09 RESET ¢1 01 

13 12 11 10 9 

VOO 

)-

VSS 

7 .p 
012 013 014 06 05 07 D4 Vss 

CD4020BM/CD4020BC 

VOO 011 010 08 09 RESET ¢1 01 VOO 010 08 09 RESET ¢1 ¢O ¢O 

116 15 14 13 12 11 10 9 116 15 14 13 12 11 10 

VOO VOO 

)~ l- )- -

VSS VSS 

7 Y 7 18 

012 06 05 07 D4 03 02 Vss 012 013 014 06 05 07 D4 VSS 

CD4040BM/CD4040BC CD4060BM/CD4060BC 
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Absolute Maximum Ratings (Notes 1 and 2) 

Voo Supply Voltage -0.5V to +18V 

V ,N Input Voltage -0.5V to V DO + 0.5V· 

Ts Storage Temperature Range -65°C to +150°C 

Po Package Dissipation 500mW 

TL Lead Temperature (soldering, 10 seconds) 300°C 

Recommended Operating Conditions 
Voo Supply Voltage +3V to +15V 

V ,N Input Voltage OV to Voo 

TA Operating Temperature Range 
-55°C to +125°C CD40XXBM 

CD40XXBC _40°C to +85°C 

DC Electrical Characteristics CD40XXBM (Note 2) 

PARAMETER . CONDITIONS 
_55°C +25°C +125°C 

UNITS 
MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current Voo = 5V 5 5 150 IlA 
Voo = 10V 10 10 300 IlA 
Voo = 15V 20 20 600 IlA 

VOL Low Level Output Voltage Voo = 5V 0.05 0 0.05 0.05 V 
Voo = 10V 0.05 0 0.05 0.05 V 
Voo = 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage VOD = 5V 4.95 4.95 5 4.95 V 
VDD = 10V 9.95 9.95 10 9.95 V 
VOD = 15V 14.95 14.95 15 14.95 V 

V ,L Low Level Input Voltage VDD = 5V, V 0 = 0.5V or 4.5V 1.5 2 1.5 1.5 V 
VDD = 10V, Vo = 1.0V or 9.0V 3.0 4 3.0 3.0 V 
VDD = 15V, Vo = 1.5V or 13.5V 4.0 6 4.0 4.0 V 

V'H High Level Input Voltage VDD = 5V, V 0 = 0.5V or 4.5V 3.5 3.5 3 3.5 V 
VDD = 10V, Vo = 1.0V or 9.0V 7.0 7.0 I? 7.0 V 
VOD = 15V, Va = 1.5Vor 13.5V 11.0 11.0 9 11.0 V 

IOL Low Level Output Current VOD = 5V. Va = O.4V 0.64 0.51 0.88 0.36 mA 
(See Note 3) VDD = 10V. Vo = 0.5V 1.6 1.3 2.25 0.9 mA 

VOD = 15V, Vo = 1.5V 4.2 3.4 8.8 2.4 mA 

IOH High Level Output Current VDD = 5V, Va = 4.6V -0.64 -0.51 -0.88 -0.36 mA 
(See Note 3) VDD = 10V, Vo = 9.5V -1.6 -1.3 -2.25 -0.9 mA 

VDD = 15V, Va = 13.5V -4.2 -3.4 8.8 -2.4 mA 

liN Input Current V DD = 15V, V'N = OV -0.10 10.5 -0.10 1.0 J1A 
VDD = 15V. V'N = 15V 0.10 10.5 0.10 1.0 J1A 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to 
imply that the devices should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" 
provide conditions for actual device operation. 

Note 2: VSS = OV unless otherwise specified. 
Note 3: Data does not apply to oscillator points </>0 and To of C04060BM/C04060BC. 
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DC Electrical Characteristics 40XXBC (Note 2) 

_40°C +2SoC 
PARAMETER CONDITIONS 

MIN MAX MIN TYP MAX 

100 Quiescent Device Current Voo = SV 20 20 

Voo = 10V 40 40 

Voo=lSV 80 80 

VOL Low Level Output Voltage Voo = 5V 0.05 a 0.05 

Voo = 10V 0.05 a 0.05 

Voo = 15V 0.05 a 0.05 

VOH High Level Output Voltage Voo = 5V 4.95 4.95 5 

Voo = 10V 9.95 9.95 10 
Voo = 15V 14.95 14.95 15 

V,L Low Level I nput Voltage Voo= 5V, Vo = 0.5V or 4.5V 1.5 2 1.5 
Voo = 10V, Vo = 1.0V or 9.0V 3.0 4 3.0 
Voo = 15V, Vo = 1.5V or 13.5V 4.0 6 4.0 

V ,H High Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3 
Voo = 10V, Vo = 1.0V or 9.0V 7.0 7.0 6 
Voo = 15V, Vo = 1.5V or 13.5V 11.0 11.0 9 

10L Low Level Output Current Voo=5V, Vo = O.4V 0.52 0.44 0.88 
(See Note 3) Voo = 10V, Vo = 0.5V 1.3 1.1 2.25 

Voo = 15V, Vo = 1.5V 3.6 3.0 8.8 

10H High Level Output Current Voo = SV, Vo = 4.6V -0.52 -0.44 0.88 
(See Note 3) Voo = 10V, Vo = 9.SV -1.3 -1.1 2.25 

Voo = lSV, Vo = 13.5V -3.6 -3.6 8.8 

liN Input Current Voo = 15V, Y'N = OV -0.30 _10.5 -0.30 
Voo = lSV, Y'N = 15V 0.30 10.5 0.30 

AC Electrical Characteristics CD4020BM/CD4020BC, CD4040BM/CD4040BC 

TA = 2SOC,CL =SOpF, RL = 200k, tr = tt= 20ns, unless otherwise noted. 

PARAMETER 

tPHlt, tPlH' Propagation Delay Time to a, 

tpHL' tpLH I nterstage Propagation Delay Time 

from an to On+' 

tTHL' tTLH Transition Time 

tWl' tWH Minimum Clock Pulse Width 

t rCL1 tfCL Maximum Clock Rise and Fall Time 

fCl Maximum Clock Frequency 

tpHl(R) Reset Propagation Delay 

tWH(RI Minimum Reset Pulse Width 

Cin Average I nput Capacitance 

Cpd Power Dissipation Capacitance 

Note 1: Capacitance guaranteed by periodic testing. 
Nota 2: Cpd determines the no-load etc. 

CONDITIONS MIN TYP 

Voo = 5V 250 

Voo = 10V 100 

Voo = 15V 75 

Voo = 5V 150 

Voo = 10V 60 

Voo = 15V 45 

Voo = 5V 100 

Veo = 10V 50 
Voo = 15V 40 

Voo = 5V 125 
Voo = 10V 50 
Voo = 15V 40 

Voo = 5V 
Voo = 10V 
Voo = 15V 

Voo = 5V 1.5 4 

Voo=10V 4 10 
Voo = 15V 5 12 

Voo = 5V 200 
Voo = 10V 100 
Voo = 15V 80 

Voo = 5V 200 
Voo = 10V 100 
Voo = 15V 80 

Any Input 5 
(Note 1) 

(Note 2) 50 
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+8SoC 

MIN MAX 

lS0 
300 
600 

0.05 
0.05 
0.05 

4.95 
9.95 
14.95 

1.5 
3.0 
4.0 

3.5 
7.0 
11.0 

0.36 
0.9 
2.4 

-0.36 
-0.9 
-2.4 

-1.0 
1.0 

MAX 

550 
210 
150 

330 
125 
90 

200 

100 
80 

335 
125 
100 

no limit 
no limit 
no limit 

450 
210 
170 

450 
210 
170 

7.5 

UNITS 

IlA 
IlA 
IlA 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 
V 
V 

mA 
mA 
mA 

mA 
mA 
mA 

IlA 
IlA 

UNITS 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 

(Is 
ns 

ns 
ns 
ns 

MHz 
MHz 
MHz 

ns 
ns 
ns 

ns 
ns 
ns 

pF 

pF 

00 
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cS AC Electrical Characteristics CD4060BM/CD4060BC TA=2SOC, CL=SOpF, RL=200k, t r =tf=20ns, m 
0 unless otherwise noted 
"lit 
0 PARAMETER CONDITIONS MIN TYP MAX UNITS "lit 
C tpH L4. t pLH4 Propagation Delay Time to Q4 Voo = 5V 550 1300 ns 
0 - Voo = 10V 250 525 ns 

::aE Voo = 15V 200 400 ns 

m 
tpHL. tpLH Interstage Propagation Delay Time Voo = 5V 150 330 ns 0 

"lit from Qn to Qn +1 Voo = 10V 60 125 ns 
0 Voo = 15V 45 90 ns "lit 
C tTHL• tTLH Transition Time Voo = 5V 100 200 ns 
0' Voo = 10V 50 100 ns 

0"0 Voo = 15V 40 80 ns 

mm 
tWL' tWH Minimum Clock Pulse Width Voo = 5V 170 500 ns 00 

NCO Voo = 10V 65 170 ns 
00 
"IIt"llt Voo = 15V 50 125 ns 

CC treL. tfCL Maximum Clock Rise and Fall Time Voo = 5V no limit ns 
00 Voo = 10V no limit ns --::aE::aE Voo = 15V no limit ns 

mm fCL . Maximum Clock Frequency Voo = 5V 1 3 MHz 00 
NCO Voo = 10V 3 8 MHz 
00 Voo = 15V 4 10 MHz 
"IIt"llt 
CC tpHL(R) Reset Propagation Delay Voo = 5V 200 450 ns 
00 Voo = 10V 100 210 ns 

Voo = 15V 80 170 ns 

tWH(R) Minimum Reset Pulse Width Voo = 5V 200 450 ns 
Voo = 10V 100 210 ns 
Voo = 15V 80 170 ns 

Cln Average I nput Capacitance Any Input 5 7.5 pF 
(Note 1) 

Cpd Power Dissipation Capacitance (Note 2) 50 pF 

Note 1: Capacitance guaranteed by periodic testing. 
Note 2: Cpd determines the no-load etc. 

CD4060B Typical Oscillator Connections 

12~ RESET 0- ....t'>o.. ~ .... TO COUNTER 
~ ~ STAGES 

RESET ~ ~ H>o-t-I>o-+- TO COUNTER '1" , .. STAGES 

11 10 11 15MQ 10 9 ~ 
R2 R1 

32,768 kHz R 

"" t"-lD~~." 
'---........ u-

C 

RC Oscillator 

Crystal Oscillator 

1 
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Schematic Diagrams 

RESET 

0· Vss 

0= Voo 

.1 

RESET 

[!] . VSS 

o ·Voo 

RESET 

G = VOO 

CD4020BM/CD4020BC Schematic Diagram 

CD4040BM/CD4040BC Schematic Diagram 

CD4060BM/CD4060BC Schematic Diagram 
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~National a Semiconductor 

CD4021BM/CD4021BC a-Stage Static Shift Register 
General Description 
The CD4021BM/CD4021BC is an 8-stage parallel input! 
serial output shift register. A parallel/serial control input 
enables individual JAM inputs to each of 8 stages. Q 
output are available from the sixth, seventh, and eighth 
stages. All outputs have equal source and sink current 
capabilities and conform to standard "B" series'output 
drive. 

When the parallel/serial control input is in the logical 
"0" state, data is serially shifted into the register syn­
chronously with the positive transition of the' clock. 
When the parallel/serial control is in the logical "1" 
state, data is jammed into each stage of the register 
asynchronously with the clock. 

All inputs are protected against static discharge with 
diodes to Voo and Vss. 

Features 
• Wide supply voltage range: 3.0V to 1SV 
• High noise immunity: O.45Voo (typ.) 
• Low power TTL compatibility fan out of 2 driving 

74L or 1 driving 74LS 

• SV-10V-1SV parametric ratings 
• Symmetrical output characteristics 

• Maximum input leakage 1 f/A at 15V over full tempera­
ture range 

Connection Diagram· Truth Table, 
Dual-In-Line Package 

PAR IN 

VOO '7 6 5' 

116 15 14 13 

-

1 2 3 4 

8 06 08 
PAR BUF BUF 

,4 

IN OUT' OUT 

BUF 
OUT 
07 

12 

5 

SER 
IN 

11 

6 

PAR IN 

TOP VIEW 

Logic Diagram 

PARALLELISERIAL 9 
CONTROL 

CL 

PARI 
SER 

CLK CO NT 

10 9 

-

7 
18 

" VSS 

Serial 
Parallell 

CL* 
Input 

Serial 
Control 

X X 1 

X X 1 

X X 1 

X X 1 

~ 0 0 
~ , 1 0 
-........ X 0 

* Level change 
X = Don't care case 

~.Pt! 
PS Ii 

PS __ -----' 
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1 0 1 0 
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X X 0 On., 
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Absolute Maximum Ratings (Notes 1 & 2) Recommended Operating Conditions 
(Note2) 

VDO Supply Voltage -0.5to +18V Voo Supply Voltage 3to15V 

VIN Input Voltage - 0.5 to VOO + 0.5V VIN Input Voltage OtoVOO 
TS Storage Temperature Range -65·Cto + 150·C TA Operating Temperature Range 

Po Package Dissipation 500mW C04021BM - 55·C to + 125·C 

TL Lead Temperature (Soldering, 10 seconds) 300·C C04021BC 40·C to + 85·C 

DC Electrical Characteristics (Note 2) - CD4021BM 

Parameter Conditions 
-55°C 25°C 125°C 

Units 
Min Max Min Typ Max Min Max 

100 Quiescent Device Current Voo=5V 5 0.1 5 150 ~A 

Voo= 10V 10 0.2 10 300 ~A 

Voo=15V 20 0.3 20 600 ~A 

VOL Low Level Output Voltage 
VDo =5V I 0.05 0 0.05 0.05 V 
Voo=10V Ilol<I~A 0.05 0 0.05 0.05 V 

Voo=15V 0.05 0 0.05 . 0.05 V 

VOH High Level Output Voltage Voo=5V I 4.95 4.95 5 4.95 V 

VoD =10V lIol<I~A 9.95 9.95 10 9.95 V 

Voo=15V 14.95 14.95 15 14.95 V 

V,L Low Level Input Voltage Voo =5V, Vo=0.5V or 4.5V 1.5 2 1.5 1.5 V 

VOO= 10V, Vo= 1.0V or 9.0V 3.0 4 3.0 3.0 V 
VOO= 15V, Vo= 1.5V or 13.5V 4.0 6 4.0 4.0 V 

V,H High Level Input Voltage VDD =5V, Vo =0.5Vor 4.5V 3.5 3.5 3 3.5 V 
Voo= 10V, Vo= 1.0V or 9.0V 7.0 7.0 6 7.0 V 

V 00 = 15V, Vo = 1.5V or 13.5V 11.0 11.0 9 11.0 V 

10L Low Level Output Current Voo =5V, Vo =O.4V 0.64 0.51 0.88 0.36 rnA 
Voo =10V, Vo=0.5V 1.6 1.3 2.2 0.90 mA 
Voo =15V, Vo =I.5V 4.2 3.4 8 2.4 rnA 

10H High Level Output Current Voo =5V, Vo =4.6V -0.64 -0.51 -0.88 -0.36 rnA 
VDO =10V, Vo =9.5V -1.6 -1.3 -2.2 -0.90 mA 
Voo =15V, Vo =13.5V -4.2 -3.4 -8 -2.4 rnA 

liN Input Current Voo =15V, V,N=OV -0.10 _10- 5 -0.10 -1.0 ~A 

V DO = 15V, Y,N = 15V 0.10 10-5 0.10 1.0 ~A 

DC Electrical Characteristics (Note 2) - CD4021BC 

Parameter Conditions 
-40°C 25°C 85°C 

Units 
Min Max Min Typ Max Min Max 

100 Quiescent Device Current Voo=5V 20 0.1 20· 150 ~A 
VoD =10V 40 .0.2 40 300 pA 

Voo=15V 80 0.3 80 600 pA 

VOL Low Level Output Voltage Voo=5V I 0.05 0 0.05 0.05 V 
Voo=10V lIol<lpA 0.05 0 0.05 0.05 V 
Voo= 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage Voo=5V I 4.95 4.95 5 4.95 V 
Voo= 10V 1101 < 1 pA 9.95 9.95, 10 9.95 V 
VDD =15V 14.95 14.95 15 14.95 V 

V,L Low Level Input Voltage Voo =5V, Vo =0.5Vor 4.5V 1.5 2 1.5 1.5 V 
Voo= 10V, Vo= 1.0V or 9.0V 3.0 4 3.0 3.0 V 

Voo= 15V, Vo= 1.5V or 13.5V 4.0 6 4.0 4.0 V 

V,H High Level Input Voltage Voo =5V, Vo=0.5V or 4.5V 3.5 3.5 3 3.5' V 

Voo =10V, Vo =I.0Vor 9.0V 7.0 7.0 6 7.0 V 
Voo =15V, Vo =I.5Vor 13.5V 11.0 11.0 9 11.0 V 

10L Low Level Output Current Voo =5V, Vo =O.4V 0.52 0.44 0.88 0.36 mA 

Voo =10V, Vo=0.5V 1.3 1.1 2.2 0.90 mA 

Voo =15V, Vo =I.5V 3.6 3.0 8 2.4 mA 

10H High Level Output Current Voo =5V, Vo =4.6V -0.52 -0.44 -0.88 -0.36 rnA 

Voo= 10V, V o =9.5V -1.3 -1.1 -2.2 -0.90 mA 

Voo =15V, Vo =13.5V -3.6 -3.0 -8 -2.4 mA 

liN Input Current Voo=15V, V,N=OV -0.3 _10- 5 -0.3 -1.0 pA 

Voo =15V, V,N =15V 0.3 10 -5 0.3 1.0 pA 
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AC Electrical Characteristics TA=25°C, input t" tf=20 ns, C l =50 pF, Rl =200 kO 

Parameter Conditions Min Typ Max Units 

tplH' tpHl Propagation Delay Time Voo=5V 240 350 ns 

Voo= 10V 100 -175 ns 
Voo=15V 70 140 ns 

tTHl, tTlH Transition Time' Voo=5V 100 200 ns 
Voo=10V 50 100 ns 
Voo= 15V 40 80 ns 

tCl Maximum Clock Input Frequency Voo=5V 2.5 3.5 MHz 

Voo=10V 5 10 MHz 

Voo=15V 8 16 MHz 

tw Minimum Clock Pulse Width Voo=5V 100 200 ns 
Voo=10V 50 100 ns 

Voo=15V 40 80 ns 

trCl, tfCl Clock Rise and Fall Time (Note 3) Voo=5V 15 '"s 
Voo=10V 15 '"s 
Voo;' 15V 15 '"s 

ts Minimum Set-up Time 
Serial Input Voo=5V 60 120 ns 
tH~200 ns Voo=10V 40 80 ns 
(Ref. to Cl) Voo=15V 30 60 ns 

Parallel Inputs Voo=5V 25 50 ns 
tH~200 ns Voo= 10V 15 30 ns 
(Ref. to PIS) Voo=15V 10 20 ns 

tH Minimum Hold Time Voo=5V 0 ns 
Serial In, Parallel In, ts~400 ns Voo= 10V 10 ns 
Parallel/Serial Control Voo=15V 15 ns 

tWH Minimum PIS Pulse Width Voo=5V 150 250 ns 
Voo=10V 75 125 ns 

Voo=15V 50 100 ns 

tREM Minimum PIS Removal Time Voo=5V 100 200 ns 
(Ref. to Cl) Voo=10V 50 100 ns 

Voo=15V 40 80 ns 

C I Average Input Capacitance Any Input 5 7,5 pF 

Cpo Power DisSipation Capacitance 100 pF 
(Note 4) 

Nota 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed_ Except for "Operating Temperature Range" 
they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual device 
operation. 

Nota 2: VSS = OV unless otherwise specified_ , 
Nota 3: If more than one unit is cascaded trCl should be made less than or equal to the fixed propagation delay of the output of the driving stage for the estimated 
capacitive load. 

Note 4: CpO determin~s the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C family characteristics application note 
AN-90_ 
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Typical Performance Characteristics 
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~National 
~ Semiconductor 

CD4023M/CD4023C Triple 3-lnput NAND Gate 
CD4025M/CD4025C Triple 3-lnput NOR Gate 

General Description Features 
These triple gates are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N- and 
P-channel enhancement mode transistors. All inputs 

• Wide supply voltage range 

• High noise immunity 

. are protected against static discharge with diodes to 
Voo and Vss· 

• 5-10V parametric ratings' 

• Low Power 

Connection Diagrams 

VDD 

CD4023M/CD4023C 
TOP VIEW 

CD4025M/CD4025C 
TOP VIEW 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin Vss - tOVoo +0.3V Storage Temperature Range -65·C to +150·C 
Operating Temperature Range -55·C to +125·C Package Dissipation 500mW 

CD4023M, CD4025M -55·C to +125·C Operating Voo Range Vss + 3.0V to Vss + 15 V 
CD4023C, CD4025C -40?C to +85·C Lead Temperature (Soldering, 19 seconds) 300·C 

DC Electrical Characteristics - CD4023M, CD4025M 

Limits 

Parameter Conditions -55°C 25°C' 125°C Units 

Min. Max. Min. Typ. Max. Min. Max. 

IL Quiescent Device Voo=5.0V 0.05 0.001 0.05 3.0 "A 
Current Voo= 10V 0.1 0.001 0.1 6.0 "A 

Po Quiescent Device Voo=5.0V 0.25 0.005 0.25 15 "W 
Dissipation/Package Voo= 10V 1.0 0.01 1.0 60 "W 

VOL' Output Voltage Low Voo=5.0V, VI=Voo,lo=OA 0.05 0 0.05 0.05 V 
Level Voo =10V, VI=Voo,lo=OA 0.05 0 0.05 0.05 V 

VOH Output Voltage High Voo=5.0V, VI=Vss,lo=OA 4.95 4.95 5.0 4.95 V 
Level Voo = 10V, VI = Vss, 10 = OA 9.95 9.95 10 9.95 V 

VNL Noise Immunity Voo=5.0V, Vo=3.6V,lo=OA 1.5 1.5 2.25 1.4 V 
(All Inputs) Voo =10V, Vo=7.2V,lo=OA 3.0 3.0 4.5 2.9 V 

VNH Noise Immunity Voo=5.0V, Vo=0.95V,lo =OA 1.4 1.5 2.25 1.5 V 
(All Inputs) Voo =10V, Vo=2.9V,lo=OA 2.9 3.0 4.5 3.0 V 

IoN Output Drive Current Voo = 5.0 V, Vo = 0.4 V, VI = Voo 0.5 0.40 1.0 0.28 rnA 
N·Channel (4025) Voo=10V, Vo =0.5V, VI=Voo 1.1 0.9 ' 2.5 0.65 rnA 

loP Output Drive Current Voo = 5.0 V, Vo = 2.5V, VI = Vss -0.62 -0.5 -2.0 -0.35 rnA 
P·Channel (4025) Voo =10V, Vo=9.5V, VI=VSS -0.62 -0.5 -1.0 -0.35 rnA 

IoN Output Drive Current Voo = 5.0 V, Vo = 0.4 V, VI = Voo 0.31 0.25 0.5 0.175 rnA 
N·Charnel (4023) Voo=10V, Vo=0.5V, VI=VOO 0.63 0.5 0.6 0.35 rnA 

loP Output Drive Current Voo = 5.0 V, Vo = 2.5 V, VI = Vss -0.31 -0.25 -0.5 -0.175 rnA 
P·Channel (4023) Voo =10V, Vo=9.5V, VI=Vss -0.75 -0.6 -1.2 -0.4 rnA 

II Input Current 10 pA 
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DC Electrical Characteristics - CD4023C, CD4025C 

Parameter Conditions -40°C 

Min. Max. 

IL Quiescent Device Voo =5.0V 0.5 
Current Voo= 10V 5.0 

Po Quiescent Device Voo=5.0V 2.5 
Dissipation/Package Voo= 10V 50 

VOL Output Voltage Low Voo = 5.0 V, VI = Voo, 0 = OA 0.01 
Level Voo =10V, VI=Voo, lo=OA 0.Q1 

VOH Output Voltage High Veo = 5.0V, VI = Vss, 10 = OA 4.99 
Level Voo=10V, VI=VSS, 10=OA 9.99 

II Input Current 

VNL Noise Immunity Voo=5.0V, Vo=3.6V, 10=OA 1.5 
(All Inputs) Voo=10V, Vo=7.2V, 10=OA 3.0 

VNH Noise Immunity Voo=5.0V, V,=0.95V, 10=OA 1.4 
(All Inputs) Voo=10V, Vo=2.9V, 10=OA 2.9 

IoN Output Drive Current Voo = 5.0 V, Vo = 0.4 V, VI = Voo 0.35 
N·Channel (4025) Voo = 10V, Vo ~ 0.5 V, VI = Voo 0.72 

loP Output Drive Current Voo = 5.0 V, Vo = 2.5 V, VI = Vss -0.35 
P-Channel (4025) Voo = 10V, Vo = 9.5 V, VI = Vss -0.3 

IoN Output Drive Current Voo = 5.0 V, Vo = 0.4 V, VI = Voo 0.145 
N-Channel (4023) Voo=10V, Vo=0.5V, VI=VOO 0.3 

10 P Output Drive Current Voo = 5.0 V, Vo = 2.5 V, VI = Vss -0.145 
P·Channel (4023) Voo =10V, Vo=9.5V, VI=VSS -0.35 

II Input Current 
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Limits 

250C 85°C Units 

Min. Typ. Max. Min. Max. 

0.005 0.5 15 ,.,A 
0.005 5.0 30 ,.,A 

0.025 2.5 75 ,.,W 
0.05 50 300 ,.,W 

0 0.01 0.05 V 
0 0.Q1 0.05 V I 

4.99 5.0 4.95 V 
9.99 10 9.95 V 

10 pA 

1.5 2.25 1.4 V 
3.0 4.5 2.9 V 

1.5 2.25 1,5 V 
3.0 4.5 3.0 V 

0.3 1.0 0.24 mA 
0.6 2.5 0.48 mA 

-0.3 -2.0 -0.24 mA 
-0.25 -1.0 -0.2 mA 

0.12 0.5 0.095 mA 
0.25 0.6 0.2 . mA 

-0.12 -0.5 -0.095 mA 
-0.3 :"1.2 -0.24 mA 

10 , pA 



AC Electrical Characteristics TA = 25°C, CL = 15 pF, and input rise and fall times = 20 ns. 
Typical temperature coefficient for all values of Voo = O.3%I"C 

Parameter I Conditions I Min. I Typ. I Max. I 
CD4025M 

tpHL Propagation Delay Time High to Low Level Voo =5.0V 35 50 
Voo=10V 25 40 

tpLH Propagation Delay Time Low to High Level Voo =5.0V 35 40 
Voo= 10V 25 70 

tTHL Transition Time High to Low Level Voo =5.0V 65 125 
Voo= 10V 35 70 

tTLH Transition Time Low to High Level Voo=5.0V 65 175 
Voo= 10V 35 75 

C1 Input Capacitance Any Input 5.0 

CD4025C 

tpHL Propagation Delay Time High to Low Level Voo =5.0V 35 80 
Voo=10V 25 55 

tpLH Propagation Delay Time Low to High Level Voo =5.0V 35 120 
Voo =·10V 25 65 

tTHL Transition Time High to Low Level Voo =5.0V 65 200 
Voo= 10V 35 115 

tTLH Transition Time Low to High Level Voo=5.0V 65 300 
Voo= 10V 35 125 

CI Input Capacitance Any Input 5.0 

AC Electrical Characteristics TA = 25°C, CL = 15 pF, and input rise and fall times = 20 ns. 
Typical temperature coefficient for all values of Voo = 0.3%/OC 

Parameter Conditions Min. Typ. Max. 

CD4023M 

tpHL Propagation Delay Time High to Low Level Voo=5.0V 50 75 
Voo=10V 25 40 

tpLH Propagation Delay Time Low to High Level Voo=5.0V 50 75 
Voo=10V 25 40 

tTHL Transition Time High to Low Level Voo =5.0V 75 125 
Voo= 10V 50 75 

tTLH Transition Time Low to High Level Voo=5.0V 75 100 
Voo= 10V 40 60 

C1 Input Capacitance Any Input 5.0 

CD4023C 

tpHL Propagation Delay Time High to Low Level Voo =5.0V 50 100 
Voo=10V 25 50 

tpLH Propagation Delay Time Low to High Level Voo =5.0V 50 100 
Voo=10V 25 50 

tTHL Transition Time High to Low Level Voo =5.0V 75 150 
Voo=10V 50 100 

tTLH Transition Time Low to High Level Voo= 5.0V 75 125 
Voo=10V 40 75 

C1 Input Capacitance Any Input 5.0 
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~National 
a Semicoo~~ctor 

CD4023BM/CD4023BC Buffered Triple 3-lnput 
NAND Gate' , 

CD4025BM/CD4025BC Buffered Triple 3-lnput 
NOR Gate ., . 

General Descript!on 
These triple gates are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N- and 
P-channel enhancement mpde transistors. They have 
equal source and sink current capabilities and conform 
to standard B series output drive. The devices also have 
buffered outputs which improve transfer characteristics 
by providing very high gain. All inputs are protected 
again,st static discharge with diodes to Voo and Vss. 

Connection Diagrams 

Features 
• Wide supply voltage range 3.0Vto 15V 

• High noise immunity 0.45 Voo (typ.) 

• Low power TTL fan out of 2 driving 74L 
compatibility. or 1 driving 74LS 

• .5 V-10V-15 V parametric ratings 

• Symmetrical output characteristics 

• Maximum input leakage 1 jlA at 15 V over full tempera-
ture range • . 

C04023BM/CD4023BM 
TOP VIEW 

Voo 

C04025BM/C04025BC 
TOP VIEW 
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Absolute Maximum Ratings (Notes 1 and 2) Recommended Operating Conditions 

Voo DC Supply Voltage -0.5Vocto+18Voc 
VIN Input Voltage -0.5VoctoVoo+0.5Voc 

Voo DC Supply Voltage 
V IN Input Voltage 

Ts Storage Temperature Range _65°C to +150°C 

Po Packag~ Dissipation 500 mW 
T L Lead Temperature (soldering, 10 seconds) 300°C 

T A Operating Temperature Range 
CD4023BM,CD4025BM 
CD4023BC, CD4025BC 

DC Electrical Characteristics - CD4023BM, CD4025BM (Note 2) 

_55°C 
PARAMETER CONDITIONS 

MIN MAX 

100 Quiescent Device Current Voo=5V 0.25 
Voo ~ 10V 0.5 
Voo=15V 1.0 

VOL Low Level Output Voltage Voo= 5V 0.05 
Voo = 10V 0.05 
Voo = 15V 0.05 

VOH High Level Output Voltage Voo= 5V 4.95 
Voo = 10V 9.95 
Voo=15V' 14.95 

VIL Low Level Input Voltage Voo=5V, VO=4.5V} 1.5 
Voo=10V,Vo=9.0V Il o l<l/1A 3.0 
Voo = 15V, Vo = 13.5V 4.0 

VIH High Level Input Voltage Voo=5V, VO=0.5V} 3.5 
Voo=10V,Vo=1.0V Il o l<l/1A 7.0 
Voo =15V,Vo=1.5V 11.0 

IOL Low Level Output Current Voo=5V, Vo= 0.4 V 0.64 
Voo = 10V, Vo = 0.5V 1.6 
Voo=15V,Vo=1.5V 4.2 

IOH High Level Output Current Voo=5V, Vo = 4.6V -0.64 
Voo =10V,Vo=9.5V -1.6 
Voo= 15V, Vo= 13.5V -4.2 

liN I nput Current Voo=15V,V 1N =OV -0.10 
Voo =15V,VIN=15V 0.10 

schematic diagram 

B* 0-------0------+--11 ~ 

~, 
C* 0-----------1 I-... Vss I ~ . 

+25°C 

MIN TYP MAX 

0.004 0.25 
0.005 0.5 
0.006 1.0 

0 0.05 
0 0.05 
0 0.05 

4.95 5 
9.95 10 
14.95 15 

2 1.5 
4 3.0 
6 4.0 

3.5 3 
7.0 6 
11.0 9 

0.51 0.88 
1.3 2.2 
3.4 8 

-0.51 -0.88 
-1.3 -2.2 
-3.4 -8 

_10.5 -0.10 
10.5 0.10 

1/3 Device Shown 

*AllINPUTS PROTECTED 

+5 VOC to +15 Voc 

o Voc to Voo Voc 

-55°C to +125°C 
-40°C to +85°C 

+125°C 
UNITS 

MIN MAX 

7.5 /1A 
15 /1A 
30 /1A 

0.05 V 
0.05 V 
0.05 V 

4.95 V 
9.95 V 
14.95 V 

1.5 V 
3.0 V 
4.0 V 

3.5 V 
7.0 V 
11.0 V 

0.36 rnA 
0.90 rnA 
2.4 rnA 

-0.36 rnA 
-0.90 rnA 
-2.4 rnA 

-1.0 /1A 
1.0 /1A 

BY STANDARD CMOS INPUT 
PROTECTIDN CIRCUIT, 

C04023BC/C04023BM 
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DC Electrical Characteristics CD4023BC. CD4025BC (Note 2) 

_40°C +25°C +85°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TVP MAX MIN ,MAX 

Joo Quiescent Device Current Voo = 5 V 0.004 7.5 IlA 
Voo=10V 0.005 15 IlA 
Voo= 15V 0.006 30 IlA 

VOL Low Level Output Voltage Voo = 5 V 0.05 a 0.05 0.05 V 
Voo = 10V 0.05 0 0,05 0.05 V 
Voo= 15V 0.05 a 0.05 0.05 V 

VOH High Level Output Voltage Voo = 5 V 4.95 4.95 5 4.95 V 
Voo = 10V 9.95 9.95 10 9.95 V 
Voo = 15V 14.95 14.95 15 14.95 V 

Vil Low Level Input Voltage Voo=5V. VO=4.5V} 1.5 2 1.5 1.5 V 
Voo = 10V. Vo = 9.0V 1101 < 1 IlA 3.0 4 3.0 3.0 V 
Voo= 15V. Vo= 13.5V 4.0 6 4.0 4.0 V 

VIH High Level Input Voltage Voo=5V. VO=0.5V} 3.5 3.5 3 3.5 V 
Voo = 10V. Vo = 1.0V 1101 < 11lA 7.0 7.0 6 7.0 V 
Voo= 15V .. Vo= 1.5V 11.0 11.0 9 11.0 V 

10l Low Level Output Current Voo= 5V. Vo = 0.4 V 0.52 0.44 0.88 0.36 mA .. Voo = 10V. Vo = 0.5V 1.3 1.1 2.2 0.90 mA 
Voo=15V.Vo=1.5V 3.6 3.0 8 2.4 mA 

10H High Level Output Current Voo= 5V. Vo =4.6V -0.52 -0.44 -0.88 -0.36 mA 
Voo = 10V. Va = 9.5V -1.3 -1.1 -2.2 -0.90 mA 
Voo = 15V. Vo = 13.5V -3.6 -3.0 -8 -2.4 mA 

liN I nput Current Voo= 15V. VIN = OV -0.3 _10-5 -0.3 -1.0 IlA 
Voo= 15V. VIN= 15V 0.3 10-5 0.3 1.0 IlA 

Note 1: "Absolute Maximum Ratings" are those values beY9nd which the safety of the device cannot be guaranteed; they are not meant 
to imply that the devices should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical 
Characteristics" provides conditions for actual device operation. 

Note 2: VSS = 0 V unless otherwise specified. 

schematic diagram 
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Ac Electrical Characteristics T A = 25°C, CL = 50 pF, R L = 200k, unless otherwise specified. 

CD4023BC CD4025BC 
PARAMETER CONDITIONS CD4023BM CD4025BM UNITS 

MIN TYP MAX MIN TYP MAX 

tPHL Propagation Delay, High to Low Level VOO = 5V 130 250 130 250 ns 
Voo = 10V 60 100 60 100 ns 
Voo=15V 40 70 40 70 ns 

tpLH Propagation Delay, Low to High Level Voo = 5 V 110 250 120 250 ns 
Voo = 10V 50 ·100 60 100 ns 
Voo=15V 35 70 40 70 ns 

tTHL Transition Time Voo = 5V 90 200 90 200 ns 

tTLH Voo=10V 50 100 50 100 ns 
Voo=15V 40 80 40 80 ns 

CIN Average I nput Capacitance (See Note 3) Any Input 5 7.5 5 7.5 pF 

Cpo Power Dissipation Capacity (See Note 4) Any Gate 17 17 pF 

Note 3: Capacitance is guaranteed by periodic testing. 

Note 4: CpO determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family 
characteristics Application Note AN-90. 
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~National 
~ Semiconductor 

CD4024BM/CD4024BC 7·Stage Ripple Carry 
Binary Counter 

General Description 
The CD4024BMICD4024BC is a 7-stage ripple-carry binary 
counter. Buffered outputs are externally available from 
-stages 1 through 7. The couter is reset to its logical "0" 
stage by a logical "1" on the reset input. The counter is 
advanced one count on the negative transition of eaqb 
clock pulse. 

Features 
• Wide supply voltage range 
• High,noise immunity 
• Low power TTL 

compatibility 

• High speed 

3.0Vto 15V 
0.45 Voo (typ.) 

fan out of 2 driving 74L 
or 1 driving 74LS 

12 MHz (typ.) 
input pulse rate Voo - Vss = 10V 

• Fu!ly static operation 

Connection Diagram Dual·1 n·line Package 

Logic Diagram 

INPUT 1 f> 
PULSES 

Schematic Diagram 
• • 

FIf·1 

...L ...L 

01 

iii 

VDD 

1 .. 

r-

1 

INPUT 
PULSES 

12 
VOl 

Ne 01 0' Ne 

13 12 11 10 

, , 4 , 
RESET 0' D. 05 

TOP VIEW 

11 
Vo' 

t-...,--t..;>O-~-;;x.-. OUTPUT 

• } TO NEXT 
STAGE 

~----------~-------+. 
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RESET 
INPUT 

Input logic 

Flip-flop logic (1 of 7 identical stages). 



Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

Voo dc Supply Voltage -0.5 to +18 Voe Voo dc Supply Voltage +3 to +15 Voe 
VI N Input Voltage -0.5 to VOO +0.5 VDe VIN Input Voltage Oto VOO Voe 
TS Storage Temperature Range -6SoC to +IS00e T A Operating Temperature Range 
Po Package Dissipation SOOmW e04024BM -5Soe to +12Soe 
TL Lead Temperature (Soldering, 10 seconds) 3000e eD4024Be -40° e to +8So e 

DC Electrical Characteristics CD4024BM (Note 2) 

-55°C 25°e 12SoC 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO = SV 5 0.3 5 150 I1A 
VOO = 10V 10 0.5 10 300 I1A 
VOO = 15V 20 0.7 20 600 I1A 

VOL Low Level Output Voltage 1101< lilA 

VOO = SV 0.05 0 0.05 0.05 V 

VOO = 10V 0.05 a O.OS O.OS V 

Vo~ = 15V 0.05 a O.OS 0.05 V 

VOH High Level Output Voltage 1101< lilA 

Voo= SV 4.9S 4.9S 5 4.95 V 

Voo = 10V 9.9S 9.95 10 9.9S V 

Voo = lSV 14.9S 14.9S 15 14.95 V 

VIL Low Level Input Voltage 1101< lilA 

Voo = SV, Vo = 0.5V or 4.SV 1.5 2 1.5 15 V 

VOO = 10V, Vo = 1.0V or 9.0V 3.0 4 3.0 3.0 V 

VOO = 15V, Vo = 1.5Vor 13.5V 4.0 6 4.0 4.0 V 

VIH High Lev.1 Input Voltage IIOI<IJ.1A 

VOO = SV, Vo = O.SV or 4.5V 3.5 3.S 3 3.5 V 

VOO = 10V, Vo = 1.0V or 9.0V 7.0 7.0 6 7:0 V 

VOO = 15V, Vo = I.SVor 13.SV 11.0 11.0 9 11.0 V 

IOL Low Level Output Current VOO = 5V, Vo = O.4V 0.64 0.51 0.88 0.36 rnA 

VOO = 10V, Vo = O.SV 1.6 1.3 2.25 0.9 rnA 

VOO = ISV, Vo = I.SV 4.2 3.4 8.8 2.4 rnA 

10H High Level Qutput CUrrent VOO = 5V, Vo = 4.6V -0.64 -0.51 -0.88 -0.36 rnA 

VOO = 10V, Vo = 9.5V -1.6 -1.3 -2.25 -0.9 rnA 

VOO = 15V, Vo = 13.5V -4.2 -3.4 -8.8 -2.4 rnA 

liN Input Current VOO = 15V, VIN = OV -0.10 -10-5 -0.10 -1.0 J.lA 

VOO = 15V, VIN = lSV 0.10 IO-S 0.10 1.0 I1A 

DC Electrical Characteristics CD4024BC (Note 2) 

-40°C 25·C 8SoC 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO = SV 20 0.3 20 ISO I1A 

VOO = 10V 40 O.S 40 300 J.lA 

VOO = ISV 60 0.7 80 600 J.lA 

VOL Low Level Output Voltage 1101<lJ.1A 

VOO = 5V 0.05 0 0.05 0.05 V 

VOO = 10V 0.05 0 0.05 0.05 V 

VOO= 15V 0.05 0 O.OS 0.05 V 

VOH High Level Output Voltage 1I01<IJ.1A 

VOO= 5V 4.95 4.95 5 4.95 V 

VOO = 10V 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15 14.95 V 
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DC Electrical Characteristics (Cont'd.) CD4024BC (Note 2) 

-<10°C 25°C 85°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

VIL Low Level Input Voltage IIOI<lpA 

VOO = 5V, Va = 0.5V or 4.5V 1.5 2 1.5 1.5 V 

VOO = 10V, Va = 1.0V or 9.0V 3.0 4 3.0 3.0 V 

VOO = 15V, Vo = 1.5Vor 13.5\1 4.0 6 4.0 4.0 V 

VIH High Level Input Voltage IIOI<1I'A 

VOO = 5V, Va = 0.5V or 4.5V 3.5 3.5 3 3.5 V 

VOO = 10V. Va = 1.0Vor 9.0V 7.0 7.0 6 7.0 V 

VOO = 15V. Va = 1.5Vor 13.5V 11.0 11.0 9 '11.0 V 

10L Low Level Output Current VOO = 5V. Va = O.4V 0.52 0.44 0.B8 0.36 rnA 

VOO = 10V. Va = 0.5V 1.3 1.1 2.25 0.9 . rnA 

VOO = 15V. Va = 1.5V 3.6 3.0 8.8 2.4 rnA 

10H High Level Output Current VOO = 5V. Va =4.6V -1l.52 -1l.44 -1l.B8 -1l.36 rnA 

VOO = 10V. Va = 9.5V -1.3 -1.1 -2.25 -1l.9 rnA 

VOO = 15V, Va = 13.5V -3.6 -3.0 -8.8 -2.4 rnA 

II N Input Current VOO = 15V. VIN = OV -1l.30 -10-5 -1l.30 -1.0 pA 

VOO = 15V. VIN = 15V 0.30 10-5 0.30 1.0 pA 

AC Electrical Characteristics TA = 25°C, CL=50pF, RL=200k, tr and tf=20ns unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpHL. tpLH Propagation Delay Time I Note 3) VOO = 5V 185 350 ns 
VOO = 10V 85 125 ns 
V'OO = 15V 70 100 ns 

tTHL. tTLH Transition Time VOO = 5V 100 200 ns 
VOO = 10V 50 100 ns 
VOO = 15V 40 BO ns 

twL.tWH Minimum Input Pulse Width VOO = 5V 75 200 ns 
VOO = 10V 40 110 ns 
VOO = 15V 35 90 ns 

tRCL. tFCL Input Rise and Fall Time VOO = 5V 15 ps 
VOO = lOV 10 ps 
VOO = 15V 8 ps 

fCL Maximum Input Pulse Frequency VOO = 5V 1.5 . 5 MHz 
VOO = 10V 4 12 MHz 
VOO = 15V 5 15 MHz 

tpHL Reset Propagation Delay Time VOO = 5V 185 350 ns 

.li~O = 10V 85 125 ns 
VOO = 15V 70 100 ns 

tWH Reset Minimum Pulse Width VOO = 5V 185 350 ns 
VOO = 10V 85 125 ns 
VOO = 15V 70 100 ns 

CIN Input Capacitance INote 4) Any Input 5 7.5 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply 
that the devices should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrica' Characteristics" provides 
conditions for actual device operation. . 

Note 2: VSS = OV unless otherwise specified. 
Note 3: To Ql output. 

Note 4: Capacitance is guaranteed by periodic testing. 
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~National 
~ Semiconductor 

CD4027BM/CD4027BC Dual J-K Master/Slave 
Flip-Flop with Set and Reset 

General Description 
These dual J-K flip-flops are monolithic complementary 
MOS (CMOS) integrated circuits constructed with N-and 
P-channel enhancement mode transistors. Each flip-flop 
has independent J, K, set, reset, and clock inputs and 
buffered Q and ';0" outputs. These flip-flops are edge 
sensitive to the clock input and change state on the 
posltive-going transition of the clock pulses. Set or reset 
Is independent of the clock and is accomplished by a 
high level on the respective input. 

All inputs are protected against damage due to static 
discharge by diode clamps to Voo and Vss. 

Schematic Diagram 
1.9 

Features 
• Wide supply voltage range 

• High noise immunity 

• Low power TTL 
compatibility 

• Lowpower 

• Medium speed operation 

3.0Vto 15V 

0.45 Voo (typ.) 

fan out of 2 driving 74L 
or 1 driving 74LS 

50nW (typ.) 

12 MHz (typ.) 
with 10 V supply 

SETo-----------------------~------~------------------------, 

~,OID-+__L../ 

5.11 
Ko---Q..--

4,12 
RESET 0--------------;;:-----------------------4 ...... ---------' 
CLOCK3·'0 1 .... 3 __ --I CL 

Connection Diagram Dual-In-Line and Flat Package 

VOO 111 iiI CLOCK 1 RESET 1 Kl Jl SET 1 

112 Q2 CLOCK 2 RESET2 KZ J2 SET2 VSS 

TOP VIEW 
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Absolute Maximum Ratings (Notes 1 and 2) Recommended Operating Conditions 
(Note 2) 

VOO de Supply Voltage --{).5 to +18 VOC V DO de Supply Voltage 3to15VOC 
VIN Input Voltage --{).5 to VOO'+O.5 Voe VIN Input Voltage OtoVOO Voe 
TS Storage Temperature Range -65°e to +150°C T A Operating Temperature Range 
Po Package Dissipation 500mW C04027BM -55"c to +12Soe 

TL Lead Temperature (Soldering, 10 seconds) 300"C C04027BC -<lacc to +BsOe 

DC Electrical Characteristics CD4027BM (Note 2) 

-ss"C 2SoC 125°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TVP MAX MIN MAX 

100 Quiescent Device Current VOO= 5V I 1 30 IJA 

VOO = 10V 2 2 60 /lA 
VOO = 15V 4 4 120 -/lA 

VOL Low Level Output Voltage 1I01<I/lA 

VOO = SV 0.05 0 O_OS O.OS V 

VOO = 10V O_OS 0 O.OS O.OS V 

VOO = ISV a_os a O.OS O.OS V 

VOH High Level Output Voltage 1101< I/lA 

Voo = 5V 4.9S 4.95 5 4.95 V 

Voo = 10V 9.95 9.95 10 9_95 V 

Voo = 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage VOO = 5V. Va = 0.5V or 4.SV 1.5 l.S l.S V 

VOO = 10V. Va = 1V or 9V 3.0 3.0 3.0 V 

VOO = 15V. Va = 1.5V or 13_5V 4.0 4.0 4.0 V 

VIH High Level Input Voltage Veo = 5V, Va = 0.5V or 4.5V ·3.S 3.S 3.S V 

VOO = 10V. Va = IV or 9V 7.0 7_0 7.0 V 

VOO= lSV, VO= l.SVor 13.SV 11.0 11.0 11.0 V 

10L Low Level Output Current VOO = SV, Va = 0_4V 0.64 O.Sl 0.88 0.36 rnA 

VOO = 10V. Va = O_SV 1.6 1.3 2_2S 0_9 rnA 

VOO = lSV. Va = l.SV 4.2 3A 8.8 2A rnA 

10H High Level Output Current VOO = 5V. Va = 4.6V --D_64 -O.Sl --D.88 -0.36 rnA 

VOO = 10V, Va = 9_SV -1.6 -1.3 -2_25 --D_9 rnA 

VOO= ISV, VO= 13.5V -4.2 -3._4 -8.8 -2.4 rnA 

liN Input Current VOO = lSV, VIN = OV --D_l -10-S --D. 1 -1.0 /lA 

VOO = 15V, VIN = ISV 0.1 10-S 0_1 1.0 /lA 

DC Electrical Characteristics (Cont'd.) CD4027BC (Note 2) 

-40°C 2SoC 85°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TVP MAX MIN MAX 

100 Quiescent Device Current VOO = SV 4 4 30 /lA 
VOO = 10V 8 8 60 /lA 

VOO = 15V 16 IS 120 IJA 

VOL Low Level Output Voltage 1101<1/lA 

VOO = 5V a_os a 0.05 O.OS V 

Voo= 10V O_OS a O.OS O.OS V 

Voo = 1SV 0_05 a 0.05 O.OS V 

VOH High Level Output Voltage 1I01<1/lA 

VOO= SV 4_95 4.9S S 4.95 V 

VOO= 10V 9.9S 9.9S 10 9.95 V 

VOO = lSV 14.95 14_9S 15 14.95 V 

VIL Low Level Input Voltage VOO = 5V, Va = 0_5V or 4.5V 1.5 1.S l.S V 

VOO = 10V, Va = lVor 9V 3.0 3_0 3_0 V 

Voo = lSV, Va = l.SVor 13.5V 4.0 4.0 4.0 V 

VIH High Level Input Voltage VOO = 5V, Va = 0.5V or 4.5V 3.S 3_S 3.S V 

VOO = 10V, Va = IV or 9V 7.0 7.0 7.0 V 

VOO = lSV. Va = fsv or 13.SV 11.0 11.0 11.0 V 

10L Low Level Output Current VOO = SV, Va = OAV 0.s2 0.44 0.88 0_36 rnA 

VOO = 10V, VA = O.SV 1.3 1.1 2.2S 0_9 rnA 

VOO = lSV, Va = l.SV 3.6 3.0 8_8 2.4 rnA 
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DC Electrical Characteristics CD4027BC (Note 2) 

-40"C .25"C 85"C 
PARAMETER CONDITIONS 

MIN MAX MIN TYP MAX MIN MAX 

IOH HIgh Level Output Current VOO = 5V. Vo = 4.6V 

VOO = 10V, Vo = 9.5V 

VOO = 15V, Vo = 13.5V 

Input Current VOD = 15V, VIN = OV 

VDD = 15V, VIN 0 15V 

-0.52 

-1.3 

-'3.6 

-0.3 

03 

-0.44 -0.88 

-1.1 - 2.25 

-3.0 '-8.8 

-10 5 -0.3 

10- 5 0.3 

-0.36 

-·0 9 

-2.4 

-1 0 

10 

AC Electrical Characteristics TA = 25'C, CL = 50 pF, trCL = tteL = 20 ns, unless otherwise specified. 

tpHL or tpLH 

tpHL or tpLH 

tTHL or tTLH 

trCL or ttCL 

tw 

tWH 

PARAMETER 

Propagation Delay Time From 

Clock to Q or Q 

Propagation Delay Time From 

Set to Q or Reset to Q 

Propagation Delay Time From 

Set to Q or Reset to Q 

Minimum Data Set·Up Time 

Transition Time 

Maximum Clock Frequency 

(Toggle Mode) 

Maximum Clock Rise and 
Fall Time 

Minimum Clock Pulse Width 

(tWH = tWL) 

Minimum Set and Reset 

Pulse Width 

Average Input Capacitance 

Power Dissipation Capacity 

CONDITIONS 

VOD = 5V 

VOD = 10V 

VDD = 15V 

VDD = 5V 

VDD = 10V 

VDD = 15V 

VDD = 5V 

VDD = IOV 

VDD = 15V 

VDD = 5V 

VDD = 10V 

VDD = 15V 

VDD = 5V 

VDD = 10V 

VDD = 15V 

VDD = 5V 

VDD = 10V 

VDD = 15V 

VDD = 5V 

VOD = 10V 

VDD = 15V 

VDD = 5V 

VDD = 10V 

VDD = 15V 

VDD = 5V 

VDD = 10V 

VDD = 15V 

Any Input 

Per Flip-Flop 

(Note 3) 

MIN 

2.5 

6.2 

7.6 

15 

10 

5 

TYP 

200 

80 

65 

170 

70 

55 

110 

50 

40 

135 

55 

45 

100 

50 

40 

5 

12.5 

15.5 

100 

40 

32 

80 

30 

25 

5 

35 

MAX 

400 

160 

130 

340 

140 

110 

220 

100 

80 

270 

110 

90 

200 

100 

80 

200 

80 

65 

160 

60 

50 

7.5 

UNITS 

rnA 

rnA 

rnA 

ilA 

;1A 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

MHz 

ils 

ps 

ps 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to 
imply that the devices should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" 
provides conditions for actual device,operation. 

Note 2: VSS = OV unless otherwise specified_ 

Note 3: CpO determines the no load ac power consumption of any CMOS device. For complete explanation, see 54C174C Family Characteristics 
application note AN-90. . 
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Typical Applications 

Truth Table 

Ripple Binary Counters 

C~~~~i~------.... ----___ .... ______ ...., 

ClDCK-------------------' 

OATA --.... -.j7--1il 
INPUT 

Shift Registers 

ii 

·'n.' INPUTS ·'n OUTPUTS 

CL' J K S R Q Q Q 

J I X 0 0 0 I 0 

J x 0 0 0 I I 0 

J 0 x 0 0 0 0 I 

J x I 0 0 I 0 I 

"-- X X 0 0 X (No changel 

X X X I 0 X I 0 

X X X 0 I X 0 I 

X X X I I X I I 

Where: I =. High Level 
0= Low Level 
... = Level Change 

X = Don't Care 
• = tn-1 refers to the time interval prior to the 

positive clock pulse transition 
• = tn refers to the time intervals after the 

positive clock pulse transition 
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~National 
~ Semiconductor 

CD4028BM/CD4028BC BCD-to-Decimal Decoder 

General Description Features 
• Wide supply voltage range 

• High noise immunity 

• Low power TTL 
compatibility 

• Low power 
• Glitch free outputs 

3.0Vto 15V 

0.45 Voo (typ.) 

fan out of 2 driving 74L 
or 1 driving 74LS 

The CD4028BM/CD4028BC is a BCD-to-decimal or binary­
to-octal decoder consisting of 4 inputs, decoding logic 
gates, and 10 output buffers_ A BCD code applied to the 
4 inputs, A, B, C, and D, results in a high level at the se­
lected 1-of-1O decimal decoded outputs_ Similarly, a 3-bit 
binary code applied to inputs A, B, and C is decoded in 
octal at outputs 0-7. A high level signal at the D input in­
hibits octal decoding and causes outputs 0-7 to go low. • "Positive logic" on inputs and outputs 

All inputs are protected against static discharge damage Applications 
by diode clamps to Voo and Vss. 

,. Code conversion 

• Address decoding 

• Indicator-tube decoder 

Logic and Connection Diagrams. 

Dual-in-Line and Flat Packi.lge 

" 

12 

11 

Truth Table 

1 - High level 
0= Low level 

D 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

1 

1 

C B 

0 0 

0 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 

A 0 1 2 

0 1 0 0 
1 0 1 0 
0 0 0 1 

1 0 0 0 
0 0 0 0 
1 0 0 0 

0 0 0 0 
1 0 0 0 

0 0 0 0 

1 0 0 0 

0 0 0 0 

1 0 0 0 

0 0 0 0 

1 0 0 0 
0 0 0 0 

1 0 0 0 

3 4 5 6 7 

0 0 0 0 0 

0 0 0 0 0 

0 0 0 0 0 

1 o ·0 0 0 

0 1 0 0 0 

0 0 1 0 0 

0 0 0 1 0 

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 0 0 

0 0 0 0 0 

0 0 0 0 0 
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BCD States 

} Extraordinary States 
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Absolute Maximum Ratings (Note 1) Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

VOO Supply Voltage -{l.S to +18V Voo Supply Voltage 3 to ISV 
VIN Input Voltage -{l.S to VOO + O.SV VIN Input Voltage a to VOOV 
TS Storage Temperature Range -6SoC to +IS0°C T A Operating Temperature Range 
Po Package Dissipation SOOmW C04028BM --5SoC to +12SoC 
T L Lead Temperature (Soldering, 10 seconds) 300°C C04028BC --40° C to +8So C 

DC Electrical Characteristics CD40288C (Note 2) 

-5SoC 2Soc 12SoC 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO= 5V S 0.01 S ISO J1A 
VOO = 10V 10 0.01 10 300 J1A 
VOO = 15V 20 0.02 20 600 J1A 

VOL Low Level Output Voltage 1101 < 1 J1A, VIL = OV, VIH = VOO 

VOO= 5V 0.05 0 0.05 0.05 V 

VOO= 10V O.OS 0 0.05 0.05 V 

VOO= 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage 1101 < 1 J1A, VIL = OV, VIH = VOO 

VOO = 5V 4.95 4.95 5 4.95 V 

itOO = 10V 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15 '14.95 V 

VIL Low Level Input Voltage ilol<IJ1A 

VOO = 5V, Vo = 0.5V or 4.5V 1.5 2.25 I.S 1.5 V 

VOO = 10V, Vo = IV or 9V 3.0 4.5 3.0 3.0 V 

VOO = 15V, Va = 1.5V or 13.5V 4.0 6.75 4.0 4.0 V 

VIH High Level Input Voltage 1101< 1 J1A 

VOO= 5V, Va = 0.5V or 4.5V 3.5 3.5 2.75 3.5 V 

VOO = 10V, Va = IV or 9V 7.0 7.0 5.5 7.0 V 

VOO = 15V, Va = 1.5Vor 13.5V 11.0 11.0 8.25 11.0 V 

10L Low Level Output Current VIL = OV, VIH = VOO 

VOO= 5V, Va = O.4V 0.64 0.51 1.0 0.36 mA 

VOO = 10V, Va = 0.5V 1.6 1.3 2.6 0.9 mA 

VOO = 15V, Va = 1.5V 4.2 3.4 6.8 2.4 mA 

10H High Level Output Current VIL= OV, VIH = VOO 

VOO= 5V, Va = 4.6V -{l.25 -{l.2 -{l.4 -{l.14 mA 

Voo = 10V, Va = 9.5V -{l.62 -{l.5 -1.0 -{l.35 mA 

VOO = 15V, Va = 13.5V -1.8 -1.5 -3.0 -1.1 mA 

liN Input Current VOO = 15V, VIN = OV -{l.1 -10-5 -{l.1 -1.0 IlA 

VOO = 15V, VIN = 15V 0.1 10-5 0.1 1.0 IlA 

DC Electrical Characteristics CD4028BC (Note 2) 

-40°C 2Soc 8SoC 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

10D Quiescent Device Current VOO = 5V 20 0.01 20 150 IlA -
VDO = 10V 40 0.01 40 300 IlA 

VOO = 15V 80 0.02 80 600 IlA 

VOL Low Level Output Voltage 1101 < lilA, VIL = OV, VIH = VOO 

VOO = 5V 0,05 0 0.05 0.05 V 

VOO = 10V 0.05 0 0.05 0.05 V 

VOO = 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage ilOI < lilA. VIL = OV, VIH = Voo 

Voo = 5V 4.95 4.95 5 4.95 V 

VOO = 10V 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage 1101< lilA 

VOO = 5V, Va = 0.5V or 4.5V 1.5 2.2S 1.5 1.5 V 

VOO = 10V, Vo = IV or 9V 3.0 4.5 3.0 3.0 V 

VOO= 15V, VO= 1.5Vor 13.5V 4.0 6.75 4.0 4.0 V 
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DC Electrical Characteristics (Cont'd.) CD4028BC (Note 2) 

-40°C 2S"C 8SoC 
PARAMETER CONOITIONS UNITS 

MIN MAX MIN TVP MAX MIN MAX 

VIH High Level Input Voltage IIOI<lJ1A 

VOO= SV. Vo = O,SV or 4,SV 3,S 3.S 3,S V 

VOO = 10V. Vo = lV or 9V 7,0 7.0 7,0 V 

VOO = lSV. Vo = 1,SV or 13,SV 11.0 11.0 11.0 V 

IOL Low Level Output Current VIH = VOO. VIL = OV 

VOO = SV. Vo = OAV 0.S2 0044 0.88 0,36 mA 

VOO = 10V. Vo = 0.5V 1.3 1.1 2,2 0,9 mA 

VOO = 15V. Vo = 1.5V 3,6 3,0 6,0 2.4 mA 

IOH High Level Output Current VIH = VOO. VIL = OV 

VOO = SV. Vo = 4.6V -0.2 -0.16 -0.32 -0,12 mA 

VOO = 10V. Vo = 9.5V -O.S -0.4 -0.8 -0.3 mA 

VOO = 15V. Vo = 13.SV -104 -1,2 -204 -1.0 mA 

liN Input Current VOO = lSV, VIN = OV -0.3 -0.3 -1.0 J1A 

VOO = lSV. VIN = lSV 0.3 0.3 1.0 J1A 

AC Electrical Characteristics TA=25°C, CL=50pF, RL=200k, Input t,=tf=20ns, 

unless otherwise specified 

PARAMETER eONOITIONS MIN TYP MAX UNITS 

tPHL or tPLH Propagation Oelay Vee = SV 240 480 ns 

Vee ~ 10V 100 200 ns 

Vee = 15V 70 140 ns 

tTHL or tTLH Transition Time Vee = SV 175 350 ns 

Vee = 10V 7S lS0 ns 

Vec = lSV 60 110 ns 

elN Input Capacitance Any Input S 7.S pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply 
that the devices should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides 
conditions for actual device operation. 

Note 2: VSS = OV unless otherwise specified. 

Switching Time Waveforms 

__ t, j-- --1 11
-0-

90% 
: OUTPUT N SELECTED ) 

90% 
INPUTS 50% 50% 

10% 10% 

--- IPLH --- --- IPHL I--

90% 90% 
OUTPUT N 

j 50% 50% \. 10% 10% 

~ -o-tTLH --- /--tTHL 
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~National 
~ Semiconductor 

CD4029BM/ CD4029BC Presettable Binary/Decade 
Up/Down Counter 

General Description 
The CD4029BM/CD4029BC is a presettable up/down 
counter which counts in either binary or decade mode 
'depending on the voltage level applied at binary/decade 
input. When binary/decade is at logical "1," the counter 
counts in binary, otherwise it counts in decade. Similarly, 
the counter counts up when the up/down input is at 
logical "1" and vice versa. 

A logical "1" preset enable signal allows information at 
the "jam" inputs to preset the counter to any state 
asynchronously with the clock. The counter is advanced 
one count at the positive-going edge of the clock if the 
carry in and preset enable inputs are at logical "0." 
Advancement is inh ibited when either or both of these 
two inputs is at logical "1." The carry out signal is 
normally at logical "1" state and goes to logical "0" 
state when the counter reaches its maximum count in 

logic Diagram 
J1 Jl 

Toggle Logic ITL) 
12 (----' 

L~ 
PRESET 1 
ENABLE 

CLOCK 0-.....,1.-'" 

the "up" mode or the minimum count in the ""down" 
mode provided the carry input is at logical "0" state. 

All inputs are protected against static discharge by diode 
clamps to both VDD and VSS. 

Features 
• Wide supply voltage range 

• High noise immunity 

• Low power 
TTL compatibility 

• .~arallel jam inputs 

3V to 15V 

0.45 VDD (typ.) 

fan out of 2 
driving 74L 

or 1 driving 74LS 

• Binary or BCD decade up/down counting 

J3 

13 

J4 
CARRY 

OUT 

BlNARV· 9 • II ~1iiIII~~ DECADE"" ....... ~.-~' 

11 

01 02 nJ n4 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

Voo de Supply Voltage -{l.5 to +18 VOC VOO de Supply Voltage 3ta 15 VOC 
VIN Input Voltage -{l.5 to VOO + 0.5 VOC VIN Input Voltage o to VOO VOC 
TS Storage Temperature Range -65°C to +150°C T A Operating Temperature Range 
Po Package Dissipation 500 mW C04029BM -65°C to +125°C 
TL Lead Temperature (Soldering, 10 seconds) 300°C C04029BC -40° C to +85° C 

DC Electrical Characteristics CD4029BM (Note 2) 

PARAMETER CONDITIONS 
-55°C 2SOC 125 C 

UNITS 
MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO = 5V 5 5 5 150 IlA 

VOO = 10V 10 10 300 IlA 

VOO = 15V 20 20 600 IlA 

VOL Low Level Output Voltage II0klilA 

VOO = 5V 0.05 a 0.05 0.05 V 

VOO = 10V 0.05 a 0.05 0.05 V 

VOO = 15V 0.05 a 0.05 0.05 V 

VOH High Level Output Voltage 1101<lpA 

VOO= 5V 4.95 4.95 5 4.95 V 

VOO = 10V 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage VOO = 5V, Va = 0.5V or 4.5V 1.5 1.5 1.5 V 

VOO = 10V, Va = 1V or 9V 3.0 3.0 3.0 V 

VOO = 15V, Va = 1.5V or 13.5V 4.0 4.0 4.0 V 

VIH High Level Input Voltage VOO = 5V, Va = 0.5V or 4.5V 3.5 3.5 3.5 V 

VOO = 10V, Va = IV or 9V 7.0 7.0 7.0 V 

VOO = 15V, Va = 1.5V or 13.5V 11.0 11.0 11.0 V 

10L Low Level Output Current VOO = 5V, Va = OAV 0.64 0.51 0.88 0.36 mA 

VOO = 10V Va = 0.5V 1.6 1.3 2.25 0.9 mA 

VOO = 15V, Va = 1.5V 4.2 304 8.8 2.4 mA 

10H High Level Output Current VOO = 5V, Va = 4.6V -0.64 -0.51 -0.88 -0.36 mA 

VOO = 10V, Va = 9.5V -1.6 -1.3 -2.25 -0.9 mA 

VOO = 15V, Va = 13.5V -4.2 -304 -8.8 -2.4 mA 

liN I nput Current VOO= 15V. VIN=OV -0.1 -10-5 -0.1 -1.0 IlA 

VOO = 15V. VIN = 15V 0.1 10-5 0.1 1.0 pA 

DC Electrical Characteristics CD4029BC (Note 2) 

PARAMETER CONDITIONS 
--40°C 25°C 85°C 

MIN MAX MIN TYP MAX MIN MAX 
UNITS 

100 Quiescent Device Current VOO = 5V 20 20 150 pA 

VOO = 10V 40 40 300 pA 

VOO = 15V 80 80 600 pA 

VOL Low Level Output Voltage 1101< lilA 

VOO: 5V 0.05 0 0.05 0.05 V 

VOO = 10V 0.05 a 0.05 0.05 V 

VOO = 15V 0.05 a 0.05 0.05 V 

VOH High Level Output Voltage 1101"< lilA 

VOO = 5V 4.95 4.95 5 4.95 V 

VOO = 10V 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15 14.95 V 
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DC Electrical Characteristics (Cont'd.) CD4029BC (Note 2) 

CONDITIONS 
-40°C 25°C 85°C 

PARAMETER 
MIN MAX MIN TVP MAX MIN MAX 

Vil low level Input Voltage VDD =5V. Va = 0.5 or 4.5V 1.5 1.5 1.5 

VDD = 10V. Vo = IV or 9V 3.0 3.0. 3.0 

VDD = 15V. Vo = 1.5V or 13.5V 4.0 4.0 4.0 

VIH High level Input Voltage VDD = 5V. Vo = 0.5V or 4.5V 3.5 3.5 3.5 

VDD = 10V. Vo = IV or 9V 7.0 7.0 7.0 

VDD = 15V. Vo = 1.5V or 13.5V 11.0 11.0 11.0 

IOl low level Output Current VDD = 5V. Vo = O.4V 0.52 0.44 0.88 0.36 

VDD = 10V. Vo = 0.5V 1.3 1.1 2.25 0.9 

VDD = 15V. Vo = 1.5V 3.6 3.0 8.8 2.4 

IOH High level Output Current VDD = 5V. Vo =4.6V -Q.52 -Q.44 -Q.88 -Q.36 

VDD = 10V. Vo = 9.5V -1.3 -1.1 -2.25 -Q.9 

VDD = 15V. Vo = 13.5V -3.6 -3.0 -8.8 -2.4 

liN Input Curr~nt VDD = 15V. VIN = OV -Q.3 -10-5 -Q.3 -1.0 

VDD = 15V. VIN = 15V 0.3 10-5 0.3 1.0 

AC Electrical Characteristics TA=25°C, Cl=50pF, Rl=200k, Input t rCl=tICl=20ns, 
unless otherwise specified 

PARAMETER CONDITIONS MIN TVP MAX 

CLOCKED OPERATION 

tPHl or tplH Propagation Delay Time VDD = 5V 200 400 

to a Outputs VDD = 10V 85 170 

VDD = 15V 70 140 

tPHl or tPLH Propagation Delay Time VDD=5V 320 6'10 
to Carry Output VDD = 10V 135 270 

VDD = 15V 110 220 

tpHl or tpLH Propagation Delay Time VDD = 5V. CL= 15pF 285 570 

to Carry Output VDD = 10V. Cl = 15 pF 120 240 

VDD = 15V. Cl = 15 pF 95 190 

tTHl or tTlH Transition Time/a or VDD = 5V 100 200 
Carry Output VDD= 10V 50 100 

VDD= 15V 40 80 

tWH or tWl Minimum Clock Pulse VDD =5V 160 320 
Width VDD = 10V 70 135 

VDD = 15V 55 110 

trCl or tlCl Maximum Clock Rise and VDD = 5V 15 

Fall Time VDD = 10V 10 

VDD = 15V 5 

tsu Minimum Set·Up Time VDD = 5V 180 360 

VDD = 10V 70 140 

VDD = 15V 55 110 

fCl Max imum Clock Frequency VDD = 5V 1.5 3.1 

VDD = 10V 3.7 7.4 

VDD = 15V 4.5 9 

CIN Average Input Capacitance Any Input 5 7.5 

CPD Power Dissipation Capaci- Per Package. (Note 3) 65 
tance 

. PRESET ENABLE OPERATION 

tPHl or tpLH Propagation Delay Time VDD = 5V 285 570 
to a Output VDD = 10V 115 230 

VDD = 15V 95 195 
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AC Electrical Characteristics (Cont'd.) TA ~ 25°C, Cl ~ 50 pF, trCl ~ tfCl ~ 20 ns, unless otherwise specified 

PARAMETER I CONDITIONS I MIN I TYP I MAX I UNITS 

PRESET ENABLE OPERATION (con't) 

tPHL or tPLH Propagation Delay Time VDD = 5V 400 800 ns 

to Carry Output VDD = 10V 165 330 ns 

VDD = 15V 135 260 ns 

tWH Minimum Preset Enable VDD = 5V 80 '160 ns 

Pulse Width VDD = 10V 30 60 ns 

VDD = 15V 25 50 ns 

tREM Minimum Preset Enable VDD = 5V 150 300 ns 

Removal Time VDD = 10V 60 120 ns 

VOD = 15V 50 100 ns 

CARRY INPUT OPERATION 

tpHL or tPLH Propagation Delay Time VDD = 5V 265 530 ns 

to Carry Output VDD = 10V 110 220 ns 

VDD = 15V 90 180 ns 

tPHL, tpLH Propagation Delay Time VDO = 5V. CL = 15 pF 200 400 ns 

to Carry Output VDD = 10V, CL = 15 pF 85 170 ns 

VDO = 15V, CL = 15 pF 70 140 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device 'cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of 
"Electrical Characteristics" provides conditions for actual device operation. 

Note 2: VSS = OV unless otherwise specified. 
Note 3: CPO determines the no load ac power consumption of any CMOS device. For complete explanation, see 54C/74C Family 
Characteristics application note, AN-gO. 

Connection Diagram 

Dual-I n-Line Package 

JAM INPUTS 
BINARY/ 

VDD CLOCK 03 
I 

J3 J2 
, 

[12 UP/DOWN DECADE 

L6 15 14 13 12 11 10 9 

- -

1 2 3 4 5 6 7 

.1
8 

PRESET [14 , J4 Jl I CARRY [11 CARRY VSS 
ENABLE . IN OUT JAM INPUTS 

I TOP VIEW 
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Logic. Waveforms Decade Mode 
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UP/DOWN 

BINARYI 
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PRESET 
ENABLE 
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J2 
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J4 
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03 
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CARRY OUT 

COUNT 

CLOCK 
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Switching Time Waveforms 
Voo ----j-J,=--;;...,{. 

CLOCK 

Vss---""" 
Voo---,----'\ 

PRESET 
ENABLE Vss 

50% 50% 

-~, 'WH--

50" 

Voo--f-----------r---r-----+-----t~--------
JAM 

INPUT 

Vss --+-----------r--' 

Voo--f--------r---r-----. 
BlOOR 

UID vss--j-------J 

~DD 
a OUTPUT 

!iO% 

vss --+--+~"""'--------r--""'O%~I 
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Cascading Packages 

UP/DOWN 

PRESET 
H~ABLE 

CLOCK 

BINAilY 
DECADE 

.,r-" 

Parallel Clocking 

I 1 JAM INPUTS I 1 JAM INPUTS 

I I I I '1 I I I' 
UO PE " J> Jj J' UD PE J1 J1 J3 J. 

tU f--- [:1 

BD eLK 01 02 U3 04 BD eLK III 01 OJ 04 

I II I I I, I I ,I I I I 
OUTPUT) OUTPUTS 

Ripple Clocking 

------------l 

co I---- TONEXT 
STAGE 

UPDOWN-------1~----------------------_.---------------------

PRrSET ------~f--._--------------------__+--._----------------­
~NABlE 

CLOCK -----+--' 
BINARY 
afCADE 

Carry out lines at the 2nd or later stages may have a negative-going spike due to dif­
ferential internal delays_ These spikes do not affect counter operation, but if the carry 
out is used to trigger external circuitry the carry out should be gated with the clock. 
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~National a Semiconductor 

CD4030M/CD4030C Quad EXCLUSIVE-,OR Gate 

General Description 
The EXCLUSIVE-OR gates are monolithic complemen­
tary MOS (CMOS) integrated circuits constructed with 
N-and P-channel enhancement mode transistors. All 
inputs are protected against static discharge with diodes 
to VDD and Vss. 

• Medium speed 
operation 

• High noise Immunity 

Applications 
• Automotive Features 

• Wide supply voltage range 
• Data terminals 

3.0Vto 15V • Instrumentation 
• lowpower 100 nW (typ.) • Medical electronics 

Schematic Diagram 

Connection Diagram 

Voo 

11 10 

TOP VIEW 
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tpHL = tpLH = 40ns (typ.) 
at CL = 15pF, 10V supply 

0.45 Vcc (typ.) 

• Industrial controls 
• Remote metering 
• Computers 



Absolute Maximum Ratings 
Voltage at Any Pin (Note 1) Vss - O.3V to Vss + 15.5V 
Operatin~ Temperature Range 

CD4030M -55°C to +125°C 
CD4030C -40°C to +85°C 

Storage Temperature Range -65°C to +150°C 
Package Dissipation 500mW 
Operating Voo Range Vss + 3.0V to Vss + 15V 
Lead Temperature (Soldering. 10 seconds) 300°C 

DC Electrical Characteristics CD4030M 

LIMITS 

PARAMETER CONDITIONS -ssoc 2Soc 12SoC UNITS 
MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Quiescent Device Voo = 5.0V O.S O.OOS 0.5 30 IJA 
Current (lL) Voo = 10V 1.0 0.01 1.0 60 IJA 

Quiescent Device Dissl- Voo = 5.0V 2.5 0.025 2.5 150 IJW 
pat ion Package (Po) Voo = 10V 10 0.1 10 600 IJW 

Output Voltage Low Voo = S.OV 0.05 0 0.05 0.05 V 

Level (VOL) Voo = 10V 0.05 0 0.05 0.05 V 

Output Voltage High . Voo = 5.0V 4.95 4.95 5.0 4.95 V 
Level (VOH ) Voo = 10V 9.95 9.95 10 9.95 V 

Noise Immunity Voo = 5.0V 1.5 1.5 2.25 1.4 V 
(All Inputsl (VNL ) Voo = 10V 3.0 3.0 4.5 2.9 V 

Noise Immunity Voo = 5.0V 1.4 1.5 2.25 1.5 V 
(All Inputs)(VNH I Voo = 10V 2.9 3.0 4.5 3.0 V 

Output Drive Current Voo = 5.0V 0.75 0.6 1.2 0.45 mA 

N·Channel (loNI Voo = 10V 1.5 1.2 2.4 0.9 mA 

Output Drive Current Voo = 5.0V -0.45 -0.3 -0.6 -0.21 mA 

P-Channel (10 PI Voo = 10V -0.95 -0.65 -1.3 -0.45 mA 

Input Current (1,1 V, =OVorV, =Voo 10 pA 

DC Electrical Characteristics CD4030C 

LIMITS 

PARAMETER CONDITIONS -40°C 25°C 85°C UNITS 

MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Quiescent Device Voo = 5.0V 5.0 0.05 5.0 70 IJA 
Current (lL I Voo = 10V 10 0.1 10 140 IJA 

Quiescent Device Dissi- Voo = 5.0V 25 0.25 25 350 IJW 
pation Pack_ge (Po) Voo = 10V 100 1.0 100 1.400 IJW 

Output Voltage Low Voo = 5.0V 0.05 a 0.05 0.05 V 
Level (VoLI Voo = 10V 0_05 a 0.05 0.05 V 

Output Voltage High Voo = 5.0V 4.95 4.95 5.0 4.95 V 
Level (VoHI Voo = 10V 9_95 9.95 10 9.95 V 

Noise Immunity Voo ~ 5.0V 1.5 1.5 2.25 1.4 V 
(All Inputs)(VNL ) Voo = 10V 3.0 3.0 4.5 2.9 V 

Noise Immunity Voo = 5.0V 1.4 1.5 2.25 1.5 . V 
(All I nputs) (V NH I Voo = 10V 2_9 3.0 4.5 3.0 V 

Output Drive Current Voo = 5.0 0.35 0.3 1.2 0.25 mA 
N-Channel (IoN) Voo = 10V 0.7 0.6 2.4 0.5 mA 

Output Drive Current Voo = 5.0V -0.21 -0.15 -0.6 -0.12 mA 
P-Channel (loP) Voo = 10V -0.45 -0.32 -1.3 -0.25 mA 

Input Current (I,) V, =OVorV, =Voo 10 pA 

Note 1: This device should not be connected to circuits with power on because high transient voltages may cause permanent 
damage. 
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. AC Electrical Characteristics CD4030M 

PARAMETER CONDITIONS 

Propagation Delay Time (tPHd Voo '" 5.0V 
Voo := 10V 

Propagation Delay Time (tPLH) Voo '" 5.0V 
Voo '" 10V 

Transition Time High to Low Voo '" 5.0V 
Level (tTHL ) Voo '" 10V 

Transition Time Low to High Voo = 5.0V 
Level (tTLH) Voo = 10V 

Input Capacitance (CI ) V I = OV or V I = V DO 

AC Electrical Characteristics CD4030C 

PARAMETER CONDITIONS 

Propagation Delay Time (tPHd Voo '" 5.0V 
Voo '" 10V 

Propagation Delay Time (tPLH) Voo = 5.0V 
Voo '" 10V 

Transition Time High to Low Voo = 5.0V 
Level (tTHd Voo = 10V 

Transition Time Low to High Voo = 5.0V 
Level (tTLH) Voo = 10V 

Input Capacitance (CI ) VI =OVorVI "'Voo 

Truth Table (For One of Four Identical Gates) 

A B J 

0 0 0 

1 0 1 

0 1 1 

1 1 0 

Where: "1" = High Level 
"0" = Low Level 

, 

5-100 

LIMITS 
UNITS 

MIN TYP MAX 

100 200 ns 
40 100 ns 

100 200 ns 
40 100 ns 

70 150 ns 
25 75 ns 

80 150 ns 
30 75 ns 

5.0 pF 

LIMITS 

MIN 
UNITS 

TYP MAX 

100 300 ns 
40 150 ns 

100 300 ns 
40 150 ns 

70 300 ns 
25 150 ns 

80 300 ns 
30 150 ns 

5.0 pF 



~National . 
~ Semiconductor 

CD4031 BM/CD4031 BC 64-Stage Static Shift Register 

General Description 
The CD4031BM/CD4031BC is an integrated, complemen­
tary MOS (CMOS), 64-stage, fully static shift register. Two 
data inputs, DATA IN and RECIRCULATE IN, and a MODE 
CONTROL input are provided. Data at the DATA input 
(when MODE CONTROL is low) or data at the RECIRCU­
LATE input (when MODE CONTROL is high), which meets 
the setup and hold time requirements, is entered into 
the first stage of the register and is shifted one stage at 
each positive transition of the CLOCK. 

Features 
• Wide supply voltage range 

.• High noise immunity 

• Low power TTL 
compatibility 

• Fully static operation 

• Fully buffered clock input 

3.0V to 15V 

0.45 VDD (typ.) 

fan out of 2 driving 74L 
or 1 driving 74LS 

DCt08MHz 
VDD = 10V (typ.) 

5pF(typ.) 
input capacitance Data output is available in both true and complement 

forms from the 64th stage. Both the DATA OUT (0) and 
DATA OUT (0) outputs are fully buffered. 

• Single phase clocking requirements 

The CLOCK input of the CD4031BM/CD4031BC is fully 
buffered, and present only a standard input load capaci­
tance. However, a DELAYED CLOCK OUTPUT (CLD) has 
been provided to allow reduced clock drive fan-out and 
transition time requirements when cascading packages. 

• Delayed clock output for reduced clock drive require­
ments 

• Fully buffered outputs 

• High current sinking capability 
Ooutput 

1.6mk 
@ VDD = 5 V and 25°C 

Logic and Connection Diagrams 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

Voo Supply Voltage -0.5Vto+18V Voo Supply Voltage 
V IN Input Voltage -0.5 V to Voo + 0.5 V V IN Input Voltage 

Ts Storage Temperatu~e Range _65°C to +150°C TA Operating Temperature Range 

Po Package Dissipation 500mW 

h Lead Temperature (Soldering, 10 seconds) 300°C 

DC Electrical Characteristics (Note 2) CD4031BM 

PARAMETER CONOITIONS 

'100 Quiescent D~vice Current VOO = 5 V 
Voo = 10V 
Voo= 15V 

VOL Low Level Output Voltage VOO=5V} 
Voo = 10V VIH = Voo, VIL = OV,IIol < 1 pA 
Voo = 15V 

VOH High Level Output Voltage VOO =5V} . 
Voo = 10V VIH = Voo, VIL = OV, ilol < 1 pA 
Voo = 15V 

VIL Low Level Input Voltage Voo=5V, Vo=0.5Vor4.5V } 
Voo = 10V, Vo = 1.0V or 9.0V 1101 < 1 pA 
VOD= 15V, Vo= 1.5Vor 13.5V 

VIH High Level Input Voltage Voo=5V, Vo=0.5Vor4.5V } 
Voo = 10V, Vo = 1.0V or 9.0V 1101 < 1 pA 
Voo = 15V, Vo = 1.5V or 13.5V 

10L Low Level Output Current, Voo=5V, Vo=O.4V 
QOutput Voo=10V,Vo =0.5V }VIH = Voo 

Voo= 15V, Vo= 1.5 V 
VIL = OV 

10L !:.ow Level Output Current, Voo=5V, Vo = 0.4 V 
Q and CLo Outputs Voo = 10V, Vo = 0.5 V }VIH = Voo 

Voo =15V,Vo=1.5V 
VIL = OV 

10H High Level Output Current, Voo=5V, Vo=4.6V } 
All Outputs _ _ VIH = Voo 

Voo-l0V,Vo-9.5V VIL=OV 
Voo=15V,Vo=13.5V . , 

liN Input Current Voo=15V,V IN =OV 
Voo=15V,VIN=15V 

Truth Tables 

MODE CONTROL (data selection) 

MODE DATA RECIRCULATE 
CONTROL IN IN 

o 0 X 

o x 
X o 
X 

DATA INTO 
FIRST STAGE 

o 

o 

x = irrelevant 
NC = no change 

CD4031BM 
CD4031BC 

_55°C 

MIN MAX MIN 

5 
10 
20 

0.05 
0.05 
0.05 

4.95 4.95 
9.95 9.95 
14.95 14.95 

1.5 
3.0 
4.0 

3.5 3.5 
7.0 7.0 
11.0 11.0 

2.3 1.9 
5.1 4.2 
10.5 ,8.8 

0.64 0.51 
1.6 , 1.3 
4.2 3.4 

-0.64 -0.51 
-1.6 -1.3 
-4.2 -3.4 

-0.1 
0.1 

EACH STAGE 

o 

X 

~= Low to High level transition 
~= High to Low level transition 

5-102 

+25°C 

TYP MAX 

0.01 5 
0.01 10 
0.02 20 

0 0.05 
0 0.05 
0 0.05 

5 
10 
15 

2.25 1.5 
4.5 3.0 
6.75 4.0 

2.75 
5.5 
8.25 

3.8 
8.4 
17 

0.88 
2.25 
8.8 

-O.BB 
-2.25 , 
-B.8 

":10.5 -0.1 
10.5 0.1 

CL 

+3 V to +15V 

OV to VDO 

_55°C to +125°C 
_40°C to +85°C 

+125°C 

M,IN MAX 
UNITS 

150 pA 
300 pA 
600 pA 

0.05 V 
0.05 V 
0.05 V 

4.95 V 
9.95 V 
14.95 V 

1.5 V 
3.0 V 
4.0 V 

3.5 V 
7.0 V 
11.0 V 

1.3 rnA 
2.8 rnA 
6.1 rnA 

0.36 rnA 
0.9 rnA 
2.4 rnA 

-0.36 rnA 
-0.9 rnA 
-2.4 rnA 

-1.0 pA 
1.0 pA 

o 

NC 



DC Electrical Characteristics (Note 2) CD4031BC 

-40°C +25°C +85°C 
PARAMETER CONDITIONS 

MIN MAX MIN TYP MAX MIN 

IDD Quiescent Device Current VDD = 5V 20 0.01 20 
VDD=10V 40 0.01 40 
VDD =15V 80 0.02 80 

VOL Low Level Output Voltage V DD =5V} 0.05 0 0.05 
VDD = 10V VIH = V DD, VIL = OV,IIol < lilA 0.05 0 0.05 
V DD =15V 0.05 0 0.05 

VOH High Level Output Voltage VOO=5V} 4.95 4.95 5 4.95 
VOO = 10V VIH = VOO, VIL = OV,IIol < lilA 9.95 9.95 10 9.95 
VoD = 15V 14.95 14.95 15 14.9E 

VIL Low Level Input Voltage VoD =5V, Vo=0.5Vor4.5V } 1.5 2.25 1.5 
VOO = 10V, Vo = 1.0V or 9.0V 1101< lilA 3.0 4.5 3.0 
VOD = 15V, VO= 1.5 V or 13.5V 4.0 6.75 A.O 

V IH High Level Input Voltage V OD =5V, Vo =0.5vor4.5V} 3.5 3.5 2.75 3.5 
VOO = 10V, Vo = 1.0V or 9.0V 1101 < lilA 7.0 7.0 5.5 7.0 
VOO", 15V, Vo = 1.5V or 13.5V 11.0 11.0 8.25 11.0 

10L Low Level Output Current, VDD =5V, vO=O.4V}v =V 1.8 1.6 3.8 1.3 
Q Output Voo=10V,Vo=0.5V IH_ 00 4.0 3.5 B.4 2.B VIL - OV 

B.7 7.5 17 6.1 VoD = 15V, VO= 1.5V 

10L ","ow Level Output Current, V oD =5V, v o =O.4V} 0.52 0.44 O.BB 0.36 
Q and CLD Outputs _ _ VIH = VOD 1.3 1.1 2.25 0.9 VoD-l0V,Vo-0.5V VIL=OV 

VOD=15V,Vo=1.5V 3.6 3.0 B.B 2.4 

10H High Level Output Current, Voo=5V, VO =4.6V} -0.52 -0.44 -O.BB -0.36 
All Outputs _ _ VIH = VDD -1.3 -1.1 -2.25 -0.9 VoD -l0V,Vo-9.5V VIL=OV 

V OD = 15V, Vo = 13.5V -3.6 -3.0 -B.B -2.4 

liN Input Current Voo =15V,V IN =OV -0.3 _10-5 -0.3 
VoD =15V,VIN=15V 0.3 10-5 0.3 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to imply that the devices should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical 

Characteristics" provide conditions for actual device operation. 

Note 2: VSS = 0 V unless otherwise specified. 

Switching Time Waveforms 
Voo 

MODE 
CONTROL o __________________________ ~ 

ClOCKJN o ____ ~~1 

Voo 

DATA IN 
o 

VDO 

RECIRCULATE 
IN 

o------~----+-----+_------------~ 

Voo-----+>.-I 
DATA OUT (0) 

Voo 

DATAOUT!1l1 
0---# 

Voo 
DELAYED 

CLOCK OUT 
(CLa) 

0---:--"'"'1 
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MAX 

150 
300 
600 
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0.05 
0.05 

1.5 
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-1.0 
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IlA 

V 
V 
V 

V 
V 
V 

V 
V 
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AC Electrical Characteristics TA=25°C, CL=50pF, RL=200k, Input tr =tf=20ns, 
unless otherwise specified 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tPHL, tPLH Propagation DelaY,Time, Clock to Q and Q Vee: 5V 300 600 ns 
Vee: 10V 125 250 ns 
Vee: 15V 100 200 ns 

tpHL, tpLH Propagation Delay Time, Clock to CL D Vee: 5V 125 250 ns 
Vee: 10V 60 125 ns 
Vee =;,15V 50 100 ns 

tTHL, tTLH Output Transition Time, All Outputs Vee: 5V 100 200 ns 
Vee: 10V 50 100 ns 
Vee: 15V 40 80 ns 

tsuo Minimum Data Setup Time, DATA IN or Vee: 5V 100 200 ns 
tSUl RECIRCULATE IN to Clock Vee: 10V 50 100 ns 

Vee: 15V 40 80 ns 

tHo Minimum Data Hold Time, Clock to DATA IN Vee: 5 V 100 200 ' ns 
tHl or RECIRCULATE IN Vee: 10V 50 100 ns 

Vee: 15V 40 80 ns 

tWL, tWH Minimum Clock Pulse Width Vee: 5V 150 300 ns 
Vee: 10V 60 125 ns 
Vee: 15V 50 100 ns , 

feL Maximum Clock Frequency Vee: 5 V 1.6 3.2 MHz 
Vee: 10V 4.0 8.0 MHz 
Vee=15V 5.0 10 MHz 

tRCL,tFCL Maximum Clock Input Rise and Fall Times Vee = 5V 15 flS 
(Note 3) Vee= 10V 10 flS 

Vee= 15V 5 flS 

CIN I nput Capacitance Any Input 5 7.5 pF 

Note 3: When clocking cascaded packages in parallel, one should insu,'e that: tr eL'; 2ltPD -tH) where: tPD = the propagation delay 
of the driving stage and tH = the hold time of the driven stage, 

Block Diagram 
cascading packages using DELAYED CLOCK leLD) output 

15 6 15 
DATA IN - DATA IN DATA OUT (01 DATA IN f-- DATA OUT 

1 1 .8 RECIRCULATE IN RECIRCULATE IN 

10 B MODE CONTROL MODE CONTROL 

2 
DELAYED l ":' [CLOCK IN ":,r- CLOCK IN CLOCK OUT (eLa) 

CLOCK 
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~National 
~ Semiconductor 

CD4034BM/CD4034BC 8-State TRI-STATE® Bidirectional 
Parallel/Serial Input/Output Bus Register 

General Description 
The CD4034BM/CD4034BC is an 8·bit CMOS static shift 
register with two parallel bidirectional data ports (A and 
B) which, when combined with serial shifting operations, 
can be used to (1) bidirectionally transfer parallel data 
between two buses, (2) convert serial data to parallel form 
and direct them to either of two buses, (3) store (reclrcu· 
late) parallel data, or (4) accept parallel data from either 
of two buses and convert them to serial form. These 
operations are controlled by five control inputs: 

A ENABLE (AE): "A" data port is enabled only when 
AE is at logical "1". This allows the use of a common 
bus for multiple packages. 

A·BUS·TO·B·BUS/B·BUS·TO·A·BUS (AlB): This input 
controls the direction of data flow. When at logical "1", 
data flows from port A to B (Ais input, B is output). 
When at logical "0", the data flow direction is reo 
versed. 

ASYNCHRONOUS/SYNCHRONOUS (A/S): When A/S 
is at logical "0", data transfer occurs at positive 
transition of the CLOCK. When A/S is at logical "1", 
data transfer is independent of the CLOCK for parallel· 
operation. In serial mode, A/S input is internally dis· 
abled such that operation is always synchronous. 
(Asynchronous serial operation is not possible.) 

PARALLEL/SERIAL (PIS): A logical "1" PIS input 
allows data transfer into the registers via A or B port 
(synchronous if A/S = logical "0", asynchronous if A/S 
= logical "1"). A logical "0" PIS allows serial data to 
transfer into the register synchronously with the posi· 
tive transition of the CLOCK, independent of the A/S 
input. 

CLOCK: Single phase, enabled only in synchronous 
mode. (Either PIS = logical "1" and A/S = logical "0" 
or PIS = logical "0". 

Connection Diagram 

VOO A8 A7 A6 A5 

B8 87 86 85 84 

All register stages are D·type master·slave flip·flops with 
separate master and slave clock inputs generated inter· 
nall·y to allow synchronous or asynchronous data trans· 
fer from master to slave. 

All inputs are protected against damage due to static 
discharge by diode clamps to Voo and Vss. 

Features 
• Wide supply voltage range 

• High noise immunity 

• Low power TTL 
compatibility 

• RCA CD4034B second source 

Applicati~ns 

• Parallel Input/Parallel Output 
Parallel Input/Serial Output 
Serial Input/Parallel Output 

3.0to 18V 

0.45 Voo (typ.) 

fan out of 2 driving 74L 
or 1 driving 74LS 

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 lines at 
bus side 

• Double bus register system 

• Up·down Johnson or ring counter 

• Pseudo·random code generators 

• Sample and hold register (storge, counting, display) 

• Frequency and phase comparator 

A4 A3 

83 82 

A2 

81 

A 1 CLOCK AIS PIS 

AE SERIAL AlB VSS 
OATICI 
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0 m Absolute Maximum Ratings Recommended Operating Conditions 
~ 
('I) (Notes 1 and 2) (Note 2) 
0 Voo DC Supply Voltage -0.5 Voc to +18 Voc Voo DC Supply Voltage +3 Voc to +15 Voc ~ 
C VIN Input Voltage -0.5 VOC to VOO + 0.5 Voc VIN Input Voltage OVoc to Voo Voc 
0 Ts Storage Temperature Range _65°C to +150°C TA Operating Temperature Range - Po Package Dissipation 500mW CD4034BM -55°C to +125°C 
:E TL Lead. Temperatu re 300°C CD4034BC _40°C to +85°C m 
~ 

(Soldering, 10 seconds) 
('I) 

~ , 
c DC Electrical Characteristics CD4034BM (Note 2) 

, 

0 

PARAMETER CONDITIONS 
_55°C 

MIN MAX MIN 

+25°C +125°C 
UNITS 

TYP MAX MIN MAX 

100 Quiescent Device Current Voo = 5V 5 5 150 j1A 
Voo=10V 10 10 300 j1A 
Voo = 15V 20 20 600 j1A 

VOL Low Level Output Voltage Voo = 5V 0.05 0.05 0.05 V 
Voo= 10V 0.05 0.05 0.05 V 
Voo = 15V 0.05 0.05 0.05 V 

VOH High Level Output Voltage. Voo= 5V 4.95 4.95 4.95 V 
Voo=10V 9.95 9.95 9.95 V 
Voo = 15V 14.95 14.95 14.95 V 

VIL Low Level Input Voltage Voo=5V, Vo=0.5Vor4.5V 1.5 1.5 1.5 V 
Voo = 10V, Vo = 1.0 V or 9.0V 3.0 3.0 3.0 V 
Voo= 15V, VO= 1.5Vor 13.5V 4.0 4.0 4.0 V 

VIH High Level Input Voltage Voo=5V, Vo=0.5Vor4.5V 3.5 3.5 3.5 V 
Voo = 10V, Vo = 1.0V or 9.0V 7.0 7.0 7.0 V 
Voo= l~V, VO= 1.5Vor 13.5V 11.0 11.0 11.0 V 

IOL Low Level Output Current Voo= 5V, Vo = 0.4 V 0.64 0.51 0.36 mA 
Voo=10V,VO=0.5V 1.6 1.3 0.9 mA 
Voo= 15V, Vo= 1.5V 4.2 3.4 2.4 mA 

IOH High Level Output Current Voo = 5V, Vo =4.6V -0.64 -0.51 -0.36 mA 
Voo =10V,VO=9.5V -1.6 -1.3 -0.9 mA 
Voo =15V,VO=13.5V -4.2 -3.4 -2.4 mA 

liN Input Current Voo = 15V, VIN = OV -0.1 -0.1 -10-5 -1.0 j1A 
Voo=15V,VIN=15V 0.1 10.5 0.1 1.0 j1A 

Tri·State Leakage Current Voo=15V,Vo=OV -0.1 -0.1 -10.5 -1.0 j1A 
IOZ V 00 = 15 V, V 0 = 15 V 0.1 10.5 0.1 1.0 j1A 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to imply that the devices sh·ould be operated at these limits. The table of "Electrical 
Characteristics~' provides conditions for actual device operation. ' 
Note 2: VSS = 0 V unless otherwise specified. 

Logic Diagram 
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DC Electrical Characteristics CD4034BC (Note 2) 

_40°C +2S0C +8SoC 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current Voo = 5V 20 20 150 I1A 
Voo = 10V 40 40 300 I1A 
Voo= 15V 80 80 600 p.A 

VOL Low Level Output Voltage Voo=5V 0.05 0.05 0.05 V 
Voo=10V 0.05 0.05 0.05 V 
Voo = 15V 0.05 0.05 0.05 V 

VOH High Level Output Voltage Voo=5V 4.95 4.95 4.95 V 
Voo=10V 9.95 9.95 9.95 V 
Voo = 15V 14.95 14.95 14.95 V 

, 

VIL Low Level Input Voltage Voo = 5V, Vo = 0.5Vor4.5V 1.5 1.5 1.5 V 
Voo = 10V, Vo = 1.0V or 9.0V 3.0 3.0 3.0 V 
Voo = 15V, Vo = 1.5V or 13.5V 4.0 4.0 4.0 V 

VIH High Level Input Voltage Voo=5V, Vo = 0.5Vor4.5V 3.5 3.5 3.5 V 
Voo = 10V, Vo = 1.0V or 9.0V 7.0 7.0 7.0 V 
Voo = 15V, Vo = 1.5V or 13.5V 11.0 11.0 11.0 V 

IOL Low Level Output Current Voo= 5V, Vo=O.4V 0.52 0.44 0.36 rnA 
Voo =10V,Vo=0.5V 1.3 1.1 0.9 rnA 
Voo=15V,Vo=1.5V 3.6 3.0 2.4 rnA 

IOH High Level Output Current Voo=5V, Vo = 4.6V -0.52 -0.44 -0.36 rnA 
Voo = 10V, Vo = 9.5V -1.3 -1.1 -0:9 rnA 
Voo= 15V, Vo= 13.5V -3.6 -3.0 -2.4 rnA 

liN Input Current Voo=15V,VIN=OV -0.3 -0.3 _10-5 -1.0 /1A 
Voo = 15V, VIN = 15V 0.3 10-5 0.3 1.0 1111 

Tri-State Leakage Current Voo = 15V, Vo = OV -0.3 -0.3 _10-5 -1_0 /1A 
loz Voo= 15V, Vo= 15V 0.3 10-5 0.3 1.0 I1A 

AC Electrical Characteristics TA=25°C, CL=50pF, RL=200k, Input t r =tf=20ns, 

unless otherwise specified 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpHL, tpLH Propagation Delay Time, A(B) Voo=5V 280 700 ns 
Synchronous Parallel Data or Serial Voo = 10V 120 270 ns 
Data Input, B(A) Parallel Data Voo=15V 85 190 ns 
Output 

tpHL, tPLH Propagation Delay Time, A(B) Voo = 5V 280 700 ns 
A(B) Asynchronous Parallel Data Voo = 10V 120 270 ns 
Input, B(A) Parallel Data Output Voo=15V 85 190 ns 

tpHz, tpLz Propagation Delay Time from AlB Voo=5V, RL = 1.0Kr2 95 220 ns 
or AE to High Impedance State at A Voo = 10V, RL = 1.0Kr2 60 130 ns 
Outputs or from AlB to High V oo =15V,R L = 1.0Kr2 45 100 ns 
I mpedance State at B Outputs 

tpZH, tpZL Propagation Delay Time from AlB Voo = 5V, RL = 1.0Kr2 180 480 ns 
or AE to Logical "1" or Logical "0" Voo = 10V, RL = 1.0Kr2 75 190 ns 
State at A Outputs or from AlB to V oo =15V,R L = 1.0Kr2 55 140 ns 
Logical "1" or Logical "0" State at 
B Outputs 

tTHL, tTLH Output Transition Time Voo = 5 V 100 200 ns 

Voo = 10V 50 100 ns 
Voo=15V 40 80 ns 

fCL Maximum Clock Input Frequency Voo = 5V 2 4 MHz 
Voo = 10V 5 10 MHz 

Voo=15V 7 14 MHz 

tWL, tWH Minimum Clock Pulse Width' Voo = 5 V 125 250 ns 
Voo = 10V 50 100 ns 
Voo=15V 35 70 ns 
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AC Electrical Characteristics (Cont'd.) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tRCL, tFCL Maximum Clock Rise & Fall Time Voo = 5V 15 /J.s 
Voo = 10V 15 /J.s 
Voo = 15V 15 /J.s 

tsu Parallel (A or B) and Serial Data Voo = 5V 25 70 ns 
Setup Time Voo = 10V 10 30 ns 

Voo=15V 7 20 ns 

tsu Control Inputs AE, AlB, PIS, AIS Voo = 5 V 110 280 ns 
Setup Time Voo = 10V 35 100 ns 

Voo=15V 20 60 ns 

tWH Minimum High Level AE. AlB. PIS, Voo = 5 V 160 400 ns 
AlS Pulse Width Voo = 10V 70 160 ns 

Voo = 15V 40 90 ns 

CIN Average Input Capacitance A and B Data 1/0 and AlB Control 7 15 pF 
Input 
Any Other Input 5 7.5 pF 

CPO Power Dissipation Capa~itance (Note 3) 155 pF 

Note 3: CpO determines the no·load power consumption of any CMOS device. For complete explanation see 54Cf74C Family Character. 
istics application note. AN-gO. 

Schematic Diagram 
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Switching Time Waveforms and Test Circuits 
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A ENABLE 
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n ~ __________________ r-unL. 

BB I I 
I-B DATA LINES ARE OUTPUTS_I_I 

A DATA 
LINES ARE 
OUTPUTS 

}---.... -_ OUTPUT 

AE,A/B 

Voo 

}---+---OUTPUT 

AE,A/B _ h~liN:Jt 
LOGIC 

~r===-_____ 90% 
----- 50% 
-----10% 

voo----H 

tr,CL '" tf,CL = 20n5 

Synchronous Operation 

VOO 'A'OR'ii'SO% -.,-------,., 
DATA o INPUTS 

VOO"OIFIiiiTr.r-­
DATA 

o OUTPUTS 

Asynchronous Operation 
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Applications 
VDD VDD 

H 
AE AE 

A·PARALLEL A·PARALLEL 
SERIAL SI 

DATA 
SI DATA 

DATA 
VDD 

VDD AlB AlB 
CD40J4B CD40J4B 

AIS AIS 

CL 'CL 
B·PARALLEL B·PARALLEL 

DATA DATA 
PIS PIS 

SERIAL SERIAL 
DATA DATA 

PIS - ..... +--.... ----------.....;.-.....,I--.... -----------II~ 
AlS.-~r-------------------------~+---------------------~ 
CL_--4---------------~~-----------~ 

16·8it parallel in/parallel out,parallel in/ 
serial out. serial in/parallel out, serial in! 
serial out register. 

"A"ENABLE .... - ..... _________________ , 

AE 

SERIAL 81 DATA 

AlB 

CL 
"::" 

AlB 

CL 

f'_-..... --I-, 

AE 
"A" PARALLEL 

DATA .----ISI 

CD40J4S 

"B" PARALLEL 
DATA 

SERIAL 
DATA 

16·8it serial in/gated parallel out register. 

VDD 

81 

AlB 

AIS 

J>o-!--.. CL 

"A" PARALLEL 
DATA 

CD40J4B 

"s" PARALLEL 
DATA 

CD40J4B 

SERIAL 
DATA 

BDATA 2... 

VDD 
'------------__ OUTPUT 

Frequency and Phase Comparator 
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Applications (Cont'd.) 

12 -------, r-----, 

CLOCK 

PIS -----..... 

OUTPUT -------------, 
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~WHEN 11""12. tw IS PROPORTIONAL TO THE PHASE OF I, WITH RESPECT TO 12 

SHIFT LEFT OUTPUT 

'"A· • ENABLE -
~ 

lIE 
PIS 

FT LEFTI - ··A··PARALLELOATA -I - '"A·· PARALLEL DATA SHI 
SHIF T RIGHT 

rtrtrt1rtrtfi r1rt4rt4rt 
SHIFT RIG HT - pop-

T RIGHT AlE 1 
INPUT 
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CLOCK 
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-!- .. RALLEL 
ENTRY 

AlSPA 

AlEl~ A·PARALLEL DATA 

~SI 

VD~.c 
PIS 

REG.3 
CD4034B 

AlS 

-CL 
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B AE 1 
_ SI 

i....:- PIS 

r--- AIS 

_CL 

8 AlB 1 
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_8 AlB 1....--
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A·PARALLEL DATA - 8 

REG.4 
CD4034B 

B PARALLEL DATA _ 8 
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-~~4 G.2 
034B 

SHIFT L EFT· 
~UT 

AIS 
C 
A 
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A "High" ("Low") on the Shift Left/Shift Right input 
allows serial data on the Shift Left Input (Shift Right 
I nput) 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 Registers 1 and 2 
and enables the "A" data lines on Registers 3 and 4 

• Shift left input must be disabled during parallel entry. 

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. 

When parallel inputs are not used Registers 3 and 4 and 
associated logic are not required . 

Shift Right/Shift Left with Parallel Inputs 
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Truth Table 
"A" ENABLE PIS AlB AIS MODE OPERATION* 

0 0 0 X Serial Synchronous Serial data input, A- and B-Parallel data outputs ·disabled. 

0 0 1 X Serial Synchronous Serial data input, B-Parallel data output. 

0 1 0 0 Parallel B Synchronous Parallel data inputs, A-Parallel data outputs disabled. 

0 1 0 1 Parallel B Asynchronous Parallel data inguts, A-Parallel data.outputs disabled. 

0 1 1 0 Parallel A-Parallel data inputs disabled, B-Parallel data outputs, synchronous data recirculation. 

0 1 1 1 Parallel A-Parallel data inputs disabled, B-Parallel data outputs, asynchronous data recirculation. 

1 0 0 X Serial Synchronous Serial data input, A-Parallel data output. 

1 0 1 X Serial Synchronous Serial data input, B-Parallel data output. 
-~--~--

1 1 0 0 Parallel B Synchronous Parallel data input, A-Parallel data output. 

1 1 0 1 Parallel B Asynchronous Parallel data input, A-Parallel data output. 

1 1 1 0 Parallel A Synchronous Parallel data input, B-Parallel data output. 

1 1 1 1 Parallel A Asynchronous Parallel data input, B-Parallel data output. 

X = Don't Care 

* For synchronous operation (serial mode or when A/S = 0 in parallel mode), outputs change state at positive tra~sition of the clock. 
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~National 
~ Semiconductor 

CD4035BM/CD4035BC 4-Bit Paraliel-ln/Paraliel-Out 
Shift Register 

General Description 
The CD4035B 4-bit parallel-in/parallel-out shift register 
is a monlithic complementary MOS (CMOS) integrated 
circuit constructed with P- and N-channel enhancement 
mode transistors. This shift register is a 4-stage clocked 
serial register having provisions for synchronous parallel 
inputs to each stage and serial inputs to th~ first stage 
via JR 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 low). 

Parallel entry via the "D" line of each register stage is 
permitted only when the parallel/serial control is "high". 

In the parallel or serial mode, information is transferred 
on positive clock transitions. 

Whem the true/complement control is "high", the true 
contents of the register are available at the output ter­
minals. 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 respect to the clock signal. 

JK input logic is provided on the first stage serial input to 
minimize logic requirements particularly in counting and 
sequence-generation applications. With JK inputs con­
nected together, the first stage becomes a "D" flip-flop. 
An asynchronous common reset is also provided. 

Logic Diagram 
PARAllEL 
INPUT -1 

9 

Features 
• Wide supply voltage range 3.0Vto 15V 

0.45 Voo (typ.) • High noise immunity 

• Low power TTL 
compatibility 

fan out of 2 driving 74L 
or 1 driving 74LS 

• 4-stage clocked operation 

• Synchronous parallel entry on all 4 stages 

• JR inputs on first stage 

• Asynchronous true/complement control on all outputs 

• Reset Control 

• Static flip-flop operation; master/slave configuration 

• Buffered outputs 

• Low power dissipation 

• High speed 

Applications 
• Automotive 

• Data terminals 

• Instrumentation 

• Medical electronics 

511W (typ.) (ceramicl. 

t05MHz 

• Alarm systems 

• Industrial controls 

• Remote metering 

• Computers 

PARALLEL 7 
SERIAL 6----{:>O--+t-n--t---+t-n--t---+t-n--t---+t-"tT---, 

CONTROL (P/SI 

JO'--I-dw 

ClOCK06----D>o-----.......... ~+--___1I_--~+--___1I_-.......... ~+--___1I_---' 
5 

RESETc>-----l 

TRUE/CO~~~i 0.' __ .......... ,1") __________ ..-1 _______ ..-1 _______ ..-1 ______ ---, 

PIS =,0= serial mode 

T/C =1 = true outputs 

*TG = transmission gate 

? 
01 

Input to output is: 

a) A bidirectional low impedance when control mput 1 is low 
and control input 2 is high. 

9., 
Q3 

b) An open circuit when control input 1 is high and control input 2 is low. 
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Absolute Maximum Ratings (Notes 1 and 2) Operating Conditions (Note 2) 
voo dc Supply Voltage -0.5 to +18V voo dc Supply Voltage 3 to 15V 
VIN Input Voltage -0.5 to Voo + 0.5V VIN Input Voltage OtoVOOV 
T S Storage Temperatura Range ~s"Cto+150°C T A Operating Temperature Range 
Po Package Dissipation 500mW C040358M -55°C to +125°C 
T L Lead Temperature (Soldering, 10 seconds) 300°C C040358C -40°C to +85°C 

DC Electrical Characteristics CD4035BM (Note 2) 

-5SoC 25°C 12SoC 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO = SV S 0.3 S 150 IlA 
VOO= 10V 10 O.S 10 300 IlA 
VOO = ISV 20 1.0 20 600 IlA 

VOL Low Level Output Voltage 1101<1.0IlA 

VOO = 5V 0.05 0 O.OS O.OS V 

VOO= 10V 0.05 0 O.OS O.OS V 

VOO= ISV .0.05 0 O.OS O.OS V 

VOH High Level Output Voltage 110 I < 1.0llA 
\ VOO = 5V 4.95 4.95 S 4.95 V 

VOO = 10V 9.95 9.9S 10 9.95 V 

VOO= 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage 1101 < 1.0llA 

VOO = 5V. Vo = 0.5V or 4.5V 1.S 1.5 1.5 V 

VOO = 10V. Vo = 1.0V or 9.0V 3.0 3.0 3.0 V 

VOO = 15V. Vo = 1.5V or 13.SV 4.0 4.0 4.0 V 

VIH High Level Input Voltage 1101 < 1.0 IlA 

VOO = SV. Vo = 0.5V or 4.SV 3.5 3.5 3.5 V 

VOO= 10V. Vo = 1.0V or 9.0V 7.0 7.0 7.0 V 

VOO = 15V. Vo = 1.5V or 13.5V 11.0 11.0 11.0 V 

IOL Low Level Output Current VOO = 5V. Vo = 0.4V 0.64 O.Sl 0.88 0.36 rnA 

VOO = 10V. Vo = 0.5V 1.6 1.3 2.25 0.9 rnA 

VOO= 15V. Vo = 1.5V 4.2 3.4 8.8 2.4 rnA 

IOH High Level Output Current VOO= 5V. Vo = 4.6V -0.25 -0.2 0.36 -0.14 rnA 

VOO= 10V. VO=9.5V -0.62 -0.5 0.9 -0.35 rnA 

VOO= ISV. VO= 13.5V -1.8 -1.5 -3.5 -1.1 rnA 

liN Input Current VOO.= 15V. VIN =OV -0.1 -10-5 -0.1 -1.0 IlA 

VOO= 15V. VIN = 15V 0.1 10-5 0.1 1.0 IlA 

DC Electrical Characteristics CD4035BC (Note 2) / 

-40°C 25°C 8SoC . 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO= 5V 20 0.5 20 150 IlA 

VOO= 10V 40 1.0 40 300 IlA 
VOO = 15V 80 5.0 80 600 IlA 

VOL Low Level Output Voltage 1101< lilA 

VOO = 5V 0.05 0 0.05 0.05 V 

VOO= 10V O.OS 0 0.05 O.OS V 

VOO = 15V O.OS 0 0.05 0.05 V 

VOH High Level Output Voltage 1I01<11lA 

VOO= SV 4.95 4.95 5 4.9S V 

VOO = 10V 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15~ 14.9S V 

VIL Low Level Input Voltage 1101< IlIA 

VOO= SV. Vo = 0.5V or 4.5V loS 1.5· loS V 

VOO= 10V. Vo = 1.0V or 9.0V 3.0 3.0 3.0 V 

VOO= lSV. Vo = 1.5V or 13.SV 4.0 4.0 4.0 V 

VIH High Level Input Voltage 1101<IIlA 

VOO= SV. Vo = O.SV or 4.5V 3.S 3.5 3.5 V 

VOO = 10V. Vo = 1.0V or 9.0V 7.0 7.0 7.0 V 

VOO=ISV. Vo = 1.5V or 13.SV 11.0 11.0 11.0 V 
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DC Electrical Characteristics (Cont'd.) CD4035BC (Note 2) 

-40°C 2SoC 8SoC 
PARAMETER CONOITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

IOL Low Level Output Current VOO = 5V, Vo = O.4V 0.52 0.44 0.88 0.36 rnA 

VOO= 10V, Vo = 0.5V 1.3 1.1 2.25 0.9 rnA 

VOO = 15V, Vo = 1.5V 3.6 3.0 8.8 2.4 rnA 

IOH High Level Output Current VOO = 5V, Vo = 4.6V -{l.2 -{l.16 -{l.36 -{l.12 rnA 

VOO = 10V, Vo = 9.5V -{l.5 -{l.4 -{l.9 -{l.3 rnA 

VOO = 15V, Vo = 13.5V -1.4 -1.2 -3.5 -1.0 rnA 

liN Input Current VOO= 15V, VIN = OV -0.3 -10-5 -{).3 -1.0 /1A 

VOO = 15V, VIN = 15V 0.3 10-5 0.3 1.0 /1 A 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply 
that the devices should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides 
conditions for actual device operation. 
Note 2: VSS = OV unless otherwise specified. 

AC Electrical Characteristics 
TA = 25°C. CL = 50 pF. RL = 200k. tr and tf = 20 ns. unless otherwise specified. 

PARAMETER I CONOITIONS I MIN I TYP I MAX. I UNITS 

CLOCKEO OPERATION 

tPHL, tPLH Propagation Oelay Time VOO = 5V 250 500 ns 

VOO= 10V 100 200 ns 

VOO = 15V 75 150 ns 

tTHL Transition Time High VOO= 5V 90 175 ns 
Low to High VOO= 10V 50 75 ns 

VOO=15V 40 60 ns 

tTLH Transition Time VOO= 5V 135 270 I\~. 

Low to High VOO = 10V 70 140 11', 

VOO = 15V 60 120 /I', 

tWL,tWH Minimum Clock Pulse Width VOO= 5V 335 135 m 

VOO = 10V 165 50 ns 

VOO = 15V 100 40 ns 

trCL. tfCL Cicek Rise and Fall Time VOO= 5V 15 /1s 

VOO = 10V 10 /1S 

VOO = 15V 5 /1S 

ts Minimum Set·upTime 

J/K Lines VOO= 5V 250 500 ns 

VOO= 10V 100 200 ns 

VOO = 15V 80 160 ns 

ts Parallel·ln Lines VOO= 5V 250 500 ns 

. VOO= 10V 100 200 ns 

VOO= 15V 80 160 ns 

ts PIS Control VOO= 5V 100 200 ns 

VOO= 10V 40 80 ns 

VOO= 15V 35 60 ns 

fMAX Maximum Clock Frequency VOO=5V 1.5 2.5 MHz 

VOO';' 10V 3 6 MHz 

VOO= 15V 5 9 MHz 

CIN Input Capacitance Any Input 5 7.5 pF 

RESET OPERATION 

tPHL. tPLH Propagation Oelay Time VOO = 5V 300 500 ns 

VOO = 10V 150 200 ns 

VOO = 15V 85 150 ns 

twH Minimum Reset Pulse Width VOO= 5V 75 250 ns 

VOO= 10V 30 110 ns 

VOO= 15V 25 80 ns 
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Connection Diagram 
Dual-In-Line and Flat Package 

TRUE/COMPLEMENT OUTPUTS PARAllEl INPUTS 

Voo 021Q2 D.3/QJ 04/04 ' PI4 PI, PI, PI, 

I" " 14 1J 12 11 10 , 

- t-

, , , , 5 6 ) I' 
Q1/Q1 TIC K J RESET CLOCK PIS Vss 
~ 

TRUE/COMPLEMENT SERIAL 
OUTPUT INPUTS 

TOP VIEW 

------+-----r------J 

T Ie I nput Low 

Reset I nput Low 
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~National 
~ Semiconductor 

CD4041M/CD4041C Quad True/Complement Buffer 

General Description 
The CD4041 M/CD4041C is a quad true/complement buffer 
consisting of N- and P-channel enhancement mode tran­
sistors having low-channel resistance and high current 
(sourcing and sinking) capability. The CD4041 is intended 
for use as a buffer, line driver, or CMOS-to-TTL driver. 

All inputs are protected from static discharge by diode 
clamps to Voo and Vss. 

Features 
• Wide supply voltage range 3.0Vto 15V 

• High noise immunity 40% Voo (typ.) 

• True output 
High current source and sink capability 
8 mA (typ.) @ Vo = 9.5 V, Voo = 10 V 
3.2 mA (typ.) @ Vo = 0.4 V, Voo = 5 V (two TTL loads) 

• Complement output 
Medium current source and sink capability 
3.6mA (typ.) @ Vo =9.5V, Voo =10V 
1.6mA (typ.) @ Vo = 0.4 V, Voo = 5 V 

Connection Diagram Dual·ln·Line and Flat Package 

Schematic Diagram 

1,4 13 12 11 10 9 8 

r-- -

1 2 3 4 5 6 F -
AOUT AOUT AIN BOUT BOUT BIN VSS 

TOP VIEW 

VOO Vou 

INPUT o-< ...... W~H ...... 

Vss 

VOO 

Vss 
1 of 4 Identical Units 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

Voo Supply Voltage ~.SV to+18V Voo Supply Voltage 3V to lSV 
VIN Input Voltage ~.SV to VOO + O.SV VIN Input Voltage OV to VOO 
TS Storage Temperature Range -{;SoC to +lS0°C T A Operating Temperature Range 
Po Package Dissipation SOOmW C04041M -5SoC to +12SoC 
TL Lead Temperature (Soldering, 10 seconds) 300°C C04041C -40° C to +8So C 

DC Electrical Characteristics CD4041 M (Note 2) 

-55°C 2SoC 125°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO = 5V 1 0.01 1· 30 pA 
VOO = 10V 2 0.Q1 2 60 pA 
VOO = 15V 4 0.01 4 120 pA 

VOL Low Level Output Voltage 1101 < lpA, VIL = OV, VIH = VOO 

VOO = 5V 0.05 0 0.05 0.05 V 
VOO = 10V 0.05 0 0.05 0.05 V 
VOO = 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage 1101 < lpA, VIL = OV. VIH = VOO 

VOO = 5V 4.95 4.95 5 4.95 V 
VOO = 10V 9.95 9.95 10 9.95 V 
VOO = 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage 1101< lpA 

VOO = 5V, Va = 0.5V or 4.5V 1.0 2 1.0 1.0· V 

VOO = 10V, Va = lV or 9V 2.0 4 2.0 2.0 V 

VOO = 15V, Va = 1.5V or 13.5V 3.0 6 3.0 3.0 V 

VIH High Level Input Voltage 1101<lpA 

VOO = 5V. Va = 0.5V or 4.5V 4.0 4.0 3 4.0 . V 
VOO = 10V, Va = lV or 9V 8.0 8.0 6 8.0 V 

VOO = 15V, Va = 1.5V or 13.5V 12.0 12.0 9 12.0 V 

10L Low Level Output Current VIL = OV 
True Output VOO = 5V, Va = O.4V 2.1 1.6 3.2 1.2 mA 

VOO = lOV, Va = 0.5V 6.25 5.0 10 3.5 mA 

VOO = 15V, Va = 1.5V 14 12 24 8 mA 

IOL Low Level Output Current VIH = VOO 
Complement Output VOO = 5V, Va = O.4V 1.0 0.8 1.6 0.55 mA 

'VOO = 10V, Va = 0.5V 2.5 2 4.0 1.4 mA 

VOO = 15V, Va = 1.5V S.5 4.5 9.0 3.0 mA 

10H High Level Output Current VIH = VOO 
True Output VOO = 5V, Va = 4.6V -1.75 -1.4 -2.8 -1.0 mA 

VOO = 10V, Va = 9.5V -5.0 -4.0 -8.0 -2.8 mA 

VOO = 15V, Va = 13.5V -11 -9 -18 -6 ' mA 

IOH High Level Output Current VIL = OV 
Complement Output VOO = 5V, Va = 4.6V -0.75 -0.6 -1.2 -0.4 mA 

VOO = 10V, Va = 9.5V -2.25 -1.8 -3.6 -1.25 mA 

VOO = 15V, Va = 13.5V -4.8 -4 -8 -2.7 mA 

liN Input Current VOO = 15V, VIN = OV -0.1 -10-5 -0.1 -1.0 pA 

VOO = 15V, VIN = lSV 0.1 10-5 0.1 1.0 pA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide 
conditions for actual device operation. 

Note 2: VSS = OV unless otherwise specified. 
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DC Electrical Characteristics CD4041C (Note 2) 

-40°C 2S"C 
PARAMETER CONOITIONS 

MIN MAX MIN TYP MAX 

100 Quiescent Device Current VOO = 5V 4 0.01 4 

VOO = 10V 8 0.01 8 

VOO = 15V 16 0.01 16 , 
VOL Low Level Output Voltage 1101 < I /lA, VIL = OV, VIH = VOO 

VOO = 5V 0.05 0 0.05 

VOO = lOV 0.05 0 0.05 

VOO = 15V 0.05 0 0.05 

VOH High ~evel Output Voltage 1101 < I /lA, VIL = OV, VIH = VOO 

VOO = 5V 4.95 4.95 5 

VOO = lOV 9.95 9.95 10 

VOO = 15V 14.95 14.95 15 

VIL Low Level Input Voltage lIol<I/lA 

VOO = 5V, Vo = 0.5V or 4.5V 1.0 2 1.0 

VOO = 10V, Vo = IV or 9V 2.0 4 2.0 

VOO = 15V, Vo = 1.5V or 13.5V 3.0 6 3.0 

VIH High Level Input Voltage IIOI<I/lA 

VOO = 5V, Vo = 0.5V or 4.5V 4.0 4.0 3 

VOO = 10V, Vo = IV or 9V 8.0 8.0 6 

VOO = 15V, Vo = 1.5V or 13.5V 12.0 12.0 9 

IOL Low Level Output Current VIL = OV 

True Output VOO = 5V, Vo = O.4V 1.7 1.5 3.2 

VOO = 10V, Vo = 0.5V 4.9 4.3 10 

VOO = 15V, Vo = 1.5V II 10 24 

IOL Low Level Output Current VIH = VOO 

Complement Output VOO = 5V, Vo = O.4V 0.75 0.68 J.6 

VOO = 10V, Vo = 0.5V 2.0 1.8 4.0 

VOO = 15V, Vo = 1.5V 4.4 3.8 9.0 

IOH High Level Outpui Current VIH = VOO 

True Output VOO = 5V, Vo = 4.6V -1.5 -1.3 -2.8 

VOO = 10V, Vo = 9.5V -4.0 -3.5 -8.0 

VOO = 15V, Vo = 13.5V -8.7 -7.5 -18 

IOH High Level Output Current VIL = OV 

Complement Output VOO = 5V, Vo = 4.6V -0.57 -0.50 -1.2 

VOO = 10V, Vo = 9.5V -1.8 -1.6 -3.6 

VOO = 15V, Vo = 13.5V -3.9 -3.4 -8.0 

liN Input Current VOO = 15V, VIN = OV -0.3 -10-5 -0.3 

VOO = 15V, V,N = 15V 0.3 10-5 0.3 

AC Electrical Characteristics TA = 25°C, C L =50pF, RL=200k, Input tr=tf~20ns, 

I 
unless otherwise specified 

I PARAMETER CONOITIONS MIN TYP 

tPHL or tPLH Propagation Oelay Time VOO = 5V 60 

True Output VOO = 10V 35 

VOO = 15V 25 

tpHL or tpLH Propagation Delay Time VOO = 5V 75 

Complement Output VOO = 10V 40 

VOO = 15V 30 

tTHL or tTLH Output Transition Time VOO = 5V 55 

True Output VOO = 10V 30 

VOO = 15V 25 

tTHL or tTLH Output Transition Time VOO = 5V 90 

Complement Output VOO = 10V 45 

VOO = 15V 35 

CIN I nput Capacitance Any Input 10 
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85°C 

MIN MAX 

30 

60 

120 

0.05 

0.05 

0.05 

4.95 

9.95 

14.95 

1.0 

2.0 

3.0 

4.0 

8.0 

12.D 

1.2 

3.5 

8 

0.55 

1.4 

3.0 

-1.0 

-2.8 

-8 

-0.4 

-1.25 

-2.7 

-1.0 

1.0 

MAX 

120 

70 

50 

150 

80 

65 

110 

60 

50 

180 

90 

75 

15 
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V 
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V 

V 

V 

V 

V 

V 

V 

V 

V 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 

mA 
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/lA 
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ns 

ns 
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ns 

ns 

ns 
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~National 
~ Semiconductor 

CD4042BM/CD4042BC Quad Clocked D Latch 

General Description 
The CD4042BM/CD4042BC quad clocked "D" latch is a 
monolithic complementary MOS (CMOSj integrated cir· 
cuit constructed with p. and N·channel enhancement 
mode transistors. The outputs Q and Q either latch or 
follow the data input depending on the clock level which 
is programmed by the polarity input. For polarity = 0; the 
information present at the data input is transferred to Q 
and Q during 0 clock level; and for polarity = 1, the trans· 
fer occurs during the 1 clock level. When a clock transi· 
tion 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. 

Connection Diagram 
Dual-In-Line and Flat Package 

Von 04 04 OJ OJ 02 

1,6 " 14 IJ 11 11 10 9 

Features 
• Wide supply voltage range 

• High noise immunity 

• Low power TTL 
compatibility 

• Clock polarity control 

• Fully buffered data inputs 

• Q and Q outputs 

Truth Table 

3.0Vto 15V 

0.45 VDD (typ.) 

fan out of 2 driving 74L 
or 1 driving 74LS 

CLOCK POLARITY Q 

0 0 0 

S 0 Latch 

- - 1 1 0 

L 1 Latch 

I 2 J. 4 5 6 I 
18 

Q4 01 01 CLOCK POLARITY 02 Vss 

TOP VIEW 

Logic Diagrams 

CLOCK 

"':----CL 

CL 

POLARITY~: 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

Voo Supply Voltage ~.SVto+18V voo Supply Voltage 3V to lSV 
'vIN Input Voltage ~.SV to Voo + O.SV VIN Input Voltage OV to Voo 
TS Storage Temperature Range ...oSoC to +lS0DC T A Operating Temperature Range 
Po Package Dissipation 500mW C04042BM -5SDC to +125DC 
TL Lead Temperature (Soldering. 10 seconds) 300DC C040428C -40DC to +BSDC 

DC Electrical Characteristics CD4042BM (Note 2) 

-5SDC 2SDC 12SDc 
PARAMETERS CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO = 5V 1 0.02 1 30 /lA 
VOO = 10V 2 0.02 2 60 /lA 
VOO= lSV 4 0.02 4 120 /lA 

VOL Low Level Output Voltage 1101 < l/lA. VIH = VOO. VIL = OV 

VOO= SV 0.05 0 0.05 0.05 V 

VOO= 10V 0.05 0 O.OS 0.05 V 

VOO=lSV 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage 1101< l/lA, VIH = VOO, VIL = OV 

VOO= 5V 4.95 4.95 5 4.95 V 

VOO = 10V 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage 1101<1/lA 

VOO = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 V 

VOO = 10V, Vo = lV or 9V 3.0 4.5 3.0 3.0 V 

VOO = 15V, Vo = 1.5V or 13.5V 4.0 6.75 4.0 4.0 V 

VIH High Level Input Voltage ilol<l/lA 

VOO= 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 V 

VOO = 10V, Vo = lV or 9V 7.0 7.0 5.5 7.0 V 

VOO = 15V. Vo = 1.5V or 13.5V 11.0 11.0 B.25 11.0 V 

10L Low Level Output Current VIH = VOO, VIL = OV 

VOO = 5V, VO=0.4V 0.64 0.51 0.88 0.36 rnA 

VOO = 10V, Vo = 0.5V 1.6 1.3 2.25 0.9 mA 

VOO = 15V, Vo = 1.5V 4.2 3.4 8.8 2.4 mA 

10H High Level Output Current VIH = VOO, VIL = OV 

VOO = 5V, VO=4.6V -0.64 -0.51 -0.88 -0.36 rnA 

VOO = 10V, Vo = 9.5V -1.6 -1.3 -2.25 -0.9 rnA 

VOO = 15V, Vo = 13.5V -4.2 -3.4 -B.B -2.4 rnA 

liN Input Current VOO = 15V, VIN = OV -0.1 -10-5 -0.1 -1.0 /lA 

VOO = 15V, VIN = 15V 0.1 10-5 0.1 1.0 /lA 

DC Electrical Characteristics CD4042BC (Note 2) 

-40DC 25Dc 8SDC 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO= 5V 4 0.02 4 30 pA 

VOO = 10V B 0.02 B 60 /lA 

VOO = 15V 16 0.02 16 120 /lA 

VOL Low Level Output Voltage 1101 < l/lA, VIH = VOO, VIL = OV 

VOO= 5V 0.05 0 0.05 0.05 V 

VOO = 10V 0.05 0 0.05 0.05 V 

VOO= 15V 0.05 0 0.Q5 0.05 V 

VOH High Level Output Voltage 1101 < l/lA, VIH = VOO, VIL = OV 

VOO= 5V 4.95 4.95 5 4.95 V 

VOO = 10V 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage 1I01<1/lA 

VOO = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 V 

VOO = 10V, Vo = lV or 9V 3.0 4.5 3.0 3.0 V. 

VOO = 15V, Vo = 1.5V or 13.5V 4.0 6.75 4.0 4.0 V 
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DC Electrical Characteristics (Cont'd.) CD4042BC (Note 2) 

-40"C 25"C 85°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

VIH High Level Input Voltage 1101< llJ.A 

VDD = 5V. Va = 0.5V or 4.5V 3.5 3.5 2.75 3.5 V 

VDD = 10V. Va = lV or 9V 7.0 7.0 5.5 7.0 V 

VDD = 15V. Va = 1.5V or 13.5V 11.0 11.0 8.25 11.0 V 

10L Low Level Output Current VIH = VDD. VIL = OV 

VDD = 5V. Vo = OAV 0.52 0.44 0.88 0.3S mA 

VDD = 10V. Va = 0.5V 1.3 1.1 2.25 0.9 mA 

VDD = 15V. va = 1.5V 3.S 3.0 8.8 2.4 mA 

10H High Level Output Current VIH = VDD. VIL = OV 

VDD = 5V. Va = 4.SV -0.52 -0.44 -0.88 -0.3S mA 

VDD = 10V. Va = 9.5V -1.3 -1.1 -2.25 -0.9 mA 

VDD = 15V. Va = 13.5V -3.S -3.0 -8.8 -2.4 mA 

liN Input Current VDD = 15V. VIN = OV -{l.3 -10-5 -{l.3 -1.0 IJ.A 

VDD = 15V. VIN = 15V 0.3 10-5 0.3 1.0 IJ.A 

AC Electrical Characteristics TA=25:C, CL=50pF, RL=200k, Input t r =t,=20ns, 

unless otherwise specified 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tPHL. tPLH Propagation Delay Time Data In to Q VDD = 5V 175 350 ns 

VDD= 10V 75 150 ns 

VDD = 15V SO 120 ns 

tPHL. tPLH Propagation Delay Time Data I n to Q VDD = 5V 150 300 ns 

VDD = 10V 75 150 ns 

VDD = 15V 50 100 ns 

tPHL. tpLH Propagation Delay Time Clock to Q VDD = 5V 250 500 ns 

VDD= 10V 100 200 ns 

VDD = 15V 80 lS0 ns 

tpHL. tPLH Propagation Dela', Time Clock to 6 VDD = 5V 250 500 ns 

VDD = 10V 115 230 ns 

VDD = 15V 90 180 ns 

tH Minimum Hold Time VDD = 5V SO 120 ns 

VDD = 10V 30 SO ns 

VDD = 15V 25 50 ns 

tsu Minimum Set-Up Time VDD = 5V a 50 ns 

VDD = 10V a 30 ns 

VDD = 15V a 25 ns 

tw Minimum Clock Pulse Width VDD = 5V 100 200 ns 

VDD = 10V 50 100 ns 

VDD = 15V 30 SO ns 

tTHL. tTLH Transition Time VDD = 5V 125 250 ns 

VDD = 10V 60 125 ns 

VDD = 15V 50 100 ns 

CIN Input Capacitance Any Input 5.0 7.5 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safetY of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide 
conditions for actual device operation. 

Note 2: VSS = OV unless otherwise specified. 

Note 3: Being a latch. the CD4042BM/CD4042BC is not clock rise and fall time sensitive. 
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~National 
~ Semiconductor 

CD4043BM/CD4043BC Quad TRI·STATE® 
NOR RIS Latches 

CD4044BM/CD4044BC Quad TRI·STATE® 
NAN 0 RIS Latches 

General Description 
CD4043BM/CD4043BC are quad cross-couple TRI-STATE 
CMOS NOR latches, and CD4044BM/CD4044BC are quad 

. cross-couple TRI-STATE CMOS NAND latches. Each 
latch has a separate Q output and individual SET and 
.RESET inputs. There is a common TRI-STATE ENABLE 
input for all four latches. A logic "1" on the ENABLE 
input connects the latch states to the Q outputs. A logic 
"0" on the ENABLE input disconnects the latch states I 
from the Q outputs resulting in an open circuit condi­
tion on the Q output. The TRI-STATE feature allows 
common bussing of the outputs. 

TRI-STATE is a trademark of National Semiconductor Corp. 

Schematic and Connection Diagrams 

CD4043M/CD4043C 

ENABLE~: 

CD4043BM/CD4043BC 
Dual-In-Line and Ftat Packages 

Voo 

~' 
VOD R4 S4 Ne 53 R3 OJ Q2 

04 Ql RI SI ENABLE SZ RZ Vss 
TOP VIEW 

Truth Table 

Features 
• Wide supply voltage range 3 V to 15 V 
• Low power 100 nW (typ.) 
• High noise immunity 0.45 Voo (typ.) 
• Separate SET and RESET inputs for each latch 
• NOR and NAND configuration 
• TRI-STATE output with common output enable 

Applications 
• Multiple bus storage 
• Stobed register 
• Four bits of independent storage with output ·enable 
• General digital logic 

CD4044M/CD4044C 

ENABLE~: 

CD4044BM/CD4044BC 
Dual-in-Line and Flat Packages 

~ ~ M ~ ~ ~ ID ~ 

Q4 Ne SI HI ENABLE RZ 
TOP VIEW 

CD4043BM/CD4043BC CD4044BM/CD4044BC 

S R E Q S 

X X 0 DC X 

0 0 1 NC 1 
1 0 1 1 0 

0 , , 0 1 , , 1 6 0 

R E 

X 0 

1 1 

1 , 
0 1 

0 1 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

Voo Supply Voltage -0.5to+1BV Voo Supply Voltage 3.0 to 15V 
VIN Input Voltage -0.5 to Voo + 0.5 V VIN Input Voltage Oto Voo V 
Ts Storage Temperature Range -65°C to +150°C TA Operating Temperature Range 
Po Package Dissipation 500mW CD4043BM, CD4044BM -55°C to +125°C 
TL Lead Temperature (Soldering, 10 seconds) 300°C CD4043BC, CD4044BC -40°C to +B5°C 

DC Electrical Characteristics CD4043BM/CD4044BM (Note 2) 

-55°C 25°C 125°C 
Parameter Conditions Units 

Min. Max. Min. Typ. Max. Min. Max. 

100 Quiescent Voo=5.0V 5.0 0.Q1 5.0 150 ",A 
Device Current Voo=10V 10 0.Q1 10 300 ",A 

Voo=-15V 20 0.02 20 600 ",A 

VOL Low Level 1101" 1 ",A, VIL=OV, VIH=VOO 
Output Voltage Voo=5.0V 0.05 0 0.05 0.05 V 

Voo=10V 0.05 0 0.05 0.05 V 
Voo=15V 0.05 0 0.05 0.05 V 

VOH High Level 1101" 1 ",A, VIL = OV, VIH = Voo 
Output Voltage Voo=5.0V 4.95 4.95 5.0 4.95 V 

Voo=10V 9.95 9.95 10 9.95 V 
Voo=15V 14.95 14.95 15 14.95 V 

VIL Low Level 1101" 1 ",A 
Input Voltage Voo =5.0V, Vo=0.5V or 4.5V 1.5 2.25 1.5 1.5 V 

Voo = 10V, Vo = 1.0V or 9.0V 3.0 4.5 3.0 3.0 V 
Voo=15V, Vo-=1.5Vor 13.5V 4.0 6.75 4.0 4.0 V 

VIH High Level 1101" 1 ",A 
Input Voltage Voo=5.0V, Vo =0.5V or 4.5V 3.5 3.5 2.75 3.5 V 

Voo=5.0V, Vo=1.0Vor 9.0V 7.0 7.0 5.5 7.0 V 
Voo=15V, Vo=1.5Vor 13.5V 11 11 B.25 11 V 

10L Low Level VIL=OV, VIH =Voo 
Output Current Voo=5.0V, Vo=O.4V 0.64 0.51 1.0 0.36 mA 

Voo=10V, Vo=0.5V 1.6 1.3 2.6 0.9 mA 
Voo=15V, Vo=1.5V 4.2 3.4 6.B 2.4 mA 

10H High Level VIL= OV, VIH =Voo 
Output Current Voo=5.0V, Vo=4.6V -0.25 -0.2 -0.4 -0.14 mA 

Voo=10V, Vo=9.5V -0.62 -0.5 -1.0 -0.35 mA 
Voo=15V, Vo=13.5V -1.B -1.5 -3.0 -1.1 mA 

liN Input Current Voo=15V, VIN=OV -0.1 -10-5 -0.1 -1.0 ",A 
Voo = 15V, VIN = 15V 0.1 10-5 0.1 1.0 ",A 

DC Electrical Characteristics CD4043BC/CD4044BC (Note 2) 

-400C 25°C 85°C 
Parameter Conditions Units 

Min. Max. Min. Typ. Max. Min. Max. 

100 Quiescent Voo =5.0V 20 0.Q1 20 150 ",A 
Device Current Voo=10V 40 0.Q1 40 300 flA 

Voo=15V BO 0.02 BO 600 flA 

VOL Low Level 1101" 1flA, VIL=OV, VIH=VOO 
Output Voltage Voo=5.0V 0.05 0 0.05 0.05 V 

Voo=10V 0.05 0 0.05 0.05 V 
_ Voo=15V 0.05 0 0.05 0.05 V 

VOH High Level 1101" 1 flA, VIL = OV, VIH = Voo 
Output Voltage Voo = 5.0V 4.95 4.95 5.0 4.95 V 

Voo=10V 9.95 9.95 10 9.95 V 
Voo=15V 14.95 14.95 15 14.95 V 
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DC Electrical Characteristics CD4043BC/CD4044BC (cont'd) 

AC Electrical Characteristics TA = 25'C, CL = 50 pF, RL = 200 k, Input tr = tf = 20 ns, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

tpLH, tpHL Propagation Delay S or R to Q Voo = 5.0V 175 350 ns 
Voo=10V 75 175 ns 
Voo=15V 60 120 ns 

tpZH, tpHZ Propagation Delay Enable to Q (High) Voo = 5.0V 115 230 ns 
Voo=10V 55 110 ns 
Voo=15V 40 80 ns 

tpZL, tpLZ Propagation Delay Enable to Q (Low) Voo = 5.0V 100 200 ns 
Voo=10V 50 100 ns 
Voo=15V 40 80 ns 

tTHL, tTLH Transition Time Voo=5.0V. 100 200 ns 
Voo= 10V 50 100 ns 
Voo= 15V 40 80 ns 

two Minimum SET or RESET Pulse Width Voo = 5.0V 80 160 ns 
Voo= 10V 40 80 ns 
Voo = 15V 20 40 ns 

CIN Input Capacitance 5.0 7.5 pF 

Nole 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not 
meant to imply that the devices should be operated at these limits. The tables of "Recommended Operating Conditions" and 
"Electrical Characteristics" provide conditions for actual device operation. 

Nole 2: Vss=OV unless otherwise specified. 
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~National 
~ Semiconductor 

~D4046BM/CD4046BC Micropower Phase-Locked Loop 

General Description 
The eD4046B micropower phase-locked loop (PLL) con­
sists of a low power, linear, voltage-controlled oscillator 
(VeO), a source follower, a zener diode, and two phase 
comparators. The two phase comparators have a c,om­
mon signal input and a common comparator input. The 
signal input can be directly coupled for a large voltage 
signal, or capacitively coupled to the self-biasing ampli­
fier at the signal input for a small voltage signal. 

Phase comparator I, an exclusive OR gate, provides a 
digital error signal (phase compo lOut) and maintains 90· 
phase shifts at the veo center frequency. Between sig­
nal input and comparator input (both at 50% duty cycle), 
it may lock onto the signal input frequencies that are 
close to harmonics of the veo center frequency. 

Phase comparator II is an edge-controlled digital memory 
network. It provides a digital error signal (phase compo II 
Out) and lock-in signal (phase pulses) to indicate a locked 
condition and maintains a O· phase shift between signal 
input and comparator input. 

The linear voltage-controlled oscillator (VeO) produces 
an output signal (VeO Out) whose frequency is deter­
mined by the voltage at the VeOIN input, and the capaCi­
tor and resistors connected to pin e1A, e1B, R1 and R2. 

The source follower output of the VeOIN (demodulator 
Out) is used with an external resistor of 10kQ or more. 

Block and Connection Diagrams 

C' 

SIGNAL 
IN Voo 

The INHIBIT input, when high, disables the veo and 
source follower to minimize standby power consumption. 
The zener diode is provided for power supply regulation, 
if necessary. 

Features 
• Wide supply voltage range 3.0Vto 18V 

• Low dynamic 
power consumption 

70,.,W (typ.) at 
fa = 10kHz, Voo = 5V 

• veo frequency 

• Low frequency drift 

1.3 MHz (typ.) at Voo = 10V 

0.06%fOe at Voo = 10V 
with temperature 

• High veo linearity 

Applications 
• FM demodulator and modulator 

• Frequency synthesis and multiplication 

• Frequency discrimination 

• Data synchronization and conditioning 

• Voltage-to-frequency conversion 

• Tone decoding 

I!I FSK modulation 

• Motor speed control 

PHASE PULSES 

PHASE COMP lOUT 

COMPARATOR IN 

RJ veo OUT 

INHIBIT 

lOW 
C'A 

Dual-In-Line Package 

16 

15 

'4 

'J 

'2 

11 

1% (typ.) 

Voo 

ZENER 

SIGNAL IN 

PHASE CaMP II OUT 

R2 

R' 

1+--1~--t"'"""C~-----t:~~~ER . C1B 
'0 DEMODULATOR OUT 

Vss +-"""R',..,...-o-':..:,' H Vss veo IN 

Vss +-"""R2,..,...-<>'::;.2 H 
Vss 

. TDPVIEW 

INHlBlTo-,:r--..---...... 

~ 
vss 

Vss ZENER 

FIGURE 1 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) 

-0.5 to +18 VOC Voo OC Supply Voltage 
VIN Input Voltage -0.5 to VOO + 0.5 VOC 
TS Storage Temperature Range 
Po Package Oissipation 
TL Lead Temperature (Soldering. 10 seconds) 

-65°C to +150°C 
500mW 

300°C 

(Note 2) 

Voo OC Supply Voltage 
VIN Input Voltage 
T A Operating Temperature Range 

C04046BM 
C04046BC 

. DC Electrical Characteristics CD4046BM (Note 2) 

-ssOC 2S0C 
Parameter Conditions 

Min Max Min Typ Max 

IDD Quiescent Device Current PIN 5 = VDD. PIN 14 = VDD. 
PIN 3.9= VSS 
VDD = 5V 5 0.005 5 
VDD = 10V 10 0.01 10 
VDD = 15V 20 0.Q15 20 

PIN 5 = VDD, PIN 14 = Open 
PIN 3,2= VSS 
VDD = 5V 45 5 35 
VDD = 10V 450 20 350 
VOO = 15V 1200 50 900 

VOL Low Level Output Voltage VOO = 5V 0.05 0 0.05 
VOO= 10V 0.05 0 0.05 
VOO = 15V 0.05 a O.OS 

VOH High Level Output Voltage VOO = 5V 4.95 4.95 5 
VOO= 10V 9.95 9.95 10 
VOO= 15V 14.95 14.95 15 

VIL Low Level I nput Voltage VOO = 5V, Va = 0.5V or 4.5V 1.5 2.25 1.5 
Comparator and Signal In VOO=10V Vo=lVor9V 3.0 4.5 3.0 

VOO = 15V Va = 1.5Vor 13.5V 4.0 6.25 4.0 

VIH High Level Input Voltage VOO= 5V, VO=0.5Vor4.5V 3.5 3.5 2.75 
Comparator and Signal In VOO=10V, Vo=lVor9V 7.0 7.0 5.5 

- VDD=15V, VO=1.5Vor13.5V 11.0 11.0 B.25 

IOL Low Level Output Current VDD = 5V, Va = O,4V 0.64 0.51 0.8B 
VOO = 10V, Va = 0.5V 1.6 1.3 2.25 
VOO=15V, VO=1;5V 4.2 3,4 B.8 

IOH High Level Output Current VOO= 5V, Va =4.6V -0.64 -0.51 -0.88 
VDD = 10V, Va = 9.5V -1.6 -1.3 -2.25 
VOD=15V, VO=13.5V -4.2 -3.4 -8.8 

liN Input Current All Inputs Except Signal Input 
VOO = 14V, VIN = OV -0.1 -10-5 -0.1 
VOD=15V, VIN=15V 0.1 10-5 0.1 

CIN Input Capacitance Any Input, (Note 3) 

PT Total Power Dissipation fa = 10kHz, Al = 1 Mn 
A2 =~, VCOIN = VOO/2 
VDO = 5V 0.07 
VDO = 10V 0.6 
VDD= 15V 2.4 
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3to15VOC 
OtoVOOVOC 

-55°C to +125°C 
-40° C to +85' C 

12S0C 
Units 

Min Max 

150 IlA 
300 ,IlA 
600 IlA 

185 IlA 
650 J1A 
1500 IlA 

0.05 V 
0.05 V 
0.05 V 

4.95 V 
9.95 V 
14.95 V 

1.5 V 
3.0 V 
4.0 V 

3.5 V 
7.0 V 
11.0 V 

0.36 mA 
0.9 rnA 
2,4 rnA 

-0.36 mA 
-0.9 mA 
-2.4 mA 

-1.0 IlA 
1.0 IlA 

7.5 pF 

mW 
mW 
mW 



DC Electrical Characteristics CD4046BC (Note 2) 

_40°C 2SoC 8SoC 
Parameter Conditions Units 

Min Max Min Typ Max Min Max 

IDD Quiescent Device Current PIN S = VOO. PIN 14 = VDD. 
PIN 3.9 = VSS 
VDD= SV 20 0.005 20 150 I1A 
VDD = 10V 40 0.01 40 300 I1A 
VOD=15V BO 0.Q15 BO 600 I1A 

PIN 5 = VOD. PIN 14 = Open. 
PIN 3.9 = VSS 
VDD = 5V 70 5 55 205 I1A 
VDD= 10V 530 20 410 710 I1A 
VDD=15V 1500 50 1200 lBOO I1A 

VOL Low Level Output Voltage VDD = 5V 0.05 0 0.05 0.05 V 
VDO='10V 0.05 0 0.05 0.05 V 
VDD=15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage VDD= 5V 4.95 4.95 5 4.95 V 
VOD= 10V 9.95 9.95 10 9.95 V 
VDD = 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage VDD = 5V. VD: 0.5Vor 4.5V 1.5 2.25 1.5 1.5 V 
Comparator and Signal In VOO= 10V VO= lVor9V 3.0 4.5 3.0 3.0 V 

VDD=15V. VO= 1.5Vor 13.5V 4.0 6.25 4.0 4.0 V 

VIH High Level Input Voltage VDO = 5V. Vo = 0.5Vor 4.5V 3.5 3.5 2.75 3.5 V 
Comparator and Signal In VDD= 10V. VD=IVor9V 7.0 7.0 5.5 7.0 V 

VDO = 15V. Vo = 1.5Vor 13.5V 11.0 1 .. 0 B.25 1..0 V 

IOL Low Level Output Current VDO = 5V. VO=O.4V 0.52 0.44 O.BB 0.36 mA 
VDO= 10V. Vo = 0.5V 1.3 1.1 2.25 0.9 mA 
VOD = 15V. Vo = 1.5V 3.6 3.0 B.B 2.4 mA 

IOH High Level Output Current VDO = 5V. Vo =4.6V -0.52 -0.44 -O.BB -0.36 rnA 
VDO = 10V. VO= 9.5V -1.3 -1.1 -2.25 -0.9 mA 
VDO;"15V. VO= 13.5V -3.6 -3.0 -B.B -2.4 mA 

liN Input Current All Inputs Except Signal Input 
VDO=15V. VIN=OV -0.3 -10-5 -0.3 -1.0 I1A 
VDD= 15V. VIN = 15V 0.3 10-5 0.3 1.0 I1A 

CIN Input Capacitance Any Input. (Note 3) 7.5 pF 

PT Total Power Dissipation 10= 10kHz. Al = 1 MH 

A2 = -. VCOIN = VDD/2 
VOO = 5V 0.07 mW 
VOO = 10V 0.6 mW 
VOO=15V 2.4 mW 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to Imply that 
the devices should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides conditions for 
actual deVice operation. 

Note 2: VSS"" OV unless otherwise specified. 

Note 3: Capacitance is guaranteed by periodic testing. 
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AC Electrical Characteristics CD4046BM/CD4046BC TA = 25°C, CL = 50 pF 

Parameter Conditions 

VCO Section 

Operating Current 100 fn - 10kHz, Rl - 1 Mn 
R2 = -, VCOIN = VOO/2 
VOO = 5V 
VOO = 10V 
VOO = 15V 

fMAX = Maximum Operating Frequency Cl = 50 pF, 41 = 10kn, 
R2 = -, VCOIN = VOO 
VOO= 5V 
VOO = 10V 
VOO=15V 

Linearity VCOIN = 2.5V +0.3V, 
Rl ;;'10kn, VOO = 5V 
VCOIN = 5V ±2.5V, 
Rl~OOkn, VOO = 10V 
VCOIN = 7.5V ±5V, 
Rl;;'l Mn,VOO=15V 

Temperature·Frequency Stability %fCoxl/f. VOO 
No Frequency Offset, fMlN = 0 R2 =-

VOO= 5V 
VOO= 10V 
VOO = 15V 

Frequency Offset, fMIN "" 0 VOO= 5V 
VOO = 10V 
VOO=15V 

VCOIN Input Resistance (VCOIN) VOO = 5V 
VOO= 10V 
VOO=15V 

VCO Output Outy Cycle VOO = 5V 
VOO=10V - VOO=15V 

tTHL VCO Output Transition Time VOO = 5V 

tTHL VOO = 10V 
VOO = 15V 

Phase Comparators SectIon 
--------~-------------~------------. 

RIN Input Resistance 
Signal Input 

Comparator Input 

Voo = 5V 
VOO = 10V 
VOO=15V 
VOO = 5V 
VOO = 10V 
VOO=15V 

AC·Coupled Signal Input Voltage CSERIES = 1000 pF 

I Min Typ Max 

20 
90 
200 

0.4 0.8 
0.6 1.2 
1.0 1.6 

1 

1 

1 

0.12--0.24 
0.04-0.08 

0.015-0.03 
0.06-0.12 
0.05-0.1 

0.03-0.06 

106 
106 
106 
50 
50 
50 

90 200 

50 100 
45 80 

-_ .. _- --- .,----------_._,---

1 
0.2 
0.1 

3 
0.7 
0.3 
106 
106 
106 

Units 

p.A 
p.A 
p.A 

MHz 
MHz 
MHz 

% 

% 

% 

%fC 
%/oC 
%/oC 
%/oC 
%/oC 
%/oC 

MU 
Mn 
MO 
% 
% 
% 

ns 

ns 
ns 

Ml! 
MIl 
MIl 
Ml! 
Ml! 
MO 

VOO = 5V 200 400 mV 
Sensitivity f = 50 kHz ~ 

VOO = 10V 400 800 mV 
____________________________ ~_V~O~O_= __ 15_V ______________ L_ __ ~,___---7-0-0----~-1400 ___ m_V ______ _ 

Oemodulator Output 

Offset Voltage (VCOIN - VOEM) RS;;' 10 kO, VOO = 5 V 1.50 2.2 V 
RS ;;'10 kO, VOO = 10V 1.50 2.2 V 
RS;;' 50 kO, VOO = 15V 1.50 2.2 V 

Linearity RS;;' 50 kO 
VCOIN = 2.5 ±0.3V, VOO = 5V 0.1 % 
VCOIN = 5 ±2.5V, VOO = 10V 0.6. % 
VCOIN = 7.5 ±5V, VOO = 15V 0.8 % 

Zener Oiode 

Vz Zener Oiode Voltage 
C04046BM IZ=50p.A 6.7 7.0 7.3 V 
C04046BC 6.3 7.0 7.7 V 

RZ Zener Oynamic Resistance IZ= lmA 100 0 
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Phase Comparator State Diagrams 

PHASE COMPARATOR I 

INPUT STATE 

~ 
COMPARATOR 

IN 

~ 
SIGNAL 

IN I 

PHASE COMP lOUT D I 1 

PHASE COMPARATOR II 

INPUT STATE 

COMPARATOR 

yi' 
SIGNAL 

IN 

PHASE COMP II OUT TRI.STATE® 

PHASE PULSES 

, Typical Waveforms 

SIGNAL IN 

COMPARATOR IN 

PHASE COMP lOUT 

VCOIN 
(lOW PASS FilTER OUTPUT) 

FIGURE 2 

PHASE COMPARATOR I 

FIGURE 3. Typical Waveform Employing Phase Comparator I in Locked Condition 

PHASE COMPARATOR II 

SIGNAllN VDD~ 
VSS 

VOH -,...---, ,...---, 
COMPARATOR IN ---1 L......J L... 

VOL 

PHASE PULSES VOH ---, r-----1 .--­
VOL----U U 

VOH-~ 
PHASE COMP II OUT ---..J L.r---

VOL 

VCOINVOH~ 
(LOW PASS FILTER OUTPUT) VOL-

FIGURE 4. Typical Waveform Employing Phase Comparator II in Locked Condition 
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Typical Performance Characteristics 

g 
~ 

~ 
:;l 
::: 
ffi .... 
~ 
I 

_0 

101 

106 

105 

104 

103 

102 

101 

1 

Typical Center Frequency vs 
Cl for Rl = 10 kn, 100 kn 
and 1 Mn 

g 
~ 
'" :;l 
::: 

I 
z 
~ 

101 

106 

105 

104 

103 

102 

101 

Typical Frequency Offset vs 
Cl for R2 = 10 kn, 100 kn 
and 1 Mn 

Typical fMAXlfMIN vs· 
R2/Rl 

10-5 10-410-3 10-2 10-1 10 102 10-5 10-4 10-3 10-2 10-1 1 10 102 

Cl - VCO TIMING CAPACITOR I"F) 

FIGURE·5a 

Typical VCO Power Oissipation 
at Center Frequency vs R1 

TA = 25°C 
VCOIN = VOOIZ, R2 = 00 

INHIBIT = Vss 

Rllkll) 

FIGURE 6a 

103 

10 

Cl - VCO TIMING CAPACITOR I"F) 

FIGURE 5b 

Typical VCO Power Oissipation 
at fMIN vs R2 

10 

R2lkll) 

FIGURE 6b 

TA = 25°C 
VCOIN = Vss 

Typical VCO Linearity vs 
Rl and Cl 

TA.- 25°C 

R2/Rl 

FIGURE 5c 

Typical Source Follower 
~ Power Dissipation vs RS 

z 101 ~F~m§jFRfF"T.;:-;Wi~ c F TA=25°C S 106 ~ ~r-'VCOIN = Voo/2, Rl = R2=-

iii 
C 105 

a: 103 

~ _ 102 
~ 
w 
u 

~ 
I 
C 
~ 

10 

1 
10 

RS-Ik") 

FIGURE 6c 

TA = 2!1'C 

SUPPLY 
VOLTAGE 
Voo= 15V 

loY33= 
5V,==Ff 

V~O.=.l.~V •• V~O.I~,= ~V ;2:~~, ~2:- voo = 15V. VCOIN = 1.5V ±5V. R2 =-

g 
> .... a: 
:li 
z 
::; 

102 == % LINEARITY. f. - f(5V) x 100 
_. . f. 

10 
Cl = 50 pF 

=h:looPF 
0.001 "F 

OiO~in"FI 

fo= 
f(2.5V) + fI1.5V) 

2 
0.1 

10-1 10 

Rllkll) 

FIGURE7 

g 
> 
!:: 
a: 
:li 
z 
::; 

EE % LINEARITY = f. - fl1.5V) 
f. 

102 

Wu;5O PF 100 pF 
0.001 "F 

0.01.0.1 "F 

10 

fo = 
f(2.5V) + f(12.5V) 

2 
0.1 

10-1 10 

Rllkll) 

Note. To obtain approximate total power dissipation 01 PLL system lor no-signal input: Phase Comparator I, Po (Total) = Po (10 ) + Po (IMIN) + 
Po (RS); Phase Comparator II, Po (Total) = Po (IMIN). 
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Design Information 
This information is a guide for approximating the value In addition to the given design information, refer to 
of external components for the CD4046B in a phase- Figure 5 for R1, R2 and C1 component selections. 
locked-loop system. The selected external components 
must be within the following ranges: R1, R2:::: 10 kn, 
RS:::: 10 kn, C1:::: 50 pF. 

USING PHASE COMPARATOR I USING PHASE COMPARATOR II 

CHARACTERISTICS VCO WITHOUT OFFSET VCO WITHOUT OFFSET 
VCO WITH OFFSET VCO WITH OFFSET 

R2 = 00 R2 = 00 

'~f~ 
'MAX 'MAX 

:;('f 
f----

r -:::::z..~ 
.- 'MAX T 

f, 2fL f, 
~ 2fL 

'MIN 
.--1. 

'MIN 
___ --L 

VCO Frequency 

T 
f, 

'MIN 'MIN 
Voo/Z VDD Voo/Z VDO Voof2 VDO Voo/Z VDD 

veo INPUT VOL rAGE veo INPUT VOLTAGE veo INPUT VOLTAGE veo INPUT VOLTAGE 

For No Signal Input veo In PLL system will adjust to center frequency, fo VCO in PLL system will adjust to lowest operating frequency, 

fmin 

Frequency Lock Range, 2 fL 2 fL = full VCO frequency range 

2fL=fmax-fmm 

Frequency Ca~ture Range, 2fC .3 

'N~OUT 

I" Tl "RJ &2 -: 

1~ 2fe~ - --
7r T1 

Loop Filter Component fC= fL 

Selection .3 

'NkDU' 

•• For 2 fe, see Ref. 

1''' 
Phase Angle Between Signal 90° at center frequency (fol. approximating 0° and Always 0° in lock 

and Comparator 180" at ends of lock range (2 fLl 

Locks on Harmonics of Ves No 

Center Frequency 

Signal Input Noise High Low 

Rejection 

-Given: fa -Given: fa and fL -Given: fmax -Given: 1min and fmax 

-Use to with Figure 5a to -Calculate fmin from -Calculate fa from -Use 1min with Figure 5b to 

determine Rl and Cl the equation the equation determine R2 and C1 

fmin = fa - fL 
fa = fmax -Calculate fmax 

-Use 1min with Figure 5b 2 fmin 

to determine R2 and Cl -Use fa with Figure Sa to 
-Use ffm~x with Figure 5c 

veo Component Selection -Calculate fmax determine R 1 and Cl m,n 
fmin to determine ratLo R2/R 1 

from the equation to obtain Rl 
fmax _ fa + fL 
fmm - fo-fL 

-Use fmax with Figure 5c 
1min 

to determine ratio R2! 

Rl to obtain Rl 

REF. G.S. Moschytz, "Miniaturized RC Filters Using Phase-Locked Loop", BSTJ, May, 1965. 

Floyd Gardner, "Phaselock Techniques," John Wiley & Sons, 1966. 
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~National a Semiconductor 

CD4047BM/CD4047BC Low Power Monostable/Astable 
Multivibrator 
General Description 
CD4047B is capable of operating in either the mono­
stable or astable mode. It requires an external capacitor 
(between pins 1 and 3) and an external resistor (between 
pins 2 and 3) to determine the output pulse width in the 
monostable mode, and the output frequency in the a­
stable mode. 

Astable operation is enabled by a high level on the a­
stable input or low level on the astable input. The output 
frequency (af50% duty cycle) at Q anda outputs Is deter­
mined by the timing components. A frequency twice that 
of Q is available at the Oscillator Output; a 50% duty 
cycle is not guaranteed. 

Monostable operation is obtained when the device Is 
triggered by low-to-high transition at + trigger input or 
hlgh-to-Iow transition at - trigger input. The device can 
be retrlggered by applying a simultaneous low-to·high 
transition to both the.+ trigger and retrigger inplits. 

A high level on Reset input resets the outputs Q to low, 
ato high. 

Features 
• Wide supply voltage range 

• High noise immunity 

• Low power TTL 
compatibility 

SPECIAL FEATURES 

3.0Vto 15V 

0.45 Voo (typ.) 

fan out of 2 driving 74L 
or 1 driving 74LS 

• 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 

Block and Connection Diagrams 

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 compo­
nents by means of external counter provision 

• Fast recovery time essentially independent of pulse 
width 

• ,Pulse-width accuracy maintained at duty cycles ap­
proaching 100% 

ASTABLE MULTIVIBRATOR FEATURES 

• Free-running or gatable operating modes 

• 50% duty cycle 

• Oscillator output available 

• Good astable frequency stability 
typical = ±2% + 0.03%I"C @ 100 kHz 
frequency =±0.5% +0.015%/OC @ 10kHz 
deviation (circuits trimmed to frequency 

Voo=10V±10%) 

Applications 
• Frequency discriminators 

• Timing circuits 

• Tlme-delay applications 

• Envelope detection 

• Frequency multiplication 

• Frequency division 

Dual·ln·line and Flat Package .-------, 
TlMINGi-____ -l 

C 
TIMING r---i..::12., RETRIGGER 

lOW 
POWER 

ASTABlE 
MUl TIVIBRATOR 

~~ . 
-~ ____________ ~ ____ J 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

VOO de Supply Voltage --{l.S to +18VOC VOO dc Supply Voltage 3 to lSVOC 
VIN Input Voltage --{l.S to VOO + O.SVOC VIN Input Voltage OtoVOOVOC 
T5 Storage Temperature Range ~S"C to +lS0"C T A Operating Temperature Range 
Po Package Dissipation SOOmW C04047BM -5S·C to +12S·C 
TL Lead Temperature (Soldering, 10 seconds) 300"C C04047BC -40· C to +8S· C 

DC Electrical Characteristics CD4047BM (Note 2) 

-5s"c 2SoC 12SoC 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TVP MAX MIN MAX 

100 Quiescent Device Current VOO = SV S 5 150 j.lA 

VOO = 10V 10 10 300 j.lA 

VOO = lSV 20 20 600 j.lA 

VOL Low Level Output Voltage 1101<lj.lA 

VOO = SV O.OS 0 O.OS 0.05 V 

VOO = 10V O.OS 0 0.05 O.OS V 

VOO= lSV O.OS 0 O.OS 0.05 V 

VOH High Level Output Voltage 1101<1}1A 

VOO = 5V 4.95 4.95 5 4.95 V 

VOO= 10V 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15 14.95 V 

VIL Low level Input Voltage VOO = 5V, Vo = 0.5V or 4.5V l.S 2.25 1.5 1.5 V 

VOO = 10V, Vo = IV or 9V 3.0 4.5 3.0 3.0 V 

VOO = 15V, Vo = 1.5V or 13.5V 4.0 6.75 4.0 4.0 V 

VIH High level Input Voltage VOO = 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.S V 

Voo = 10V, Vo = IV or 9V 7.0 7.0 5.S 7.0 V 

VOO = ISV. Vo = 1.5V or 13.5V 11.0 11.0 8.25 11.0 V 

10l Low Level Output Current VOO = 5V, Vo = 0.4V 0.64 0.51 0.88 0.36 mA 

VOO = 10V, Vo = 0.5V 1.6 1.3 2.25 0.9 mA 

VOO = 15V, Vo = 1.5V 4.2 3.4 8.8 2.4 mA 

10H High level Output Current VOO ~ 5V, Vo = 4.6V --{l.64 --{l.51 -0.88 -0.36 mA 

VOO = 10V, Vo = 9.5V -1.6 -1.3 -2.25 -0.9 mA 

VOO = lSV, Vo = 13.5V -4.2 -3.4 -8.8 -2.4 mA 

liN Input Current VOO = 15V, VIN = OV -0.1 -10-5 -0.1 -1.0 j.lA 

VOO = 15V, VIN = 15V 0.1 IO-S 0.1 1.0 j.lA 

DC Electrical Characteristics CD4047BC (Note 2) 

-40°C 2SoC 85"C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN ,TVP MAX, MIN MAX 

100 QUiescent DeVice Current VOO = 5V 20 20 150 j.lA 

VOO = 10V 40 40 300 j.lA 

Von = 15V 80 80 600 j.lA 

VOL low Level Output Voltage 1101< 1 p.A 

Voo = 5V 0.05 0 0.05 0.05 V 

Voo = 10V 0.05 a 0.05 0.05 V 

Voo = 15V O.OS 0 O.OS O.OS V 

5-137 

o 
c ... 
g 
..... 
m 
3: -o 
c ... 
g 
..... 
m o 



... 
<t 

~ 
C 
o -:ill 
m ...... .. 
~ 
c 
o 

DC Electrical Characteristics (Cont'd.) CD4047BC (Note 2)· 

CONoiTIONS 
--40°C 25°C 85°C 

PARAMETER UNITS 
MIN MAX MIN TYP MAX MIN MAX 

VOH High Level Output Voltage IIOI<IMA' 

VOO; 5V 4,95 4.95 5 4,95 V 

VOO; 10V 9.95 9,95 10 9,95 V 

VOO; 15V 14.95 14,95 15 14.95 V 

VIL Low Level Input Voltage VOO; 5V. Va; 0.5V or 4,5V 1.5 2,25 1,5 1.5 V 

VOO; 10V, Va; IV or 9V 3.0 4.5 3.0 3.0 V 

VOO; 15V, Va; 1.5V or 13.5V 4.0 6,75 4,0 4,0 V 

VIH High Level Input Voltage VOO; 5V, Va; O.SV or 4,5V 3.5 3,5 2,75 3,5 V 

VOO; 10V, Va; IV or 9V 7.0 7,0 5,5 7.0 V 

VOO; 15V, Va; 1.5V or 13.5V 11,0 11,0 S,25 11.0 V 

IOL Low Level Output Current VOO; 5V, Va; 0.4V 0.52 0.44 0,88 0,36 rnA 

Voo; 10V, Va; 0,5V 1.3 1.1 2.25 0,9 rnA 

Voo; 15V, Va; 1.5V 3.6 3.0 8,S 2.4 rnA 

IOH ' High Level Output Current Voo; 5V, Va; 4.6V -0,52 -0.44 -O,SS -0,36 rnA 

Voo; lOV, Va; 9,5V -1.3 -1,1 -2,25 -0.9 rnA 

Voo; 15V, Va; 13.5V -3.6 -3,0 -S.S -2.4 rnA 

liN Input Current Voo; 15V, VIN; OV -0,3 -10-5 -0,3 -1.0 MA 

Voo; 15V, VIN; 15V 0.3 10-5 0,3 1,0 MA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed, they are not meant to imply 
that the devices should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides 
conditions for actual device operation. 

Note 2: VSS; OV unless otherwise specified. 

AC Electrical Characteristics CD4047B 

T A = 25°C, CL = 50 pF, R L = 200k,Input tr = tf = 20 ns, unless otherwise specified. 

PARAMETER CONOITIONS MIN TYP MAX UNITS 

tPHL, tPLH Propagation Oelay Time Astable, VOO; 5V 200 400 ns 

Astable to Osc Out VOO; 10V 100 200 ns 

VOO; 15V SO 160 ns 

tPHL, tPLH Astable, Astable to Q, 0 VOO; 5V 550 900 ns 

VOO; 10V 250 500 ns 

VOO; 15V 200 400 ns 

tPHL, tPLH + Trigger, - Trigger to Q, 0 VOO; 5V 700 1200 ns 

VOO = 10V 300 600 ns 

VOO = 15V 240 4S0 ns 

tPHL, tpLH + Trigger, Retrigger to Q, 0 VOO; 5V 300 600 ns 

VOO; 10V 175 300 ns 

VOO = 15V 150 250 ns 

tPHL, tPLH Reset to Q, 0 VOO; 5V 300 600 ns 

VOO; 10V 125 250 ns 

VOO; 15V 100 200 ns 

tTHL, tTLH Transition Time Q, 0, Osc Out VOO; 5V 100 200 ns 

VOO; 10V 50 100 ns 

VOO; 15V 40 80 ns 

tWL,tWH Minimum Input Pulse Duration Any Input 

VOO; 5V 500 1000 ns 

VOO; 10V 200 400 ns 

VOO; 15V 160 320 ns 

tRCL, tFCL + Trigger, Retrigger, Rise and VOO = 5V 15 MS 

Fall Time VOO = 10V 5 MS 

VOO = 15V 5 MS 

GIN Average Input Capacitance Any Input 5 7,5 pF 
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Logic Diagram 

ASTABLE 0""----1'::>0----., 
illii1f[E~---""::''':'''''---...., 

+ TRIGG ER 0"" ..... -::-----. 
-TRIGGER 

Vss 

Co DO 

"D 

*Special input protection circuit to permit larger input~voltage swhgs 

Truth Table 

TERMINAL CONNECTIONS 
OUTPUT PULSE 

FUNCTION INPUT PULSE 
TOVDD TOVSS FROM 

TO 

Astable Multivibrator 

Free-Running 4,5,6,14 7,8,9,12 10,11,13 

True Gating 4,6,14 7,8,9,12 5 10,11,13 

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 

Retriggerable 4, 14 5,6,7,9 8,12 10,11 

External Countdown' 14 5, 6, 7, 8, 9, 12 (See Figure) (See Figure) 

Note: External resistor between terminals 2 and 3. External capacitor between terminals 1 and 3. 

* TVpical Implementation of External Countdown Option 
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DSCDUT 

RETRIGGER 

9 EXT RESET 

TYPICAL OUTPUT 

PERIODOR 

PULSE WIDTH 

tA(10, 11) ; 4.40 RC 

tA(13); 2_20 RC 

-tM(10, 11) ; 2.48 RC 

\ 

(See Figure) 

o 
c 
-'=" o 
-'=" ...... 
OJ 
3: -o 
c 
-'=" o 
-'=" ...... 
OJ 
o 



Typical Performance Characteristics 
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Typical a, a, Osc Out Period 
Accuracy vs Supply Voltage 
(Astable Mode Operation) 

i~ - iA='25"L 

~ I\B' 
\ 

~o\.. I\" 
~ 

E r-.. 

"'i\ -
~ ..... .... 

"-
10 15 

vo~ - SUPPLY VOLTAGE (V) 

fa,a R C 

A 1000 kHz 22k 10 pF 

B 100 kHz 22k 100 pF 

C 10 kHz 220k 100 pF 

0 1 kHz 220k 1000 pF 

E 100 Hz 2.2M 1000 pF 

Typical a, a and Osc Out 
Period Accuracy vs Temperature 
Astable Mode Operation 

-65 -35 -5 25 55 85 115 145 

TA - AMBIENT TEMPERATURE re) 

fa,a R C 

A 1000 kHz 22k 10 pF 

B 100 kHz 22k 100 pF 

C 10 kHz 220k 100 pF 

0 1 kHz 220k 1000 pF 

Timing Diagram 

g 
ICI 15 eo 
z .. 
d 

'" 10 
~ 
i:; .. 
~ .. 
:c 
I-eo 
30 

-5 w 

~ 

g 
I~. 15 

'" ~ 10 

i:; 

i .. 
:c 
Ei -5 
30 

Typical a, a, Pulse Width 
Accuracy vs Supply Voltage 
Monostable Mode Operation 

~ +A =i 25 ,b 
1\ A 

\ 
B , 

1---: ~ '" \ 1-- 0 ~ 
E "' ..... "-

" 10 

Vo~ -SUPPLY VOLTAGE (V) 

tM R 

15 

C 

A 21" 22k 10 pF 

B 71's 22k 100 pF 

C 601" 220k 100 pF 

0 550l's 220k 1000 pF 

E 5.5 m. 2.2M 1000 pF 

Typical a and a Pulse Width 
Accuracy vs Temperature 
Monostable Mode Operation 

~ -10 I-h''f-+-+---j-I-+-+-I 
~ 

-65 -35 -5 25 55 85 115 145 

! A - TEMPERATURE re) 

tM R C 

A 21" 22k 10 pF 

B 71" 22k 100 pF 

C 601" 220k 100 pF 

0 5501" 220k 1000 pF 

Monostable Mode Astable Mode 

oseOUT~ +TRIGGER -fl ...... ___ --'n .. ___ _ 
Q ~ L-I _---!! oseOUT~ 

~-tA .1 

Retrigger Mode 

+TRIGGER ., ., 
RETRIGGEO ----l L.........I ~ 

oseOUT~ 

L 
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~National 
~ Semiconductor 

CD4048BM/CD4048BC TRI-STATE® Expandable 
8-Function 8-lnput Gate 

General Description Features 
• Wide supply voltage range 

• High noise immunity 

3.0Vto 15V 

0.45 Voo (typ.) 

The CD4048BM/CD4048BC is a progammable 8-input 
gate. Three binary control lines Ka , Kb, and Kc determine 
the 8 different logic functions of the gate. These func­
tions are OR, NOR, AND, NAND, ORlAND, ORINAND, 
ANDIOR, and AND/NOR. A fourth input, ~, is a TRI­
STATE control. When ~ is high, the output is enabled; 
when ~ is low, the output is a high impedance. This 
feature enables the user to connect the device to a com­
mon bus line. The Expand Input permits the user to in­
crease the number of gate inputs. For example, two 8-
input CD4048's can be cascaded into a 16-input mUlti­
function gate. When the Expand input is not used, it 
should be connected to Vss. All inputs are buffered and 
protected against electrostatic effects. 

• High sink and source current capability 

Logic Diagram 

Connection Diagram 

• TTL compatibility drives 1 standard TTL load 
at Vcc =5V, 

over full temperature range 

• Many logic functions in one package 

Dual-In-Line and Flat Package 

Voo E:::U~D • .-A_.......:';::.NP;..;.UT.:..' __ -, FU,N::ION CO::Rlll 

I" " 14 13 12 11 

r-

I Z , 4 , , 
OU~PUTTRI~~ATE ,-.H __ ~ __ -J 

CONTROL INPUTS 

TOPVIEW 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

VOO Supply Voltage -{).5V to +1 BV VOO Supply Voltage 3V to 15V 
VIN Input Voltage -{).5V to V DO + 0.5V V I N I nput Voltage OV to VOO 
TS Storage Temperature Range -65°C to +150°C T A Operating Temperature Range 
Po Package Dissipation 500mW C0404BBM -65°C to +125°C 
T L Lead Temperature. (Soldering. 10 seconds) 300°C C0404BBC .--40° C to +B5° C 

DC Electrical Characteristics CD4048BM (Note 2) 

-55°C 25°C 125°C 
PARAMETER . CONDITIONS UNITS 

.MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent 'Device Current VOO= 5V 5.0 0.01 5.0 150 p.A 

_ VOO= 10V 10 0.01 10 '300 p.A 

VOO= 15V 20 0.01 20 BOO p.A 

VOL Low Level Output Voltage 1101 < 1 p.A. VIH = VOO. VIL = OV 

VOO=5V 0.05 a 0.05 0.05 V 

VOO = 10V 0:05 a 0.05 0.05 V 

VOO= 15V 0.05 a 0.05 0.05 V 

VOH High Level Output Voltage 1101 < 1 p.A. VIH = VOO. VIL = OV 

VOO= 5V 4.95 4.95 5 4.95 V 

VOO= 10V 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15 14:95 V 

VIL Low Level Input Voltage 1I01<Ip.A 

VOO = 5V. Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 V 

VOO = 10V. Vo = lVor 9V 3.0 4.5 3.0 3.0 V 

VOO = ISV. Vo = I.SV or 13.5V 4.0 B.75 4.0 4.0 V 

VIH High Level Input Voltage 1I01<IJ.LA 

VOO= 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 V 

VOO= 10V. VO= lVor9V 7.0 7.0 5.5 7.0 V 

VOO= ISV. VO= I.SVor 13.5V 11.0 11.0 B.25 11.0 V 

10L Low Level Output Current VIH = VOO. VIL = OV 

VOO= 5V. Vo = OAV 2.B 2.3 4.0· I.B mA 

VOO = 10V. Vo = 0.5V 6.4 5.2 11 3.6 mA 

VOO = 15V. Vo = I.SV 14 11.5 23 B.O mA 

10H High Level Output Current VIH = VOO. VIL = OV 

VOO= 5V. VO=4.BV -2.B -2.3 -4.0 -1.6 mA 

VOO= 10V. VO=9.SV -6.4 -5.2 ~11 -3.6 mA 

VOO = 15V. Vo = 13.5V -14 -11.5 -23 -B.O mA 

10Z TRI·STATE Leakage VOO = 15V. Vo = OV -0.2 -{).002 -0.2 -2 p.A 

Current VOO = ISV. Vo = ISV 0.2 0.002 0.2 2 p.A 

liN Input Current VOO = 15V, VIN = OV -0.1 -10-5 -0.1 -1.0 p.A 

VOO = 15V. VIN = ISV 0.1 10-5 0.1 1.0 p.A 

DC Electrical Characteristics CD4048BC (Note 2) 

--40°C 25°C B5°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO=5V 20 0.01 20 150 p.A 

VOO= 10V 40 0.01 40 300 p.A 
, VOO= 15V BO 0.01 BO 600 p.A 

VOL Low Level Output Voltage 1101 < 1 p.A. VIH ~ VOO. VIL = OV 

VOO= 5V p.05 a O.OS 0.05 V 

VOO=.10V O.OS a 0.05 0.05 V 

Voo= 15V 0.05 a 0.05 0.05 V 
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DC Electrical Characteristics (Conl'd.) CD4048BC (Note 2) 

-40°C 25°C 85°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

VOH High Level Output Voltage 1101 < 1 /lA, VIH = VDO, VIL = OV 

Voo = 5V 4.95 4.95 5 4.95 V 

Voo = 10V 9.95 9.95 10 9.95 V 

Voo = 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage 1101<1/lA 

VOO = 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 V 
, VOO = 10V, Va = lV or 9V 3.0 -4.5 3.0 3.0 V 

VOO = 15V, Va = 1.5Vor 13.5V 4.0 6.75 4.0 4.0 V 

VIH High Level Input Voltage lIol<l/lA 

VOO = 5V, Va = 0.5V or 4.5V 3.5 3.5 2.75 3.5 V 

VOO = 10V, Va = lV or 9V 7.0 7.0 5.5 7.0 V 

VOO = 15V, Va = 1.5V or 13.5V 11.0 11.0 8.25 11.0 V 

IOL Low Level Output Current VIH = VOO' VIL = OV 

VOO= 5V, Va = O.4V 2.3 2.0 4.0 1.6 mA 

VOO = 10V, Va = 0.5V 5.2 4.5 11 3.6 mA 

VOO = 15V, Va = 1.5V 11.5 9.8 23 8.0 mA 

IOH High Level Output Current VIH = VOO, VIL = OV 

VOO = 5V, Va = 4.6V -2.3 -2.0 -4.0 -1.6 mA 

VOO = 10V, Va = 9.5V -5.2 -4.5 -11 -3.6 mA 

VOO = 15V, Va = 13.5V -11.5 -9.8 -23 -8.0 mA 

ITL TRI·STATE Leakage VOO = 15V, Va = OV -0.6 -0.005 -0.6 -2 /lA 

Current VOO = 15V, Va = 15V 0.6 0.005 0.6 2 /lA 

liN Input. Current VOO= 15V, VIN=OV -0.3 -10-5 -0.3 -1.0 /lA 

VOO = 15V, VIN = 15V 0.3 10-5 0.3 1.0 /lA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide 
conditions for actual device operation. 

Note 2: VSS = OV unless otherwise specified. 

AC Electrical Characteristics TA = 25°C, CL =50pF, RL=200kQ, and t r =tf=20ns, 
unless otherwise specified 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tPHL, tpLH Propagation Oelay Time VOO = 5V 425 850 ns 

VOO = 10V 200 400 ns 

VOO = 15V 160 320 ns 

tPLZ, tpHZ Propagation Oelay Time, Kd to RL=1.0k!l 

High Impedance (From Active VOO = 5V 175 350 ns 

Low or High Levell VOO= 10V 125 250 ns 

VOO= 15V 100 200 ns 

tPZL, tpZH Propagation Oelay Time, Kd to RL = 1.0k!l 

Active High or Low Level VOO = 5V 225 450 ns 

(From High Impedancel VOO = 10V 100 200 ns 

VOO = 15V 70 140 ns 

tTHL, tTLH Output Transition Time VOO = 5V 100 200 ns 

VOO= 10V 50 100 ns 

VOO = 15V 40 80 ns 

CIN Input Capacitance Any Input 5 7.5 pF 

COUT Tristate output 

Capacitance 22.5 pF 
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m Truth Table 
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OUTPUT BOOLEAN CONTROL INPUTS UNUSED 
FUNCTION EXPRESSION Ka Kb Kc Kd INPUTS 

NOR J=A+B+C+O+E+F+G+H 0 0 0 1 Vss 

OR J=A+B+C+O+E+F+G+H 0 0 1 1 Vss 
OR/AND J = (A + B + C + 01 ' (E + F + G + HI 0 1 0 1 Vss 

OR/NAND J = (A + B + C + 01 ' (E + F + G + HI 0 1 1 1 Vss 
AND J=A'B'C'O'E'F'G'H 1 0 0 1 VOD 
NAND J=A'B'C'O'E'F'G'H 1 0 1 1 VDD 

ANO/NOR J = (A ' B ' C ' 01 + (E ' F ' G ' HI 1 1 0 1 VDO 

AND/OR J = (A ' B ' C ' 01 + (E ' F ' G ' HI 1 ,1 1 1 VDD 
Hi-Z X X X 0 X 

, . 
Positive logic: 0 = low level, 1 = high level, X = Irrelevant, EXPAND ,"put tied to Vss. 

AC Test Circuits and Switching Time Waveforms 
Logic Propagation OelaV Time Tests 

Voo ---1 .l!=~-"'"\ 

INPUT 

ov---"I~::;:"'--J 

INPUTS 

Voo------t.~=_--~ 

OUTPUT J 

OV----~ 

'THL 

TRI-STATE Propagation Delav Time Tests 

Voo 
Voo 

T~~:r:~~ Kd 
2 

CL OUTPUT J 

"* ':' 

Voo 

VOO 

TCR~:r:~~ K~ 
TRI·STATE 

Kd 
Z DV 

CONTROL 

RL =Voo 

OUTPUT J 

':' OV 

Typical Performance Characteristics 

! 
&00 

> 500 
~ 
co 
z 400 co 
;: 
c .. 300 

~ 
if 200 
:i: 
S- 100 .:. 
'" ~ o 

Propagation Oelav vs Load 
Capactiance 

.1 
VCC = 5V 

f..----r 
,I 

----t 'OV -- VfC = 15V 

I 
o 50 100 150 

CL - LOAO CAPACITANCE (pFI 

zoo 
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Load Capacitance 
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Basic Logic Configurations 
NOR OR NAND 

A~ • 
C 
o ' 

.J ' 
= 001 = 101 

AND OR/AND OR/NAND 

EXPANO---------'" EXPANO----~----.... 

= 100 =010 

AND/OR 

EXPAND---------'" 

= 111 

Actual Circuit Configurations 
NOR OR 

EXPANO-------! EXPANO--~--_! 

= 001 

AND OR/AND 

EXPANO-------1 EXPANO-------1 

= 100 =010 

AND/OR 

EXPANO------; 

= 111 
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= 011 

AND/NOR 

H 

EXp\NO---------'" 
= 110 

NAND 

EXPAND -------1 

= 101 

OR/NAND 

EXPANO-----_! 

= 011 

AND/NOR 

EXPANO-----_! 

= 110 
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olio 
Q 
olio co 
OJ 
s:: -o 
c 
~ 
t 
OJ 
o 



CJ 
III Truth Table for EXPAND Feature 
~ 
~ c 
CJ -:E 
III 

~ 
C 
"It 
C 
CJ. 

COMBINED FUNCTION 
OUTPUT BOOLEAN 

OUTPUT NEEDED AT 
FUNCTION EXPAND INPUT , 

EXPRESSION 

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) • ~ 
ORlAND NOR J = (A + B + C + D) • (E + F + G + H) • (EXP) 
ORINAND NOR J = (A + B + C 'f- D) • (E + F + G + H) • fEXP) 

ANDINOR AND J = (ABCD) + (EFGH) + (EXP) 
ANDIOR AND J = (ABCD) + (EFGH) + (EXP) 

Note. Positive logic is assumed. (EXP) represents the !ogic level present at the EXPAND input. 

Typical Applications of EXPAND Feature 

OUTPUT 

16·lnput NOR Gate 

Voo 

J2 

Kd EXPANO 

H2 

G2 C0404BB 

F2 
(DR 

FUNCTION) 
E2 

Kb K, 

K, 

Output = Al + 61 + Cl + Dl + El + Fl + 01 + 
HI + A2 + B2 + C2 + D2 + E2 + F2 + 02 + H2 

Voo 

16 

15 VSS 

14 A2 

13 H2 

12 C2 

11 02 

10 VSS 
9 

Voo 
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OUTPUT 

12·lnput ORlAND Gate 
voo 

Output = (A+B+C+ D)· (E+ 
G + H) • (Xl + X2 + X3 + X4) F + 

Xl' 

X2 

Xl 

X4 



~National 
~ Semiconductor 

CD4049M/CD4049C Hex Inverting Butler 
CD4050BM/CD4050BC Hex Non-Inverting Buffer 

General Description 
These hex buffers are monolithic complementary MOS' 
(CMOS) integrated circuits constructed with N- and P­
channel enhancement mode transistors. These devices 
feature logic level conversion using only one supply 
voltage (Voo). The input signal high level (VIH) can exceed 
the Voo supply voltage when these devices are used for 
logic level conversions. These devices are intended for 
use as hex buffers, CMOS to DTLlTTL converters, or as 
CMOS current drivers, and at Voo = 5.0 V, they can drive 
directly two DTLlTTL loads over the full operating tem­
perature range. 

Connection Diagrams 
C04049M/C04049C 

Oual-In-Line and Flat Package 

NC L=r NC. K=E E J=jj 

16 15 14 13 12 

Voo G = A A H=B 
TOP VIEW 

Schematic Diagrams 
CD4049M/CD4049C 
1 of 6 Identical Units 

11 10 

1= C Vss 

Features 
• Wide supply voltage range 3.0Vto 15V 

• Direct drive to 2 TTL loads at 5.0V over full tempera­
ture range 

• High source and sink current capability 

• Special input protection permits input voltages greater 
than Voo 

Applications 
• CMOS hex inverter/buffer 

• CMOS to DTLlTTL hex converter 

• CMOS current "sink" or "source" driver 

• CMOS high-to-Iow logic level converter 

CD4050BM/CD4050BC 
Dual-In-Line and Flat Packago 

NC L = F NC K E J 11 

16 15 

Voo G = A 

14 13 12 

A H=B 

TOP VIEW 

CD4050BM/CD4050BC 
1 of 6 Identical Units 

II III 

1= C Vss 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

VDD Supply Voltage --{).5V to+18V VDD Supply Voltage 3V to 15V 
VIN Input Voltage --{).5V to +18V VIN Input Voltage OV to 15V 
VOUT Voltage at Any Output Pin --{).5V to VDD + 0.5V VOUT Voltage at Any Output Pin o to VDD 
TS Storage Temperature Range -6SoC to +150°C T A Operating Temperature Range 
Po Package Dissipation 500mW CD4049M, CD4050BM -65°C to +125°C 
TL'Lead Temperature (Soldering, 10 seconds) 300°C CD4049C,CD40S0BC --40° C to +8So C 

DC Electrical Characteristics CD4049M/CD4050BM (Note 2) 

-55°C 25°C 125"C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TVP MAX MIN MAX 

100 Quiescent Device Current VOO = 5V 1.0 0.01 1.0 30 /JA 
VOO = 10V 2.0 0.01 2.0 60 /JA 
VOO = 15V 4.0 0.03 4.0 120 /JA 

VOL Low Level Output Voltage VIH = VOO, VIL = 0, 

IIOI<I/JA 

VOO = 5V 0.05 a 0.05 0.05 V 

VOO = 10V 0.05 a 0.05 0.05 V 

VOO = 15V 0.05 a 0.05 0.05 V 

VOH High Level Output Voltage VIH = VOO, VIL = 0, 

'1IOI<I/JA 

VOO = 5V 4.95 4.95 5 4.95 V 

VOO = 10V 9.95 9.9S 10 9.95 V 

VOO = ISV 14.95 14.95 15 14.95 V 

Vil Low Level Input Voltage IIOI<I/JA 

(C040S0BM Only) VOO = SV, Vo = 0.5V 1.5 2.2S 1.5 1.5 V 

VOO = 10V, Vo = IV 3.0 4.5 3.0 3.0 V 

VOO = 15V, Vo = 1.5V 4:0 6.75 4.0 4.0 V 

VIL Low Level I nput Voltage 1I01<I/JA 
(C04049M Only) VOO = SV, Vo = 4.5V 1.0 1.5 1.0 1.0 V 

VOO = 10V, Vo = 9V 2.0 2.5 2.0 2.0 V 

VOO = 15V, Vo = 13.5V 3.0 3.5 3.0 3.0 V 

VIH High Level Input Voltage rIOI<I/JA 

(C040S0BM Only) VOO'= SV, Va = 4.SV 3.S 3.S 2.75 3.5 V 

Voo = 10V, Vo = 9V 7.0 7.0 5.5 7.0 V 

Voo = 15V, Vo = 13.5V 11.0 11.0 B.25 11.0 V 

VIH High Level Input Voltage IIOI<I/JA 
(C04049M Only) VOO = 5V, Va = O.SV 4.0 4.0 3.S 4.0 V 

Voo = 10V, Va = IV B.O 8.0 7.S 8.0 V 

Voo = 15V, Vo = I.SV 12.0 12.0 11.5 12.0 V 

IOL Low Level Output Current VIH = VOO, VIL = OV 

(Note 3) VOO = 5V, Va = O.4V 5.6 4.6 5 3.2 mA 

Voo= 10V, VO=0.5V 12 9.8 12 6.8 mA 

VOO= 15V, VO= 1.5V 3S 29 40 20 mA 

IOH High Level Output Current VIH = VOO, VIL = OV 

(Note 3) VOO = 5V, Vo = 4.6V -1.3 -1.1 -1.6 --{l.72 rnA 

VOO = lOV, Vo = 9.5V -2.6 -2.2 -3.6 ~1.5 rnA 

VOO = 15V, Vo = 13.SV -8.0 -7.2 -12 -5.0 rnA 

liN Input Current VOO = 15V, VIN = OV -0.1 -10-5 --{l.1· -1.0 /JA 

VOO = 15V, VIN = 15V 0.1 IO-S 0.1 1.0 IlA. 

Not. 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply 
that the devices should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides 
conditions for actual device operation. 

Not.2: VSS = OV unless otherwise specified. 

Not. 3: These are peak output current capabilities. Continuous output current is rated at 12 rnA maximum. The output current should not be 
allowed to exceed this value for extended periods of time. 
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DC Electrical Characteristics CD4049C/CD4050BC (Note 2) 

-40°C 
PARAMETER CONDITIONS 

MIN MAX MIN 

100 Quiescent Device Current VOO = SV 4 

VOO = 10V a 

Voo = ISV 16 

VOL Low Level Output Voltage V'H = VOO, V'L = OV, 

f'OI<IIl A 

VOO = SV 0.05 

VOO = lOV O.OS 

VOO = IsV O.OS 

VOH High Leve' Output Voltage V'H = VOO, V'L = OV, 

"0'< lilA 

VOO = SV 4.9S 4.9S 

VOO = 10V 9.9S 9.95 

VOO = ISV 14.95 14.95 

V'L Low Level Input Voltage "0'< lilA 
(C040s0aC On'y) VOO = SV, Vo = 0.5V I.S 

VOO = 10V, Vo = 1V 3.0 

VOO = 15V, Vo = I.SV 4.0 

V'L Low Level Input Voltage 1i01<IIlA 

(C04049C On'y) VOO = 5V, Vo = 4.5V 1.0 

VOO = 10V, Vo = 9V 2.0 

VOO = ISV, Vo = 13.5V 3.0 

V'H High Level Input Voltage "0'< lilA 

(C04050BC On'y) VOO = SV, Vo = 4.5V 3.5 3.5 

VOO = 10V, Vo = 9V 7.0 7.0 

VOO = IsV, Vo = 13.5V 11.0 11.0 

V'H High level Input Voltage l'OI<IIlA 

(C04049C On'y) VOO = sV, Vo = O.SV 4.0 4.0 

VOO = 10V, Vo = IV 8.0 8.0 

VOO = 15V, Vo = 1.5V 12.0 12.0 

'OL Low Level Output Current V'H = VOO, V'L = OV 
(Note 3) VOO = sV, Vo = O.4V 4.6 4.0 

VOO = 10V, Vo = O.SV 9.8 8.S 

VOO = ISV, Vo = I.SV 29 25 

'OH High ,Level Output Current V'H " VOO, V'L = OV 
(Note 3) VOO = SV, Vo = 4.6V -1.0 -1l.9 

VOO = 10V, Vo = 9.5V -2.1 -1.9 

VOO = 15V, Vo = 13.5V -7.1 -6.2 

"N Input Current VOO = 15V, V'N = OV -1l.3 -1l.3 

VOO = lSV, V'N = 15V 0.3 0.3 
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2S"C 85°C 

TYP MAX MIN 

0.03 4.0 

O.OS 8.0 

0.07 16.0 

0 0.05 

0 O.OS 

0 O.OS 

S 4.9S 

10 9.95 

15 14.95 

2.25 I.S 

4.5 3.0 

6.7S 4.0 

1.5 1.0 

2.5 2.0 

3.5 3.0 

2.7S 3.5 

5.S 7.0 

8.25 11.0 

3.S 4.0 

7.S 8.0 

11.5 12.0 

5 3.2 

12 6.8 

40 20 

-1.6 -1l.72-

-3.6 -1.S 

-12 -5 

-10-5 

10-5 

MAX 

30 

60 

120 

O.OS 

O.OS 

O.OS 

1.5 

3.0 

4.0 

1.0 

2.0 

3.0 

-1.0 

1.0 
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IlA 
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AC Electrical Characteristics CD4049M/CD4049C 

T A = 25°C, CL = 50 pF, R L = 200k, tr = tf = 20 ns, unless otherwise specified, 

, PARAMETER CONDITIONS MIN 

tpHL Propagation Delay Time High-to-Low Level VOO = 5V 

VOO= 10V 

VOO = 15V 

tpLH Propagation Oelay Time Low-to-High Level VOO = 5V 

VOO = 10V 

VOO= 15V 

tTHL Transition Time High-to-Low Level VOO=5V 

VOO = 10V 

VOO= 15V 

tTLH Transition Time Low-to-High Level VOO=5V 

VOO= 10V 

VOO= 15V 

CIN Input Capacitance Any Input 

AC Electrical Characteristics CD4050BM/CD4050BC 

T A = 25°C, CL = 50 pF, R L = 200k, tr = tf = 20 ns, unless otherwise specified_ 

PARAMETER CONOITIONS MIN 

tpHL Propagation Oelay Time High-to-Low Level VOO =5V 

VOO = 10V 

VOD = 15V 

tPLH Propagation Oelay Time Low-to-High Level VOO = 5V 

VOO = 10V 

VOO= 15V 

tTHL Transition Time High-to-Low Level VOO = 5V 

VOD = 10V 

VOO = 15V 

tTLH Transition Time Low-to-High Level VOO = 5V 

VOO =~10V 

VOO= 15V 

CIN Input Capacitance Any Input 

5-150 

TVP MAX UNITS 

30 65 ns 

20 40 ns 

15 30 ns 

45 85 ns 

25 45 ns 

20 35 ns 

30 60 ns 

20 40 ns 

15 30 ns 

60 120 ns 

30 55 ns 

25 45 ns 

15 22_5 pF 

TVP MAX UNITS 

60 110 ns 

25 55 ns 

20 30 ns 

60 120 ns 

30 55 ns 

25 45 ns 

30 60 ns 

20 40 ns 

15 30 ns 

60 120 ns 

30 55 ns 

25 45 ns 

5 7_5 pF 



Switching Time Waveforms 

VIN 

VOUT 
e04049UB 

VOUT 
e04050B 

Typical Applications 

... ~ 
--;;;:. VOOl 

Voo 

OV 

Voo 

ov 
trHL 

VOO 

ov 

CMOS to TTL or CMOS at a Lower VOO 

I 
VOO 

r-.... 
CMOS 

~ 

GNO 

1 

-
Note: VODl ;::: VDD2 

J 
VOO 

Vee TTL 

l\ 
I-

.OR 
CMOS 

GNO 

~ 

44 4 L[co 0 9M/C040 9C 1 
C04050BM/CD4050BC 

Note: I n the case of the CD4049M/CD4049C 
the output drive capability ine;reases with increasing 
input voltage. E.g., If VOD1= 10V the CD4049MI 
CD4049C could drive 4 TTL loads. 
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~National 
~ Semiconductor 

CD4051BM/CD4051BC Single a-Channel Analog 
Multiplexerl Demultiplexer 

CD4052BM/CD4052BC Dual 4-Channel Analog 
Multiplexerl Demultiplexer 

CD4053BM/CD4053BC Triple 2-Channel Analog 
Multiplexerl Demultiplexer 

General Description 
These analog multiplexers/demultiplexers are digitally 
controlled analog switches having low "ON" impedance 
and very low "OFF" leakage currents. Control of analog 
signals up to 15 Vp.p can be achieved by digital signal 
amplitudes of 3·15V. For example, if Voo=5V, Vss=OV 
and VEE = -5 V, analog signals from -5 V to +5 V can be 
controlled by digital inputs of 0-5 V. The multiplexer cir­
cuits dissipate extremely low quiescent power over the 
full Voo - Vss and Voo - VEE supply voltage ranges, inde­
pendent of the logic state of the control signals. When a 
logical "1" is present at the inhibit input terminal all 
channels are "OFF". 

CD4051BM/CD4051BC is a single B-channel multiplexer 
having three binary control inputs. A, B, and C, and an in­
hibit input. The three binary signals select 1 of S channels 
to be turned "ON" and connect the input to the output. 

CD4052BM/CD4052BC is a differential 4-channel multi­
plexer having two binary control inputs, A and B, and an 
Inhibit input. The two binary input signals select 1 or 4 
pairs of channels to be turned on and connect the dif­
ferential analog inputs to the differential outputs. 

CD4053BM/CD4053BC is a triple 2-channel multiplexer 
having three separate digital control inputs, A, B, 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. 

Connection Diagrams 

Features 
• Wide range of digital and analog signal levels: digital 

3-15V, analog to 15Vp.p 

• Low "ON" resistance: SOQ (typ.) over entire 15Vp.p 
signal-Input range for Voo - VEE = 15 V 

• High "OFF" resistance: channel leakage of ±10pA 
(typ.) at Voo - VEE = 10 V 

• Logic level conversion for digital addressing signals 
of 3-15 V (Voo - Vss = 3-15 V) to switch analog signals 
to 15 Vp_p (Voo - VEE = 15 V) 

• ,Matched switch characteristics: ARoN = 5 Q (typ.) for 
VOO-VEE= 15V 

• Very low quiescent power dissipation under all dlgital­
control input and supply conditions: 111W (typ.) at 
Voo - Vss = Voo - VEE = 10V 

• Binary address decoding on chip 

CD4051 BM/CD4051 BC 
IN/OUT 

CD4052BM/CD4052BC CD4053BM/CD4053BC 

OUT/IN IN/OUT 
VDD~~ B. 

10 9 

~ OUT/IN 7 SINH VEE Vss 
IN/OUT '"'iNtOuT 

~ y ~ INH -VEE Vss 
IN/OUT OUT/IN IN/OUT 

TOP VIEW TOP VIEW TOP VIEW 
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Absolute Maximum Ratings Recommended Operating Conditions 
voo DC Supply Voltage -0.5 Vdc to +18 Vdc Voo DC Supply Voltage +5Vdcto+15Vdc 

V 1N I nput Voltage -0.5 Vdc to V DO + 0.5 Vdc V 1N Input Voltage OV to Voo Vdc 

Ts Storage Temperature Range _65°C to +150°C TA Operating Temperature Range 

Po Package Dissipation 500mW 40518M/4052BM/4053BM -55°C to +125°C 

TL Lead Temperature (soldering, 10 seconds) 300°C 4051BC/4052BC/4053BC _40°C to +85°C 

DC Electrical Characteristics (Note 2) 

_55°C +25°C +125°C 
Parameter Conditions Units 

Min Max Min Typ Max Min Max 

IDD Quiescent Device Current VDD=5V 5 5 150 IlA 
VDD = 10V 10 20 600 IlA 
VDD = 15V 20 20 600 IlA 

Signal Inputs (VIS) and Outputs (VOS) 

RON "ON" Resistance (Peak RL=10kn VDD= 2.5V, 
for VEE" VIS" VDD) (any channel VEE = -2.5V 

2000 270 2500 3500 n selected) or VDD = 5V, 
VEE = OV 

VDD= 5V 
VEE = -5V 

310 120 400 580 n or VDD = 10V, 
VEE= OV 

VDD = 7.5V, I 
VEE = -7.5V 

220 80 280 400 n orVDD=15V, 
VEE = OV 

!IRON !I"ON" Resistance RL=10kn VDD = 2.5V, 
Between Any Two (any channel VEE = -2.5V 

10 n Channels selected) or VDD= 5V, 
VEE = OV 

VDD = 5V, 
VEE= -5V 

10 n or VDD = 10V, 
VEE= OV 

VDD = 7.5V, 
VEE = -7.5V 

5 n orVDD=15V, 
VEE = OV 

"OFF" Channel Leakage VDD = 7.5V, .vEE = -7.5V 
Current, any channel 0/1 = ±7.5V, I/O = OV ±50 ±0.01 ±50 ±500 nA 
"OFF" 

"OFF" Channel Leakage Inhibit = 7.5V CD4051 ±200 ±0.08 ±200 ±2000 nA 
Current, all channels VDD= 7.5V, -
"OFF" (Common VEE = -7.5V, CD4052 ±200 ±0.04 ±200 ±2000 nA 
OUTIIN) 0/1 = OV, 

I/O = ±7.5V CD4053 ±200 ±0.Q2 ±200 ±2000 nA 

Control Inputs A, B, C and Inhibit 

VIL Low Level Input Voltage VEE = VSS RL = lkn to VSS 
liS < 21lA on all OFF channels 
VIS = VDD thru 1 kn 
VDD = 5V 1.5 1.5 1.5 V 
VDD = 10V 3.0 3.0 3.0 V 
VDD=15V 4.0 4.0 4.0 V 

VIH High Level Input Voltage VDD= 5 3.5 3.5 3.5 V 
VDD = 10 7 7 7 V 
VDD = 15 11 11 11 V 

liN I nput Current VDD = 15V, VEE = OV 
-0.1 -10-5 -0.1 -1.0 IlA VIN = OV 

VDD = 15V, VEE = OV 
0.1 10-5 0.1 1.0 IlA VIN = 15V 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Charactenstics" provides conditions for actual 
device operation. 
Note 2: All voltages measured with respect to VSS unless otherwise specified. 
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DC Electrical Characteristics·(cont'd.) (Note 2) 

_40°C +25°C +85°C 
Parameter Conditions Units 

Min Max Min Typ Max Min Max 

100 Quiescent Oevice Current VOO= 5V 20 20 150 p.A 
VOO= 10V 40 40 300 p.A 
VOO = 15V 80 80 600 p.A 

Signal Inputs (VIS) and Outputs (VOS) 

RON "ON" Resistance (Peak RL=10kf! VOO =2.5V, 
for VEE';;; VIS';;; VOO) (any channel VEE = -2.5V 

2100 270 2500 3200 f! selected) or VOO= 5V, 
VEE =OV 

VOO= 5V, 
VEE=-5V 

330 120 400 520 f! or VOO= 10V, 
VEE = OV 

VOO = 7.5V, 
VEE =-7.5V 

230 80 280 360 f! or VOO= lSV, 
VEE =OV 

MON t. "ON" Resistance RL=10kf! VOO = 2.5V, 
8etween Any Two (any channel VEE = -2.SV 

10 f! Channels selected) or VOO = SV, 
VEE= OV 

VOO = SV 
VEE=-SV 

10 f! or VOO= 10V, 
VEE =OV 

VOO= 7.SV, 
VEE = -7.SV 

S f! orVOO=lSV, 
VEE = OV 

"OFF" Channel Leakage VOD = 7.5V, VEE = -7.5V 
Current, any channel 0/1 = ±7.5V, I/O = OV ±50 ±0.01 ±50 ±500 nA 
"OFF" 

"OFF" Channel Leakage Inhibit = 7.5 V C040S1 ±200 ±0.08 ±200 ±2000 nA 
Current, all channels VOO= 7.SV, 
"OFF" (Common VEE = -7.5V, C040S2 ±200 ±0.04 ±200 ±2000 nA 
OUT/IN) 0/1 =OV 

I/O = ±7.SV C040S3 ±200 ±0.02 ±200 ±2000 nA 

Control Inputs A, B, C and Inhibit 

VIL Low Level Input Voltage VEE = VSS RL = 1 kf! to VSS 
liS < 2p.A on all OFF Channels 
VIS = VOO thru 1 kf! 
VOO= SV I.S 1.S 1.5 V 
VOO = 10V 3.0 3.0 3.0 V 
VOO = lSV 4.0 4.0 4.0 V 

VIH High Level Input Voltage VOO= S 3.5 3.5 3.5 V 
VOO = 10 7 7 7 V 
VOO=15 11 11 11 V 

liN I nput Current VOO = 15V, VEE = OV 
-0.1 -10-5 -0.1 -1.0 p.A VIN = OV 

VOO = lSV, VEE = OV 
0.1 10-S 0.1 1.0 p.A VIN = 15V 

Not. I: "Absolute Maximum Ratings' are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating Temperature 
Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" provides conditions for actual 
device operation. 
Note 2: All voltages measured with respect to VSS unless otherwise specified. 
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AC Electrical Characteristics 
T A = 25°C, t, = tf = 20 ns, unless otherwise specified. 

Parameter Conditions Vpp Min Typ Max Units 

tPZH, Propagation Delay Time from VEE = VSS=OV 5V 600 1200 ns 

tpZL Inhibit to Signal Output RL=lkn 10V 225 450 ns 
(channel turning on) CL = 50 pF 15V 160 320 ns 

tpHZ Propagation Delay Time from VEE=VSS=OV 5V 210 420 ns 

tpLZ Inhibit to Signal Output RL = 1 kn 10V 100 200 ns 
(channel turning off) CL = 50 pF 15V 75 150 ns 

CIN I nput Capacitance 
Control Input 5 7.5 pF 
Signal Input (IN/OUT) 10 15 pF 

COUT Output Capacitance 
(common OUT/IN) 

CD4051 10V 30 pF 
CD4052 VEE = VSS=OV 10V 15 pF 
CD4053 10V 8 pF 

CIOS Feedthrough Capacitance 0.2 pF 

CPD Power Dissipation Capacitance 

CD4051 110 pF 
CD4052 140 pF 
CD4053 70 pF 

Signal Inputs (VIS) and Outputs (VOS) 

Sine Wave Response RL=10kn 
(Distortion) flS = 1 kHz 

10V 0.04 % VIS= 5 Vp_p 
VEE= VSI = OV 

Frequency Response, Channel RL = 1 kn, VEE = VSS = OV, VIS = 5Vp_p, 
10V 40 MHz 

"ON" (Sine Wave Input) 2010910 VOS/VIS = -3 d8 

Feedthrough, Channel "OFF" RL = 1 kn, VEE = VSS = OV, VIS = 5Vp_p, 
10V 10 MHz 

20 10glO VOS/VIS = -40 dB 

Crossta I k Between Any Two RL = 1 kn, VEE = VSS = OV, VIS(A) = 5Vp-J: 
10V 3 Mill 

Channels (frequency at 40 dB) 20 10910 VOS(B)/VIS(A) = -40 dB (Note 3) 
---- --

tPHL, Propagation Delay Signal VEE = VSS=OV 5V 25 55 liS 

tpLH I nput to Signal Output CL = 50pF 10V 15 35 ns 
15V 10 25 ns 

Control Inputs, A, B, C and Inhibit 

Control Input to Signal VEE = VSS = OV, RL = 10 kn at both ends 
Crosstalk of channel. 10V 65 mV (peak) 

Input Square Wave Amplitude = 10V 

tPHL, Propagation Delay Time from VEE = VSS= OV 5V 500 1000 ns 
tpLH Address to Signal Output CL = 50pF 10V 180 360 ns 

(channels "ON" or "OFF") 15V 120 240 ns 

Note 3: A. Bare tvvo arbitrary channels with A turned "ON" and B "OFF", 
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Block Diagrams 

A 
11 

10 

INH 

A 
10 

INH 

LOGIC 
LEVEL 

CONVERSION 

Vss 

LOGIC 
LEVEL' 

CONVERSION 

Vss 

Voo 

Voo 

BINARY 
TO 

1 OF B 
DECODER 

WITH 
INHIBIT 

CD4051BM/CD4051BC 

BINARY 
TO 

1 OF 4 
DECODER 

WITH 
INHIBIT 

CD4052BM/CD4052BC 
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CHANNEL IN/OUT 

12 15 

, X CHANNELS IN/O UT 

, J 

11 15 

, 0 

V CHANNELS IN/OUT 

COMMON 
OUT/IN 

COMMON X 
OUT/IN 

COMMON Y 
OUT/IN 



Block Diagrams (Cont'd.) 

VDD 

A 
11 

10 LOGIC 
LEVEL 

CONVERSION 

INH 

Vss 

Truth Table 

IN/OUT 

cy ex by bx 

BINARY TO 
I OF 2 

DECODER 
WITH INHIBIT 

-----

-----

CD4053BM/CD4053BC 

I NPUT STATES "ON" CHANNELS 

INHIBIT C B A C04051B C04052B C04053B 

0 a a a a OX,OY ex, bx, ax 

a a 0 1 1 lX,lY ex, bx, ay 

a a 1 0 2 2X,2Y cX,bY,ax 

a a 1 1 3 3X,3Y ex, by. ay 

0 1 0 0 4 CY. bx, ax 

0 1 0 1 5 cy,bx,ay 

0 1 1 0 6 cy, by, ax 

a 1 1 1 7 CY. by. ay 

1 . . NONE NONE NONE 

* Don't Care condition. 
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Switching Time Waveforms 

Voo 

vos 

tPLH 

I 
I 
I 
I 
I 

SIGNAL INPUT TO SIGNAL OUTPUT 

Voo 

IN/OUT or 
OUT/IN 

IN/OUT or 
OUT/IN 

ANY CHANNEL 

lKU 

1 50PF 

Voo 

lKU 

OUT/IN or 
IN/OUT 

150PF 

ADDRESS 
INPUTS . 

Voo 

A,B or C VDD 

VOD 

VOS 

Voo 

0 

VOD 

Vos 

0 
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Special Considerations 
In certain applications the external load-resistor current 
may include both Vee and signal-line components_ To 
avoid drawing Vee current when switch current flows 
into IN/OUT pin, the voltage drop across the bidirec-

Typical Performance Characteristics 
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400 

JSO 

JOO 

2S0 

200 
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100 

SO 

"ON" Resistance vs Signal 
Vollage for T A = 25°C 

Voo -VEE =5V ~ 

VOD~=10V 

.JJ..H-tl-
Voo - VEE :: 15V 

-8 -6 -4 -2 0 

SIGNAL VOLTAGE (V"I (VI 

"ON" Resistance as a 
Function of Temperature for 
Vee - VEE = 10V 

TA = +125~C 

'T':~C 

i(i rtr 1\ 
TA = _55°C 

-8 -6 -4 -2 

SIGNAL VOLTAGE (V,,) (V) 
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tional switch must not exceed 0_6 V at T A .;; 25°C, or 
OAV atT A> 25°C (calculated from RON values shown)_ 
No Vee current will flow through R L if the switch 
current flows into OUT/IN pin_ 

"ON" Resistance as a 
Function of Temperature for 
Vee - VEE = 15V 

400 rT--r1rT""-rr-r,-,--,-,rr-'-'--r-1 

1 350 H+t-++t-++t-++t-++H 
~ 300 H+H+H+H+H+H 

~ 2S0 

~ 200 H+t-++t-++t-++t-++H 
a: 

TA :+12S"cH+H+H--±;;H ~ 150 

100 14::j:f+~-I-+-+-rt=R-+1-l 
TA :+~c ~ 

" " '" So~~~~~PRH49H 
o TA : -SS"C ~ 
-8 -6 -4 -2 0 

400 

J JSO 

~ 300 

2 250 
~ m 200 
a: 

~ 150 

~ 100 
z 
z 

'" ~ 
SO 

o 

SIGNAL VOLTAGE IV"I (VI 

"ON" Resistance as a 
Function of Temperature for 
Vee -VEE = 5V 

,I III 
TA =+12S"C 

III I III 
TA .. +25"C 
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SUPPLY VOLTAGE (V"I (V) 

00 
CO 
-1=0-1=0 
OQ 
en en 
W ...... 
mm 
S::S:: --00 
CO 
-I=o~ 
QQ 
en en 
W ...... 
mm 
OS> 

o 
o 
-1=0 
Q 
en 
N 
m 
s:: -o 
C 
8 en 
N 
m 
o 



o 
III 
CD 
CD 
Q 
"1:1' 
C 
o -::2 
III 
CD 
CD 
Q 
"1:1' 
C 
o 

~National a Semiconductor 

CD4066BM/CD4066BC Quad Bilateral Switch 

General Description 
The CD4066BM/CD4066BC is a quad bilateral switch 
intended for the transmission or multiplexing of ana­
log or digital signals. It is pin-for-pin compatible with 
CD4016BM/CD4016BC, but has a much lower "ON" 
resistance, and "ON" resistance is relatively constant 
over the input-signal range. 

Features 
• Wide supply voltage range 3 V to 15 V 
• High noise immunity 0.45 Voo (typ.) 
• Wide range of digital and ±7.5VPEAK 

analog switching 
• "ON" resistance for 15 V operation 80Q 
• Matched "ON" resistance "RON = 5 Q (typ.) 

over 15 V signal input 
• "ON" resistance flat over peak-to-peak signal range 
• High "ON","OFF" 65dB (typ.) 

output voltage ratio @ fis = 10 kHz, RL = 10 kQ 
• High degree linearity 0.1 % distortion (typ.) 

@ fls = 1 kHz, Vis = 5 Vp•p, 

Voo - Vss = 10V, RL = 10 kQ 

Schematic and Connection Diagrams 

• Extremely low "OFF" 0.1 nA (typ.) 
switch leakage @ Voo - Vss = 10 V, TA = 25°C 

• Extremely high control input impedance 10'2Q (typ.) 

• Low crosstalk -50dB (typ.) 
between switches @ fis = 0.9 MHz, RL = 1 kQ 

• Frequency response, switch "ON" 40 MHz (typ.) 

Applications 
• Analog signal switching/multiplexing 

• Signal gating 
• Squelch control 
• Chopper 
• ModulatorlDemodulator 
• Commutating 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 

INIOUl 

Dual-In-Line Package 

INIOUT 

DUllIN 

OUT/IN 

IN/OUT 

CONTROL B 5 

,. 
Voo 

L-_+':;.3 CONTROL A 

12 CONTROL D 

IN/OUT 

10 OUT/IN 

CONTROL C -'-1---., 

Vss INIOUl 

TOP VIEW 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

VDD Supply Voltage --{).SV to +18V VDD Supply Voltage 3V to lSV 
VIN Input Voltage --{).SV to VDD + O.SV V I N Input Voltage OV to VDD 
Ts Storage Temperature Range --BS"C to +lS0"C T A Operating Temperature Range 
PD Package Dissipation SOOmW CD4066BM -SS"C to +12S"C 
TL Lead Temperature (Soldering. 10 seconds) 300"C CD4066BC -40" C to +8S" C 

DC Electrical Characteristics CD4066BM (Note 2) 

-ssoc 2SoC 12SoC 
Parameter Conditions Units 

Min Max Min Typ Max Min Max 

100 Quiescent Device Current VOO = SV 0.25 0.01 0.2S 7.5 /1A 
VOO = 10V 0.5 0.01 0.5 15 /1A 
VOO=15V 1.0 0.01 1.0 30 /1A 

Signal Inputs and Outputs 

RON "ON" Resistance RL = 10 knto VOOiVSS 

Vc = VOO. VIS = VSS to VOO 

VOO = 5V 2000 270 2500 3500 n 

VOO = 10V 400 120 500 550 n 
VOO = lSV 220 80 280 320 n 

6RON /; "ON" Resistance RL=10knto VOO-VSS 
2 

Between any 2 of Vc = VOO. VIS = VSS to VOO 
4 Switches VOO = 10V 10 n 

VOO = 15V 5 n 

liS Input or Output Leakage VC= 0 ±50 ±0.1 ±50 ±500 nA 

Switch "OFF" VIS = lSV and OV. 
VOs=OVand 15V 

Control Inputs 

VILC Low Level Input Voltage VIS = VSS and Voo 
Vas = VOO and VSS 
IIS=±10/1A 
VOO = 5V 1.5 2.25 1.5 1.5 V 
VOO = 10V 3.0 4.5 3.0 3.0 V 
VOO = 15V 4.0 6.75 4.0 4.0 V 

VIHC High Level Input Voltage VOO = 5V 3.5 3.5 2.75 3.5 V 
VDD = 10V (see note 6) 7.0 7.0 5.5 7.0 V 
VOO = 15V 11.0 11.0 8.25 11.0 V 

liN I nput Current VOO-VSS=15V ±0.1 ±10-5 ±0.1 ±1.0 /1A 
VOO;;' VIS;;' VSS 
Voo;;'Vc;;'Vss 

DC Electrical Characteristics CD4066BC (Note 2) 

-40°C 25°C 85°C 
Parameter Conditions Units 

Min Max Min Typ Max Min Max 

100 Quiescent Device Current VOO = 5V 1.0 0.01 1.0 7.5 /1A 
VOO = 10V 2.0 0.01 2.0 15 /1A 
VOO= 15V 4.0 0.01 4.0 30 /1A 
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DC Electrical Characteristics (Cont'd.) CD4066BC (Note 2) 

_40°C 25°C 85°C 
Parameter Conditions 

Min Max Min Typ Max Min Max 

Signal Inputs and Outputs 

RON "ON" Resistance RL = 10 kn to VOO - VSS 
2 

Vc = VOO, VSS to VOO 

VOO= 5V 2000 270. 2500 3200 
VOO = 10V 450 120 500 520 
VOO=15V 250 BO 2BO 300 

lIRON lI"ON" Resistance RL = 10 kn to VOO - VSS 
2 

Between Any 2 of VCC= VOO, VIS = VSS to VOO 
4 Switches VOO= 10V 10 

VOO=15V 5 

liS Input or Output Leakage VC=O ±50 ±0.1 ±50 ±200 
Switch "OFF" 

Control Inputs 

VILC Low Level Input Voltage VIS = VSS and VOO 

VOS = VOO and VSS 

IIS= ±10pA 
VOO= 5V 1.5 2.25 1.5 1.5 
VOO= 10V 3.0 4.5 3.0 3.0 
VOO= 15V 4.0 6.75 4.0 4.0 

VIHC High Level Input Voltage VOO = 5V 3.5 3.5 2.75 3.5 
VOO = 10V (See note 6) 7.0 7.0 5.5 7.0 
VOO = 15V 11.0 11.0 B.25 11.0 

liN Input Current VOO - VSS = 15V ±0.3 ±10-5 ±0.3 ±1.0 
VOO;;;' VIS;;;' VSS 
VOO;;;' VC;;;' VSS 

AC Electrical Characteristics TA = 25·C, tr = t, = 20 ns and Vss = OV unless otherwise specified 

Parameter Conditions Min Typ Max 

tPHL, tpLH Propagation Oelay Time Signal Vc = VOO, CL = 50 pF, (Figure 1) 
Input to Signal Output RL = 200k 

VOO = 5V 25 55 
VOO= 10V 15 35 
VOO = 15V 10 25 

tpZH, tpZL Propagation Oelay Time RL = 1.0 kn, CL = 50 pF, (Figures 2 
Control Input to Signal and 3) 
Output High I mpedance to VOO = 5V 125 
Logical Level VOO= 10V 60 

VOO=15V 50 

tpHZ, tPLZ Propagation Oelay Time RL = 1.0 kn, CL = 50 pF, (Figures 2 
Control I nput to Signal and 3) 
Output Logical Level to VOO = 5V 125 
High Impedance VOO = 10V 60 

VOO = 15V 50 

Sine Wave Oistortion Vc = VOO = 5V, VSS = -5V 0.1 
RL = 10 kn, VIS= 5 Vp _p, f = 1 kHz, 
(Figure 4) 

Frequency Response-Switch Vc = VOO = 5V, VSS = ':'5 V, 40 
"ON" (Frequency at -3 dB) RL = 1 kn, VIS= 5Vp_p• 

20 L09l0 VOSIVOS(lkHz)-dB, 
(Figure 4) 
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AC Electrical Characteristics (Continued) 
TA=25"C, t r =tf=20ns and Vss=OV unless otherwise noted 

Parameter 

Feedthrough - Switch "OFF" 
(Frequency at -50 dB) 

Crosstalk Between Any Two 
Switches (Frequency at -50 dB) 

Crosstalk; Control Input to 
Signal Output 

Maximum Control Input 

GiS Signal Input Capactance 

Cos Signal Output Capacitance 

Cias Feedthrough Capacitance 

CIN Control Input Capacitance 

Conditions 

Voo = 5.0 V, Vee = Vss = -5.0 V, 
RL = 1 kQ, VIS = 5.0 Vp.p, 20 Log 1O, 

VOSiVIS=-50dB, (Figure 4) 

Voo = VCCA) = 5.0 V; Vss = VCCB) = -5.0 V, 
RL = 1 kQ, VIS(A) = 5.0Vp.p, 20 Log10, 

Vos(B)iVIS(A)=-50dB, (Figure 5) 

Voo =10V, RL=10kQ, RIN =1.0kQ, 
Vee=10V Square Wave, CL=50pF 
(Figure 6) 

RL = 1.0 kQ, CL = 50 pF, (Figure 7) 
VOS(f) = Yz Vos(1.0 kHz) 
Voo=5.0V 
Voo=10V 
Voo=15V 

Voo=10V 

Ve=OV 

Min. Typ. Max. 

1.25 

0.9 

150 

6.0 
B.O 
8.5 

8.0 

8.0 

0.5 

5.0 7.5 

Units 

MHz 

MHz 
MHz 
MHz 

pF 

pF 

pF 

pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to imply that the devices should be operated at these limits. The tables of "Recommended Operating Conditions" and 
"Electrical Characteristics" provide conditions for actual device operation. ' 
Note 2: VSS = 0 V unless otherwise specified. 
Note 3: These devices should not be connected to circuits with the power "ON". 
Note 4: In all'cases, there is approximately 5 pF of probe and jig capacitance in the output; however, this capacitance Is included in CL 
wherever it is specified. 
Note 5: VIS is the voltage at the in/out pin and VOS is the voltage at the outlin pin. Ve is the voltage at the control Input. 

Note 6: Conditions for VIHe: 
I a) VIS = Voo, los = standard B series IOH b) VIS = 0 V, 10L = standard B series IOL. 
------~~~~~----------~~~~~--~----------~----------------

AC Test Circuits and Switching Time Waveforms 
VC'VDDj vI" 

"-::'CO"'N:!:TR""DL"--::V.LDD-., 

V,. IN/OUT ~I~~:ES QUT/IN 

-LCL 

Vo. 

Vss RL 

~ I"" .... 
.". 

~'r =:i~ Voo ----+-i"':;;---

,f' "LH ~ r 'pHL 

VOD_ -========/,-"', .. ---"---
DV 

OV 

VD' 

FIGURE 1. tPHL. tpLH Propagation Delay Time Signal Input to Signal Output 

VIS'VOU INIOUT ~I~~~ES OUT fiN 

Vss 

~ 

VC-----.I T 
CONTROL Voo 

tpZH 

-LCl 

VO, 

Rl 

I'~'' " 
.". 

VDD ~ 

oV-~ ___ I" ":'HI- _ 
VOM _ 

, .. 
ov 

VDD~VDD , .. 
'V~HZ __ . 

VOH , .. 
.V 

FIGURE 2. tpZH. tpHZ Propagation Delay Timo Control to Signal Output 

tPZL tPLZ 
VDD 

RL 

" 

t,Zl 

VDD~ , .. 
'V~_IpZL __ _ 

Voo 11M 

VOL 

VDO~ '''' 
IV --=r--- IpLZ -

VD. 

'''' VOL 

FIGURE 3, tpZL. tpLZ Propagation Delay Time Control to Signal Output 
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AC Test Circuits and Switching Time Waveforms (Cont'd.) 

VC-----. 

IN/OUT SV:'~~H4E$ OUT/INI--.. --Vos 

Vss 

v's DV 1 ~-
2'5V-~ /'\ 

-,5V \.. /1 
--1=-~ 

-5V 
Vc = VDD for distortion and frequency response tests 

Vc = VSS for feedthrough test 

FIGURE 4. Sine Wave Distortion, Frequency Response and Fe,edthrough 

VCIII' VOD -----, 

IN/OUT SV:'~~:ES OUT/lNt-~""'-VOSIIJ 
Vss 

-5V 

RL 
lk 

VCI2!' Vss ------, 

IN/OUT SV:'~~:ES OUTIIN~-4~-VOSI2I 

-5V 

FIGURE 5. Crosstalk Between Any Two Switches 

Yc----.., t, z 20 ns 

Vc 

IN/OUT SV:'~~:ES OUTJI ..... - ... ----t--- VOS 

Yss RL 
lilt 

CL 15DPI 

VDD--------+-~~--~ 

Vc 
DV---..... Ir" 

VOS 

FIGURE 6. Crosstalk: Control Input to Signal Output 

You 
Voo 

v, 
IV 

IN/OUT ~'~~:ES OUT/IN 1--.... --... -- VOS 

Vss 

Vos 

FIGURE 7. Maximum Control Input Frequency 

5-164 

If = 20 Ib 

1 
Vas 81kHz --,-

T 



Typical Performance Characteristics 
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"ON" Resistance vs Signal 
Voltage for T A = 25' C 

-8 

Voo - VSS = 5V 

~Oll.;~~Y ~o~ 
lJJ..l..+-H-
VOO - VSS = 15V 

-6-4-2024 

SIGNAL VOLTAGE IVls) IV) 

"ON" Resistance as a Function 
of Temperature for 
VOO - Vss = 10V 

TA = +125"C 

~A=mc 
II"' r:n 

TA = -55 C 

-8 -6 -4 -2 0 2 4 

SIGNAL VOLTAGE (VIS) (V) 

Special Considerations 
In applications where separate power sources are used 
to drive VOO and the signal input, the VOO current 
capability should exceed VOO/RL (RL = effective 
external load of the 4 C04066BM/C04066BC bilateral 
switches). This provision avoids any permanent current 
flow "or clamp action on the VDD supply when power is 
applied or removed from C04066BM/C04066BC. 

In certain applications, the external load-resistor current 
may include both VOO and signal-line components. To 
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SIGNAL VOLTAGE (VIS) IV) 

<DO 
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"ON" Resistance as a Function 
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VOO - VSS=5V 
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TA = +125 C 

III I 
TA=+25'C 
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III I 
~ o 

-8-6-4-20 

III I 
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SUPPLY VOLTAGE (VIS) (V) 

avoid drawing VOD current when switch current flows 
into terminals 1, 4. 8 or 11, the voltage drop across the 
bidirectional switch must not exceed O.6V at TA::; 25°C, 
or O.4V at T A > 25°C (calculated from RON values 
shown). 

No VOO current will flow through R L if the switch 
current flows into terminals 2. 3, 9 or 10. 
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~National ' 
~ Semiconductor 

CD4069M/CD4069C Inverter Circuits 

General Description 
The CD4069B consists of six inverter circuits and Is 
manufactured using complementary MOS (CMOS) to 
achieve wide power supply'operatlng range, low power 
consumption, high noise'immunlty, and symmetric con­
trolled rise and fall times.' 

This device is intended for ali general purpose inverter 
applications where the special characteristics of the 
MM74C901, MM74C903, MM74C907, and CD4049A Hex In· 
verter/Buffers are not required. In those applications re­
quiring larger noise immunity the MM74C140r MM74C914 
Hex Schmitt Trigger is suggested. 

All inputs are protected from damage due to static dis­
charge by diode clamps to Voo and Vss. 

Features 
• Wide supply voltage range 

• High noise immunlty_ 

• Low power TTL 
compatibility 

3.0Vt015V 

0.45 Voo typo 

fan out of 2 driving 74L 
or 1 driving 74LS 

• Equivalent to MM54C04/MM74C04 

Schematic and Connection Diagrams 

Dual-I n-line Package 

r-------........ -oVDD 13 12 11 10 

YOUT 

'-----~ ..... -o Vss 

Yss 

TOP VIEW 

AC Test Circuits and Switching Time Waveforms 

INPUT 

Vss 

'YDo--~~1 
OUTPUT 

Vss-------+-~~-~-r 

tTLH 

tr=tf=20ns 
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Absolute Maximum Ratings 

(Notes 1 and 2) 

Voo de Supply Voltage 
VIN Input Voltage 
TS Storage Temperature Range 
PD Package Dissipation 

-0.5 to +18 VOC 
-0.5 to VOO +0.5 VOC 

-<i5°C to +150°C 

TL Lead Temperature (Soldering, 10 seconds) 

DC Electrical Characteristics 
CD4069M (Note 2) 

PARAMETER CONOITIONS 

100 Quiescent Device Current VOO = 5V 

VOO = 10V 

VOO = 15V 

VOL Low Level Output Voltage 1I01<1/lA 

VOO = 5V 

VOO = 10V 

VOO = 15V 

VOH High Level Output Voltage IIOI<l/lA 

VOO = 5V 

VOO = 10V 

VOO = 15V 

VIL Low Level Input Voltage IIOI<l/lA 

VOO = 5V, Va = 4.5V 

VOO = 10V. Va = 9V 

Voo = 15V, Vo = 13.5V 

VIH High Level Input Voltage 1I01<1/lA 

VOO = 5V, Vo = 0.5V 

VOO = 10V, Vo = lV 

VOO= 15V, VO= 1.5V 

IOL Low Level Output Current VOO = 5V, Vo = O.4V 

VOO = 10V, Vo = 0.5V 

VOO = 15V, Vo = 1.5V 

IOH High Level Output Current VOO = 5V, VO= 4.6V 

VOO = 10V, Vo = 9.5V 

VOO = 15V, Vo = 13.5V 

liN I nput Current VOO = 15V, VIN = OV 

VOO = 15V, VIN = 15V 

Recommended Operating Conditions 

(Note 2) 

Voo de Supply Voltage 
VIN Input Voltage 
T A Operating Temperature Range 

C04069M 
C04069C 

-55°C 25°C 

MIN MAX MIN TYP MAX 

0.25 0.25 

0.5 0.5 

1.0 1.0 

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 

3.0 3.0 

4.0 4.0 

3.5 3.5 

7.0 7.0 

11.0 11.0 

0.64 0.51 0.88 

1.6 1.3 2.25 

4.2 3.4 8.8 

-D.64 -D.51 -D.BB 

-1.6 -1.3 -2.25 

-4.2 -3.4 -B.B 

-D.l0 -10-5 -D.l0 

0.10 10-5 0.10 
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3t015VOC 
Oto VOO VOC 

-55°C to +125°C 
-40°C to +85°C 

125°C 
UNITS 

MIN MAX 

7.5 /lA 

15 /lA 

30 /lA 

0.05 V 

0.05 V 

0.05 V 

4.95 V 

9.95 V 

14.95 V 

1.5 V 

3.0 V 

4.0 V 

3.5 V 

7.0 V 

11.0 V 

0.36 mA 

0.9 mA 

2.4 mA 

-D.36 mA 

-D.9 mA 

-2.4 mA 

-1.0 /lA 

1.0 /lA 
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DC Electrical Characteristics C04069C (Note 2) 

-40°C 25°C 85°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Oevice Current VOO = 5V 1.0 1.0 7.5 p.A 

VOO = 10V 2.0 2.0 15 p.A 
\ 

VOO = 15V 4.0 4.0 30 p.A 

VOL Low Level Output Voltage 1I01<Ip.A 

VOO = 5V 0.05 0 0.05 0.05 V 

VOO = 10V 0.05 0 0.05 0.05 V 

VO'O = 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage IIOI<Ip.A 

VOO = 5V 4.95 4.95 4.95 V 

VOO = 10V 9.95 9.95 9.95 V 

VOO = 15V 14.95 14.95 14.95 V 

VIL Low Level Input Voltage IIOI<IJJ.A 

VOO = 5V, Va = 4.5V 1.5 1.5 1.5 V 

VOO:= 10V, Va = 9V 3.0 3.0 3.0 V 

VOO = 15V, Va = 13.5V 4.0 4.0 4.0 V 

VIH High Level Input Voltage IIOI<Ip.A 

VOO = 5V, Va = 0.5V 3.5 3.5 3.5 V 

VOO = 10V, Va = IV 7.0 7.0 7.0 V 

VOO = 15V, Va = 1.5V 11.0 11.0 11.0 V 

IOL Low Level Output Current VOO = 5V, Va = O.4V 0.52 0.44 0.88 0.36 rnA 

VOO = 10V, Va = 0.5V 1.3 1.1 2.25 0.9 rnA 

VOO = 15V, Va = 1.5V 3.6 8.0 8.8 2.4 rnA 

IOH High Level Output Current VOO = 5V. Va = 4.6V --0.52 --0.44 --0.88 --0.36 rnA 

VOO = 10V, Va = 9.5V -1.3 -1.1 -2.25 --0.9 rnA 

VOO = 15V. Va = 13.5V -3.6 -8.0 -8.8 -2.4 rnA 

liN Input Current VOO = 15V, VIN = OV --0.30 -10-5 --0.30 -1.0 p.A 

VOO = 15V, VIN = 15V 0.30 10-5 0.30 1.0 p.A 

AC Electrical Characteristics TA = 25°C, CL=50pF, RL=200kQ, tr and t,,, 20ns, 

unless otherwise specified 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpHL or tpLH Propagation Oelay Time From VOD = 5V 50 90 ns 

Input To Output VOD = 10V 30 60 ns 

VOO = 15V 25 50 ns 

tTHL or tTLH Transition Time VOO = 5V 80 150 ns 

VOO = 10V 50 100 ns 

VOO = 15V 40 80 ns 

CIN Average Input Capacitance Any Gate 6 7.5 pF 

CPO Power Oissipation Capacitance Any Gate (Note 3) 12 pF 

Nate 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. Tne table of "Recommended Operating ConClitions" and "Electrical Characteristics" provides 
conditions for actual device operation. 

Nate 2: VSS = OV unless otherwise specified. 
Nate 3: CpO determines the no load ac power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics 
application note-AN-90. 
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Typical Performance Characteristics 
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~National a Semiconductor 

CD4070BM/CD4070BC Quad 2-lnput 
EXCLUSIVE-OR Gate 

General Description Features 
• Wide supply voltage range 

• High noise immunity 

• Low power TTL 
compatibility 

• Pin compatible to CD4030A 

3.0Vto 15V 

0.45 Voo typo 
fan out of 2 driving 74L 

or 1 driving 74LS 

Employing complementary MOS (CMOS) transistors to 
achieve wide power supply operating range, low power 
consumption, and high noise margin, this gate provides 
basic functions used in the Implementation of digital in· 
tegrated circuit systems. The N· and P·channel enhance· 
ment mode transistors provide a symmetrical circuit with 
output swing essentially equal to the supply voltage. No 
DC power other than that caused by leakage current is 
consumed during static condition. All inputs are pro· 
tected from damage due to static discharge by diode 
clamps to Voo and Vss. 

• Equivalent to MM54C86/MM74C86 and MC14507B 

Connection Diagram 

Dual·1 n·Line Package 

VDD H G M:G0H L:E0F F E 

j14 113 12 11 110 9 8 

5D- ~t 
:jD;J 

~r-SJ 
1 2 J 4 

A 8 J:A08 K:c0D 

Typical Performance Characteristics 
Propagation Delay Time 
vs Loed Capacitance 

50 100 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

VOO DC Supply Voltage --{l.S to +18 VOC VOO DC Supply Voltage 3to1SVOC 
VIN Input Voltage --{l.S to VOO +0.5 VOC VIN Input Voltage Oto VOO VOC 
TS Storage Temperature Range -6So C to +1 50°C T A Operating Temperature Range 
Po Package Dissipation SOOmW C04070BC -40°C to +85"C 
TL Lead Temperature (Soldering, 10 secondsl 300°C C04070BM -55°C to +12SO C 

DC Electrical Characteristics CD4070BM (Note 2) 

-55°C 25°C 125°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Oevice Current VOO = 5V 0.25 0.25 7.5 /lA 

VOO = 10V 0.5 0.5 15 /lA 

VOO = 15V 1.0 1.0 30 /lA 

VOL Low Level Output Voltage IIOI<l/lA 

VOO = 5V 0.05 0 0.05 0.05 V 

VOO = 10V 0.05 0 0.05 0.05 V 

VOO = 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage IIOI<l/lA 

VOO = 5V 4.95 4.95 5 4.95 V 

VOO = 10V 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage IIOI<l/lA 

VOO = 5V, Va = 4.5V 1.5 1.5 1.5 V 

VOO = 10V, Va = 9V 3.0 3.0 3.0 V 

VOO= 15V, VO= 13.5V 4.0 4.0 4.0 V 

VIH High Level Input Voltage IiOI<1/lA 

VOO = 5V, Va = 0.5V 3.5 3.5 3.5 V 

VOO = 10V, Va = lV 7.0 7.0 7.0 V 

VOO = 15V, Va = 1.5V 11.0 11.0 11.0 V 

IOL Low Level Output Current VOO = 5V, Va = OAV 0.64 0.51 0.88 0.36 rnA 

VOO = 10V, Va = 0.5V 1.6 1.3 2.25 0.9 rnA 

VOO=15V,VO=1.5V 4.2 304 8.8 204 rnA 

IOH High Level Output Current VOO = 5V, Va =4.6V -0.64 -0.51 -0.88 -0.36 rnA 

VOO = 10V, Va = 9.5V -1.6 -1.3 -2.25 -0.9 rnA 

VOO = 15V, Va = 13.5V --4.2 -304 -8.8 -204 rnA 

liN Input Current VOO = 15V, VIN = OV -0.1 -10-5 -0.1 -1.0 /lA 

VOO = 15V, VIN = 15V 0.1 10-5 0.1 1.0 /lA 
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DC Electrical Characteristics CD4070BC (Nole 2) 

-40°C 25°C 85°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TVP MAX MIN MAX 
/ 

100 Quiescent Oevice Current VOO = 5V 1.0 1.0 7.5 p.A 

VOO = 10V 2.0 2.0 15 p.A 

VOO = 15V 4.0 4.0 30 p.A 

VOL Low Level Output Voltage IIOI<lp.A 

VOO = 5V 0.05 0 0.05 O.OS V 

VOO = 10V O.OS 0 O.OS O.OS V 

VOO = lSV 0.05 0 0.05 O.OS V 

VOH High Level Output Voltage 1I01<1p.A 

VOO = 5V 4.9S 4.95 5 4.95 V 

VOO = 10V 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.9S lS 14.95 V 

VIL Low Level Input Voltage IIOI<lp.A 

VOO = 5V, VO= 0.5V 1.5 1.S 1.5 V 

VOO = 10V, Vo = lV 3.0 3.0 3.0 V 

VOO = lSV, Vo = 1.SV 4.0 4.0 4.0 V 

VIH High Level Input Voltage IIOI<lp.A 

VOO = SV, Vo =4.5V 3.S 3.S 3.S V 

VOO = 10V, Vo = 9V 7.0 7.0 7.0 V 

VOO = lSV. Vo = 13.SV 11.0 11.0 11.0 V 

IOL Low Level Output Current VOO = SV, Vo = O.4V 0.S2 0.44 0.88 0.36 mA 

VOO= 10V, VO=O.SV 1.3 1.1 2.2S 0.9 mA 

VOO = lSV, Vo = 1.SV 3.6 .3.0 8.8 2.4 mA 

IOH High Level Output Current VOO = SV, Vo = 4.6V -0.S2 -0.44 . -0.88 -0.36 mA 

VOO = 10V, Vo = 9.SV -1.3 -1.1 -2.2S -0.9 mA 

VOO = lSV, Vo = 13.SV -3.6 -3.0 -8.8 -2.4 mA 

liN Input Current VOO = lSV. VIN = OV -0.3 -10-S -0.3 .-1.0 p.A 

VOO = 15V, VIN = lSV 0.3 lO-S 0.3 1.0 p.A 

AC Electrical Characteristics TA=25"C, CL=50pF, RL=200k, Ir and If'" 20ns, 
unless olherwise specified. 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

tpHL or tPLH Pt,?pagation Oelay Time From VOO= 5V 110 185 ns 
Input To Output VOO = 10V 50 90 ns 

VOO = lSV 40 75 ns 

tTHL or tTLH Transition Time VOO= 5V 100 200 ns 

VOO = 10V SO 100 ns 

VOO = 15V 40 80 ns 

CIN Average Input Capacitance' Any Input 5 7.S pF 

CPO Power Dissipation Capacitance Any Input (Note 3/ 20 pF 

Note,l: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides 
conditions for actual device operation. 

Note 2: Vss = ov unless otherwise specified. 
Note 3: CPO determines the no load ac power consumption of any CMOS device. For complete explanation, see 54C174C Family Characteristics 
application note-AN-90. 
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AC Test Circuit and Switching Time Waveforms 

VIN~VOUT 
CL ~ 50 pF 

T 

Note: Delays measured with input tr, tf = 20 ns. 
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~National 
~ Semiconductor 

CD4071 BM/CD4071 BC Quad 2-lnput OR Buffered 
B Series Gate 

CD4081 BM/CD4081 BC Quad 2-lnput AN D Buffered 
B Series Gate 

General Description Features 
These quad gates are monolithic complementary MOS 
(CMOS) integrated circuits consructed with N· and p. 
channel enhancement mode transistors. They have equal 
source and sink current capabilities and conform to 
standard B series output drive. The devices also have 
buffered outputs which improve transfer characteristics 
by providing very high gain. 

• Low power TTL 
compatibility 

fan out of 2 driving 74L 
or 1 driving 74LS 

All inputs protected against static discharge with diodes 
to VDD and Vss-

Schematic and Connection Diagrams 

A' 

1(5,8,12} 

s-

21S,9,1l} 

2(6,9,13) 

1/4 of device shown 

J=A+B 
Logical "1" "" High 
Logical "0" :::; L.ow 

Vss 

*AII inputs protected by standard CMOS 
Vss protection circuit 

1/4 of device shown 

J = A- B 

Logical "'" "" High 
Logical "0" "" Low 

*AII inputs protected by standard CMOS 
vss protection circuit. 

• 5 V-10-15 V parametric ratings 

• Symmetrical output characteristics 

• Maximum input leakage 1IJA at 15 V over full tempera, 
ture range 

Voo 

CD4071B 
Dual-ln·Line and Flat Package 

TOP VIEW 

CD4081B 
Dual·ln-Line and Flat Package 

TOP VIEW 

Vss 
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Absolute Maximum Ratings Operating Conditions 
(Notes 1 and 2) 

Voltage at Any Pin -o.SV to VOO + O.SV Operating VOO Range 3 VOC to lS VOC 
Package Dissipation SOOmW Operating Temperature Range 
VOO Range -o.S VOC to +18 VOC C040718M, C04081 BM -SS'C to +12S'C 
Storage Temperature -6S'C to +lS0'C C04071 BC, C04081 BC -40' C to +8S' C 
Lead Temperature (Soldering, 10 seconds) 300'C 

DC Electrical Characteristics - CD4071BM/CD4081BM (Note 2) 

PARAMETER CONOITIONS 
-ss'c +2S'C +12So C 

UNITS 
MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO = SV 0.2S 0.004 0.25 7.5 pA 

VOO = 10V O.SO . O.OOS O.SO 15 pA 

VOO = 15V 1.0 0.006 1.0 30 pA 

VOL Low Level Output Voltage VOO = 5V } 0.05 0 0.05 0.05 V 

VOO = 10V 1101< lpA O.OS 0 0.05 0.05 V 

VOO = 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage VOO = 5V } 4.95 4.95 5 4.95 V 

VOO = 10V 1101< lpA 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage VOO = 5V, Va = 0.5V 1.5 2 1.5 1.5 V 

VOO = 10V, Va = 1.0V 3.0 4 3.0 3.0 V 

VOO = 15V, Va = 1.5V 4.0 6 4.0 4.0 V 

VIH High Level Input Voltage VOO = 5V, Va = 4.5V 3.5 3.5 3 3.5 V 

VOO = 10V, Va = 9.0V 7.0 7.0 6 7.0 V 

VOO = lSV, va = 13.5V 11.0 11.0 9 11.0 V 

10L Low Level Output Current VOO = 5V, Va = O.4V 0.64 0.51 0.88 0.36 rnA 

VOO = 10V, Va = 0.5V 1.6 1.3 2.25 0.9 rnA 

VOO = 15V, Va = I.SV 4.2 3.4 8.8 2.4 rnA 

10H High Level Output Current VOO = 5V, Va = 4.6V --0.64 -0.51 --0.88 --0.36 rnA 

VOO = 10V, Va = 9.SV -1.6 -1.3 -2.25 -0.9 rnA 

VOO = 15V, Va = 13.5V -4.2 -3.4 -8.8 -2.4 rnA 

liN Input Current VOO = 15V, VIN = OV --0.10 -10-5 --0.10 -1.0 pA 

VOO = 15V, VIN = 15V 0.10 10-5 0.10 1.0 pA 

Note 1: "Absolute Maximum Ratings" are those values beyond whic~ the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: All voltages measured with respect to VSS unless otherwise specified. 
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DC Electrical Characteristics CD4071 BC/CD4081BC (Note 2) 

CONDITIONS 
-'10°C +2SoC +8SoC 

UNITS PARAMETER 
MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO = 5V 1 0.004 1 7.5 IlA 

VOO = lOV 2 0.005 2 15 IlA 

VOO= lSV 4 0.006 4 30 IlA 

VOL Low Level Output Voltage VOO = 5V } 0.05 0 0.05 0.05 V 

VOO = 10V 1101< lilA 0.05 0 0.05 0.05 V 

VOO = 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage VOO = 5V } 4.95 4.95 5 4.95 V 

VOO = 10V 1101< lilA 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage VOO = 5V, Vo = 0.5V 1.5 2 1.5 1.5 V 

VOO = 10V, Vo = 1.OV 3.0 4 3.0 3.0 V 

VOO = 15V, Vo = 1.5V 4.0 6 4.0 4.0 V 

VIH High Level Input Voltage VOO = 5V, Vo = 4.5V 3.5 3.5 3 3.5 V 

VOO = 10V, Vo = 9.0V 7.0 7.0 6 7.0 V 

VOO = 15V, Vo = 13.5V 11.0 11.0 9 11.0 V 

IOL Low Level Output Current VOO = 5V, Vo = O.4V 0.52 0.44 0.88 0.36 mA 

VOO = 10V, Vo = 0.5V 1.3 1.1 2.25 0.9 mA 

VOO = 15V, Vo = 1.5V 3.6 3.0 8.8 2.4 mA 

IOH High Level Output Current VOO = 5V, Vo = 4.6V -0.52 -0.44 -0.88 -0.36 mA 

VOO = 10V, Vo = 9.5V -1.3 -1.1 -2.25 -0.9 mA 

VOO = 15V, Vo = 13.5V -3.6 -3.0 -8.8 -2.4 mA 

liN Input Current VOO = 15V, VIN =OV -0.30 -10-5 -0.30 -1.0 IlA 
VOO = 15V, VIN = 15V 0.30 10-5 0.30 1.0 IlA 

AC Electrical Characteristics CD4071BC/CD4071BM 

TA = 25°C, Input tr; tf = 20 ns. CL = 50 pF. RL =200Kn Typical temperature coefficient is 0.3%fC 

PARAMETER CONDITIONS TYP MAX UNITS 

tPHL Propagation Delay Time, High·to-Low Level VOO = 5V 100 250 ns 

VOO = 10V 40 100 ns 

VOO = 15V 30 70 hs 

tPLH Propagation Delay Time, Low-to-High Level VOO = 5V 90 250 ns 

VOO = 10V 40 100 ns 

VOO=15V 30 70 ns 

tTHL,tTLH Transition Time VOO = 5V 90 200 ns 

VOO= 10V 50 100 ns , 
VOO = 15V 40 80 ns 

CIN Average Input Capacitance Any Input 5 7.5 pF 

CPO Power Dissipation Capacity Any Gate 18 pF 
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AC Electrical Characteristics CD4081BC/CD4081BM 

TA = 25°C. Input tr; tf = 20 ns. CL = 50 pF. RL = 200K Typical temperature coefficient is 0.3%tC 

PARAMETER CONDITIONS TYP MAX UNITS 

tPHL Propagation Delay Time. High·to·Low Level VDO = 5V 100 250 ns 

VDD = 10V 40 100 ns 

VDD = 15V 30 70 ns 

tPLH Propagation Delay Time. Low·to·High Level VDD = 5V 120 250 ns 

VDD = 10V 50 100 ns 

VDD = 15V 35 70 ns 

tTHL.tTLH Transition Time VDD = 5V 90 200 ns 

VDD = 10V 50 100 ns 

VDD = 15V 40 80 ns 

CIN Average Input Capacitance Any Input 5 7.5 pF 

CPD Power Dissipation Capacity Any Gate 18 pF 

Typical Performance Characteristics 

20 20 20 
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Typical Performance Characteristics (Cont'd.) 
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~National 
D Semiconductor 

CD4072BM/CD4072BC Dual 4-lnput OR Gate, 
CD4082BM/CD4082BC Dual 4-lnput AND Gate 

General Description Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TIL 

compatibility 

3.0Vto 15V 
0.45 VDDJtyP.) 

fanout of 2 driving 74L 
or 1 driving 74LS 

These dual gates are monolithic complementary MOS 
(CMOS) integrated circuits constructed with N-and 
P-channel enhancement mode transistors. They have 
equal source and sink current capabilities and conform 
to standard B series output drive. The devices also have 
buffered outputs which improve transfer characteristics 
by providing very high gain. All inputs are protected 
against static discharge with diodes to Voo and Vss. 

• 5V-10V-15V parametric ratings 

Connection Diagram 

• Symmetrical output characteristics 
• Maximum input leakage 1"A at 15Vover full tempera­

ture range 

CD4072BM/CD4072BC 

CD4082BM/CD4082BC 

TOP VIEW 
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Absolute Maximum Ratings (Notes 1 and 2) 

Voo Supply Voltage -0.5 V to +18 V 
VIN Input Voltage -0.5 to VooO.5 V 
Ts Storage Temperature Range -65·Cto+150·C 

~o Package Dissipation 500mW 
TL Lead Temperature (soldering, 10 seconds) 300·C 

Recommended Operating Conditions (Note 2) 

Voo Supply Voltage 3.0 to 15V 
VIN input Voltage OVto Voo V 
TA Operating Temperature Range 

CD4072BM, CD4082BM -55·C to +125·C 
CD4072BC, CD4082BC -40·C to +85·C 

DC Electrical Characteristics (Note 2) - CD4072BM, CD4082BM 

-:-55°C 25°C 125°C 
Param!lter Conditions Units 

Min. Max. Min. Typ. Max. Min. Max. 

100 Quiescent Voo=5.0V 0.25 0.004 0.25 7.5 Jl.A 
Device Current Voo=10V 0.5 0.005 0.5 15 ,..A 

Voo=15V 1.0 0.006 1.0 30 ,..A 

VOL Low Level Voo =5.0V 0.05 0 0.05 0.05 V 
Output Voltage Voo=10V 0.05 0 0.05 0.05 V 

Voo=15V .0.05 0 0.05 0.05 V 

VOH High Level Voo=5.0V 4.95 4.95 5.0 4.95 V 
Output Voltage Voo = 10V 9.95 9.95 10 9.95 V 

Voo=15V 14.95 14.95 15 14.95 V 

VIL Low Level Voo=5.0V, Vo =0.5Vor 4.5V 1.5 2.25 1.5 1.5 V 
Input Voltage Voo=10V, Vo=1.0Vor9.0V 3.0 4.50 3.0 3.0 V 

Voo = 15 V, Vo = 1.5 V or 13.5V 4.0 6.75 4.0 4.0 V 

VIH High Level Voo = 5.0 V, Vo =0.5Vor 4.5V 3.5 3.5 2.75 3.5 V 
Input Voltage Voo =10V, Vo =1.0V or 9.0V 7.0 7.0 5.50 7.0 V 

Voo =15V, Vo =1.5V or 13.5V 11.0 11.0 8.25 11.0 V 

IOL Low Level Voo=5.0V, Vo=OAV 0.64 0.51 0.88 0.36 mA 
Output Current Voo=10V, Vo=0.5V . 1.6 1.3 2.2 0.90 mA 

Voo=15V, Vo=1.5V 4.2 3.4 8.0 2.4 mA 

IOH High Level Voo=5.0V, Vo=4.6V -0.64 -0.51 -0.88 -0.36 mA 
Output Current Yoo ='10 V, Vo = 9.5 V -1.6 -1.3 -2.2 -0.90 mA 

Voo=15V, Vo=13.5V -4.2 -3.4 -8.0 -2.4 mA 

liN Input Current Voo =15V, VIN=OV -0.10 _10~5 -0.10 -1.0 ,..A 
Voo =15V, VIN =15V 0.10 10-5 0.10 1.0 ,..A 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to Imply that the devices should be operated at these limits. The tables of "Recommended Operating Conditions" and "Elec· 
trical Characteristics" provide conditions for actual device operation. 
Nole 2: Vss = OV unless otherwise specified. 
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DC Electrical Characteristics (Note 2) - CD4072BC, CD4082BC 

-40°C 25°C 85°C 
Parameter Conditions Units 

Min. Max. Min. Typ. Max. Min. Max. 

100 Quiescent Voo =5.0V 1.0 0.004 1.0 7.5 JJ.A 
Device Current Voo=10V 2.0 0.005 2.0 15 JJ.A 

Voo=15V 4.0 0.006 4.0 30 JJ.A 

VOL Low Level Voo =5.0V 0.05 0 0.05 0.05 V 
Output Voltage Voo=10V 0.05 0 0.05 0.05 V 

Voo=15V 0.05 0 0.05 0.05 V 

VOH High Level Voo=5.0V 4.95 4.95 5.0 4.95 V 
Output Voltage Voo=10V 9.95 9.95 10 9.95 V 

Voo=15V 14.95 14.95 15 14.95 V 

VIL Low Level Voo =5V, Vo=0.5Vor 4.5V 1.5 2.25 1.5 1.5 V 
Input Voltage Voo=10V, Vo=1.0Vor 9.0V 3.0 4.50 3.0 3.0 V 

Voo =15V, Vo=1.5Vor 13.5V 4.0 6.75 4.0 4.0 V 

VIH High Level Voo = 5.0 V, Vo =0.5Vor 4.5V 3.5 3.5 2.75 3.5 V 
Input Voltage Voo =10V, Vo = 1.0V or 9.0V 7.0 7.0 5.50 7.0 V 

Voo = 15V, Vo =1.5V or 13.5V 11.0 11.0 8.25 11.0 V 

IOL Low Level Voo=5.0V, Vo=O.4V 0.52 0.44 0.88 0.36 mA 
Output Current Voo=10V, Vo=0.5V 1.3 1.1 2.2 0.90 mA 

Voo=15V, Vo=1.5V 3.6 3.0 8.0 2.4 mA 

IOH High Level Voo=5.0V, Vo=4.6V -0.52 -0.44 -0.88 -0.36 mA 
Output Current Voo=10V, Vo=9.5V -1.3 -1.1 -2.2 -0.90 mA 

Voo=15V, Vo =13.5V -3.6 -3.0 -8.0 -2.4 mA 

liN Input Current Voo =15V, VIN =OV -0.3 -10-5 -0.3 -1.0 JJ.A 
Voo=15V, VIN=15V 0.3 10-5 0.3 1.0 JJ.A 

AC Electrical Characteristics TA = 25°C, CL=50pF, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

tpHL Propagation Delay, High to Low Level Voo=5.0V 125 250 ns 
Voo=10V 60 100 ns 
Voo=15V 45 70 ns 

tpLH Propagation Delay, Low to High Level Voo=5.0V 125 250 ns 
Voo=10V 60 100 ns 
Voo=15V 45 70 ns 

tTHL, tTLH Transition Time Voo =5.0V 100 200 ns 
Voo=10V 50 100 ns 
Voo=15V 40 80 ns 

CIN Average Input Capacitance (Note 3) Any Input 5.0 7.5 pF 

Cpo Power Dissipation Capacity (Note 4) Any Gate 20 pF 

Note 3: Capacitance Is guaranteed by periodic testing. 
Note 4: Cpo determines the no load AC power consumption of any CMOS device. For complete explanation see 54C/74C Family 
Characteristics, Application Note AN-gO. 

, 
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CD4073BM/CD4073BC Double Buffered Triple 3-lnput 
AND Gate 

CD4075BM/CD4075BC Double Buffered Triple 3-lnput 
OR Gate . . 

. cJ General Description 
a::I 
C") These triple gates are monolithic complementary MOS 
~ (CMOS) Integrated circuits constructed with N- and 
0IIIt P-channel enhancement mode transistors. They have 

Features 
• Wide supply voltage range 
• High noise immunity 
• Low power TTL 

compatibility 

3.0Vto 15V 
0.45 Voo typo 

fan out.pf 2 driving 74L 
or 1 driving 74LS C equal source and sink current capabilities and conform 

o to standard B series output drive. The devices also have - • 5V - 10V - 15V parametric ratings :e buffered outputs which Improve transfer characteristics 
a::I by providing very high gain. All Inputs are protected 

• Symmetrical output characteristics 
• Maximum Input leakage 1/JA at 15 V over full tempera­

ture range C") against static discharge with diodes to Voo and Vss. ..... 
~ 
C Connection Diagrams 
o 

C04073 Triple 3·lnput AND Gate 
TOP VIEW 

C040758 Triple 3-lnput OR Gate 

TOP VIEW 
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Absolute Maximum Ratings (Notes 1 and 2) 

Voo DC Supply Voltage -0.5Vocto+18Voc 

VIN Input Voltage -0.5 Voc to Voo + 0.5 Voc 
Ts Storage Temperature Range _65°C to +150°C 

Po Package Dissipation 500mW 
T L Lead Temperature (soldering, 10 seconds) 300°C 

Operating Conditions (Note 2) 

Voo DC Supply Voltage 
VIN Input Voltage 
T A Operating Temperature Range 
CD4073BM/CD4075BM 

CD4073BC/CD4075BC 

+5 Voc to +15 Voc 

o Voc to V DD Voc 

-55°C to +125°C 
-40°C to +85°C 

DC Electrical Characteristics CD4073BM/CD4075BM (Note 2) 

_55°C +25°C 
PARAMETER CONDITIONS 

MIN 

100 Quiescent Device Current Voo= 5V 
Voo = 10V 
Voo = 15V 

VOL Low Level Output Voltage Voo= 5V } 
Voo = 10V 1101 < lilA 
Voo = 15V 

VOH High Level Output Voltage VOO=5V} 4.95 
Voo = 10V 1101 < lilA 9.95 
Voo= 15V 14.95 

VIL Low Level Input Voltage Voo=5V, VO=0.5V} 
Voo=10V,Vo=1.0V 1I01<11lA 
Voo = 15V. Vo = 1.5V 

VIH High Level Input Voltage Voo=5V, Vo=4.5V } 3.5 
Voo = 10V, Vo = 9.0V 1101 < lilA 7.0 
Voo = 15V, Va = 13.5V 11.0 

10L Low Level Output Current Voo=5V, Va = OAV 0.64 
Voo = 10V, Va = 0.5V 1.6 
V oo =15V,Vo=1.5V 4.2 

10H High Level Output Current Voo = 5V. Vo = 4.6V -0.64 
Voo = 10V, Vo = 9.5 V -1.6 
Voo= 15V, Vo= 13.5V -4.2 

liN Input Current Voo = 15V, VIN = OV 
Voo = 15V, VIN = 15V 

Notes on following page. 

Schematic Diagram 
VDD 

5 
'1 
r1 

A" 0--....... ---+----+-11--

~ 
B* 0-----........ ----+---11-

~ 
C"o---------..~II-

VSS ";" 

CD4073BC 
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MAX 

0.25 
0.5 
1.0 

0.05 
0.05 
0.05 

1.5 
3.0 
4.0 

-0.10 
0.10 

MIN TYP MAX 

4.95 
9.95 
14.95 

3.5 
7.0 

0.004 0.25 
0.005 0.5 
0.006 1.0 

o 0.05 
o 0.05 
o 0.05 

5 
10 
15 

2 1.5 
4 3.0 
6 4.0 

3 
6 

11.0 9 

0.51 0.88 
1.3 2.2 
304 8 

-0.51 -0,88 
-1.3 -2.2 
-3.4 -8 

_10.5 -0.10 
10.5 0.10 

1/3 DEVICE SHDWN 

"ALL INPUTS PRDTECTED 
BY STANDARD CMDS INPUT 
PROTECTION CIRCUIT. 

+12S0C 

MIN MAX 
UNITS 

7.5 IlA 
15 !J.A 
30 IlA 

0.05 V 
0.05 V 
0.05 V 

4.95 V 
9.95 V 
14.95 V 

1.5 V 
3.0 V 
4.0 V 

3.5 V 
7.0 V 
11.0 V 

0.36 rnA 
0.90 rnA 
204 rnA 

-0.36 rnA 
-0.90 rnA 
-204 rnA 

-1.0 IlA 
1.0 !J.A 
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DC Electrical Characteristics CD4073BC/CD4075BC (Note 2) 

_40°C +25°C +85°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

lee Quiescent Device Current Vee = S V 1 0.004 1 7.S 
Vee= 10V 2 0.005 2 lS 
Vee= 15V 4 0.006 4 30 

VOL Low Level Output Voltage Vee = S V } 0.05 0 O.OS 0.05 
Vee=10V 1101< lilA O.OS 0 O.OS 0.05 
Vee= lSV O.OS 0 O.OS O.OS 

VOH High Level Output Voltage Vee = 5 V } 4.9S 4.95 S 4.95 
Vee= 10~ 1101< lilA 9.95 9.95 10 9.95 
Vee= 15V 14.9S 14.95 15 14.95 

Vil Low Level Input Voltage Vee = S V. Vo = O.S V } 1.S 2 1.5 l.S 
Vee=10V.Vo=1.0V 1I01<11lA 3.0 4 3.0 3.0 
Vee= lSV. VO= 1.SV 4.0 6 4.0 4.0 

VIH High Level Input Voltage Vee=SV. VO=4.SV} 3.5 3.S 3 3.S 
Vee=10V.Vo=9.0V 1I01<11lA 7.0 7.0 6 7.0 
Vee= 15V. Vo= 13.SV . 11.0 11.0 9 11.0 

10l Low Level Output Current Vee= 5V. Vo = 0.4V 0.52 0.44 0.88 0.36 
Vee = 10V. Vo = O.SV 1.3 1.1 2.2 0.90 
Vee = lSV. Vo = l.SV 3.6 3.0 8 2.4 

10H High Level Output Current Vee = SV. Vo = 4.6V -0.S2 -0.44 -0.88 -0.36 
Vee = 10V. Vo = 9.5V -1.3 -1.1 -2.2 -0.90 
Vee = 15V. Vo = 13.SV -3.6 -3.0 -8 -2.4 

liN Input Current Vee = 15V. VIN = OV -0.30 _10.5 -0.30 -1.0 
Vee = lSV. VIN = lSV 0.30 10.5 0.30 1.0 

Nota 1: "Absolute Maximum Ratings" are those values tleyond which the safety of the device cannot be guaranteed; they are not meant 
to imply that the devices should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical 
Characteristics" provides conditions for actual device operation. 

Note 2: VSS = 0 V unless otherwise specified. 

Schematic Diagram 
VDD 

A'o--..-------III--

~ 

1/3 DEVICE SHOWN 

'ALL INPUTS PROTECTED 
BY STANDARD CMOS INPUT 
PROTECTION CIRCUIT. 

B' o--f----..... ------il..... VDD 

C' o--f----+-----+-II~ ~ ~ ~ 
~ '3 :3-:3- ~:." 

-~ 11 -1-11 11 -9 
Vss -

CD4075BC 
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AC Electrical Characteristics CD4073BM/CD4073BC/CD4075BM/CD4075BC 
TA = 25°C, CL=50pF, RL=200k unless otherwise specified. 

CD4073BC CD4075BC 
PARAMETER CONDITIONS CD4073BM CD4075BM UNITS 

MIN TYP MAX MIN TYP MAX 

tpHL Propagation Delay. High to Low Level VOO = 5V 130 250 140 250 ns 
Voo=10V 60 100 70 100 ns 
V o[)=15V 40 70 50 70 ns 

tpLH Propagation Delay. Low to High Level Voo = 5 V 140 250 130 250 ns 
Voo=10V 70 100 50 100 ns 
Voo=15V 50 70 40 70 ns 

tTHL Transition Time V DD =5V 90 200 90 200 ns 

tTLH Voo = 10V 50 100 50 100 ns 
Voo=15V 40 80 40 80 ns 

CIN Average I nput Capacitance (See Note 3) Any Input 5 7.5 5 7.5 pF 

Cpo Power Dissipation Capacity (See Note 4) Any Gate 17 17 pF 

Note 3: Capacitance is guaranteed by periodic testing. 
Note 4: CpO determines the no load AC power consumption of any CMOS device. For complete explanation see 54C174C Family 
characteristics Application Note AN·90. 
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CD4076BM/CD4076BC TRI-STATE® Quad 0 Flip-Flop 

General Description 
The CD4076BM/CD4076BC TRI-STATE quad 0 flip-flop 
Is a monlithic complementary MaS (CMOS) integrated 
circuit constructed with N- and P-channel enhancement 
mode transistors. The four 0 type flip-flops operate syn­
chronously from a common clock. The TRI-STATE output 
allows the device to be used in bus organized systems. 
The outputs are placed In the TRI-STATE mode when 
either of the two output disable pins are In the logic "1" 
level. The input disables allow the flip flops to remain in 
their present state without disrupting the clock. If either 
of the two input disables is taken to a logic "1" level, the 
Q outputs are fed back to the inputs and in this manner 
the flip-flops do not change state. 

Clearing is enabled by taking the clear input to a logic "1" 
level. Clocking occurs on the positive-going transition. 

All inputs are protected against damage due to static 
discharge by diode clamps to VDD and Vss. 

Logic and Connection Diagrams 

INPUT A o--------tr> 

DATA INPUT [ 
DISABLE 

CLOCK 

CLEAR 

INPUTS o------H--Ir> 

INPUTCo-----++--tr> 

INPUT Do------H--tr> 

OUTPUT [ 
DISABLE 

Truth Table 
tn 

DATA INPUT DISABLE 

Features 
• Wide supply voltage range 3.0Vto 15V 

0.45 VDD (typ.) 

fan out of 2 driving 74L 
or 1 driving 74LS 

• High noise immunity 

• Low power TTL 
compatibility 

•. High impedance TRI-STATE outputs 

• Inputs can be disabled without gating the clock 

• Equivalent to MM54C173/MM74C173 

Dual-I n-line Package 
DATA DATA 

INPUT INPUT INPUT INPUT INPUT INPUT 
OUTPUT A Vou CLEAR ABC 0 DISABLE DISABLE 

I" 15 14 13 12 " 10 9 

OUTPUT B -

I 2 3 4 5 , 7 I' OUTPUTC 
OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT OUTPUT CP VSS 
DISABLE DISABLE ABC D 

TOP VIEW 

tn+1 

DATA 
INPUT 

Logic "'" on One or Both Inputs X On 
Logic "0" on Both Inputs 1 1 
Logic "0" on Both Inputs 0 0 
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Absolute Maximum Ratings (Notes 1 and 2) Operating Conditions (Note 2) 
Voo de Supply Voltage -O.S to +18 VOC VOO de Supply Voltage 3 to IS VOC 
VIN Input Voltage -O.S to VOO +O.S VOC VIN Input Voltage OtoVOO VOC 
T S Storage Temperature Range -a5"c to +ISO°C T A Operating Temperature Range 
Po Package Dissipation SOOmW C04076BM ..:.SSOC to +12SoC 
TL Lead Temperature (Soldering, 10 seconds) 300°C C040768C -40° C to +8So C 

DC Electrical Characteristics CD4076BM (Note 2) 
-5Soc 25°C 12SOC 

PARAMETER CONDITIONS UNITS 
MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO = SV 5 S ISO IlA 

VOO = 10V 10 10 300 IlA 

VOO = 15V 20 20 600 - IlA 

VOL Low Level Output Voltage VOO = SV 0.05 0.05 O.OS V 

VOO= 10V 0.05 0.05 0.05 V 

VOO= ISV 0.05 0.05 0.05 V 

VOH High Level Output Voltage VOO= SV 4.95 4.95 4.95 V 

VOO= 10V 9.95 9.95 9.95 V 

VOO = 15V 14.95 14.95 14.95 V 

VIL Low Level I nput Voltage VOO= 5V, Va = 0.5V or 4.5V 1.5 1.5 1.5 V 

VOO= 10V, VO= lVor9V 3.0 3.0 3.0 V 

VOO = 15V, Va = 1.5V or 13.5V 4.0 4.0 4.0 V 

VIH High Level Input Voltage VOO= 5V, Va = 0.5V or 4.5V 3.5 3.5 3.5 V 

VOO= 10V, VO= lVor9V 7.0 7.0 7.0 V 

VOO = 15V, Va = 1.5V or 13.5V 11.0 11.0 11.0 V 

IOL Low Level Output Current VOO= 5V, Va = 0.4V 0.64 0.51 0.88 0.36 rnA 

Voo = 10V, Va = 0.5V 1.6 1.3 2.25 0.9 rnA 

Voo = 15V, Va = 1.5V 4.2 3.4 8.8 2A rnA 

IOH High Level Output Current VOO = 5V, Va = 4.6V -0.64 -0.51 -0.88 -0.36 1111\ 

Voo = 10V, Va = 9.5V -1.6 -1.3 -2.25 -o.g iliA 

Voo= 15V, Vo= 13.5V -4.2 -3.4 -8.8 -2.4 1111\ 

liN Input Current VOO = 15V, VIN = OV -0.1 -10-5 -0.1 -1.0 JIA 

VOO = 15V, VIN = 15V 0.1 10-5 0.1 1.0 IlA 

IOZ Output Current in High VOO = 15V, VIN = OV -0.1 -10-5 -0.1 -1.0 IlA 
Impedance 5tate VOO = 15V, VIN = 15V 0.1 10-5 0.1 1.0 IlA 

DC Electrical Characteristics CD4076BC (Note 2) 

-<10°C 25°C 85°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO=5V 20 20 150 IlA 

VOO= 10V 40 40 300 IlA 
VOO= 15V 80 80 600 IlA 

VOL Low Level Output Voltage VOO=5V 0.05 O.OS 0.05 V 

VOO= 10V 0.05 0.05 0.05 V 

VOO= 15V 0.05 0.05 0.05 V 

VOH High Level Output Voltage VOO= 5V 4.95 4.95 4.95 V 

VOO= 10V 9.95 9.95 9.95 V 

VOO= 15V 14.95 14.95 14.95 V 

VIL Low Level Input Voltage VOO=5V, Vo = 0.5V or 4.5V 1.5 1.5 1.5 V 

VOO= 10V, VO= lVor9V 3.0 3.0 3.0 V 

VOO = 15V, Vo = 1.5V or 13.5V 4.0 4.0 4.0 V 

VIH High Level Input Voltage Voo=5V, Va = 0.5V or 4.5V 3.5 3.5 3.5 V 

VOO = 10V, Vo = IV or 9V 7.0 7.0 7.0 V 

VOO = 15V, Va = 1.5V or 13.5V 11.0 11.0 11.0 V 

IOL Low Level Output Current VOO= 5V, Va = 0.4V 0.52 0.44 0.88 0.36 rnA 

Voo = 10V, Va = 0.5V 1.3 1.1 2.25 0.9 rnA 

Voo = 15V, Va = 1.5V 3.6 3.0 8.8 2.4 mA 

IOH High Level Output Current VOO=5V, VO=4.6V -0.52 -0.44 -0.88 -0.36 mA 

VOO = 10V, Vo = 9.5V -1.3 -1.1 -2.25 -0.9 rnA 

VOO= 15V, VO= 13.5V -3.6 -3.0 -8.8 -2.4 mA 
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DC Electrical Characteristics (Cont'd.) CD4076BC (Note 2) 

-40°C 25°C 
PARAMETER CONDITIONS 

MIN MAX MIN TYP MAX 

liN Input Current VDO = 15V. Y,N = OV -D.3 -10-5 -D.3 

VOO = 15V. Y,N = 15V 0.3 10-5 0.3 

IOZ Output Current in High VOO = 15V. Y,N = OV -D.3 -10-5 -D.3 
Impedance State VOO = 15V. Y,N = 15V 0.3 10-5 0.3 

AC Electrical Characteri$tics TA=25°C, CL=50pF, RL=200k, Input tr =tf=20ns, 
unless otherwise specified 

PARAMETER CONDITIONS MIN TYP 

tpHl Propagation Delay Time From Clock VOO= 5V 220 

or tpLH to 'Output VOO= 10V BO 

VOO= 15V 65 

tpHl Propagation Delay Time From Clear VOO= 5V 240 

to Output VOO= lOV i 90 

VOO= 15V 70 
Minimum 

tsu Input Data Set;Up Time VOO= 5V 40 

VOO = 10V 15 

Minimum 
VOO= 15V 12 

tH Input Data Hold Time VOO= 5V -40 

VOO= 10V -12 

VOO= 15V -10 
Minimum 

ioo ISU Input Disable Set·Up Time VOO=5V 

VOO= 10V 35 

VOO = 15V 2B 
Minimum 

tH Input Disable H;',d Time VOO= 5V -75 

VOO = 10V -30 

VOO= 15V -25 

tPHZ' tpLZ Propagation Delay Time From Output VOO = 5V, RL = 1.0k 170 

Disable to High Impedance State VOO = 10V, RL 1.0k 70 

VOO= 15V, RL 1.0k 56 

tPZH, tPZL Propagation Delay From Output VOO= 5V, RL = 1.0k 170 

Disable to Logical "1" Level or VOO = 10V, Rl = loOk 70 

Logical "0" Level (From High Imped· VOO = 15V, Rl = loOk 56 

ance State) 

tTHlor Transition Time VOO =5V 100 

tTLH VOO = 10V 50 

VOO = 15V 40 

fCl Maximum Clock Frequency VOO= 5V 3.0 4.0 

VOO= 10V 7.0 12.0 
--

VOO= 15V B.75 15.0 

tWH Minimum Clear Pulse Width VOO= 5V 150 

VOO = 10V 70 

VOD= 15V 56 

tRCL, tFCL Maximum Clock Rise and Fall Time VOO=5V 10 

VOO = 10V 5 

VOO= 15V 2 

CIN Average Input Capacitance Data Inputs (A, B, C, D) 3 

Other I "puts 6 

CPO Power Dissipation Capacity All Four Flip·Flops, (Note 3) 100 

COUT TRI·STATE® Output Capacitance Any Output 

85°C 
UNITS 

MIN MAX 

-1.0 /lA 
1.0 /lA 

-1.0 /lA 
1.0 /lA 

MAX UNITS 

400 ns 

200 ns 

160 ns 

490 ns 

lBO ns 

145 ns 

BO ns 

30 ns 

25 ns 

0 ns 

0 ns 

0 ns 

200 ns 

70 ns 

55 ns 

0 ns 

0 ns 

0 ns 

340 ns 

140 ns 

115 ns 

340 ns 

140 ns 

115 ns 

200 ns 

100 ns 

BO ns 

MHz 

MHz 

MHz 

ns 

ns 

ns 

/ls 

/lS 

J1S 

7.5 pF 

15 pF 

pF 

15 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply 
that the devices should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides 
conditions for actual device operation. 

Note 2: \iSS = OV unless otherwise specified. 

Note 3: CPO determines the no load ac power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics 
application note, AN-90. 
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AC Test Circuits and SWitching Time Waveforms 
tpHZ and tpZH tplZ and tpZl 

VDD 

INPUT-Q:: I 
DISABLE 1.Ok 

Jl.Ok 
INPUT -Q--±- OUTPUT 

DISABLE " T CL 

tPlZ 
tpHZ 

VDD 
VDD 

DISABLE 

j:L 
DISABLE 

OV OV 

VOH 
VDD 

OUTPUT 
OUTPUT 

VOL 
OV 

,50% 
------~ IPLZ r 

_------'10% V 
tPZH tpZl 

VDD VDD 

DISABLE 

OV 

VOH VDD 

OUTPUT 
OUTPUT 

1(1% 
OV VOL 

CLEAR 

I~~~~ ---+------4--.... 

CLOCK __ + _____ .1 

ou~:~~ ----:=\-1 
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CD4089BM/CD4089BC Binary Rate Multiplier 
CD4527BM/CD4527BC BCD Rate Multiplier 

General Description 
The CD4089B is a 4-bit binary rate multiplier that pro­
vides an output pulse rate which is the input clock pulse 
rate multiplied by'/" times the binary input number_ For 
example, if 5 is the binary input number, there will be 5 
output pulses for every 16 clock pulses_ 

The CD4527B is a 4-bit BCD rate multiplier that provides 
an output pulse rate which is the input clock pulse rate 
multiplied by'/,. times the BCD input number_ For ex­
ample, if 5 is the BCD input number, there will be 5 output 
pulses for every 10 clock pulses. 

These devices may be used to perform arithmetic opera­
tions including multiplication and division, AID and D/A 
conversion and frequency division. 

Connection Diagrams 

CD4089B 
Dual-In-Line and Flat Package 

"15" 16 VOO 

C 
15 

B 

0 
14 

A 

13 
SETTO "15" CLEAR 

OUT CASCADE 

OUT INHIBIT I til 

INHIBIT OUT STROBE 

VSS CLOCK 

TOP VIEW 

Features 
• Wide supply voltage range 

• High noise immunity 

• Low power TTL 
compatibility 

3.0Vto 15V 

0.45 Vee typo 

fan out of 2 driving 74L 
or ~ driving 74LS 

• Internally synchronous 4-bit counter 

• Output clocked on the negative-going edge of clock 

• STROBE for inhibiting and enabling outputs 

• INHIBIT IN and CASCADE inputs for cascade operation 

• Complementary output 

• CLEAR and SET inputs 

• "9" or "15" output and INHIBIT OUT output 

"9" 

C 

0 

SET TO "9" 

OUT 

OUT 

INHIBIT OUT 

VSS 

CD4527B 
Dual-In-Line and Flat Package 

16 VOO 

CLEAR 

CASCADE 

INHIBIT IN 

10 
STROBE 

CLOCK 

TOP VIEW 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

voo Supply Voltage -0.5 to +18V voo Supply Voltage 3 to 15 V 
VIN Input Voltage -0.5 to Voo + 0.5V VIN Input Voltage OtoVoOV 
TS Storage Temperature Range -65°C to +150"C T A Operating Temperature Range 
PD Package Dissipation 500mW C04089BM, C04527BM -55°C to +125°C 
TL Lead Temperature (Soldering, 10 seconds) 300°C C04089BC, C04527BC -40° C to +85° C 

DC Electrical Characteristics CD4089BM/CD4527BM (note 2) 

-55"C 25"C 125°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

IDD Quiescent Device Current VDD = 5V 5 5 150. pA 

VDD = 10V 10 10 300 pA 

VDD=15V 20 20 600 pA 

VOL Low Level Output Voltage 1101::; lpA 

VDD = 5V 0.05 0 0.05 0.05 V 

VDD = lOV 0.05 0 0.05 0.05 V 

VDD = 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage 110[::; 1 pA 

VDD = 5V 4.95 4.95 5 4.95 V 

VOD = 10V 9.95 9.95 10 9.95 V 

VDD = 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage VDD = 5V, Vo = 0.5V or 4.5V 1.5 1.5 1.5 V 

VDD= 10V. VO= lVor9V 3.0 3.0 3.0 V 

VDD = 15V, Vo = 1.5V or 13.5V 4.0 4.0 4.0 V 

VIH High Level Input Voltage VDD = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 V 

VDD = lOV. Vo = lV or 9V 7.0 7.0 7.0 V 

VDD = 15V, Vo = 1.5V or 13.5V 11.0 11.0 11.0 V 

10L Low Level Output Current VDD = 5V. Vo = O.4V 0.64 0.51 0.88 0.36 mA 

VDD = 10V. Vo = 0.5V 1.6 1.3 2.25 0.9 mA 

VDD = 15V. Vo = 1.5V 4.2 3.4 8.8 2.4 rnA 

10H High Level Output Current VDD = 5V. Vo = 4.6V -0.64 -0.51 -0.88 -0.36 rnA 

VDD = 10V. Vo = 9.5V -1.6 -1.3 -2.25 -0.9 rnA 

VOO = 15V, Vo = 13.5V -4.2 -3.4 -8.8 -2.4 rnA 

liN Input Current VDD = 15V, VIN = OV -0.1 -10-5 -0.1 -1.0 pA 

VDD = 15V, VIN = 15V 0.1 10-5 0.1 1.0 pA 

DC Electrical Characteristics CD4089BC/CD4527BC (Note 2) 

-40°C 25'C 85"C 
PARAMETER CONOITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

IDD Quiescent Device Current VDD = 5V 20 20 150 pA 

VDD = 10V 40 40 300 pA 

VDD = 15V 80 80 600 pA 

VOL Low Level Output Voltage [IO[::;lpA 

VDD = 5V 0.05 0 0.05 0.05 V 

VDD = lOV 0.05 0 0.05 0.05 V 

VDD = 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage [10[::; 1 pA 

VDD = 5V 4.95 4.95 5 4.95 V 

VDD = 10V 9.95 9.95 10 9.95 V 

VDD=15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage VDD = 5V, Vo = 0.5V or 4.5V 1.5 1.5 1.5 V 

VDD = 10V,. Vo = lV or 9V 3.0 3.0 3.0 V 

VDD = 15V, Vo = 1.5V or 13.5V 4.0 4.0 4.0 V 

VIH High Level Input Voltage VDD = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 V 

VDD = 10V, Vo = lV or 9V 7.0 7.0 7.0 V 

VDD = 15V, Vo = 1.5V or 13.5V 11.0 11.0 11.0 V 

10L Low Level Output Current VDD = 5V, Vo = O.4V 0.52 0.44 0.88 0.36 rnA 

VDD = 10V, Vo = 0.5V 1.3 1.1 2.25 0.9 rnA 

VDD= 15V, VO= 1.5V 3.6 30 8.8 24 rnA 
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DC Electrical Characteristics (Cont'd.) CD4089BC/CD4527BC (Note 2) 

PARAMETER CONDITIONS 

IOH High Level Output Current VOO = SV. Vo = 4.6V 

VOO= 10V. VO=9.5V 

VOO = 15V. Vo = 13.5V 

Input Current Voo = 15V. VIN = OV 

VOO = 15V. VIN = 15V 

AC Electrical Characteristics 
PARAMETER 

tPLH. tPHL Propagation Oelay Time. 

Clock to Out or Out 

tPLH. tpHL Propagation Oelay Time. 

Clock to EOUT 

tPLH. tpHL Propagation Oelay Time. 

Clock to "9" or "15" 

tPLH. tPHL Propagation Oelay Time. 

Set or Clear to Out or Out 

tPLH. tpHL Propagation Oelay Time. 

Cascade to Out 

tPLH. tpHL Propagation Oelay Time. 

Strobe to Out 

tTLH. tTHL Transition Time. All Outputs 

tw(CL) 

fCL 

tr 

tf 

tW(S.R) 

tREM 

tSET·UP 

Minimum Clock Pulse Width 

Maximum Clock Frequency 

Maximum Clock Rise Time 

Maximum Clock Fall Time 

Minimum Set or Clear 

Pulse Width 

Set Removal Time 

Inhibit In Set·Up Time 

Average Input Capacitance 

CONDITIONS 

Voo = 5V 

VOO = 10V 

VOO = 15V 

VOO = 5V 

VOO = 10V 

VOO = 15V 

VOO = 5V 

VOO = lOV 

VOO = 15V 

VOO = 5V 

VOO = 10V 

VOO = 15V 

VOO = 5V 

VOO= 10V 

VOO = 15V 

VOO = 5V 

VOO = 10V 

VOO = 15V 

VOO= 5V 

VOO = 10V 

VOO = 15V 

VOO = 5V 

VOO= 10V 

VOO = 15V 

VOO = 5V 

VOO = 10V 

VOO= 15V 

VOO = 5V 

VOO = 10V 

VOO = 15V 

VOO = 5V 

VOO = 10V 

VOO = 15V 

VOO = 5V 

VOO = 10V 

VOO = 15V 

VOO = 5V 

VOO = 10V 

VOO = lSV 

VOO = 5V 

VOO = 10V 

VOO = 15V 

Any Input 

-40°C 2SOC 

MIN MAX MIN TYP MAX 

-0.52 

-1.3 

-3.6 

-0.3 

0.3 

MIN 

1 

2.5 

3.5 

--0.44 -0.88 

-1.1 -2.25 

-3.0 -8.8 

-10-5 --0.3 

10-5 0.3 

TYP 

175 

85 

60 

300 

120 

75 

280 

100 

70 

500 

200 

150 

100 

50 

35 

220 

85 

65 

100 

50 

40 

250 

100 

70 

2 

5 
7 

125 

SO 

25 

-45 

-20 

-10 

175 

60 

45 

CI 

CPD Power Dissipation Capacitance Per Package. (Note 3) 

5 

80 

8S0C 
UNITS 

MIN MAX 

--0.36 mA 

-0.9 mA 

-2.4 mA 

-1.0 IlA 

1.0 IlA 

MAX UNITS 

350 ns 

170 ns 

120 ns 

600 ns 

240 ns 

150 ns 

560 ns 

200 ns 

140 ns 

1100 ns 

400 ns 

300 ns 

200 ns 

100 

70 

440 

170 

130 

200 

100 

80 

500 

200 

140 

S 

1.5 

1.0 

IS 

15 

15 

250 

100 

55 

a 
o 
a 
350 

120 

90 

7.5 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

MHz 

MHz 

IlS 

iJS 

iJS 

IlS 

Ils 

Ils 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply 
that the devices should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides 
conditions for actual device operation. 

Not.2: VSS = OV unless otherwise specified. 

Note 3: CPO determines the no load ac power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics 
application note. AN·90. 
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Truth Tables 

0 C B A 

0 0 0 0 
0 0 0 1 
0 0 1 0 
0 0 1 1 
0 1 0 0 
0 1 0 1 
0 1 1 0 
0 1 1 1 
1 0 0 0 
1 0 0 1 
1 0 1 0 
1 0 1 1 
1 1 0 0 
1 1 0 1 
1 1 1 0 
1 1 1 1 
X X X X 
X X X X 
X X X X 
1 X X X 
0 X X X 
X X X X 

INPUTS 

No. of 
Inhln Clock Pulses 

16 0 
16 0 
16 0 
16 0 
16 0 
16 0 
16 0 
16 0 
16 0 
16 0 
16 0 
16 0 
16 0 
16 0 
16 0 
16 0 
16 1 
16 O· 

16 0 
16 0 
16 0 
16 0 

C04089B 
Binary Rate Multiplier 

Strobe Cascade 

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 
0 0 
0 0 
O' 0 
1 0 
0 1 
0 0 
0 0 
0 0 

Clear 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
1 
0 

*Output same as the first 16 lines of this truth table (depending on values of A. B. C. DI 

C04527B 
BCD Rate Multiplier 

INPUTS 

0 C B A 
No. of 

Inhln Strobe Cascade Clear 
Clock Pulses 

0 0 0 0 10 0 0 0 0 
0 0 0 1 10 0 0 0 0 
0 0 1 0 10 0 0 0 0 
0 0 1 1 10 0 0 0 0 
0 1 .0 0 10 0 0 0 0 
0 1 0 1 10 0 0 0 0 
0 1 1 0 10 0 0 0 0 
0 1 1 1 10 0 0 0 0 
1 0 0 0 10 0 0 0 0 
1 0 0 1 10 0 0 0 0 
1 0 1 0 10 0 0 0 0 
1 0 1 1 10 0 0 0 0 
1 1 0 0 10 0 0 0 0 
1 1 0 1 10 0 0 0 0 
1 1 1 0 10 0 0 0 0 
1 1 1 1 10 0 0 0 0 
X X X X 10 1 0 0 0 
X X X X 10 0 1 0 0 
X X X X 10 0 0 1 0 
1 X X X 10 0 0 0 1 
0 X X X 10 0 0 0 1 
X X X X 10 0 0 0 0 

*Output same as the first 16 lines of this truth table (depending on values of A. B. C. 01 

5-193 

Set 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

Set 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 

NUMBER OF PULSES OR 
OUTPUT LOGIC LEVEL 

CHOR LI 

Pin 6 Pin 5 Pin 7 Pin 1 
Out Out Inh Out "15" 

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 

Depends on internal state of counter 
L H 1 1 
H * 1 1 
16 16 H L 
L H H L 
L H L H 

NUMBER OF PULSES OR 
OUTPUT LOGIC LEVEL 

(HOR LI 

Pin 6 Pin 5 Pin 7 Pin 1 
Out Out Inh Out "9" 

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 
8 8 1 1 
9 9 1 1 
8 8 1 1 
9 9 1 1 
8 8 1 1 
9 9 1 1 

Depends on internal state of counter 
L H 1 1 
H * 1 1 
10 10 H L 
L H H L 
L H L_ H 

o 
c 
~ m m 
i: -o c 
~ m 
m p 
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~ 
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Logic Waveforms 

CLOCK 

OUTIO C B AI 
00 0 0 

00 0 1 

o 0 1 0 

o 0 1 1 

o 1 0 1 

o 1 1 0 

o 1 1 1 

1 0 0 0 

1 00 1 

1 0 1 0 

1 0 1 1 

1 1 0 0 

1 1 0 1 

1 1 1 0 

1111 

INHIBIT OUT 

CLOCK 

OUT ID C B Al 
DO 0 0 

0001 

DO 1 0 

o 0 1 1 

o 1 00 

o 1 0 1 

o 1 1 0 

01 1 1 

1 a 0 a 

1 0 a 1 

INHIBIT OUT 

n 
n 

n 

CD4089B 
Binary Rate Multiplier 

n 

n 

CD4527B 
BCD Rate Multiplier 

n 

rL-Il 
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Logic Diagrams 

0, 

CD4089B 
Binary Rate Multiplier 

CLOCK iia OUT 

Voo = pin 16 

VSS = pin 8 

Voo = pin 16 

VSS= pin 8 

0, 
Sr:~H:I~~~~S Oh 

COUNTER Qc 
fi, 

0, 

0" 

"1!i" 

0, 

INHIBIT IN ~''!t''''''---------------------------L../ 
INHIBIT DUT 

CD4527B 
BCD Rate Multiplier 

0, 

n. 
0, 

SYNCHRONOUS 0, 4·BITDECADE 
COUNTER 0, 

0, 
0, 

0, 

j 
0, 

ii, 

INHIBIT IN 

"':::[)o ~ .. , .. 
..:.:j~ ___ ...,... __________________ O_' ____ ~INHIBITOUT 
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~ Cascading Packages 
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MOST SIGNIFICANT LEAST SIGNIFICANT 
DIGIT DIGIT 

OUT OUT 

i!U'f i!U'f 

CLOCK INH OUT 

CAse 
INHIN "'5" 

ST 

CLEAR SET 

CLOCK o-.... ------.....;~---I . (5 
Two CD4089B's cascaded in the "add" mode with a preset number of 89 -

16 

MOST SIGNIFICANT LEAST SIGNIFICANT 
DIGIT DIGIT 

OUT OUT 

I!iIT Iiil'f 

CLOCK IN" OUT CLOCK INHOUT 

CAse CASC 

INHIN "15" INHIN "IS" 

ST ST 

CLEAR SET CLEAR SET 

CLOCK 0-"'---------""" . .,.. 

( 
7 14 98) 

Two CD4089B's cascaded in the "multiply" mode with a preset number of 98 - x - = -
16 16 256 

MOST SIGNIFICANT 
DIGIT 

CLOCK INH OUT 

CAse 

INH IN "9" 

ST 

CLEAR 

CLOCK o-.... ------.....;~---I 

LEAST SIGNIFICANT 
DIGIT 

OUT 

Two CD4527B's cascaded in the "add" mode with a preset number of 27 (...: + _7_ 
10 100 

MOST SIGNIFICANT LEAST SIGNifiCANT 
DIGIT DIGIT 

OUT OUT 

iiilf 0iIT 

CLOCK INH OUT CLOCK INH OUT 

CAse CAse 

INH IN ''9'' INH IN ''9'' 

ST ST 

CLEAR SET CLEAR SET 

CLOCK 0-... ----------' 

Two CD4527B's cascaded in the "multiply" mode with a preset number of 27 (2 x ~ 
10 10 
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~National 
~ Semiconductor 

CD4093BM/CD4093BC Quad 2-lnput NAN D 
Schmitt Trigger 

General Description 
II No limit on input rise and fall time 

II Standard B-series output drive 

The CD4093B consists of four Schmitt-trigger circuits_ 
Each circuit functions as a 2-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 (VT +) and the nega­
tive voltage (VT-) is defined as hysteresis voltage (VH). 

II Hysteresis voltage (any input) TA = 25°C 

All outputs have equal source and sink currents and 
conform to standard B-series output drive (see Static 
Electrical Characteristics). 

Features 
II Wide supply voltage range 3.0Vto 15V 

II Schmitt-trigger on each input with no external 
components 

III Noise immunity greater than 50% 

II Equal source and sink currents 

Connection Diagram 

Typical Voo=5.0V VH=1.5V 

Guaranteed 

Applications 

Voo=10V 
Voo=15V 

II Wave and pulse shapers 

II High-noise-environment systems 

II Monostable multivibrators 

II Astable multivibrators 

II NAND logic 

VH =2.2V 
VH=2.7V 
VH =0.1Voo 

Dual·ln·Line Package 

. Voo M 

A Vss 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

OC Supply Voltage (Voo) --{).S to +18 VOC VOO dc Supply Voltage 3tolSVOC 
Input Voltage (VIN) --{).S to VOO +O.S VOC V I N I nput Voltage OtoVOO VOC 
Storage Temperature Range (TS) -6SoC to +IS0°C T A Operating Temperature Range 
Package Oissipation (PO) SOOmW C04093BM -SSoC to +12SoC 
Lead Temperature (Soldering, 10 seconds) (TL) 300°C C04093BC -40° C to +8So C 

I 

DC Electrical Characteristics CD4093BM (Note 2) 

-55°C 25°C 125 C 
PARAMETER. CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO = 5V 0.25 0.25 7.5 IlA 

VOO = 10V 0.5 0.5 15.0 IlA 

VOO = 15V 1.0 1.0 30.0 IlA 

VOL Low Level Output Voltage VIN = VOO, 1101< lilA 

VOO = 5V 0.05 0 0.05 0.05 V 

. VOO = 10V 0.05 0 0.05 0.05 V 

VOO = 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage VIN = VSS, 1101< lilA 

VOO = 5V 4.95 4.95 5 4.95 V 

VOO = 10V 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15 14.95 V 

VT- Negative·Going Threshold Voltage 1101< lilA 

(Any Input) VOO = 5V, Va = 4.5V 1.3 2.25 1.5 1.8 2.25 1.5 2.3 V 

VOO = 10V, Va = 9V 2.85 4.5 3.0 4.1 . 4.5 3.0 4.65 V 
VOO = 15V, Va = 13.5V· 4.35 6.75 4.5 6.3 6.75 4.5 6.9 V 

VT+ Positive·Going Threshold Voltage 1101< lilA 

(Any Input) . VOO = 5V, Va = 0.5V 2.75 3.65 2.75 3.3 3.5 2.65 3.5 V 

VOO = 10V, Vo = IV 5.5 7.15 5.5 6.2 7.0 5.35 7.0 V 

VOO = 15V, Vo = 1.5V 8.25 10.65 8.25 9.0 10.5 8.1 10.5 V 

VH Hysteresis (VT+ - VT-) VOO = 5V 0.5 2.35 0.5 1.5 2.0 0.35 2.0 V 
(Any Input) VOO = 10V 1.0 4.30 1.0 2.2 4.0 0.70 4.0 V 

VOO = 15V 1.5 6.30 1.5 2.7 6.0 1.20 6.0 V 

10L Low Level Output Current VIN= VOO 

VOO = 5V, Va = OAV 0.64 0.51 0.88 0.36 mA 
VOO = 10V, Va = 0.5V 1.6 1.3 2.25 0.9 rnA 

VOO = 15V, Vo = 1.5V 4.2 3.4 8.8 2.4 mA 

10H High Level Output Current VIN = VSS 

VOO = 5V, Va =4.6V -0.64 0.51 -0.88 -0.36 rnA 

VOO = 10V, Vo = 9.5V -1.6 -1.3 -2.25 -0.9 rnA 

VOO = 15V, Va = 13.5V -4.2 -3.4 -8.8 -2.4 rnA 

liN I nput Current VOO = 15V, VIN = OV -{l.l -10-5 -{l.l -1.0 IlA 
VOO = 15V, VIN = 15V 0.) 10-5 0.1 1.0 IlA 

Note 1: "Absolute 'Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply 
that the devices should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides 
conditions for actual device operation. 

Note 2: VSS = OV unless otherwise specified. 
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DC Electrical Characteristics CD4093BC (Note 2) 

PARAMETER 
--110°C 25°C 

CONOITIONS 
MIN MAX MIN TYP MAX 

100 Quiescent Device Current VOO = 5V 1.0 1.0 

VOO = 10V 2.0 2.0 

VOO = 15V 4.0 4.0 

VOL Low Level Output Voltage VIN = VOO, 1101< lpA 

VOO = 5V 0.05 a 0.05 

VOO = 10V 0.05 a 0.05 

VOO = 15V 0.05 a 0.05 

VOH High Level Output Voltage VIN = VSS, 1101 < lpA 

VOO = 5V 4.95 4.95 5 

VOO = 10V 9.95 9.95 10 

VOO = 15V 14.95 14.95 15 

VT- Negative-Going Threshold Voltage 1101< lilA 

(Any Input) VOO = 5V, Va = 4.5V 1.3 2.25 1.5 1.8 2.25 

Voo = 10V, Va = 9V 2.85 4.5 3.0 4.1 4.5 

Voo = 15V, Va = 13.5V 4.35 6.75 4.5 6.3 6.75 

VT+ Positive-Going Threshold Voltage 1101< lilA 

(Any Input) VOO = 5V, Va = 0.5V 2.75 3.6 2.75 3.3 3.5 

Voo = 10V, Va = lV 5.5 7.15 5.5 6.2 7.0 

Voo = 15V, Va = 1.5V 8.25 10.65 8.25 9.0 10.5 

VH Hysteresis (VT + - VT-) VOO = 5V 0.5 2.35 0.5 1.5 2.0 

(Any Input) VOO = 10V 1.0 4.3 1.0 2.2 4.0 

VOO = 15V 1.5 6.3 1.5 2.7 6.0 

10L Low Level Output Current VIN=VOO 

VOO = 5V, Va = O.4V 0.52 0.44 0.88 

Voo = 10V, Va = 0.5V 1.3 1.1 2.25 

Voo = 15V, Va = 1.SV 3.6 3.0 8.8 

10H High Level Output Current VIN = VSS 

VOO = 5V, Va = 4.6V -0.52 -0.44 -0.88 

Voo = 10V, Va = 9.SV -1.3 -1.1 -2.25 

Voo = 15V, Va = 13.5V -3.6 -8.0 -8.8 

liN I nput Current VOO = 15V, VIN = OV -0.3 -lO-S -0.3 

VOO = 15V, VIN = lSV 0.3 10-5 0.3 

AC Electrical Characteristics TA=25°C, CL=50pF, RL=200k, Input t r, tf=20ns, 

unless otherwise specified, 

PARAMETER CONOITIONS MIN TYP 

tPHL, tPLH Propagation Delay Time VOO = SV 300 

VOO = 10V 120 

VOO = lSV 80 

tTHL, tTLH Transition Time VOO = 5V 90 

VOO = 10V 50 

VOO = 15V 40 

CIN Average Input Capacitance 5.0 

CPO Power Dissipation Capacitance 24 
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+85°C 

MIN MAX 

7.5 

15.0 

30.0 

0.05 

0.05 

0.05 

4.95 

9.95 

14.95 

1.5 2.30 

3.0 4.65 

4.5 6.9 

2.65 3.5 

5.35 7.0 

8.1 10.5 

0.35 2.0 

0.70 4.0 

1.20 6,0 

0.36 

0.9 

2.4 

-0.36 

-0.9 

-2.4 

-1.0 

1.0 

MAX 

600 

300 

240 

200 

100 

80 

7.5 

UNITS 

pA 

pA 

pA 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

rnA 

rnA 

rnA 

rnA 

rnA 

rnA 

J.lA 

IlA 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

pF 

pF 
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Typical Applications 

CONTROLp ~ VOUT 

, R 

-:fC 

Assume tl + t2 »tPHL + tpLH then: 

to = RC Qn [VOOIVT-l 

tl = RC Qn [(VOO - VT-)/(VOO + VT+)] 

t2 = RC Qn [VT+IVT-J 

f = 

RCQn 
(VT+)(VOO- VT-) 

(VT-)(VOO - VT+) 

Gated Oscillator 

VOO-------r---------

CONTROL 

OV-------.....I 

VOO-------, 

vT+---------+"-~_ 
VT- _______ -+_v 
Ov-------~--------

VUO-------~~ 

VOUT 

OV-------~--

;~~' 

Gated One-Shot 

(a) Negative-Edge Triggered 

VINJLJL..S 

I 
_~n nL--_ 

--II-- t'· RC 'n IVou/lvOD - VT+I] 

(b) Positive-Edge Triggered 
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~National 
~ Semiconductor 

PRELIMINARY 

CD4094BM/CD4094BC 8·Bit Shift Register/Latch 
with TRI·STATE® Outputs 

General Description 
The CD4094BM/CD4094BC consists of an 8-bit shift 
register and a TRI-STATE® 8-bit latch. Data is shifted 
serially through the shift register on the positive transi­
tion of the clock. The output of the last stage (Os) can 
be used to cascade several devices. Data on the Os 
output is transferred to a second output, O's, on the 
following negative clock edge. 

The output of each stage of the shift register feeds a 
latch, which latches data on the negative edge of the 
STROBE input. When STROBE is high, data propagates 
through the latch to TRI-STATE output gates. These 
gates are enabled when OUTPUT ENABLE is taken high. 

TRI-STATE is a registered Irademark of National Semlconduclor Corp. 

Connection Diagram 

STROBE 

DATA 

CLOCK 

01 

02 

03 

04 

VSS 

Block or Logic Diagram 

Features 
• Wide supply voltage range 

• High noise immunity 

• Low power TTL 
compatibility 

• TRI-STATE outputs 

16 VOD 

'15 OUTPUT 
ENABLE 

14 05 

13 06 

12 07 

11 OB 

10 O'S 

9 aS 
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3.0Vto 18V 

0.45 Voo (typ.) 

fan out of 2 driving 74L 
or 1 drivi ng 74LS 



Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

Voo Supply Voltage -0.5to+18Voc Voo DC Supply Voltage +3.0 to +15 Voc 
VIN Input Voltage -0.5 to Voo + 0.5 Voc VIN Input Voltage OtoVoo Voc 
Ts Storage Temperature Range -65·C to +150·C TA Operating Temperature Range 
Po Package Dissipation 500mW CD4094BM -55·C to +125·C 
TL Lead Temperature (Soldering, 10 seconds) 300·C CD4094BC . -40·C to +85·C 

DC Electrical Characteristics CD4094BM (Note 2) 

-55·C 25·C 125·C 
Units Parameter Conditions 

Min. Max. Min. Typ. Max. Min. Max. 

100 Quiescent Voo=5.0V 5.0 5.0 150 "A 
Device Current Voo=10V 10 10 300 "A 

Voo=15V 20 20 600 "A 
VOL Low Level VOO=5.0V} 0.05 0 0.05 0.05 V 

Output Voltage Voo=10V 1101.;; 1.0"A 0.05 0 0.05 0.05 V 
Voo = 15V 0.05 0 0.05 0.05 V 

VOH High Level VOO=5.0V} 4.95 4.95 5.0 4.95 V 
Output Voltage Voo = 10V 1101.;; 1"A 9.95 9.95 10.0 9.95 V 

Voo="15V 14.95 14.95 15.0 14.95 V 

VIL Low Level Voo';' 5.0V, Va = 0.5 V or 4.5 V 1.5 1.5 1.5 V 
Input Voltage Voo = 10V, Va = 1.0V or 9.0V 3.0 3.0 3.0 V 

Voo=15V, Vo= 1.5V or 13.5V 4.0 4.0 4.0 V 

VIH High Level Voo=5.0V, Vo=0.5V or 4.5V 3.5 3.5 3.5 V 
Input Voltage Voo = 10V, Vo= 1.0V or 9.0V 7.0 7.0 7.0 V 

Voo = 15V, Va = 1.5V or 13.5V 11.0 11.0 11.0 V 

10L Low Level Voo = 5.0V, Va = 0.4 V 0.64 0.51 0.88 0.36 mA 
Output Current Voo= 10V, Vo= 0.5V 1.6 1.3 2.25 0.9 lilA 

Voo=15V, Vo=1.5V 4.2 3.4 8.8 2.4 rnA 

10H High Level Voo=5.0V, Vo=4.6V -0.64 -0.51 0.88 -0.36 rnA 
Output Current Voo=10V, Vo=9.5V -1.6 -1.3 2.55 -0.9 rnA -

Voo = 15 V, Va = 113.5 V -4.2 -3.4 8.8 -2.4 mA 

liN I nput Current Voo=15V, VIN=OV -0.1 -0.1 -1.0 '"A 
Voo = 15 V, VIN = 15 V 0.1 0.1 1.0 "A 

DC Electrical Characteristics CD4094BC (Note 2) 

-40·C 25°C 85°C 
Parameter Conditions Units 

Min. Max. Min. Typ. Max. Min. Max. 

100 Quiescent Voo=5.0V 20 20 150 "A 
Device Current Voo=10V 40 40 300 "A 

Voo=15V 80 80 600 Il-A 
VOL Low Level VOO=5.0V} 0.05 0 0.05 0.05 V 

Output Voltage Voo=10V 1101.;; 1.0"A 0.05 0 0.05 0.05 V 
Voo = 15V 0.05 0 0.05 0.05 V 

VOH High Level Voo =5.0V} 4.95 4.95 5.0 4.95 V 
Output Voltage Voo=10V 1101';;1"A 9.95 9.95 10.0 9.95 V 

Voo=15V 14.95 14.95 15.0 14.95 V 

VIL Low Level Voo = 5.0V, Vo = 0.5 V or 4.5V 1.5 1.5 1.5 V 
Input Voltage Voo = 10V, Va = 1.0V or 9.0V 3.0 3.0 3.0 V 

Voo = 15V, Va = 1.5 V or 13.5V 4.0 4.0 4.0 V 

VIH High Level Voo=5.0V, Vo=0.5V or 4.5V 3.5 3.5 3.5 V 
Input Voltage Voo = 10V, Vo = 1.0V or 9.0V 7.0 7.0 7.0 V 

Voo=15V, Vo= 1.5V or 13.5V 11.0 11.0 11.0 V 

IOL Low Level Voo = 5.0V, Vo = 0.4 V 0.52 0.44 0.88 0.36 mA 
Output Current Voo=10V, Vo=0.5V 1.3 1.1 2.25 0.9 mA 

.Voo=15V, Vo=1.5V 3.6 3.0 8.8 2.4 mA 

5-203 

o 
C 
0l:Io 
o 
CD 
oIlIo 
ttl s:: -o 
c 
oIlIo o 
CD 
oIlIo 
ttl 
o 



o m 
'IIit en o 
'IIit 
C 
o -:e 
m 
'IIit en 
~ 
C 
o 

DC Electrical Characteristics (cont'd) CD4094BC (Note 2) 

-40°C 25°C 85°C 
Parameter Conditions f--------,----t--,---,------l-----,--------1 Units 

Min. Max. Min. Typ. Max. Min. Max. 

IOH High Level 
Output Current 

Voo=5.0V, Vo=4.6V -0.52 -0.44 0.88 -0.36 mA 
Voo=10V, Vo=9.5V -1.3 -1.1 2.55 -0.9 mA 
Voo = 15 V, Vo = 113.5 V -3.6 -3.0 8.8 -2.4 mA 

liN Input Current Voo =15V,VIN=OV. -0.3 -0.3 -1.0/lA 
Voo =15V,VIN=15V 0.3 0.3 1.0/lA 

1--------..L-------------'----'--'--'-------'--'----'----'------1-----· 

AC Electrical Characteristics TA = 25°C, CL = 50 pF 

tpHL, tpLH Propagation Delay Clock to Os 

tpHL, tpLH Propagation Delay Clock to O's 

tpHL, tpLH Propagation Delay Clock to Parallel Out 

tpHL, tpLH Propagation Delay Strobe to Parallel Out 

tpHZ Propagation Delay High Level to High Impedance 

tpLZ Propagation Delay Low Level to High Impedance 

tPZH Propagation Delay High Impedance to High Level 

Propagation Delay High Impedance to Low Level 

tTHL, tTLH Transition Time 

tsu Set·up Time Data to Clock 

Maximum Clock Rise and Fall Time 

Ipe Minimum Clock Pulse yvidth 

tps Minimum Strobe Pulse Width 

Maximum Clock Frequency 

Input Capacitance 

Conditions 

Voo=5.0V 
Voo=10V 
Voo=15V 

Voo=5.0V 
Voo=10V 
Voo=15V 

Voo=5.0V 
Voo=10V 
Voo=15V 

Voo=5.0V 
Voo=10V 
Voo=15V 

Voo=5.0V 
Voo=10V / 
Voo=15V 

Voo=5.0V 
Voo=10V 
Voo=15V 

Voo= 5.0V 
Voo=10V 
Voo=15V 

Voo = 5.0V 
Voo=10V 
Voo=15V 

Voo=5.0V 
Voo=10V 
Voo=15V 

Voo =5.0V 
Voo=10V 
Voo=15V 

Voo=5.0V 
Voo=10V 
Voo=15V 

Voo=5.0V 
Voo=10V 
Voo=15V 

Voo=5.0V 
Voo=10V 
Voo=15V 

Voo=5.0V 
Voo=10V 
Voo=15V 

Any Input 

Min. 

15 
5.0 
5.0 

Typ. 

300 
125 
95 

230 
110 
75 

420 
195 
135 

290 
145 
100 

140 
75 
55 

225 
95 
70 

225 
95 
70 
140 
75 
55 
100 
50 
40 

60 
30 
20 

100 
50 
40 

100 
40 
35 

2.5 
5.0 
6.0 

5.0 

Max. Units 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

f'S 

f'S 
f'S 

ns 
ns 
ns 

ns 
ns 
ns 

MHz 
MHz 
MHz 

pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety 01 the device cannot be guaranteed; they are not 
meant to imply that the devices should be operated at these limits. The tables of "Recommended Operating Conditions" and 
"Electrical Characteristics" provide conditions for actual device operation. 
Note 2: Vss = a v unless otherwise specified. 

1-----'--"----------------------------------· 
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Timing Diagram 

VOO 
CLOCK 

VSS 

,:: J :~"" \~i / :~~'1----:-\'--I---:-i--=-=~ 
--~------~-----------------------------------------------VOD 

~~lm I ll~' I 
01 ~-tPLH t .... ________________ --JJ-t

pLH I \ ... ___________ ::: 

VSS 

~~·¥-_-:-:I----------------tP-HL---5-0% i-\......;..I ________ ::: 

~ 1~-tPLH -ir-tPHL 

/50% 50%1 -------------------------' 1------- Vss 

Os 

VDD 
O'S 

Test Circuits and Timing Diagrams for TRI·STATE® 

CLOCK 

STROBE 

DATA 

OUTPUT 
ENABLE 

lkQ 

OUTPUT 

J 5DPF 

t-........ -o OUTPUT 

50pF 
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OUTPUT 
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Logic Truth Table 

Output Parallel Outputs Serial Outputs 

Clock Enable Strobe Data 01 ON aS· a'S 

J 0 x X Hi·Z Hi·Z Q7 No Chg. 

\.. 0 x X Hi·Z Hi-Z No Chg. Q7 

...r 1 0 X No Chg. No Chg. Q7 No Chg. 

...r 1 1 0 0 QN-1 Q7 No Chg. 

...r 1 1 1 1 QN-1 Q7 No Chg. 

'- 1 1 1 NoChg. No Chg. No Chg. Q7 

x = Don't Care 
• At the positive clock edge, information in the 7th shift register stage is 
transferred to 08 and as. 
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~ Semiconductor 

CD4099BM/CD4099BC 8-Bit Addressable Latch 

General Description Features 
The CD4099B is an 8-bit addressable latch with three - Wide supply voltage range 
address inputs (AO-A2), an active low enable input {E}, 
active high clear input (Cl), a data input (D), and eight _ High noise Immunity 
outputs (QO-Q7). 

Data is entered into a particular bit in the latch when that 
bit is addressed by the address inputs and the enable (E) 
is low. Data entry is inhibited when enable (E) is high. 

- Low power TTL 
compatibility 

- Serial to parallel capability 

- Storage register capability 

3.0Vto 15V 

0.45 VDD (typ.) 

fan out of 2 driving 74L 
or 1 driving 74LS 

When clear (Cl) and enable (E) are high, all outputs are 
low. When clear (Cl) is high and enable (E) is low, the 
channel demultiplexing occurs. The bit that is 
addressed has an active output which follows the data 
input while all unaddressed bits are held low. When ope­
rating in the addressable latch mode (E" = Cl = low), 
changing more than one bit of the address could 
impose a transient wrong address. Therefore, this 
should only be done while in the memory mode 
(E = high, Cl = low). 

- Random (addressable) data entry 

Connection Diagram 

Truth Table 

E CL 

L L 

H L 

L H 

H H 

- Active high demultiplexing capability 

- Common active high clear 

CD4099B 
Dual-In-Line and Flat Package 

01...!. U t2!- VOO 

CL 2- r!!- 06 

02- ~05 
e..! ~04 

AO...!. ~03 

AI...! r!-!-oz 
AZ.!. ~01 

VSS ...!. r!-oo 

TOP VIEW 

MODE SELECTION 

ADDRESSED UNADDRESSED 
LATCH LATCH 

Follows Data Holds Previous Data 

Holds Previous Data Holds Previous Data 

Follows Data Reset to "0" 

Reset to "0" Reset to "0" 

" 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

Voo DC Supply Voltage -0.5 to +1B Voc Voo DC Supply Voltage 3.0to 15Voc 
VIN Input Voltage -0.5 to Voo + 0.5 Voc VIN Input Voltage Oto Voo Voc 
Ts Storage Temperature Range -65·C to +150·C TA Operating Temperature Range 
Po Package Dissipation 500mW CD4099BM -55·C to +125·C 
TL Lead Temperature (Soldering, 10 seconds) 300·C CD4099BC -40·C to +B5·C 

DC Electrical Characteristics CD4099BM (Note 2) 

-55°C 25°C 1250C 
Units Parameter Conditions 

Min. Max. Min. Typ. Max. Min. Max. 

100 Quiescent Voo =5.0V 5.0 0.02 5.0 150 ,..A 
Device Current Voo=10V 10 0.02 10 300 ,..A 

Voo=15V 20 0.02 20 600 ,..A 

VOL Low Level 1101-- 1,..A 
Output Voltage Voo=5.0V 0.05 0 0.05 0.05 V 

Voo=10V 0.05 0 0.05 0.05 V 
Voo=15V 0.05 0 0.05 0.05 V 

VOH High Level 1101-- 1,..A 
Output Voltage Voo =5.0V 4.95 4.95 5.0 4.95 V 

Voo=10V 9.95 9.95 10 9.95 V 
Voo=15V 14.95 14.95 15 14.95 V 

VIL Low Level Voo = 5.0 V, Vo =0.5V or 4.5V 1.5 2.25 . 1.5 1.5 V 
Input Voltage Voo = 10V, Vo = 1.0V or 9.OV 3.0 4.5 3.0 3.0 V 

Voo=15V, Vo=1.5Vor 13.5V 4.0 6.75 4.0 4.0 V 

VIH High Level Voo = 5.0V, Vo=0.5Vor 4.5V 3.5 3.5 2.75 3.5 V 
Input-Voltage Voo = 10V, Vo = 1.0V or 9.OV 7.0 7.0 5.5 7.0 V 

Voo =15V, Vo=1.5Vor 13.5V 11.0 11.0 B.25 11.0 V 

10L Low Level Voo =·5.0V, Vo = 0.4 V 0.64 0.51 O.BB 0.36 rnA 
Output Current Voo =10V, Vo=0.5V 1.6 1.3 2.25 0.9 rnA 

Voo =15V, Vo =1.5V 4.2 3.4 B.B 2.4 rnA 
10H High Level Voo=5.0V, Vo =4.6V -0.64 -0.51 -O.BB -0.36 rnA 

Output Current Voo=10V, Vo=9.5V -1.6 -1.3 -2.25 -0.9 rnA 
Voo =15V, Vo=13.5V -4.2 -3.4 -B.B -2.4 rnA 

liN Input Current Voo =15V, VIN=OV -0.1 -10-5 -0.1 -1.0 ,..A 
Voo =15V, VIN=15V 0.1 10-5 0.1 1.0 ,..A 

DC Electrical Characteristics CD4099BC (Note 2) 
, 

-40OC 25°C 85°C 
Parameter Conditions Units 

Min. Max. Min. Typ. Max. Min. Max. 

100 Quiescent Voo=5.0V 20. 0.02 20 150 ~A 
Device Current Voo=10V 40 0.02 40 300 ,..A 

Voo=15V ; BO 0.02 BO 600 ,..A 

VOL Low Level 1101-- 1,..A 
Output Voltage Voo =5.0V 0.05 0 0.05 0.05 V 

Voo=10V 0.05 0 0.05 0.05 V 
Voo=15V 0.05 0 0.05 0.05 V 

VOH High Level 1101-- 1,..A 
Output Voltage Voo =5.0V 4.95 4.95 5.0 4.95 V 

Voo=10V 9.95 9.95 10 9.95 V 
Voo=15V 14.95 14.95 15 '14.95 V 

VIL Low Level Voo = 5.0 V, Vo = 0.5 or 4.5 V 1.5 2.25 1.5 1.5 V 
Input Voltage Voo ,,;,10V, Vo = 1.0V or 9.OV 3.0 4.5 3.0 3.0 V 

Voo = 15V, Vo = 1.5V or 13.5V 4.0 6.75 4.0 4.0 V 
-

VIH High Level Voo= 5.0V, Vo =0.5Vor 4.5V 3.5 3.5 2.75 3.5 V 
Input Voltage Voo = 10V, Vo = 1.0V or 9.OV 7.0 7.0 5.5 7.0 V 

Voo =15V, Vo =1.5Vor 13.5V 11.0 11.0 B.25 11.0 V 
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DC Electrical Characteristics (cont'd) CD4099BC (Note 2) 

-40"C 250C 850C 
Parameter Conditions Units 

Min. Max. ' Min. Typ. Max. Min. Max. 

IOL Low Level Voo=5.0V, Vo=0.4V 0.52 0.44 0.88 0.36 mA 
Output Current Voo =10V, Vo=0.5V 1.3 1.1 2.25 0.9 mA 

Voo =15V, Vo=1,5V 3.6 3.0 8.8 2.4 mA 

10H High Level Voo=5.0V, Vo=4.6V -0.52 -0.44 -0.88 -0.36 mA 
Output Current Voo =10V, Vo=9.5V -1.3 -1.1 -2.25 -0.9 mA 

Voo=15V, Vo=13.5V -3.6 -3.0 -8.8 -2.4 mA 

liN Input Current Voo=15V, VIN=OV -0.30 -10-5 -0.30 -1.0 I1A 
Voo =15V, VIN=15V 0.30 10-5 0.30 1.0 I1A 

AC Electrical Characteristics TA = 25°C, CL =50pF, RL = 200k, Input t,=tl =20ns, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

IpHL, tpLH Propagation Delay Date to Output Voo=5.0V 200 400 ns 
Voo=10V 75 150 ns 
Voo=15V 50 100 ns 

tpLH, tpHL Propagation Delay Enable to Output Voo=5.0V 200 400 ns 
Voo=10V 80 160 ns 
Voo=15V 60 120 ns 

tpHL Propagation Delay Clear to Output Voo=5.0V 175 350 ns 
Voo=10V 80 160 ns 
Voo=15V 65 130 ns 

tpLH, tpHL Propagation Delay Address to Output Voo=5.0V 225 450 ns 
Voo=10V 100 200 ns 
Voo=15V 75 150 ns 

tTHL, tTLH Transition Time (Any Output) Voo=5.0V 100 200 ns 
Voo=10V 50 100 ns 
Voo=15V 40 80 ns 

tWH, TWL Minimum Data Pulse Width Voo=5.0V 100 200 ns 
Voo=10V 50 100 ns 
Voo=15V 40 80 ns 

tWH, tWL Minimum Address Pulse Width Voo=5.0'i 200 400 ns 
Voo=10V 100 200 ns 
Voo=15V 65 125 ns 

tWH Minimum Clear Pulse Width Voo=5.0V 75 150 ns 
Voo=10V 40 75 ns 
Voo=15V 25 50 'ns 

tsu Minimum Sel·Up Time Data 10 E Voo=5.0V 40 80 ns 
Voo=10V 20 40 ns 
Voo=15V 15 30 ns 

IH Minimum Hold Time Data to E Voo=5.0V 60 120 ns 
Voo=10V 30 60 ns 
Voo=15V 25 50 ns 

tsu Minimum Set-Up Time Address to E Voo=5.0V -15 50 ns 
Voo=10V 0 30 ns 
Voo=15V 0 20 ns 

tH Minimum Hold Time Address to E Voo=5.0V -50 15 ns 
Voo=10V -20 10 ns 
Voo=15V -15 5 ns 

Cpo Power Dissipation Capacitance Per Package 100 pF 
(Note 3) 

CIN Input Capacitance Any Input 5.0 7.5 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not 
meant to imply that the devices should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrl· 
cal Characteristics" provide conditions for actual device operation. 

Note 2: Vss = D V unless otherwise specified. 

Note 3: Dynamic power dissipation (Po) Is given by: Po = (Cpo + c:d Vcc2f + PO; where CL = load capacitance; f = frequency of operation; 
for further detailS, see application note AN-9D, "54C/74C Family Characteristics". 
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Logic Diagram 
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Switching Time Waveforms 
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~National a Semiconductor 

CD40106BM/CD40106BC Hex Schmitt Trigger 

General Description 
The CD40106B Hex Schmitt Trigger is a monolithic 
complementary MaS (CMOS) integrated circuit con­
structed with Nand P-channel enhancement transistors. 
The positive and negative-going threshold voltages, 
VT+ and VT _, show low variation with respect to 
temperature (typ 0.0005vfc at VDD = 10V). and 
hysteresis, VT+ - VT _ ;::: 0.2 VDD is guaranteed. 

All inputs are protected from damage due to static 
discharge by diode clamps to VDD and VSS. 

Schematic Diagram 

INPUT 

I • 

y~~ 
I N VDD 

1-

Connection Diagram 

. Dual-I n-Line Package 

Vss 
TOP VIEW 

Features 
• Wide supply voltage range 

• High noise immunity 

• Low power 
TTL compatibility 

3V to 15V. 

0.7 VDD·(tyP.) 
fan out of 2 
driving 74L 
or 1 driving 

74LS 

• Hysteresis 0.4 VDD (typ.) 
0.2 V D D guaranteed 

• Equivalent to MM54C14/MM74C14 

• Equivalent to MC14584B 

VDD 

J 

OUTPUT 

Switching Time Waveforms 

voo 
INPUT 

VSS 

VOO 

OUTPUT 

VSS 

tr= tf '" 20 ns 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

vDD dc Supply Voltage -{l.5 to +1 8 VDC' VDD dc Supply Voltage 3 to 15 VDC 
VIN Input Voltage -{l.5 to VDD +0.5 VDC VIN Input Voltage Oto VDD VDC 
TS Storage Temperature Range -65'C to +1 50'C T A Operating Temperature Range 
PD Package Dissipation 500mW CD40106BM -55'C to +125'C 
TL Lead Temperature (Soldering, 10 secondsl 300°C CD40106BC -40°C to +85°C 

DC Electrical Characteristics CD40106BM (Note 2) 

-5So c 25°C 125°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

IDD Quiescent Device Current VDD = 5V 1.0 1.0 30 /lA 
VDD = 10V 2.0 2.0 60 /lA 
VDD = 1SV 4.0 4.0 120 /lA 

VOL Low Level Output Voltage lIOI<l/lA 

VDD = 5V 0.05 0.05 0.05 V 

VDD = 10V 0.05 0.05 0.05 V 

VDD = 15V 0.05 0.05 0.05 V 

VOH High Level Output Voltage IIOI<l/lA 

VDD = 5V 4.95 4.95 5 4.95 V 

VDD = 10V 9.95 9.95 10 9.95 V 

VDD = 15V 14.95 14.95 15 14.95 V 

VT- Negative·Going Threshold VDD = 5V, Va =4.5V 0.7 2.0 0.7 1.4 2.0 0.7 2.0 V 
Voltage VDD = 10V, Va = 9V 1.4 4.0 1.4 3.2 4.0 1.4 4.0 V 

VDD = 15V, Vo = 13.SV 2.1 6.0 2.1 5.0 6.0 2.1 6.0 V 

VT+ Positive·Going Threshold VDD =5V, Va = O.SV 3.0 4.3 3.0 3.6 4.3 3.0 4.3 V 
voltage VDD = 10V, Va = lV 6.0 B.6 6.0' 6.B 8.6 6.0 8.6 V 

VDD = 15V, Va = 1.5V 9.0 12.9 9.0 10.0 12.9 9.0 12.9 V 

VH Hysteresis (VT + - VT_l VDD = 5V 1.0 3.6 1.0 2.2 3.6 1.0 3.6 V 

VDD = 10V 2.0 7.2 2.0 3.6 7.2 2.0 7.2 V 

VDD = 15V 3.0 10.8 3.0 5.0 10.8 3.0 10.8 V 

IOL Low Level Output Current VDD = 5V, Vo = 0.4V 0.64 0.51 O.BB 0.36 mA 

VDD = 10V, Vo = 0.5V 1.6 1.3 2.25 0.9 rnA 

VDD = 15V, Vo = 1.5V 4.2 3.4 8.8 2.4 rnA 

IOH High Level Output Current VDD = 5V, Vo =4.6V -0.64 -0.51 -O.BB -0.36 rnA 

VDD = 10V, Vo = 9.5V -1.6 -1.3 -2.25 -0.9 rnA 

VDD= 15V, VO= 13.5V --4.2 -3.4 -8.8 -2.4 rnA 

'IIN I nput Current VDD = 15V, VIN = OV -0.10 -10-5 -0.10 -1.0 /lA 

VDD = 15V, VIN = 15V 0.10 10-5 0.10 1.0 /lA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides 
conditions for actual device operation. 

Note 2: VSS = OV unless otherwise specified. 
Note 3: CpO determines the no load ae power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics 
application note-AN·90. 
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DC Electrical Characteristics CD40106BC (Note 2) 

-40°C 25°C 
PARAMETER CONDITIONS 

MIN MAX MIN TYP MAX 

100 Quiescent Oevice Current VOO = 5V 4.0 4.0 

VOO = 10V 8.0 8.0 

VOO = 15V 16.0 16.0 

VOL Low Level Output Voltage IIOI<lp.A 

VOO= 5V 0.05 0.05 

VOO = 10V 0.05 0.05 

VOO = 15V 0.05 0.05 

. VOH High Level Output Voltage IIOI<lp.A 

VOO = 5V 4.95 4.95 5 

VOO = 10V 9.95 9.95 10 

VOO = 15V 14.95 14.95 15 

VT- Negati~e-Going Threshold VOO= 5V, Vo =4.5V 0.7 2.0 0.7 1.4 2.0 
Voltage VOO = 10V, Va = 9V 1.4 4.0 1.4 3.2 4.0 

VOO = 15V, Va = 13.5V 2.1 6.0 2.1 5.0 6.0 

VT+ Positive-Going Threshold VOO = 5V, VO= 0.5V 3.0 4.3 3.0 3.6 4.3 
Voltage VOO = 10V, Va = IV 6.0 8.6 6.0 6.8 8.6 

Voo = 15V, Va = 1.5V 9.0 12.9 9.0 10.0 12.9 

VH Hysteresis (VT+ - VT-) VOO = 5V 1.0 3.6 1.0 2.2 3.6 

VOO = 10V 2.0 7.2 2.0 3.6 7.2 

VOO = 15V 3.0 10.8 3.0 5.0 10.8 

IOL Low Level Output Current VOO = 5V, Vo = OAV 0.52 0.44 0.88 

VOO = 10V, Vo = 0.5V 1.3 1.1 2.25 

VOO = 15V, Vo = 1.5V 3.6 3.0 8.8 

IOH High Level Output Current VOO= 5V, Vo =4.6V -0.52 -0.44 -0.88 

VOO = 10V, Va = 9.5V -1.3 -1.1 -2.25 

Voo = 15V, Vo = 13.5V -3.6 -3.0 -8.8 

liN Input Current VOO = 15V, VIN = OV -0.30 -10-5 -0.30 

VOO = 15V, VIN = 15V 0.30 10-5 0.30 

AC Electrical Characteristics TA = 25°C, CL=50pF, RL=200k, tr and tr =20ns, 
unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP 

tpHL or tpLH Propagation Oelay Time From VOO= 5V 220 
Input To Output VOO = 10V 80 

VOO = 15V 70 

tTHL or tTLH Transition Time VOO = 5V 100 
VOO = 10V 50 
VOO = 15V 40 

CIN Average I nput Capacitance Any Input 5 

CPO Power Oissipation Capacitance Any Gate (Note 3) 14 
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+85°C 
UNITS 

MIN MAX 

30 p.A 
60 p.A 
120 p.A 

0.05 V 

0.05 V 

0.05 V 

4.95 V 

9.95 V 

14.95 V 

0.7 2.0 V 

1.4 4.0 V 

2.1 6.0 V 

3.0 4.3 V 

6.0 8.6 V 

9.0 12.9 V 

1.0 3.6 V 

2.0 7.2 V 

3.0 10.8 V 

0.36 mA 

0.9 mA 

204 I mA 

-0.36 mA 

-0.9 mA 

-204 mA 

-1.0 p.A 

1.0 p.A 

MAX UNITS 

400 ns 

200 ns 

160 ns 

200 ns 

100 ns 

80 ns 

7.5 pF 

pF 



Typical Applications 
Low Power Oscillator 

VT+ 
tl'" RCQn--

VT-

VOO-VT­
t2'" RC Qn ----­

VOO - VT+ 

f"'--------

Note: The equations assume 
tl + t2 » tpHL + tpLH 

Typical Performance Characteristics 

Typical Transfer Guaranteed 
Characteristics Trip Point Range 

20 15 

~ 15 

:;l ~ 10 
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5 
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~National 
~ Semiconductor 

CD40160BM/CD40160BC Decade Counter with 
Asynchronous Clear 

CD40161 BM/CD40161 BC Binary Counter with 
Asynchronous Clear 

CD40162BM/CD40162BC Decade. Counter with 
Synchronous Clear 

CD40163BM/CD40163BC Binary Counter with 
Synchronous Clear 

General Description 
These (synchronous presettable up) counters are mono­
lithic complementary MOS (CMOS) integrated circuits 
constructed with N- and P-channel enhancement mode 
transistors. They featu·re an internal carry look-ahead for 
fast counting schemes and for cascading packages wIth­
out additional gating. 

be used to enable successive cascaded stages. Logic 
transitions at the enable P or T inputs can occur when 
the clock Is high or low. 

A low level at the load input disables counting and causes 
the outputs to agree with the data input after the next 
positive clock edge. The clear function for the CD40162B 
and CD40163B is synchronous and a low level at the clear 
input sets all four outputs low after the next positive 
clock edge. The clear function for the CD40160B and 
CD40161B is asynchronous and a low level at the clear 
Input sets all four outputs low, regardless of the state of 
the clock. 

Counting is enabled when both count enable inputs are 
high. Input T is fed forward to also enable the carry out. 
The carry output is a positive pulse with a duration ap­
proximately equal to the positive portion of Q A and can 

Connection Diagram 

Features 
• Wide supply voltage range 

• High noise immunity 

• Low power TTL 
compatibility 

3.0Vto 15V 

0.45 VDD (typ.) 

fan out of 2 driving 74L 
or 1 drivi ng 74LS 

• Internal look-ahead for fast counting schemes 

• Carry output for N-bit cascading 

• Load control line 

• Synchronously programmable 

• Equivalent to MC14160B, MC14161B, MC14162B, 
MC14163B 

• Equivalent to MM74C160, MM74C161, MM74C162, 
MM74C163 

Oual·ln·Line Package 

mAlI..!. U .!!. voo 

CLOCK 2- ~ RIPPLE 
CARRY 

INA 2. 14 
rOA 

INB ..!. ~OB 
5 r!!- DC INC -

INo .!. 11 
rOD 

ENABLE P 2 ~ENABLET 

vss..! t!- LOAD 

TOP VIEW 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2)' 

VOO dc Supply Voltage -O.S to +18 VOC VOO dc Supply Voltage 3tolSVOC 
VIN Input Voltage -o.S to VOO +O.S VOC VIN Input Voltage OtoVOD VDC 
TS Storage Temperature Range -BSoC to +lS0°C T A Operating Temperature Range 
Po Package Oissipation SOOmW CD40XXXBM -5So C to +12So C 
TL Lead Temperature (Soldering, 10 seconds) 300°C C040XXXBC , -40° C to +8So C 

DC' Electrical Characteristics CD40160BC/CD40162BC/CD40163BC (Note 2) 

--5Soc 2SoC 12SoC 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO = SV S S lS0 /lA 

VOO = 10V 10 10 300 /lA 

VOO = lSV 20 20 600 /lA 

VOL Low Level Output Voltage 1I01<1/lA 

VOO= 5V O,OS O,OS 0.05 V 

VOO= 10V O,OS O.OS O,OS V 

VOO = 15V O.OS O,OS 0.05 V 

VOH High Level Output Voltage 1101< lilA 

VOO= 5V 4,95 4,9S 5 4,9S V 

VOO = 10V 9,95 9.9S 10 9,95 V 

VOO = 15V 14,95 14.95 15 14,95 V 

VIL Low Level Input Voltage VOO = 5V, Vo = 0:5V or 4,5V 1,5 1.5 1.5 V 

VOO= 10V, VO= lVor9V 3,0 3.0 3,0 V 

VOO = lSV, Va = 1.5V or 13,5V 4,0 4.0 4,0 V 

VIH High Level Input Voltage VOO = 5V, Va = 0,5V or 4.5V 3.5 3,5 3,5 V 

VOD = 10V, Vo = lV or 9V 7,0 7.0 7.0 V 

VOO= 15V, VO= 1,5Vor 13.5V 11.0 11.0 11.0 V 

10L Low Level Output Current VOO= 5V, Va = OAV 0.64 O.Sl 0.88 0,36 mA 

VOO = 10V, Va = 0.5V 1.6 1.3 2.25 0,9 mA 

VOO= 15V, VO= 1.SV 4,2 3.4 8.8 2,4 mA , 
10H High Level Output Current VOO = 5V, VO=4.6V -0,64 -O.Sl -0,88 -0,36 mA 

VOO = 10V, Va = 9,5V -1.6 -1.3 -2,2S -0,9 mA 

VOO = 15V, Va = 13.5V -4.2 -304 -8,8 -2.4 mA 

liN Input Current VOO = 15V, VIN = OV -0.10 -lO-S -0.10 -1.0 /lA 

VOO = lSV, VIN = 15V 0,10 10-5 0.10 1.0 I1A 

DC Electrical Characteristics CD40160BM/CD40162BM/CD40163BM (Note 2) 

-<lODC 2SoC 8Soc 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO= SV 20 20 150 I1A 

VOO = 10V 40 40 300 I1A 

VOO = 15V 80 80 600 I1A 

VOL Low Level Output Voltage 1101<1/lA 

VOO.= SV O.OS O,OS 0,05 V 

VOO = 10V 0.05 0,05 0.05 V 

VOO = 15V 0,05 O.OS 0.05 V 

VOH High Level Output Voltage 1101< lilA 

VOO = 5V 4,95 4,95 5 4,95 V 

VOO = 10V 9,95 9.9S 10 9,9S V 

VOO = 15V 14.95 14,95 15 14,95 V 

VIL Low Level Input Voltage .VOO=5V, Vo = 0,5V or 4,5V 1.5 1,5 1.S V 

VOO = 10V, Va = IV or 9V 3.0 3,0 3.0 V 

VDD = 15V, Va = 1,5V or 13.5V 4.0 4,0 4,0 V 
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DC Electrical Characteristics (~onrd.) CD40160BC/CD40161 BC/CD40162BC/CD40163BC (Note 2) 

PARAMETE,R 

High Level Input Voltage 

IOL Low Level Output Current 

IOH High Level Output Current 

CONDITIONS 

Voo: SV. Vo: O.SV or 4.SV 

VOO: 10V. VO: 1V or 9V 

VOO": ISV. Vo: 1.5V or 13.SV 

VOO: 5V. VO: O.4V 

VOO: 10V, VO: 0.5V 
VOO: 15V, VO: 1.SV 

VOO: SV, VO: 4.6V 

VOO: 10V, VO:9.5V 

VOO: 15V, VO: 13.5V 

--40°C 

MIN 

3.5 

7.0 

11.0 

0.52 

1.3 

3.6 

-{I.S2 

-1.3 

-3.6 

MAX MIN 

3.5 

7.0 

11.0 

0.44 

1.1 

3.0 

-{I.44 

-1.1 

-3.0 

25°C 

TYP MAX MIN 

3.S 

7.0 

11.0 

0.36 

0.9 

2.4 

-0.36 

-0.9 

-2.4 

8S0C 

MAX 

V 

V 

mA 

mA 

mA 

mA 

mA 

mA 

liN Input Current VOO: 15V, VIN: OV -{I.30 -1.0 pA 

__________________________ ~V-=O=O_:_I_S_V~,_V~I~N_:_I_5_V ________ ~ ____ ~ __ 0_.3_0~ ____ ~ ___ 1_0-_S~ __ 0~.~30~ ____ ~~~I~.0~~ __ ~P~A~, 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply 
that the devices should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides 
conditions for actual device operation. 

Note 2: VSS = OV unless' otherwise specified. 

Note 3: CPO determines the no load ac power consumption of any CMOS device. For complate explanation see 54C/74C Family Characteristics 
application note, AN-90. 

AC Electrical Characteristics TA = 25°C, CL = 50 pF, RL = 200 k, unless otherwise specified. 

tpHL or tpLH 

tsu 

tsu 

tsu 

tWLor tWH 

tTHL or tTLH 

PARAMETER 

Propagation Delay Time From 

Clock to Q 

Propagation Delay Time From 

Clock to Carry Out 

Propagation Delay Time From T 

Enable to Carry Out 

Propagation Time From Clear to Q 

(C040160B, C040161B Only) 

Minimum Time Prior to Clock that 

Data or Load must be Present 

Minimum Time Prior to Clock that 

Enable P or T must be Present 

Minimum Time Prior to Clock that 

Clear must be Present (CD40162B, 

CD40163B Only) 

Maximum Clock Pulse Width 

Maximum Clock Rise or Fall Time 

Maximum Clock Frequency 

Transition Time 

Average Input Capacitance 

Power Dissipation Capacity 

CONDITIONS 

Voo: 5V 

VOO: 10V 

VOO: 15V 

VOO: SV 

VOO: 10V 

VOO: 15V 

VOO: SV 

VOO: 10V 

VOO: 15V 

VOO: 5V 

VOO: 10V 

VOO: ISV 

VOO: SV 

VOO: 10V 

VOO: 15V 

VOO: 5V 

VOO: IOV 

VOO: 15V 

VOO: 5V 

VOO: 10V 

VOO: 15V 

VOO: 5V 

VOO: 10V 

VOO: ISV 

VOO: 5V 

VOO: 10V 

VOO: 15V 

VDO: 5V 

VOO: 10V 

VOO: 15V 

All Outputs 

VOO: 5V 

VOO: 10V 

VOO: 15V 

Any Input 

(Note 3) 
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MIN 

2 

5.5 

7 

TYP 

250 

100 

80 

290 

120 

100 

180 

70 

60 

190 

80 

70 

120 

30 

25 

170 

70 

60 

120 

50 

40 

125 

45 

35 

4 

II 

14 

100 

50 

40 

5.0 

95 

MAX 

400 

160 

130 

450 

190 

160 

290 

130 

110 

300 

150 

120 

280 

120 

100 

190 

80 

70 

250 

90 

70 

15 

5.0 

5.0 

200 

100 

80 

7·5 

UNITS I 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

~s 

ns 

ns 

ns 

ns 

ns 

IJ,S 

IJ,S 

ps 

MHz 

MHz 

MHz 

ns 
ns 

ns 

pF 

pF 



Logic Diagram 
CD40160B, CD40162B Clear is Synchronous for the CD40162B 

DA DB DC aD 

CLOCK 

ENABlEP 

£NABLET~~--------------------------------------------------------______________ ~ 

CD40161 B, CD40163B Clear is Synchronous for the CD40163B 

DA DB DC DO 

CLOCK 

ENABLE p ---J-k>-______ --<~--------------.... --------------.... --------------...... 

ENABLE T -.~------------'-------------------------------------------------------' 
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Logic Waveforms 
CD40160B, --- CD40162B Decade Counters CD40161B, -- CD40163B Binary 'Counters 

CLEAR ""l...-J GtTirn~r-----------------

liiAo~ liiAo~r----------------

INA~ _______ _ INAs-!L-____________ ___ 

IN, ..r-!L-____________ _ IN, _________________ _ 

INC..r-!I.-____________ _ INC..r--!I.-____________ _ 

INO ------------------
INO..r-! _____________ _ 

ENABLE P ____ -' ENABLE P ------' 
[NABLE T ____ r-:------------'-J ENABLE T ____ r------------, 

CLOCK CLOCK 

DA 0, 

DB 

OC~L-___________ _ 

OO ____ -..Jr----lL _________ _ 

CARRY ______ ...JIlL. _________ _ CARRV ______ ...JIlL. _________ _ 

IJ 14 Hi 

Switching Time Waveforms 

tpHL CLEAR FOR CD40160B AND CD40161B ONLY 

Cascading Packages 

Note 1: All input pulses are from generators having 
the following characteristics: tr = tf = 20 ns PRR $. 
1 MHz duty cycle:::; 50%, ZOUT '" 50n. 
Note 2: All times are measured from 50% to 50%. 

COUNT -<I~-------_+-------_4I------
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~National a Semiconductor 
CD40174BM/CD40174BC Hex 0 Flip-Flop 
CD40175BM/CD40175BC Quad 0 Flip-Flop 
General Description 
The C040 174B consists of six positive-edge triggered 
O-type flip-flops; the true output from each flip-flop 
are externally available_ The C040175B consists of 
four positive-edge triggered O-type flip-flops; both the 
true and complement outputs from each flip-flop are 
externally available. 

All flip-flops are controlled by a common clock and a 
common clear. Information at the 0 inputs meeting the 
set-up time requirements is transferred to the 0 outputs 
on the positive-going edge of the clock pulse. The clear­
ing operation, enabled by a negative pulse at C~r 
input, clears all Q outputs to logical "0" and Q's 
(C040175B only) to logical "1," 

Connection Diagrams 
CD40174B 

Dual-In-Line Package 

VDD a6 D6 D5 05 

CLEAR 01 Dl D2 a2 

TOP VIEW 

Truth Table 

INPUTS 

CLEAR CLOCK 

L X 

H t 
H t 
H H 

H L 

H = High level 
L = Low level 
X = Irrelevant 

0 

X 

H 

L 

X 

X 

D4 Q4 CLOCK 

D3 OJ Vss 

OUTPUTS 

0 0* 

L H 

H L 

L H 

NC NC 
NC NC 

t = Transition from low to high level 
NC = No change 
• = Q for CD40175B only 

All inputs are protected from static discharge by diode 
clamps to VOO and VSS. 

Features 
II Wide supply voltage range 
II High noise immunity 

II Low power TTL 
compatibility 

II Equivalent to MC14174B, MC14175B 

II Equivalent to MM74C174, MM74C175 

CD40175B 
Dual·ln·Line Package 

TOP VIEW 

3V to 15V 

0.45 VOO (typ.) 
fan out of 2 
driving 74L 
or 1 driving 

74LS 

Switching Time Waveforms 

VDD 90% 
CLOCK 50% 

Vss 

Voo 
DATA 

DATA 
ITlH 

VOO----t----+-J<-:::::~ 

nOR n 
VSS----+-----'T 

ITHL 

VOD ----t---=i. 
nOR a 

Vss---------'="'--
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 
VOO de Supply Voltage -0.5 to +18 VOC VOO de Supply Voltage 3to IS VOC 

VIN Input Voltage -0.5 to VOO + 0.5 VOC VIN Input Voltage Oto VOO VOC 
T S Storage Temperature Range ~5'C to +150'C T A Operating Temperature Range 
Po Package Dissipation 500mW CD40XXXBM -55°C to +125'C : 
TL Lead Temperature, (Soldering, 10 seconds) 300'C C040XXXBC --40' C to +85' C 

DC Electrical Characteristics CD40174BM/CD40175BM (Note 2) 

PARAMETER CONDITIONS 
-55'C 25'C 125'C 

UNITS 
, MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO = 5V 1.0 1.0 30 p.A 
VOO = 10V 2.0 2.0 60 p.A 

VOO = 15V 4.0 4.0 120 p.A 

VOL Low Level Output Voltage IiOI<Ip.A 

VOO = 5V 0.05 0.05 0.05 V 

VOO = 10V 0.05 0.05 0.05 V 

VOO = ISV 0.05 0.05 0.05 V 

VOH High Level Output Voltage IiOI<Ip.A 

VOO =5V 4.95 4.95 5 4.95 V 

VOO ~ 10V 9.95 9.95 10 9.95, V 

VOO = ISV 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage VOO = SV, Va = O.SV or 4,SV 1.5 1.5 1.5 V 

VOO = 10V, Va = IV or 9V 3.0 3.0 3.0 V 

VOO = ISV, Va = I.SV or 13.SV 4.0 4,0 4.0 V 

VIH High Level Input Voltage VOO = SV, Va = O,SV or 4.SV 3.5 3.5 3.5 V 

VOO = 10V, Va = lVor 9V 7.0 7.0 7.0 V 

VOO = ISV, Va = 1,5V or 13.5V 11.0 11.0 11.0 V 

IOL Low Level Output Current VOO= 5V, Va = O.4V 0.64 0.51 0.88 0.36 rnA 

VOO = 10V, Va = O.SV 1.6 1.3 2.25 0 .. 9 rnA 

VOO = ISV, Va = I.SV 4.2 3.4 8.8 2.4 rnA 

IOH _High Level Output Current VOO = SV, Va = 4.6V -{).64 -{).SI -{):88 -{).36 rnA 

VOO = 10V, Va = 9.SV -1.6 -1.3 -2.25 -{).9 rnA 

VOO= ISV, VO= 13.SV -4.2 -3.4 -8.8 -2.4 rnA 

liN Input Current VOO = ISV, VIN = OV -{).1 -10-5 -1.0 p.A 

VOO = ISV, VIN = ISV 0.1 10-5 1.0 p.A 

DC Electrical Characteristics CD40174BC/CD40175BCI (Note 2) 

-<lO'C 2S'C 85'C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 
I 

100 Quiescent Device Current VOO = SV 4 4 30 p.A 

VOO = 10V 8 8 60 p.A 

VOO = ISV 16 16 120 p.A 

VOL Low Level Output Voltage VOO = SV 0.05 0.05 0.05 V 

VOO = 10V 0.05 0.05 0.05 V 

VOO = ISV 0.05 0.05 0.05 V 

VOH High Level Output Voltage VOO = SV 4.95 4.95 5 4.95 V 

VOO = 10V 9.95 9.95 10 9.96 V 

VOO= 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage VOO = 5V, Va = 0.5V or 4.5V 1.5 1.5 1.5 V 

VOO = 10V, Va = IV or 9V 3.0 3.0 3.0 V 

VOO = 15V, Va = 1.5V or 13.5V 4.0 4.0 4.0 V 

VIH High Level Input Voltage VOO = 5V, Va = 0.5V or 4.5V 3.5 3.5 3.5 V 

VOO= 10V, VO= lVor9V 7,0 7.0 7.0 V 

VOO = 15V, Va = 1.5V or 13.5V 11.0 11.0 11.0 V 

IOL Low Level Output Current VOO = 5V, Va = O.4V 0.52 0.44 0.88 0.36 rnA 

VOO = 10V, Va = 0,5V 1.3· 1,1 2,25 0.9 rnA 

VOO = 15V, Va = 1.5V 3,6 8,0 8,8 2.4 rnA 

IOH High Level Output Current VOO = 5V, Va = 4.6V -{).S2 -{).41 -{),88 -{),36 rnA 

VOO = 10V, Vo = 9,SV -1,3 -1.1 -2,25 -{).9 rnA 

VOO = ISV, Vo = 13.5V -3.6 -8.0 -8.8 -2A- rnA 

liN Input Current VOO = 15V, VIN = OV -{).30 -10-5 -{).30 -1.0 p.A 

VOO = 15V, VIN = 15V 0.30 10-5 0.30 1.0 p.A 
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AC Electrical Characteristics TA = 25'C, Cl = 50 pF, Rl = 200 k, and t, = tf = 20 ns, 
unless otherwise specified 

PARAMETER CONOITIONS MIN TYP MAX UNITS 

tpHL Propagation Oelay Time to a Logical VOO = 5V 190 300 ns 

or tpLH "0" or Logical "1" from Clock to Q VOO = 10V 75 110 ns 

or Q (C040175 Only) VOO = 15V 60 90 ns 

tpHL Propagation Oelay Time to a Logical VOO = 5V 180 300 ns 

"0" from Clear to Q VOO = 10V 70 110 ns 

VOO = 15V 60 90 ns 

tpLH Propagation Oelay Time to a Logical VOO = 5V 230 400 ns 

"1" from Clear to Q (C040175 Only) VOO = 10V 90 150 ns 

VOO = 15V 75 120 ns 

tsu Time Prior to Clock Pulse that Oata VOO = 5V 100 45 ns 

must be Present VOO = 10V 40 16 ns 

VOO = 15V 35 13 ns 

tH Time after Clock Pulse that Oata VOO = 5V -11 0 ns 

must be Held VOO = 10V -4 0 ns 

VOO = 15V -3 0 ns 

tTHL Transition Time VOO = 5V 100 200 ns 

or tTLH VOO = 10V 50 100 ns 

VOO = 15V 40 80 ns 

tWH,tWl Minimum Clock Pulse Width VOO = 5V 130 250 115 

VOO = 10V 45 100 II'; 

VOO = 15V 40 80 11$ 

tWl Minimum Clear Pulse Width VOO = 5V 120 250 ns 

VOO = 10V 45 100 ns 

VOO = 15V 40 80 ns 

tRCl Maximum Clock Rise Time VOO = 5V 15 450 flS 

VOO = 10V 5.0 125 flS 

VOO = 15V 5.0 125 fls 

tfCl Maximum Clock Fall Time VOO = 5V 15 50 fls 

VOO = 10V 5.0 50 flS 

VOO = 15V 5 50 flS 

fCl Maximum Clock Frequency VOO = 5V 2.0 3.5 MHz 

VOO = 10V 5.0 10 MHz 

VOO = 15V 6.0 12 MHz 

CIN I nput Capacitance Clear Input, 10 15 pF 

Other Input 5.0 7.5 pF 

CpO Power Oissipation Per Package, (Note 3) 130 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply 
that the devices should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides 
conditions for actual device operation. 

Note 2: VSS = OV unless otherwise specified. 
Note 3: CPD determines the no load ae power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics 
application note, AN*90. 
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~National 
a Semiconductor 

CD40192BM/CD40192BC Synchronous 4-Bit Up/Down 
Decade Counter 

CD40193BM/ CD40193BC Synchronous 4:-Bit Up/ Down 
Binary Counter 

General Description Features 
These up/down counters are monolithic complementary 
MOS (CMOS) integrated circuits. The CD40192BM and 
CD40192BC are BCD. counters. While the CD40193BM 
and CD40193BC are binary counters . 

• Wide supply voltage range ·3V to 15V 

• High noise immunity 0.45 VDD (typ.) 

• Low power TTL compatibility fan out of 2 
driving 74L 

or 1 driving 74 LS 

Counting up and counting down is performed by two 
count inputs, one being held high while the other is 
clocked. The outputs change on the positive·going 
transition of this clock. 

These counters feature preset inputs that are enabled 
when load is a logical "0" and a clear which forces all 
outputs to "0" when it is at logical "1 ". The counters 
also have carry and borrow outputs so that they can be 
cascaded using no external circuitry. 

• Carry and borrow outputs for easy expansiop to N-bit 
by cascading 

• Asynchronous clear . 

• Equivalent to 

1\11 inputs are protected against damage due to static 
discharge by clamps to VDD and VSS. 

Connection ·Diagram 

\ 

Cascading Packages 

Dual·1 n-Line Package 

INPUTS OUTPUTS' ..--------, ..--------, 
Von D~~A CLEAR BORROW CARRY LOAD 

15 

INPUTS 

DATA 
C 

" 

DATA 08 DA COUNT COUNT DC DO Vss 
8 '-0-' DOWN UP """----0---' 

INPUT OUTPUTS \ , OUTPUTS 
INPUTS 

TOP VIEW 

LOAD--..--------..--------

UP 
CLOCK 

OOWN 
CLOCK 

CLEAR--*"--------*"-------
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Absolute Maximum Ratings 
(Notes 1 and 2) 

Voo dc Supply Voltage 
VIN Input Voltage 
TS Storage Temperature Range 
Po Package Dissipation 

-{l.5 to +18 V DC 

-{l.5 to VOO + 0.5 VOC 
-65°C to +150°C 

TL Lead Temperature, (Soldering, 10 seconds) 
500mW 

300°C 

Recommended Operating Condition$ 
(Note 2) 

Voo dc Supply Voltage 
VIN Input Voltage 
T A Operating Temperature Range 

C040192BM, C040193BM 
C040192BC, C040193BC 

'3toI5VOC 

Oto VOO VOC 

-65°C to +125°C 
--40°C to +85°C 

DC Electrical Characteristics (Note 2) CD40192BM/CD40193BM 

-5S0C 2SoC 12SoC 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TVP MAX MIN MAX 

100 Quiescent Device Current VOO = SV S S ISO p.A 
VOO = lOV 10 10 300 p.A 
VOO = ISV 20 20 600 p.A 

VOL Low Level Output Voltage VOO = SV 0.05 0.05 0.05 V 
VOO = 10V 0.05 O.OS 0.05 V 
VOO = 15V O.OS 0.05 0.05 V 

VOH High Level Output Voltage VOO = SV 4.95 4.95 4.95 V 
VOO = 10V 9.95 9.95 9.95 V 
VOO = 15V 14.95 14.9S 14.9S V 

VIL Low Level Input Voltage VOO = 5V. Vo = 0.5V or 4.5V 1.5 1.5 1.5 V 
VOO = 10V, Vo = 1V or 9V 3.0 3.0 3.0 V 
VOO = 15V, Vo = 1.5V or 13.5V 4.0 4.0 4.0 V 

VIH High Level Input Voltage VOO = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 V 
VOO = 10V, Va = IV or 9V 7.0 7.0 7.0 V 
Vaa = 15V, Vo = 1.5Vor 13.5V 11.0 11.0 11.0 V 

IOL Low level Output Current Vaa = 5V, Vo = O.4V 0.64 0.51 0.88 0.36 rnA 
Vao = 10V. Vo = 0.5V 1.6 1.3 2.25 0.9 111/\ 

Vaa = 15V, VO'= 1.5V 4.2 3.4 8.8 2.4 lilA 

IOH High Level Output Current Vaa = 5V, Vo = 4.6V -{l.64 -{l.51 -{l.B8 -{l.36 mA 
Vao = 10V, Vo = 9.5V -1.6 -1.3 -2.25 -{l.9 mA 
Vaa= 15V, VO= 13.5V -4.2 -3.4 -8.8 -2.4 mA 

liN Input Current Vaa = 15V, VIN = OV -{l.1 -10-5 -{l.1 -1.0 p.A 
Vaa = 15V, VIN = 15V 0.1 10-5 0.1 1.0 p.A 

DC Electrical Characteristic$ (Note 2) CD40192BC/CD40193BC 

-40"C 25°C 8S"C 
PARAMETER CONalTIONS 

MAX 
UNITS 

MIN MAX MIN TVP MAX MIN 

100 Quiescent Device Current Vaa = 5V 20 20 150 p.A 

Vaa = lOV 40 40 300 pA 

Vaa = 15V 80 80 600 p.A 

VOL Low Level Output Voltage Vaa = 5V O.OS O.OS O.OS V 
Vaa = 10V O.OS 0.05 O.OS V 
Vaa = lSV 0.05 0.05 O.OS V 

VaH High Level Output Voltage Vaa = 5V 4.9S 4.95 4.95 V 

Vaa = 10V 9.95 9.95 9.95 V 

Vaa=15V 14.95 14.9S 14.95 V 

VIL Low Level Input Voltage Vaa = 5V. Vo = 0.5V or 4.5V 1.5 1.5 1.5 V 

Vaa = 10V. Vo = 1V or 9V 3.0 3.0 3.0 V 
Vaa = 15V, Vo = 1 5V or 13.5V 40 4.0 4.0 V 

VIH High Level Input Voltage Vaa = 5V, Vo = 0 SV or 4 5V 3.5 3S 3.S V 
Vaa = lOV, Vo c IV or 9V 7.0 7.0 7.0 V 

Vaa = lSV, Vo 1 SV or 13 SV 11.0 11.0 11.0 V 

IOL Low Level Output Current Vaa = 5V, Vo = O.4V 0.52 0.44 0.88 0.36 mA 

Vaa= 10V, Voo05V 1.3 1.1 2.25 0.9 mA 

Vaa = 15V, Vo . 15V 36 3.0 8.8 2.4 mA 

IOH High Level Output Current Vaa ° 5V, Vo 46V -{l S2 -0.44 -{l88 -{).36 mA 

Vaa = lOV. Vo - 9 SV -1.3 -1 1 -2.25 -{l.9 mA 

Vaa = lSV. Vo 135V -3.6 -3.0 -8.8 --2.4 mA 

liN Input Current Vaa = 15V, VIN . OV -0.3 -lO-S -0.3 -10 p.A 

Vaa = ISV, VIN- 15V 0.3 10-5 0.3 10 p.A 
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PARAMETER CONDITIONS MIN TYP MAX UNITS 

tPLH Propagation Delay Time From Count Up VOO ~ 5V 250 400 ns 

or Or Count Down To 0 VOO ~ 10V 100 160 ns 

tpHL VOO-~ 15V 80 130 ns 

tpLH Propagation Delay Time From Count Up VOO ~ 5V 120 200 ns 
or To Carry VOO ~ 10V 50 80 ns 

tpHL VOO ~ 15V 40 65 ns 

tpLH Propagation Delay Time From Count VOO ~ 5V 12.0 200 ns 
or Down To Borrow VOO ~ 10V 50 80 ns 

tPHL VOO ~ 15V 40 65 ns 

tsu Time Prior To Load That Data Must VOO ~ 5V 100 160 ns 
Be Present VOO ~ 10V 30 50 ns 

VOO~ 15V 25 40 ns 

tPHL Propagation Delay Time From Clear VOO ~ 5V 130 220 ns 

ToO VOO ~ 10V 60 100 ns 

VOO ~ 15V 50 80 ns 

tPLH Propagation Delay Time From Load VOO ~ 5V 300 480 ns 
or ToO VOO ~ 10V 120 190 ns 

tPHL VOO ~ 15V 95 150 ns 

tTLH Output Transition Time VOO ~ 5V 100 200 ns 

or VOO ~ 10V 50 100 ns 

tTHL VOO~ 15V 40 80 ns 

fCL Maximum Count Frequency VOO ~ 5V 2.5 4 MHz 

VOO ~ 10V 6 10 MHz 

VOO~ 15V- 7.5 12.5 MHz 

tRCL Maximum Count Rise Or Fall Time VOO ~ 5V 15 f.1s 
or VOO ~ 10V 5 f.1S 

ttCl VOO ~ 15V 1 f.1s 

tWH,tWl Minimum Count Pulse Width VOO ~ 5V 120 200 ns 

VOO ~ 10V 35 80 ns 

VOO ~ 15V 28 65 ns 

tWH Minimum Clear Pulse Width VOO ~ 5V 300 480 ns 

VOO ~ 10V 120 190 ns 

VOO ~ 15V 95 150 ns 

tWl Minimum Load Pulse Width VOO~ 5V 100 160 ns 

VOO ~ 10V 40 65 ns 

VOO ~ 15V 32 55 ns 

CIN Average Input Capacitance Load and Oata 5 7.5 pF 

Inputs (A,B,C,O) 

Count Up, Count 10 15 pF 

Down and Clear 

CPO Power Dissipation Capacity (Note 3) 100 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be gyaranteed; they are not meant to imply 
that the devices should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides 
conditions for actual device operation. 

Note 2: VSS ~ OV unless otherwise specified. 
Note 3! CPO determines the no load ae power consumption of any CMOS device. For complete explanation, see 54C/74C Family Characteristics 
application note, AN·90. . 
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Schematic Diagrams 

CARRY OUT 

COUNT 5 

UP,~~~~~~~~~~;;t;~========~~====================~==b:==========================d-~ COUNT 4 
DOWN 14 

£LEAR <>-..,..--[)o-..J 

voo'U 8 rVSS 

VOO'U 8 rvss 

CD40192BM/CD40192BC Synchronous 4-Bit Up/Down Decade Counter 

CD40193BM/CD40193BC Synchronous 4-Bit Up/Down Binary Counter 
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Timing Diagrams 

CLEAR ---1l~ ____________________ _ 

LOAO 

[ -----------------

OATA 

O

AcB--++---r-'t-:: = == = = == = = = = = = === ~----------------I 

r++--to - - - - ---- - --------
~----------------I ,-----------------
-----------------

COUNT --t-t--++-... 
UP 

COUNT-_+~-t_r__+--------t__, 
OOWN 

OUTPUTS1::~=: 
QC __ 

, I 

Qn: -,~, +--H---t-' 
CARRY-~~--t-r-i----, 

BORROW 

SEOUENCE 
ILLUSTRATEO CLEAR PRESET 

Sequence: 
1. Clear outputs to zero. 
2. Load (preset) to BCD seven. 
3. Count up to eight, nine, carry, zero, one and two. 

4. Count down to one, zero, borrow, nine, eight and seven. 

CD40192BM/CD40192BC 

CLEAR-1l~=~==========~========= 
LOAD 

COUNT--t-t-_ri---, 
UP 

COUNT-_+-+-t_r_-t---------t_-, 
DOWN 

CARRY 

BORROW 
13 14 15 

~., COUNT UP SEQUENCE 
ILLUSTRATEO CLEAR PRESET 

Sequence: 
1. Clear outputs to zero. 

2. Load (preset! to binary thirteen. 

o 15 14 131 
COUNT OOWN----j 

3. Count up to fourteen, fifteen. carry, zero, one and two. 

4. Count down to one, zero, borrow, fifteen, fourteen and thirteen. 

CD40193BM/CD40193BC 
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~National 
~ Semiconductor 

CD4503BM/CD4503BC Hex 
Non-Inverting TRI-STATE® Buffer 

General Description Features 
• Wide supply voltage range 

• TRI-STATE outputs 

• Symmetrical turn onlturn off delays 

3.0 VDC to 18 VDC The CD4503B is a hex non-inverting TRISTATE® buffer 
with high output current sink and source capability. TRI­
STATE outputs make it useful in bus·oriented applica­
tions. Two separate disable inputs are provided. Buffers 
1 through 4 are controlled by the disable 4 input. Buffers 
5 and 6 are controlled by the disable 2 input. A high level 
on either disable input will cause those gates on its con­
trol line to go into a high impedance state. 

• Symmetrical output rise and fall times 

TRI·STATE Is a registered trademark of National Semiconductor Corp. 

Schematic and Connection Diagrams 

INn,-----ii--..... -L-.J 

DISABLE ........ ~ ~ 1' .... _. __ 
INPUT ----.~...--,,. . .-• .--y .... -

TO 
OTHER 

WAFERS 

Truth Table 

Disable 
In Input 

0 0 

1 0 

X 1 

x = Don't Care 

• Pin·for·pin replacement for MM80C97 and MC14503 

TOP VIEW 

Out 

0 

1 

TRI-STATE 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

VOD - Supply Voltage -0.5V to +18V VDD - Supply Voltage 3V to 15V 
VIN - Input Voltage -0.5V to +0.5V T A - Operating Temperature Range 
TS - Storage Temperature Range _65°C to +150°C CD4503BM -55°C to +125°C 
PD - Power Dissipation 500mW CD4503BC _40°C to +85°C 
TL - Lead Temperature (soldering, 10 seconds) 300°C 

, 

DC Electrical Characteristics CD4503BM (Note 2) 

-. 
_55°C +25°C +125°C 

Parameter Conditions Units 
Min Max Min Typ Max Min Max 

IDD Quiescent Device Current VOD = 5V .1 1 30 JJ.A 
VOD = 10V 2 2 60 JJ.A 
VDD = 15V 4 4 120 JJ.A 

VOL Low Level Output Voltage VIN = VDD or 0 
VDD = 5V 0.05 0 0.05 0.05 V 
VDD = 10V 0.05 0 0.05 0.05 V 
VDD = 15V 0.05 0 0.05 0.05 V 

VOH High Level. Output Voltage VIN = VDD or 0 
VDD = 5V 4.95 4.95 5 4.95 V 
VDD = 10V 9.95 9.95 10 9.95 V 
VDD = 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage VDD= 5V, 1.5 2.25 1.5 1.5 V 
Va = 4.5V or 0.5V 
VDD = 10V, 
Va = 9.0V or 1.GV 

3.0 4.50 3.0 3.0 V 

VDD = 15V, 4.0 I 6.75 4.0 4.0 V 
Va = 13.5Vor 1.5V 

VIH High Level Input Voltage VDD = 5V, 3.5 3.5 2.75 3.5 V VO= 0.5V or 4.5V 
VDD = 10V, 7.0 7.0 5.5 7.0 V 
Va = 1.0V or 9.0V 
VDD = 15V, 11.0 11.0 8.25 11.0 V 
Va = 1.5V or 13.5V 

IOL Low Level Output Current VDD = 4.5V, VOL = 0.4 V 2.80 2.30 2.55 1.60 mA 
VDD = 5.0V, VOL = 0.4 V 3.00 2.40 2.75 1.75 mA 
VDD = 10V, VOL = 0.5V 7.85 6.35 7.00 4.45 mA 
VDD = 15V, VOL = 1.5V 19,95 16.10 25.00 11.30 mA 

IOH High Level Output Current VDD = 5V, VOH = 4.6V -1.28 -1.02 -1.76 -0.72 mA 
VDD = 10V, VOH = 9.5V -3.20 -2.60 -4.5 -1.8 mA 
VDD = 15V, VOH = 13.5V -8.20 -6.80 -17.6 -4.8 mA 

IOZ TR I-STA TE® Leakage Current VDD = 15V ±0.1 ±10-4 ±0.1 ±1.0 JJ.A 

liN Input Current VDD = 15V ±0.1 ±10-4 ±0.1 ±1.0 JJ.A 

Note 1: "At1solute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide 
conditions for actual device operation. 

Note 2: VSS = OV unless otherwise specified. 
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DC Electrical Gi::(1J'@cteristics C04503BC (Note 2) 
-- .. 

_40°C +25°C 
Parameter Conditions 

Min Max Min Typ 
.-.-.,~.-.-

100 Quiescent Device ':":~!t· ';'l. t VOO = 5V 4 4 
VOO = 10V 8 8 
VDD = 15V 16 16 

VOL Low Level OutPUt ','.-,ll2[;', VIN = V;m or 0 
VDD = 5V 0.05 0 
VDD = 10V 0.05 0 
VDD = 15V 0.05 0 

VOH High Level Output V()ltage VIN = VDD or 0 
VDD = 5V 4.95 4.95 
VDD = 10V 9.95 9.95 
VDD = 15V 14.95 14.95 

VIL Low Level Input Voltage VOD = 5V, 1.5 2.25 
Va = 4.5V or 0.5V 
VOO = lrV, 3.0 4.50 
Vo = 9.0V or 1.0V 

VOD = 15V, 4.0 6.75 
Vo = 13.5V or 1.5V 

VIH High Level.lnput Voltage VDO = 5V, 3.5 3.5 2.75 
Va = 0.5V or 4.5V 
VDO = 10V, 7.0 7.0 5.5 
Vo = 1.0V or 9.0V 
VDO = 15V, 11.0 11.0 8.25 
Va = 1.5V or 13.5V 

IOL Low Level Output Current VDD = 4.5V, VOL = O.4V 2.30 1.95 2.65 
VDD = 5.0V, VOL = 0.4 V 2.5 2.10 2.75 
VDD = 10V, VOL = 0.5V 6.5 5.45 7.0 
VDD = 15V, VOL = 1.5V 16.50 13.80 25.00 

IOH High Level Output Current VDD = 5V, VOH = 4'.6V, -1.04 -0.88 -1.76 
VDD = 10V, VOH = 9.5V -2.60 -2.2 -4.50 
VDD = 15V, VOH = 13.5V -7.2 -6.0 -17.6 

ITL TRI-STATE® Leakage Current VDD = 15V ±0,3 ±1O-4 

liN Input Current VOO = 15V ±0.3 ±1O-5 

AC Electrical Characteristics C04503B 

TA = 25°C, CL = 50 pF, R L = 200 krl,lnput tr = tf = 20 ns, unless otherwise specified. 

Parameter Conditions 

tPHL, tPLH Propagation Delay Time VDO = 5V 
VDD = 10V 
VDD = 15V 

tPLZ, tPHZ Propagation Delay Time, Logical Level to High Impedance State VDD = 5V 
VDO = 10V 
VDD = 15V 

tpZL, tpZH Propagation Delay Time, High Impedance State to Logical Level VDD = 5V 
VDD = 10V 
VDD = 15V 

tTLH Output Hi,c Time VDD = 5V 
VDO = 10V 
VDD = 15V 

tTHL OutPUt fdli Time VDD = 5V 
VDD = 10V 
VOD = 15V 
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+85°C 

Max Min Max 

30 
60 
120 

0.05 0.05 
0.05 0.05 
0.05 0.05 

4.95 
9.95 
14.95 

1.5 1.5 

3.0 3.0 

4.0 4.0 

3.5 

7.0 

11.0 

1.60 
1.75 
4.45 
11.30 

-0.7 
-1.8 
-4.8 

±0.3 ±1.0 

±0.3 ±1.0 

Min Typ Max 

75 100 
35 40 
25 30 

80 125 
40 90 
35 70 

95 175 
40 80 
35 70 

45 80 
23 40 
18 35 

45 80 
23 40 
18 35 

Units 

/lA 
/lA 
/lA 

V 
V 
V 

V 
V 
V 

V 

V 

V 

V 

V 

V 

rnA 
mA 
mA 
mA 

mA 
mA 
rnA 

/lA 

Units 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 
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AC Test Circuits and Switching Time Waveforms 

VIN~VOUT J CL=50pF 

tpHZ and tPZH 

INPUT --Q:: I 
DISABLE 1.0k 

tPHZ 

Voo 

OISABLE 

j:L OV 

VOH 

OUTPUT 

OV 

tpZH 

V00=;t 
DISABLE Ov 50% 

VOH __ ----+--:.-tPZH~,...---
OUTPUT 

10% 
OV------

Note: Delays measured with input t r, tf ~ 20 ns. 

CMOS to CMOS 

tr ['4- ~I tf ..-
vOO------1-~~------~~ 

Y,N tu:9 0;:\ 
DV- 0.1 D.I~ __ __ 

-I tPLH 1_ -I tpHZ -

Voo 1.( 
VOUT r5D% 

DV-------....J 

5C% 

tp LZ and tpz L 
Voo 

~ 1.0k 

INPUT ---Q-±- OUTPUT 

DISABLE " *" CL 

tpLZ 

VOO 

1~ OISABLE 

OV 

VOO 
• tPLZ r--

OUTPUT 

10%Y 
VOL 

tpZL 

VOO 

t OISABLE 

OV 

VOO -~ OUTPUT 

VOL 
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~National 
~ Semiconductor 

CD4510BM/CD4510BC BCD Up/Down Counter 
CD4516BM/CD4516BC Binary Up/Down Counter 

General Description 
The CD4510BM/CD4510BC and CD4516BM/CD4516BC 
are monolithic CMOS up/down counters which count in 
BCD and binary, respectively. 

All inputs are protected against static discharge by 
diode clamps to both VDD and Vss. 

Features 
• Wide supply voltage range 

• High noise immunity 

• Low power TTL 
compatibility 

• Parallel load "jam" inputs 

3.0Vto 15V 

0.45 VDD (typ.) 

fan out of 2 driving 74L 
or 1 drivi ng 74LS 

The counters count up when the up/down input is at 
logical "1" and vice versa. A logical "1" preset enable 
signal allows information at the parallel inputs to preset 
the counters to any state synchronously with the clock. 
The counters are advanced one count at the positive­
going edge olthe clock if the carry in, preset enable, and 
reset inputs are at logical "0". Advancement is inhibited 
when any of these three inputs are at logical "1". The 
carry out signal is normally at logical "1" state and goes 
to logical "0" when the counter reaches its maximum 
count in the "up" mode or its minimum count in the 
"down" mode, provided the carry input is at logical "0" 
state. The counters are cleared asynchronously by 
applying a logical "1" voltage level at the reset input. 

• Low quiescent power dissipation 0.25I'W/package 

Connection Diagram 

Truth Table 

VOO 

L 

PRESET 
ENABLE 

CLOCK 

1& 

04 

CLOCK RESET 

X 1 

X 0 

J 0 

J 0 

""""- 0 

X 0 

J .. pOSItive transitIOn 

(typ.) @ Vce = 5.0V 

• Motorola MC14510, MC14516 second source 

Dual·ln·Line and Flat Package 

PARAllEL INPUTS . 
03 P3 P2 ' 

14 13 12 

, P4 P1 CARRY 
IN 

PARAllEL INPUTS 

TOP VIEW 

PRESET CARRY 
ENABLE IN 

X X 

1 X 

0 0 

0 0 

X 

02 UP/OOWN RESET 

11 1U 

01 

UP/DOWN 

X 

X 

1 

0 

X 

X 

CARRY 
OUT 

.f 
VSS 

OUTPUT 
FUNCTION 

Reset to zero 

Set to Pl. P2. P3, P4 

Count up 

Count down 

No change 

No change 

~ '" negative transitIOn 

X '" don't care 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

vDD dc Supply Voltage -{l.5V to +18V VDD dc Supply Voltage 3V to 15V 
VIN Input Voltage -{l.SV to V DO +O.SV VIN Input Voltage 'OtoVDD 
TS Storage Temperature Range ~5°C to +150°C T A Operati ng Temperature Range 
Po Package Dissipation SOOmW CD4510BM, CD4516BM -bSoC to +12SoC 
TL Lead Temperature (Soldering, 10 seconds) 300°C CD4510BC, CD4516BC -40· C to +8So C 

DC Electrical Characteristics CD4510BMICD4516BM (Nole 2) 

-55°C 25°C 125°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TVP MAX MIN MAX 

100 Quiescent Device Current VOD=SV 5 0.05 5 150 J.lA 
VOO = 10V 10 0.1 10 300 J.lA 
VDO = 15V 20 0.15 20 600 J.lA 

VOL Low Level Output Voltage VIH =VOO, VIL =OV,IIOI< 1 J.lA 
VOO = 5V 0.05 0 0.05 0.05 V 

VOO = 10V 0.05 0 0.05 0.05 V 

VOD = 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage VIH = VOO, VIL =OV, 1101< 1 J.lA 
VOO = 5V 4.95 4.95 5 4.95 V 

VOO = 10V 9.95 9.95 10 9.95 V 

VOO= 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage 1101< 1 J.lA 
VOO = 5V, Va = 0.5V or 4.5V 1.5 2.25 1.5 1.5 V 

VOO = 10V, Va = IV or 9V 3.0 4.5 3.0 3.0 V 

VOO = 15V, Va = 1.5V or 13.5V 4.0 6.75 4.0 4.0 V 

VIH High Level Input Voltage IiOI< 1 J.lA 
VOO = 5V, Va = 0.5V or 4.5V 3.5 3.5 2.75 3.5 V 

VOO = 10V, Va = IV or 9V 7.0 7.0 5.5 7.0 V 

VOO = 15V, Va = 1.5V or 13.5V 11.0 11.0 8.25 11.0 V 

IOL Low Level Output Current VIH = VOO, VIL = OV 

VOO = 5V, Va = O.4V 0.64 0.51 0.8 0.36 rnA 
VOO = 10V, Va = 0.5V 1.6 1.3 2.0 0.9 rnA 
VOO = 15V, Va = 1.5V 4.2 3.4 7.8 2.4 rnA 

IOH High Level Output Current 
. 

VIH = VOO, VIL = OV 

VOO = 5V, Va = 4.6V -0.64 -0.51 -0.8 -0.36 rnA 

VOO = 10V, Va = 9.5V -1.6 -1.3 -2.0 -0.9 rnA 

VOO = 15V, Va = 13.5V -4.2 -3.4 -7.8 -2.4 rnA 

liN Input Current VOO = 15V, VIN = OV -0.1 -10-5 -0.1 -1.0 J.lA 
VOO = 15V, VIN = 15V 0.1 10-5 0.1 1.0 J.lA 

DC Electrical Characteristics CD4510BCICD4516BC (Nole 2) 

-40°C 2SoC BSoc 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TVP MAX MIN MAX 

IDO Quiescent Device Current VOO = 5V 20 0.05 20 150 J.lA 
VOO = 10V 40 0.1 40 300 J.lA· 

VOO = 15V 80 0.15 80 600 J.lA 

VOL Low Level Output Voltage VIH = VOO, VIL = OV, 1101 < 1 J.lA 
VOO = 5V 0.05 0 0.05 0.05 V 

VOO = iov 0.05 0 0.05 0.05 V 

VOO = 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage VIH = VOO, VIL = OV. 1101< lilA 
VOO = 5V 4.95 4.95 5 4.95 V 

VOO = 10V 9.95 9.95 10 9.95 V 

VOO = 1.5V 14.95 14.95 15 14.95 V 
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0 
DC Electrical Characteristics (Cont'd.) CD4510BC/CD4516BC (Note 2) 

C 
~ en 

-40°C 25°C 85°C ...... 
PARAMETER CONOITIONS UNITS 0 

MIN MAX MIN TYP MAX MIN MAX a:I 
VIL Low Level Input Voltage 1101< l).lA :s:: -VDD = 5V. Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 V 0 

VDD = 10V. Vo = 1V or 9V 3.0 4.5 3.0 3.0 V C 
VDD = 15V. Vo = 1.5V or 13.5V 4.0 6.75 4.0 4.0 V 

~ en 
1101< l).lA 

...... 
VIH High Level Input Voltage 0 

VDD = 5V. Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 V a:I 
VDD = 10V. Vo = 1V or 9V 7.0 7.0 5.5 7.0 V P 
VDD = 15V. Vo = 1.5V or 13.5V 11.0 11.0 8.25 11.0 V 0 

10L Low Level Output Current VIH = VDD. VIL = OV C 
VOD = 5V. Vo = O.4V 0.52 0.44 0.8 0.36 rnA ~ en 
VDD = 10V. Vo = 0.5V 1.3 1.1 2.0 0.9 rnA ...... 
VDD = 15V. Vo = 1.5V 3.6 3.0 7.8 2.4 rnA 

Q) 

a:I 
10H High Level Output Current VIH = VDO. VIL = OV :s:: 

VDD = 5V. Vo = 4.6V -{l.52 -{l.44 -{l.8 -0.36 rnA -0 
VDO = 10V. Vo = 9.5V -1.3 -1.1 -2.0 -{l.9 rnA C 
VDD = 15V. Vo = 13.5V -3.6 -3.0 -7.8 -2.4 rnA ~ 

-10-5 
en 

liN Input Current VDD = 15V. VIN = OV -{l.3 -{l.3 1.0 ).lA ...... 
VDO = 15V. VIN = 15V 0.3 10-5 0.3 1.0 ).lA 

Q) 

a:I 
Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. they are not meant to imply 0 
that the devices should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides 
conditions for actual device operation. 

Note 2: VSS = OV unless otherwise specified. 
Note 3: Devices should not be connected while power is "ON." 

Switching Time Waveforms 

VDD 
CLOCK 

Vss 

RESET OR Vou 
PRESET 
ENABLE 

VDD 
JAM 

INPUT 
Vss 

VDD 

UP/DOWN 

Vss 

CARRY 
VDD 

IN 
Vss 

tTHl 
VDD 

CARRY 
DUT 

Vss 

VOD 
QOUTPUT 

Vss 
10% 

tpHl 

5-235 



o 
a:I 
CD ..... 
U) 
oo:t 
C 
o -:E 
a:I 
CD ..... 
U) 
oo:t 
C 
o 
cS 
a:I 
o ..... 
U) 
oo:t 
C 
o -:E 
a:I 
o ..... 
U) 
oo:t 
C 
o 

AC Electrical Characteristics CD4510BM/CD4510BC. CD4516BM/CD4516BC 
T A = 25°C. CL = 50 pF. R L = 200k. trCL = tfCL = tr = tf = 20 ns. unless otherwise specified . 

, PARAMETER CONDITIONS MIN TYP MAX UNITS 

CLOCKED OPERATION 

tpHL. tpLH Propagation Delay Time Clock VDD = 5V 220 500 ns 

to Q Outputs VDD = 10V 100 200 ns 

VDD = 15V 80 180 ns 

tPHL. tpLH Propagation Delay Time Clock VDD = 5V 315 630 ns 

to Carry Output VDD = 10V 130 260 ns 

VDD = 15V 100 200 ns 

tTHL. tTLH Transition Time Q and Carry Outputs VDD = 5V 100 200 ns 

VDD = lOV 50 100 ns 

VDD = 15V 40 80 ns 

tWL. tWH Minimum Clock Pulse Width VDD = 5V 160 315 ns 

VDD = 10V 65 130 ns 

VDD = 15V 50 100 ns 

trCL. tfCL Maximum Clock Rise and Fall Time VDD = 5V 15 IlS 

VDD = 10V 15 IlS 

VDD = 15V 15 IlS 

tsu Min'imum Carry, In Set-Up Time VDD = 5V 100 220 ns 

VDD = 10V 40 80 ns 

VDD = 15V 35 70 ns 

tsu Minimum Up/Down Set-Up Time VDD = 5V 200 420 ns 

VDD = 10V 70 170 ns 

VDD = 15V 60 150 ns 

fCL Maximum Clock Frequency VDD = 5V· 1.5 3.1 MHz 

VDD = 10V 3.8 7.6 MHz 

VDD = 15V 5.0 10.0 MHz 

CIN Input Capacitance Any Input l5 7.5 pF 

CPD Power Dissipation Capacitance Per Package. 65 pF 

(Note 4) 

RESET/PRESET ENABLE OPERATION 

tPHL. tPLH Propagation Delay Time Reset/ VDD = 5V 285 570 ns 

Preset Enable to Q Output VDD = 10V 115 230 ns 

VDD = 15V 95 195 ns 

tpHL. tpLH Propagation Delay Time Reset/ VDD = 5V 420 860 ns 

Preset Enable to Carry Output VDD = 10V 170 350 ns 

VDD = 15V 140 290 ns 

tWH Minimum Reset/Preset Enable VDD = 5V 90 200 ns 

Pulse Width VDD = 10V 40 100 ns 

VDD = 15V 35 80 ns 

tREM Minimum Reset/Preset Enable VDD = 5V 170 330 ns 

Removal Time VDD = 10V 70 140 ns 

VDD = 15V 60 120 ns 

CARRY INPUT OPERATION 

tPHL. tpLH Propagation Delay Time Carry In VDD = 5V 260 500 ns 

to Carry Output VDD = 10V 110· 220 ns 

VDD = 15V 90 180 ns 

Note 4: Dynamic power dissipation (PO) is given by: Po = '(CPO +CL)V002f+ Pa; where CL "" load capacitance; f = frequency of operation; 
Pa = Quiescent Power Dissipation. For further details, see application note AN-gO, "54C/74C Family characteristics." 
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Cascading Packages 

UP/DOWN 

PRESET 
ENABLE 

CLOCK 

RESET 

UP/DOWN 

PRESET 
ENABLE 

CLOCK 

RESET 

.b 

.r CI 

U/O 

CI 

R 

U/O PE 

R ClK 

. Parallel Clocking 

PARAllEL INPUTS . 
'I 1 1 I' 

PE PI P2 PJ P4 U/O PE 

CO CI 

ClK 01 02 OJ 04 R elK 

J 
, I I, . 

OUTPUTS 

Ripple Clocking 

PARAllEL INPUTS . 
" I , I' 
PI P2 P3 P4 U/O PE 

co o-Ir CI 

QI 02 OJ 04 R ClK 

.I I I I, . 
OUTPUTS 

~ -
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Schematic Diagrams 

PRESET' 
ENABLE 

PRESET 1 
ENABLE 

, 
CARRY IN C-----<{;>-"t-i 

6 ., 

6 ., 

11 Q2 14 03 

FIGURE 1. CD4510 

11 Q2 14 03 

*Flip·flop toggles at the positive-going edge of clock (C) if Toggle Enable 
(TE) is at logical "'" and Preset Enable (PE) is at logical "0" 

FIGURE 2. CD4516 

5-238 

2 04 

2 ., 

VOO-16 
VSS"I 

TOGGLE lOGIC !TL) 

er
r-------~ , 
I I 

l _____ : 

1 CARRY 
OUT 

TOGGLE LOGIC (TLI .. ------, 

er I I 

~ -----: 
7 CARRY 

OUT 



Logic Waveforms 
CD4510BM/CD4510BC 

CLOCK rL IL IL IL IL !L IL IL IL IL IL IL IL 'f-r--r-rfr= !L !L IL n..r-
CARRY IN 

UP/DOWN 

RESET 

PRESET 
ENABLE 

J1 

J2 

JJ 

J4 ., 
., 
.J ., 

CARRY OUT 

COUNT 

h 

"'--

0 

I 

1..-- 1..--
:L..-

I , J 

I I 

1 I I 
I 

I 

i 
I 

I 

! 
I 
I 

I i 

i 

1..-- 1..--~ ,L..- IL..-

, I , , I 7 • 

i 
I i i I 

I : 
I I 

: I i i 

i i i I 
i 

I I : 
I 

i 
, , 

, 
, 

1.---- ..-- r-}-f1--iln , ..-- '.--. 
L...- L..- '-- 't--I i .----,---, 

I +--
1 I 

i 
t--

I 1.----

IYI, 7 I , : 5 , 1 J , 1 I 0 it,- • 6 I 7 0 

CD4516BM/CD4516BC 

CA:::~: 1l-rt-lLrLrt-rL'LrLrLrLlLllf-rLrLll-rLrff-C:rLlLfL 

UP/DOWN 

., f--+---!-_jI 

CARRY OUT 

COUNT 10 11 12 " 

I 
I 

I I , 
I I : i 

h [ I ! 
, 

I ! i : I 

: I 
, 

: 
I i i i 

I 

,...........,II---;i_---+--+ _____ ,--r---+', r+-
1i6!S 4 J 2 I DI~15!O 14 'is 9 ! 8 i 

5-239 

(') 
C 
~ 
(11 
...A. 
o 
aJ 
s:: -(') 
C 
~ 
(11 
...A. 
o 
aJ 
Sl 
(') 
c 
~ 
(11 
...A. 
CD 
aJ 
s:: -(') 
C 
~ 
(11 
...A. 
CD 
aJ 
(') 



o 
a::I 
T"" 
T"" 
1.0 
~ 
C 
o -:IE 
a::I 
T"" 
T"" 
1.0 
~ 
C 
o 

~NatiOnal 
Semiconductor 

CD4511BM/CD4511BC BCD-to-7 Segment 
Latchl Decoderl Driver -

General Description Features 
The CD4511BM/CD4511BC BCD-to-seven segment latch/ • Low logic circuit power dissipation 
decoder/driver is constructed with complementary MOS 
(CMOS) enhancement mode devices and NPN bipolar • High current sourcing outputs (up to 25mA) 
output drivers in a single monolithic structure. The cir-
cuit provides the functions of a 4-bit storage latch, an • Latch storage of code 
8421 BCD-to-seven segment decoder, and an output drive 
capability. Lamp test (LT), blanking (BI), and latch enable • Blanking input 
(LE) inputs are used to test the display, to turn-off or pulse 
modulate the brightness of the display, and to store a • Lamp test provision 
BCD code, respectively. It can be used with seven-seg-
ment light emitting diodes (LED), incandescent, fluores- • Readout blanking on all illegal input combinations 
cent, gas discharge, or liquid crystal readouts either 
directly or indirectly. • Lamp intensity modulation capability 

Applications include instrument (e.g., counter, DVM, etc.) • Time share (multiplexing) facility 
display driver, computer/calculator display driver, cockpit 
display driver, and various clock, watch, and timer uses. • Equivalent to Motorola MC14511 

I 

Connection Diagram Truth Table 

U INPUTS OUTPUTS 

82. ~VOD LE BI LT D C B A a b c d . f 9 DISPLAY 

• .1. ~, X X 0 X X X X I 1 1 1 1 1 1 8 

LT-! ~, X 0 I X X X X 0 0 0 0 0 0 0 

0 I I 0 0 0 0 I I 1 1 1 1 0 0 
iii..! rl!-. 0 1 1 0 0 0 1 0 1 1 0 0 0 0 1 

LE":' fl.!-b 0 1 1 0 0 1 0 1 I 0 1 1 0 1 2 

0 1 1 0 0 1 1 1 I 1 1 0 0 1 3 

o..! ~c 0 1 1 0 1 0 0 0 1 1 0 0 1 1 4 

• ..2.. ~d 0 1 1 0 1 0 1 1 0 1 1 0 1 1 5 ' 

0 1 1 0 1 1 0 0 0 1 1 1 1 1 6 

V".! ~. ' 0 1 1 0 1 1 1 1 1 1 0 0 0 0 7 

0 1 1 1 0 0 0 1 1 1 1 1 1 1 8 

0 1 1 1 0 0 1 1 1 1 0 0 'I 1 9 

TOP VIEW 0 1 1 1 0 1 0 0 0 0 0 0 0 0 

0 1 1 1 0 1 1 0 0 0 0 0 0 0 

0 1 1 1 1 0 0 0 0 0 0 0 0 0 

Display 0 1 1 1 1 0 1 0 0 0 0 0 0 0 

0 1 1 1 1 1 0 0 0 0 0 0 0 0 

101 J 12131~15IbI7IBI~1 
0 1 1 1 1 1 1 0 0 0 0 0 0 0 

/ 1 1 1 X X X X 

• 1 2 3 4 5 6 7 8 9 
X'" Don't care 
• Depends upon tna BCD code applied dUring the 0 to 1 transition of LE. 

Segment Identification 

. 
.f~} 
·l d 1, 
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Absolute Maximum Ratings 
(Notes 1 and 2) 

VOO de Supply Voltage --{).5V to +18V 
VIN Input Voltage --{).5V to VOO +0.5V 
TS Storage Temperature Range --£5° C to +150° C 
Po Package Dissipation 500mW 
TL Lead Temperature (Soldering,10seeonds) 300°C 

DC Electrical Characteristics CD4511BM 

_55°C 
PARAMETER CONOITIONS 

MIN TYP 

Output Voltage VOO = 5V 
Logical "0" VOO = 10V 
Level (VOUT) VOO = 15V 

Output Voltage VOO = 5V 4.1 
Logical "1" VOO = 10V 9.1 
Level (VOUT) VOO = 15V 14.1 

Low Level VOO = 5V, VOUT = 3.8V or 0.5V 
Input Voltage VOO = 10V, VOUT = 8.8V or 1.0V 
(VILl VOO= 15V, VOUT= 13.8Vor l.SV 

High Level VOO = SV, VOUT = O.SV or 3.8V 3.S 
Input Voltage VOO = 10V, VOUT = 1.0 V or 8.8V 7.0 
(VIH) VOO = lSV, VOUT = 1.5Vor 13.8V 11.0 

Output (Source) VOO = 5V, IOH=OmA 4.1 
Orive Voltage VOO = SV, IOH=SmA 
(VOH) VOO = SV, IOH = 10mA 3.9 

VOO = SV, IOH = lSmA 
VOO = SV, IOH = 20mA 3.4 
VOO = SV, IOH = 25mA 

VOO = 10V, IOH = 0 mA 9.1 
VOO = 10V, IOH = 5 mA 
VOO = lQV, IOH = 10mA 9.0 
VOO = 10V,IOH = lSmA 
VOO = 10V, IOH = 20 mA 8.6 
VOO = 10V, IOH = 2S mA 

VOO = 15V, IOH = 0 mA 14.1 
VOO = lSV, IOH = SmA 
VOO = lSV,lOH = 10mA 14.0 
VOO = 15V, IOH = lSmA 
VOO = lSV,lOH = 20mA 13.6 
VOO = lSV, IOH = 2SmA 

Low Level VOO = SV, VOL=O.4V 0.64 
Output Current VOO = 10V, VOL = O.SV 1.6 

(loll VOO = lSV, VOL = 1.SV 4.2 

Input Current VOO = lSV, VIN = OV 
(lIN) VOO = 15V, VIN = lSV 

Note 1: Devices should not be connected with power on. 
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Recommended Operating Conditions 
(Note 2) 

VOO de Supply Voltage 3Vto 15V 
VIN Input Voltage Oto VOO 
T A Operating Temperature Range 

C045108M, C045168M --£5°C to +125°C 
C04510BC, C04516BC -40° C to +85° C 

+25°C +125°C 
UNITS 

MAX MIN TYP MAX MIN TYP MAX 

0.01 0 0.01 0.05 V 
0.01 0 0.01 0.05 V 

0 V 

4.1 4.57 4.1 V 
9.1 9.58 9.1 V 
14.1 14.59 14.1 V 

1.5 2 1.5 1.5 V 
3.0 4 3.0 3.0 V 
4.0 6 4.0 4.0 V 

3.S 3 3.5 V 
7.0 6 7.0 V 
11.0 9 11.0 V 

4.1 4.S7 4.1 V 
4.24 V 

3.9 4.12 3.S V 
3.94 V 

3.4 3.75 3.0 V 
3.54 V 

9.1 9.58 9.1 V 
9.26 V 

9.0 9.17 8.6 V 
9.04 V 

8.6 8.9 8.2 V 
8.75 V 

14.1 14.S9 14.1 V 
14.27 V 

14.0 14.18 13.6 V 
14.07 V 

13.6 13.95 13.2 V 
13.8 V 

O.Sl 0.88 0.36 mA 
1.3 2.2S 0.9 mA 
3.4 8.8 2.4 mA 

-0.10 -10-5 -0.10 -1.0 I1A 
0.10 lO-S 0.10 1.0 I1A 

o 
c 
~ en .... .... 
OJ 
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c 
~ en .... .... 
OJ o 



DC Electrical Characteristics CD451,1BC 

_40°C +2SoC +8SoC 
PARAMETER CONOITIONS UNITS 

.MIN TYP MAX MIN TYP MAX MIN TYP MAX 

Output Voltage VOO = SV 0.01 0 0.01 O.OS V 
Logical "0" VOO = 10V 0.01 0 0.01 ·0.05 V 
Level (VOUT) VOO = 15V 0 V 

Output Voltage VOO = SV 4.1 4.1 4.57 4.1 V 
Logical "1" VOO= 10V 9.1 9.1 9.58 9.1 V 
Level (VOUT) VOO = 15V 14.1 14.1 14.59 14.1 V 

Low Level VOO = !lV, VOUT = 3.8V or 0.5V 1.S 2 1.5 1.5 V 
Input Voltage VOO = 10V, VOUT = 8.8V or 1.0V 3.0 4 3.0 3.0 V 

. (VIU VOO = 15V, VOUT = 13.8Vor 1.5V 4.0 6 4.0 4.0 V 

High Level VOO = SV, VOUT = O.SV or 3.8V 3.S 3.S 3 3.5 V 
Input Voltage VOO = 10V, VOUT = 1.0V or 8.8V 7.0 7.0 6 7.0 V 
(VIH) VOO = 15V, VOUT = 1.5Vor 13.8V 11.0 11.0 9 11.0 V 

Output (Source) VOO = SV, IOH = OmA 4.1 4.1 4.57 4.1 V 
Orive Voltage VOO = SV, IOH = SmA 4.24 V 
(VOH) VOO= SV, IOH = 10mA 3.6 3.6 4.12 3.3 V 

VOO = SV, IOH = 15mA 3.94 V 
VOO = 5V, IOH = 20mA 2.8 2.8 3.75 2.S V 
VOO = SV, IOH = 2SmA 3.54 V 

VOO = 10V, IOH = OmA 9.1 9.1 9.S8 9.1 V 
VOO = 10V, IOH = 5 mA 9.26 V 
VOO = 10V,IOH = 10 mA 8.75 8.75 9.17 8.45 V 
VOO = 10V, IOH = 15mA 9.04 V 
VOO = 10V,IOH = 20mA 8.1 8.1 8.9 7.8 V 
VOO = 10V,IOH = 25mA . 8.75 V 

VOO;" lSV, IOH = OmA 14.1 14.1 14.59 14.1 V 
VOO = 15V, IOH = 5mA 14.27 V 
VOO = 15V, IOH = 10mA 13.75 13.75 14.18 13.45 V 
VOO = 15V,IOH = 15mA 14.07 V 
VOO = 15V, IOH = 20mA 13.1 13.1 13.95 12.8 V 
VOO = lSV, IOH = 2SmA 13.8 V 

Low Level VOO = SV, VOL = O.4V 0.52 0.44 0.88 0.36 mA 
Output Current VOO = 10V, VOL = O.SV 1.3 1.1 2.25 0.9 mA 

(IoU VOO = lSV, VOL = 1.SV 3.6 3.0 8.8 2.4 mA 

Input Current VOO = lSV, VIN = OV -0.30 -10-S -0.30 -1.0 IJ.A 
(lIN) VOO = lSV, VIN = lSV 0.30 10-5 0.30 1.0 IJ.A 
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AC Electrical Characteristics 
TA = 25°C and CL = 50 pF, typical temperature coefficient for all values of VDD = 0.3%/oC. 

CD4511BX 
PARAMETER CONDITIONS UNITS 

MIN TYP MAX 

Input Capacitance (CIN) VIN=O 5.0 7.5 pF 

Output Rise Time (tr) (Figure 1a) VDD = 5V 40 80 ns 
VDD = 10V 30 60 ns 
VDD = 15V 25 50 ns 

Output Fall Time (tf) (Figure 1a) VDD = 5V 125 250 ns 
VDD = 10V 75 150 ns 
VDD = 15V 65 130 ns 

Turn-Off Delay Time (Data) (tPLH) (Figure 1a) VDD = 5V 640 1280 ns 
VDD = 10V 250 500 ns 
VDD = 15V 175 350 ns 

Turn-On Delay Time (Data) (tPHL) (Figure 1a) VDD = 5V 720 1440 ns 
VDD = 10V 290 580 ns 
VDD = 15V 195 400 ns 

Turn-Off Delay Time (Blank) (tPLH) (Figure 1a) VDD = 5V 320 640 ns 
VDD = 10V 130 260 ns 
VDD = 15V 100 200 ns 

Turn-On Delay Time (Blank) (tpHL) (Figure 1a) VDD = 5V 485 970 ns 
VDD = 10V 200 400. ns 
VDD = 15V 160 320 ns 

Turn-Off Delay Time (Lamp Test) (tPHLl (Figure 1a) VDD = 5V 313 625 ns 
VDD = 10V 125 2_50 ns 
VDD= 15V 90 180 

Turn-On Delay Time (Lamp Test) (tPHLl (Figure 1a) VDD = 5V 313 625 ns 
VDD= 10V 125 250 ns 
VDD = 15V 90 180 ns 

Setup Time (tSETUP) (Figure 1b) VDD = 5V 180 90 ns 
VDD = 10V 76 38 ns 
VDD = 15V 40 20 ns 

Hold Time (tHOLD) (Figure 1bl VDD= 5V 0 -90 ns 
VDD = 10V 0 -38 ns 
VDD = 15V 0 -20 ns 

Minimum Latch Enable Pulse Width (PWLE) (Figure 1e) VDD = 5V 520 260 ns 
VDD = 10V 220 110 ns 
VDD = 15V 130 65 ns 
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Switching Time Waveforms 
(a) 

INPUT 

OUTPUT 

(b) 

LE 

DATA INPUT 

(e) 

OUTPUT 

LE 
~STROBED) 

Typical Applications 

Voo 

OV 

voo 

ov 

Voo 

OV 

ov 

voo 

ov 

voo 

ov 

fOR SETUP , 
________ -;--'/~_12!l !O~ __ 

20ns 20BS 

FIGURE 1. 

Light Emitting Diode (LED) Readout 

Vcc 

COMMON 
CATHODE LED 

Gas Discharge Readout 

APPROPRIATE 
VOLTAGE 

Veo' 

COMMON 
ANODE lEO 

Liquid Crystal (LC) Readout 

Dtrect de drtYll of Le's nat recommended for I.fe of LC r"doub. 
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Typical Applications (Cont'd.) 

I "candescent Readout 

Voo 

··A fllilmlnl prs-walm resistor IS recommended to reduce filament 
thetmalshocklndincrellSlltbaelfectl\·tcoldresistanCBolthe 
fil.ment. 
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~National 
~ Semiconductor 

CD4512M/CD4512C a-Channel Data Selector 
General Description Features 

• Wide supply voltage range 3.0V-15V 

• High noise immunity 0.45 Voo (typ.) 

• TAl-STATE output 

The CD4512MICD4512C 8-channel data selector Is a 
complementary MOS (CMOS) circuit constructed with N­
and P-channel enhancement mode transistors_ This data 
selector is primarily used as a digital signal multiplexer 
selecting 1 of 8 inputs and routing the signal to a TAI­
STATE'" output. A high level at the Inhibit input forces a 
low level at the output. A high level at the Output Enable 
(0 E) input forces the output into the TAl-STATE condition. 
Low levels at both the Inhibit and (OE) inputs allow nor­
mal operation. 

• Low quiescent power dissipation 0.25,..W/package 
(typ.) @ Vcc=5.0V 

• Plug-in replacement for Motorola MC14512 

TRI·STATE IS a trademark of National Semiconductor Corp. 

Connection Diagram and Truth Table 

Dual-In-Line Package 

ADDRESS INPUTS 

z , c A' INHIBIT X7 

15 14 13 12 11 10 

P 
XO XI X2 X3 X4 X5 X6 vss 

TOP VIEW 

ADDRESS INPUTS 
CONTROL 

OUTPUT 
INPUTS 

C B A INHIBIT OE Z 

0 0 0 0 0 XO 

0 0 I 0 0 Xl 

0 0 0 0 X2 

0 I 0 0 X3 

0 0 0 0 X4 

0 0 0 X5 

I 0 0 0 X6 

1 I 1 0 0 X7 

0 0 0 1 0 0 

0 0 0 0 Hi-Z 

0= Don't care 
Hi-Z = TRI-STATE®condition 
Xn = Data at input n 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 & 2) (Note 2) 

Voo Supply Voltage -0.5 to +18Voc Voo DC Supply Voltage 3.0to 15Voc 
VIN Input Voltage -0.5 to Voo + 0.5 Voc VIN Input Voltage Oto Voo Voc 
Ts Storage Temperature Range -B5°C to +150°C TA Operating Temperature Range 
Po Package Dissipation 500mW CD4512M -55°C to +125°C 
TL Lead Temperature (Soldering, 10 seconds) 300°C CD4512C -40°C to +85°C 

DC Electrical Characteristics CD4512M (Note 2) , 

-55°C 25°C 125°C 
Parameter Conditions Units 

Min. Max. Min. Typ. Max. Min. Max. 

100 Quiescent Voo=5.0V 5.0 0.005 5.0 150 JAA 
Device Current Voo=10V 10 0.010 10 300 JAA 

Voo=15V 20 0.015 20 BOO JAA 

VOL Low Level Voo =5.0V 0.05 0 0.05 0.05 V 
Output Voltage Voo=10V 0.05 0 0.05 0.05 V 

Voo=15V 0.05 0 0.05 0.05 V 

VOH High Level Voo =5.0V 4.95 4.95 5.0 4.95 V 
Output Voltage Voo=10V 9.95 9.95 10.0 9.95 V 

Voo=15V 14.95 14.95 15.0 14.95 V 

VIL Low Level Voo=5.0V, Vo=0.5V 1.5 2.25 1.5 1.5 V 
Input Voltage Voo =10V, Vo=1.0V 3.0 4.50 3.0 3.0 V 

Voo =15V, Vo=1.5V 4.0 B.75 4.0 4.0 V 

VIH High Level Voo=5.0V, Vo=4.5V 3.5 3.5 2.75 3.5 V 
Input Voltage Voo=10V, Vo=9.0V 7.0 7.0 5.50 7.0 V 

Voo =15V, Vo =13.5V .11.0 11.0 8.25 11.0 V 

IOL Low Level Voo = 5.0V, Vo = 0.4 V 0.50 0.40 0.78 0.38 mA 
Output Current Voo=10V, Vo=0.5V 1.1 0.90 2.0 0.9 mA 

Voo =15V, Vo =1.5V 4.2 3.4 7.8 2.4 mA 

IOH High Level Voo=5.0V, Vo=4.BV -0.B2 -0.50 -1.7 -0.35 mA 
Output Current Voo=10V, Vo=9.5V -0.B2 -0.50. -1.9 -0.35 mA 

Voo = 15V, Vo = 13.5V -1.8 -1.5 -3.5 -1.1 mA 

liN Input Current Voo=15V, VIN=OV -0.1 -10-5 -0.1 -1.0 JAA 
Voo =15V, VIN =15V 0.1 10- 0.1 1.0 JAA 

loz TRI-STATE® Voo=15V, Vo=OV ±0.1 -10-5 ±0.1 ±3.0 JAA 
Output Current Voo =15V, Vo=15V 10-5 JAA 

DC Electrical Characteristics CD4512C (Note 2) 

-40°C 25°C 85°C 
Parameter Conditions Units 

Min. Max. Min. Typ. Max. Min. Max. 

ioo Quiescent Voo=5.0V 20 0.005 20 150 JAA 
Device Current Voo=10V 40 0.010 40 300 JAA 

Voo =15V 80 0.015 80 BOO JAA 

VOL Low Level Voo=5.0V 0.05 0 0.05 0.05 V 
Output Voltage Voo=10V 0.05 0 0.05 0.05 V 

Voo=15V 0.05 0 0.05 0.05 V 

VOH High Level Voo =5.0V 4.95 4.95 5.0 4.95 V 
Output Voltage Voo=10V 9.95 9.95 10.0 9.95 V 

Voo=15V 14.95 14.95 15.0 14.95 V 

VIL Low Level Voo = 5.0V, Vo=0.5V 1.5 2.25 1.5 1.5 V 
Input Voltage Voo = 10V, Vo = 1.0V or 9.0V 3:0 4.50 3.0 3.0 V 

Voo =15V, Va=1.5Vor 13.5V 4.0 B.75 4.0 4.0 V 

VIH High Level Voo =5.0V, Va =4.5V 3.5 3.5 2.75 3.5 V 
Input Voltage Voo = 10V, Va = 9.0V 7.0 7.0 5.50 7.0 V 

Voo = 15V, Vo = 1.5V or 13.5V 11.0 11.0 8.25 11.0 V 
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0 
N DC Electrical Characteristics - (cont'd) CD4512C (Note 2) 
II) 
"I:t -40"C 25"C 85°C C Parameter Conditions Units 
0 Min. Max. Min. Typ. ' Max. Min. Max. -::a!: 10L Low Level Voo = 5.0V, Vo = 0.4 V 0.23 0.20 0.78 0.16 mA 
N Output Current Voo =10V, Vo=0.5V 0.60 0.50 2.0 0.09 mA -II) Voo =15V, Vo=1.5V 1.8 1.5 7.8 1.2 rnA 
"I:t 
C IOH High Level - Voo=5.0V, Vo =2.5V -0.23 -0.20 -1.7 -0.16 rnA 
0 Output Current Voo =10V, Vo=9.5V -0.23 -0.20 -0.9 -0.16 rnA 

Voo = 15V, Vo = 113.5V -0.69 -0.60 -3.5 -0.48 'rnA 

liN Input Current Voo =15V, VIN =OV -0.3 -10-5 -0.3 -1.0 ".A 
Voo = 15V, VIN = 15V 0.3 10-5 0.3 1.0 ".A 

loz TRI·STATE® Voo=15V, Vo=OVor 15V ±1.0 ±10-5 ±1.0 ±7.5 ".A 
Output Current 

AC Electrical Characteristics TA = 25°C, tr =t, = 20ns, CL = 15pF 

CD4512M CD4512C 
Parameter Conditions Units 

Min. Typ. Max. Min. Typ. Max. 

tpHL Propagation Delay Voo =5.0V 225 500 225 750 ns 
High·to·Low Level Voo=10V 75 175 75 200 ns 

Voo=15V 57 130 57 150 ns 

tpLH Propagation Delay Voo =5.0V 225 500 225 750 ns 
Low·to·High Level Voo=10V 75 175 75 200 ns 

Voo=15V 57 130 57 150 ns 

tTHL, tTLH Transition Time Voo=5.0V 70 175 70 175 ns 
Voo=10V 35 75 35 75 ns 
Voo=15V 25 55 25 55 ns 

tpH'Z, tpLZ Propagation Delay into Voo =5.0V 50 125 50 125 ns 
TRI·STATE from Logie Level Voo=10V 25 75 2,5 75 ns 

Voo=15V 19 60 19 60 ns 

tpZH, tPZL Propagation Delay to Logic Voo =5.0V 50 125 50 125 ns 
Level from TRI·STATE Voo=10V 25 75 25 75 ns 

Voo=15V 19 60 19 60 ns 

CIN Input Capacitance (Note 3) 7.5 15 7.5 15 pF 

COUT TRI·STATE Output (Note 3) 7.5 15 7.5 15 pF 
Capacitance 

Cpo Power Dissipation Capacity (Note 4) 150 150 pF 

Nole 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to imply that the devices should be operated at these limits. The tables of "Recommended Operating Conditions" and 

. "ElectrIcal Characteristics" provide conditions for actual device operation. -
Note 2: Vss=OV unless otherwise specified. 
Notll 3: Capacitance guaranteed by periodic testing. 
Note 4: Cpo determines the no load AC power of any CMOS device. For complete explanation, see 54C/74C Family Characteristics 
application note AN-gO. 
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Logic Diagram 

13 

Typical Application 

8 SERIAL 
INPUTS 

~ _____ 1:.::50 DISABLE 

t-_____ 1:,:0-o INHIBIT 

VDD 

VSS 

+ 
. 1 

OUTPUT 
INPUT - INPUT~ OUTPUT 

TRA~SMISSION 21: 
GATE 

Serial Data Routing Interface 

XO 

XI 

X2 

CD4512 

: 1----- ~~~RIAL 

ADDRESS 
BUS 
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AC Test Circuit and Switching Time Waveforms 

Voo 

L...---OVSS 

INPUT 

OUTPUT 
(TESTS I AND 2) 

OUTPUT 
(TEST 3) 

2Dns 

VOO-4-~~--------~ 

VSS 

INPUT CONNECTIONS FOR t r• tf. tpLH. tpHL 

TEST INHIBIT A XO 
I PG GND VDD 

2 GND PG VDD 

3 GND GND PG 

TRI-STATE AC Test Circuit and Switching Time Waveforms 

L...------Ovss 

SWITCH POSITIONS FOR TRI-STATE TEST 

TEST S1 S2 S3 S4 

tpHZ Open Closed Closed Open 

tpLZ Closed Open Open Closed 

tpZL Closed Open Open Closed 

tPZH Open Closed Closed Open 
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~National 
~ Semiconductor 
CD4512BM/CD4512BC a·Channel Buffered Data Selector 

General Description Features 
• Wide supply voltage range 3.0V-15V 

• High noise immunity 0.45 Vee (typ.) 

• TRI-STATE output 

The CD4512BM/CD4512BC buffered 8-channel data selec­
tor is a complementary MOS(CMOS) circuit constructed 
with N- and P-channel enhancement mode transistors_ 
This data selector is primarily used as a digital signal 
multiplexer selecting 1 of 8 inputs and routing the signal, 
to a TRI-STATE@ output. A high level at the Inhibit input 
forces a low level at the output. A high level at the Output 
Enable (OE) input forces the output into the TRI-STATE 
condition. Low levels at both the Inhibit and (OE) Inputs 
allow normal operation. 

• Low quiescent power dissipation ,O.25,..W/package 
(typ.) @ Vee = 5.0 V 

• Plug-in replacement for Motorola MC14512 

TRr-STATE Is a trademark of National Semiconductor Corp. 

Connection Diagram and Truth Table 

Dual-In-line Package 

ADDRESS INPUTS 

z , c 
B A' INHIBIT 

14 13 12 11 10 

-

I B 

XO Xl X2, Xl X4 X5 X6 vSS 

TOP VIEW 

ADDRESS INPUTS 
CONTROL 

OUTPUT 
INPUTS 

C B A INHIBIT OE Z 

0 0 0 0 0 XO 

0 0 1 0 0 Xl 

0 0 0 0 X2 

0 1 0 0 X3 

0 0 0 0 X4 

0 1 0 0 X5 

1 1 0 0 0 X6 

1 1 1 0 0 X7 

0 0 0 1 0 0 

0 0 0 0 Hi-Z 

" = Don't care 
Hi-Z = TRI-STATWcondition 
Xn = Data at input n 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 & 2) (Note 2) 

Voo Supply Voltage -0.5 to +18 Voc Voo DC Supply Voltage 3.0to 15Voc 
VIN Input Vqltage -0.5 to Voo + 0.5 Voc VIN Input Voltage OtoVoo Voe 
Ts Storage Temperature Range -65·C to +150·C TA Operating Temperature Range 
Po Package Dissipation 500mW CD4512BM -55·C to +125·C 
TL Lead Temperature (Soldering, 10 seconds) 300·C CD4512BC -40'C to +85'C 

DC Electrical Characteristics CD4512BM (Note 2) 

-55°C 25°C 125°C 
Parameter Conditions Units 

Min. Max. Min. Typ. Max. Min. Max. 

100 Quiescent Voo= 5.0V 5.0 0.005 5.0 150 I'A 
Device Current Voo=10V 10 0.010 10 300 I'A 

Voo=15V 20 0.D15 20 600 I'A 

VOL Low Level Voo=5.0V 0.05 0 0.05 0.05 V 
Output Voltage Voo=10V 0.05 0 0.05 0.05 V 

Voo=15V 0.05 0 0.05 0.05 V 

VOH High Level Voo=5.0V 4.95 4.95 5.0 4.95 V 
Output Voltage Voo;10V 9.95 9.95 10.0 9.95 V 

Voo=15V 14.95 14.95 15.0 14.95 V 

VIL Low Level Voo=5.0V, Vo=0.5V 1.5 2.25 1.5 1.5 V 
Input Voltage Voo=10V, Vo=1.0V 3.0 4.50 3.0 3.0 V 

Voo=15V, Vo=1.5V 4.0 6.75 4.0 4.0 V' 

VIH High Level Voo=5.0V, Vo=4.5V 3.5 3.5 2.75 3.5 V 
Input Voltage Voo=10V, Vo=9.0V 7.0 7.0 5.50 7.0 V 

Voo = 15 V, Vo = 13.5 V 11.0 11.0 8.25 11.0 V 

10L Low Level Voo = 5.0V, Vo = 0.4 V 0.64 0.51 0.78 0.36 mA 
Output Current Voo=10V, Vo=0.5V .1.6 1.3 2.0 0.9 mA 

Voo=15V, Vo=1.5V 4.2 3.4 7.8 2.4 mA 

10H High Level Voo=5.0V, Vo=4.6V -0.64 -0.51 -1.7 -0.36 mA 
Output Current Voo=10V, Vo=9.5V -1.6 -1.3 -1.9 -0.9 mA 

Voo = 15 V, Vo = 13.5 V -4.2 -3.4 -3.5 -2.4 mA 

liN Input Current Voo=15V, VIN=OV -0.1 -10-5 -0.1 -1.0 I'A 
Voo=15V,VIN=15V 0.1 10- 0.1 1.0 I'A 

loz TRI-STATE® Voo=15V, Vo=OV ±0.1 -10-5 ±0.1 ±3.0 I'A 
Output Current Voo = 15 V, Va = 15 V 10-5 I'A 

DC Electrical Characteristics CD4512BC (Note 2) 

-40°C 25°C 85°C 
Parameter Conditions Units 

Min. Max. Min. Typ. Max. Min. Max. 

100 Quiescent Voo=5.0V 20 0,005 20 150 I'A 
Device Current Voo=10V 40 0.010 40 300 I'A 

Voo=15V 80 0.015 80 600 I'A 

VOL Low Level Voo~5.0V 0.05 0 0.05 0.05 V 
Output Voltage Voo=10V 0.05 0 0.05 0.05 V 

Voo=15V 0.05 0 0.05 0.05 V 

VOH High Level Voo=5.0V 4.95 4.95 5.0 4.95 V 
Output Voltage Voo=10V 9.95 9.95 10.0 9.95 V 

Voo=15V 14.95 14.95 15.0 14.95 V 

VIL Low Level Voo = 5.0V, Vo = 0.5 V 1.5 2.25 1.5 1.5 V 
Input Voltage Voo = 10V, Vo = 1.0V or 9.0V 3.0 4.50 3.0 3.0 V 

Voo=15V, Vo=1.5Vor 13.5V 4.0 6.75 4.0 4.0 V 

VIH High Level Voo = 5.0 V, Vo=4.5V 3.5 3.5 2.75 3.5 V 
Input Voltage Voo=10V, Vo=9.0V 7.0 7.0 5.50 7.0 V 

Voo = 15 V, Vo = 1.5V or 13.5V 11.0 11.0 8.25 11.0 V 
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DC Electrical Characteristics (cont'd) CD4512BC (Note 2) C 
.j::Io 

-40°C 25°C 85°C 
(11 

'""" Parameter Conditions Units N 
Min. Max. Min. Typ. Max. Min. Max. D:J 

10L Low Level Voo=5.0V, Vo=0.4V 0.52 0.44 0.78 0.36 mA s: -Output Current Voo =10V, Vo=0.5V 1.3 1.1 2.0 0.9 mA (") 
Voo =15V, Vo =1.5V 3.6 3.4 7.8 2.4 mA C 

.j::Io 
10H High Level Voo =5.0V, Vo =2.5V -0.52 -0.44 -1.7 -0.36 mA (11 

'""" Output Current Voo =10V, Vo=9.5V -1.3 -1.1 -0.9 -0.9 mA N 
Voo =15V, Vo=113.5V -3.6 -3.4 -3.5 -2.4 mA D:J 

liN Input Current Voo =15V, VIN=OV -0.3 -10-5 -0.3 -1.0 fAA 
(") 

Voo = 15V, VIN = 15V 0.3 10-5 0.3 1.0 fAA 

loz TRI·STATE!!> Voo =15V, Vo=OVor 15V ±1.0 ±10-5 ±1.0 ±7.5 fAA 
Output Current 

AC Electrical Characteristics TA = 25°C, t r=tf=20ns, CL =15pF 

CD4512BM CD4512BC 
Parameter Conditions Units 

Min. Typ. Max. Min. Typ. Max. 

tpHL Propagation Delay Voo=5.0V 225 500 225 750 ns 
High·to·Low Level Voo=10V 75 175 75 200 ns 

Voo=15V 57 130 57 150 ns 

tpLH Propagation Delay Voo =5.0V 225 500 225 750 ns 
Low·to·High Level Voo=10V 75 175 75 200 ns 

Voo=15V 57 130 57 150 ns 

tTHL, tTLH Transition Time Voo =5.0V 70 175 70 175 ns 
Voo=10V 35 75 35 75 ns 
Voo=15V 25 55 25 55 ns 

tpHz, tpLZ Propagation Delay into Voo =5.0V 50 125 50 125 ns 
TRI·STATE from Logic Level Voo=10V 25 75 25 75 ns 

Voo=15V 19 60 19 60 ns 

tpZH, tPZL Propagation Delay to Logic Voo =5.0V 50 125 50 125 ns 
Level from TRI·STATE Voo=10V 25 75 25 75 ns 

Voo=15V 19 60 19 60 ns 

CIN Input Capacitance (Note 3) 7.5 15 7.5 15 pF 

COUT TRI·STATE Output (Note 3) 7.5 15 7.5 15 pF 
Capacitance 

Cpo Power Dissipation Capacity (Note 4) 150 150 pF • Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not 
meant to imply that the devices should be operated at these limits. The tables of "Recommended Operating Conditions" and 
"Electrical Characteristics" provide conditions for actual device operation. 
Note 2: Vss=OV unless otherwise specified. 
Note 3: Capacitance guaranteed by periodic testing. 
Note 4: Cpo determines the no load AC power of any CMOS device. For complete explanation, see 54C/74C Family Characteristics 
application note AN-gO. 
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AC Test Circuit and Switching Time Waveforms 

VDD 

~---OVSS 

INPUT 

OUTPUT 
(TESTS I AND 21 

OUTPUT 
(TESTJI 

INPUT CONNECTIONS FOR tr, tf, tpLH, tpHL 

TEST INHIBIT A XO 

1 PG GND VDD 
2 GND PG VDD 
3 GND GND PG 

TRI-STATE AC Test Circuit and Switching Time Waveforms 

TEST 81 82 83 84 

tpHZ Open Closed Closed Open 

tpLZ Closed Open Open Closed 

tpZL Closed Open Open Closed 

tpZH Open Closed Closed Open 
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~National 
~ Semiconductor 

CD4514BM/CD4514BC, CD4515BM/CD4515BC 
4·Bit Latched/4·to·16 Line Decoders 

General Desc~iption 
The CD4514B and CD4515B are 4-to-16 line decoders with 
latched inputs implemented with complementary MOS 
(CMOS) circuits constructed with N- and P-channel en­
hancement mode transistors_ These circuits are primarily 
used in decoding applications where low power dissipa­
tion and/or high noise immunity is required. 

The CD4514B (output active high option) presents a logi­
cal "1" at the selected output, whereas the CD4515B 
presents a logical "0" at the selected output. The input 
latches are R-S type flip-flops, which hold the last input 
data presented prior to the strobe transition from "1" to 
"0". This input data is decoded and the corresponding 
output is activated. An output inhibit line is also available. 

Logic and Connection Diagrams 
2 

IN A O-1><>-~rH~---I 

I •• o--p~-t~-"H~-----f 

Features 
• Wide supply voltage range 

• High noise immunity 

• Low power TTL 
compatibility 

• Low quiescent power dissipation 

• Single supply operation 

• Input impedance = 1012Q typically 

3.0Vto 15V 

0.45 VOD (typ.) 

fan out of 2 
driving 74L 

0.025 f'W/package 
(typ.) @ 5.0Voc 

• Plug-in replacement for MC14514, MC14515 

Jo---f:)O-f>c...:A;:..8:...:..C ;:,D -06 S5 
ABC 0 5 
~S6 

L __ i-~~~=t~~r-Jc~)K~t>~A1B~C~D~4 S7 

Jo---f:)o-f>c...:A;:..-~B~f;:'"-oIB~ 
ABCD17 

Jo--t.:)O-{>o----o S9 

rlr1=*=~~:f~o-~o-~~-~A!B!C~"~20 SID 
}------.... ....-+++-=R- ~)o--r::>o--f:>, ABC D 19 

... ~Sl1 

'-~~:)-------f-t-~~=t~~~~:-~~A~-~B~C!"j;14 S12 
IN D 

1 if 
Jo---f:)o-f>c...:A;:".-:..B .:.C .:." -013 S13 ' 

.. ~2===~~;l~O_i>o-;)~~A~B~C~"~16 S14 

INHIBIT023-t>c_----------------------------------....I A 8 C 015815 

STROBE o--D~""'-------<)LJ 

Dual-In-Line Package 
Von INHIBIT IN 0 IN C SUI 811 S8 S9 814 815 812 S13 

~ 19 18 11 16 15 14 13 

4-TO-16 DECODER 

10 11 12 

STROBE IN A IN B 87 86 85 54 83 S1 82 SO Vss 

TOP VIEW 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) ---._.- ----- ----
voo OC Supply Voltage -0.5V to +18V VOO DC Supply Voltage 3V to 15V 
V,N Input Voltage -0.5V to VOO + 0.5V V,N Input Voltage OtoVOD 
TS Storage Temperature Range -£5"C to +150"C T A Operating Temperature Range 
Po Package Oissipation 500mW C04514BM, C04515BM -55"C to +125"C 
TL Lead Temperature (Soldering, 10 seconds) 300"C C04S14BC, C04515BC -4o"C to +85"C 

DC Electrical Characteristics CD4514BM, CD4515BM (Note 2) 

-5SoC 25°C 125°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO = SV 5.0 0.005 5.0 ISO IJA 

VOO = 10V 10.0 0.010 10.0 300 IJA 

VOO = 15V 20.0 0,015 20.0 600 IJA 

VOL Low Level Output Voltage V,H = VOO, 1101 < 1 IJA 

VOO = 5V, V,L = OV O.OS 0 0.05 0.05 V 

VOO= 10V 0.05 0 0.05 0.05 V 

VOO= 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage V,H = VOO, 1101 < 1 IJA 

VOO = 5V, V,L = OV 4.95 4.95 5,0 4.95 V 

VOO = 10V 9.95 9.95 10.0 9.95 V 

VOD= 15V 14.95 14.95 15.0 14.95 V 

V,L Low Level Input Voltage Vo = 0.5V or 4.5V 

VOO = SV,IIOI < 1 IJA 1.5 2.25 1.5 1.5 V 

VOO = 10V, Vo = 1.0V or 9.0V 3.0 4.S0 3.0 3.0 V 

VOO = 15V, Vo = 1.5V or 13.5V 4.0 6.75 4.0 4.0 V 

V,H High Level Input Voltage Vo = O.SV or 4.5V 

VOD = 5V, 1101 < 1 IJA 3.5 3.5 2.75 3.5 V 

VOO = 10V, Vo = 1.0V or 9.0V 7.0 7.0 5.50 7.0 V 

VOO = 15V. Vo = 1.5V or 13.5V 11.0 11.0 8.25 11.0 V 

10L Low Level Output Current VDO = 5V, Vo = O.4V 0.64 0.51 0.88 0.36 mA 

VOO = 10V, Vo = 0.5V 1.6 1.3 2.25 0.90 mA 

VOO = 15V, Vo = 1.5V 4.2 3.4 8.80 2.40 rnA 

10H High Level Output Current VOO = 5V. Vo = 4.6V -0.64 -0.51 -0.88 -0.36 mA 

VOD = 10V, Vo = 9.5V -1.6 -1.3 -2.25 -0.90 mA 

VOO = 15V, Vo = 13.5V -4.2 -3.4 -8.80 -2.40 mA 

liN Input Current VOO = 15V. V,N = OV -0.1 -10-5 -0.1 -1.Q IJA 
VOO = 15V. V,N = 15V 0.1 10-5 0.1 1.0 IJA 

DC Electrical Characteristics CD4514BC, CD4515BC (Note 2) 

-40°C 25°C 85°C 
PARAMETER CONDITIONS 

Mlili 
UNITS 

MIN MAX MIN TYP MAX MAX 

100 Quiescent Device Current VOO= 5V 20 0.005 20 150 IJA 

VOO = 10V 40 0.010 40 300 IJA 

VOO = 15V 80 0.D15 80 600 IJA 

VOL Low Level Output Voltage V,L = OV;V,H = VOO, 

1101< llJA 

VOO = 5V , 0.05 0 0.05 0.05 V 

VOO = 10V 0.05 0 0.05 0.05 V 

VOO = 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage V,L = OV, V,H = VOO, 

1101<IIJA 

VOO = 5V 4.95 4.95 5.0 4.95 V 

VOO = 10V 9.95 9.95 10.0 9.95 V 

VOO = 15V 14.95 14.95 15.0 14.95 V 
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DC Electrical Characteristics (Continued) CD4514BC, CD4515BC (Note 2) 

-40°C 25°C 85°C 
PARAMETER CONOITIONS 

MIN MAX MIN TYP MAX MIN MAX 
UNITS 

VIL Low Level Input Voltage IIOI<l/lA 

VOO = 5V, Va = 0.5V or 4.5V 1.5 2.25 1.5 1.5 V 

VDD = 10V, Va = 1.0V or 9.0V 3.0 4.50 3.0 3.0 V 

VDO = 15V, Va = 1.5V or 13.5V 4.0 6.75 4.0 4.0 V 

VIH High Level Input Voltage IIOI<l/lA 

VDO = 5V, Va = 0.5V or 4.5V 3.5 3.5 2.75 3.5 V 

VOO= 10V, VO= 1.0V or9.0V 7.0 7.0 5.50 7.0 V 

Vi:lD = 15V, Va = 1.5V or 13.5V 11.0 11.0 8.25 11.0 V 

IOL Low Level Output Current VOO = 5V, Va = O.4V 0.52 0.44 0.88 0.36 mA 

VDD = 10V, Va = 0.5V 1.3 1.1 2.25 0.90 mA 

VDD = 15V, Va = 1.5V 3.6 3.0 8.8 2.4 mA 

IOH High Level Output Current VOO = 5V, Va = 4.6V -0.52 -0.44 -0.88 -0.36 mA 

VOD = 10V, Va = 9.5V -1.3 -1.1 -2.25 -0.90 mA 

VDD = 15V, Va = 13.5V -3.6 -3.0 -8.8 -2.4 mA 

liN I nput Current VDD = 15V, VIN = OV -0.3 -10-5 '-0.3 -1.0 /lA 

VDO = 15V, VIN = 15V 0.3 10-5 0.3 1.0 /lA 

AC Electrical Characteristics All types CL = 50 pF, T A = 25°C, tr = tf = 20 ns unless otherwise specified 

PARAMETER CONOITIONS MIN TYP MAX UNITS 

tTHL, tTLH Transition Times VDO = 5V 100 200 ns 

VOO = 10V 50 100 ns 

VDO = 15V 40 80 ns 

tPLH, tpHL Propagation Delay Times VOO = 5V 550 1100 ns 

VDO = 10V 225 450 ns 

VOO = 15V 150 300 ns 

tPLH, tPHL Inhibit Propagation Delay VDD = 5V 400 800 ns 

Times VOO = 10V 150 300 ns 

,VDO= 15V 100 200 ns 

tsu Set Up Time VDD = 5V 125 250 ns 

VOO = 10V 50 100 ns 

VDD = 15V 38 75 ns 

tWH Strobe Pulse Width VOD = 5V 175 350 ns 

VDD = 10V 50 100 ns 

VOD = 1.5V 38 75 ns" 

CPO Power Dissipation Capacitance Per Package. (Note 4) 150 pF 

CIN Input Capacitance Any Input, (Note 3) 5 7.5 pF 

Note 1: U Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The tables of "Recommended Operating 
Conditions" and 'Electrical Characteristics" provide conditions for actual device operation. 

Note 2: VSS = OV unless otherwise specified. 
Note 3. Capacitance is guaranteed by periodic testing. 
Note 4: CpO determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C&74C Family Characteristics 
application note, AN-90. 
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Truth Table 

DECODE TRUTH TABLE (Strobe = 1) 

DATA INPUTS SELECTED OUTPUT 

INHIBIT CD4514 = LOGIC "1" 
D C B A- CD4515 = LOGIC "0" 

0 0 0 0 0 50 

0 0 0 0 1 51 

0 0 0 1 0 52 

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 0 510 

0 1 0 1 1 511 

0 1 1 0 0 512 

0 1 1 0 1 513 

0 1 1 1 0 514 

0 1 1 1 1 515 

1 X X X X All Outputs = 0, CD4514 

All Outputs = 1, CD4515 

x = Don't care 

AC Test Circuit and Switching Time Waveforms 

Voo 

STROBE 

INHIBIT 

r-<> 

H-o IN A 
~ 

PROGRAMMABLE 
PULSE ~f-o , 

GENERATOR IN. 
~ 

~-o 
IN C 

>-0 

'--0 
IN 0 

>-0 

Vss 

-L 

so 
SI 

! 
"tClt c 

S15 

t c 

FIGURE 1 

5-259 

OUTPUT SO 

OUTPUT SI 

OUTPUT S15 

INPUT 

OUTPUT 

Vss 

Voo----t::.<-::::::---~ 

o 
C 
.a:.. en 
..I. 
.a:.. 
aJ 
3: -o 
C 
.a:.. en 
..I. 
.a:.. 
aJ 
s> 
o 
C 
.a:.. en 
..I. 
en 
aJ 
3: -o 
C 
.a:.. en 
..I. 
en 
aJ 
o 



o m 
II) ,.... 
~ c 
o -:i 
m 
II) ,.... 
II) 
-..t 
C 
o 
cS m 
-..t ,.... 
II) 
-..t 
C 
o -:i 
m 
-..t ,.... 
II) 
-..t 
C 
o 

Applications 
Two CD4512 8-channel data selectors are used here with 
the CD4514B 4-bit latch/decoper to effect a complex 
data routing system_ A total of 16 inputs from data 
registers are selected and transferred via a TRI-STATE® 
data bus to a data distributor for rearrangement and 
entry into 16 output regis_ters. In this way sequential 
data can be re-routed or interm ixed according to pat­
terns determined by data select and distribution inputs. 

Data is placed into the routing scheme via the 8 inputs 
on both CD4512 data selectors. One register is assigned 
to each input. The signals on AD, Aland A2 choose 1-
of-8 inputs for transfer out to the TRI-STATE data bus. 
A fourth signal, labelled Dis, disables one of the CD4512 
selectors, assuring transfer of data from only one register. 

In addition to a choice of input registers, 1-16, the rate 
of transfer of the sequential information can also be 
varied. That is, if the CD4512 were addressed at a rate 

INPUT 
REGISTERS DATA 

TRANSFER 

that is 8 times faster than the shift frequency of the 
input registers, the most significant bit (MSB) from each 
register could be selected for transfer to the data bus. 
Therefore, all of the most significant bits from all of the 
registers can be' transferred to the data bus before the 
next most significant bit is presented for transfer by the 
input ~egisters. 

Information from the TRI-STATE bus is redistributed 
by the CD4514B 4-bit latch/decoder. Using the 4-bit 
address, INA-IND, the information on the inhibit line 
can be transferred to the addressed output I ine to the 
desired output registers, A-P. This distribution of data 
bits to the output registers can be made in many com­
plex patterns. For example, all of the most significant 
bits from the input registers can be routed into output 
register A, all of the next most significant bits into 
register B, etc. In this way horizontal, vertical, or other 
methods of data sl icing can be implemented. 

TRI-STATE® 
DATA BUS 
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~National 
~ Semiconductor 

CD4518BM/CD4518BC, CD4520BM/CD4520BC 
Dual Synchronous Up Counters 

General Description 
The CD4518BMfCD4518BC dual BCD counter and the 
CD4520BMfCD4520BC dual binary counter are imple· 
mented with complementary MaS (CMOS) circuits con· 
structed with N· and P·channel enhancement mode 
transistors. 

line, All inputs are protected against static discharge by 
diode clamps to both Voo and Vss. 

Features 
• Wide supply voltage range 

• High noise immunity 

• Low power TTL 
compatibility 

3.0Vto 15V 

0.45 VDD (typ.) 

fan out of 2 driving 74L 
or 1 driving 74LS 

Each counter consists of two identical, independent, 
synchronous, 4·stage counters. The counter stages are 
toggle flip·flops which increment on either the positive· 
edge of CLOCK or negative·edge of ENABLE, simplifying 
cascading of multiple stages. Each counter can be 
asynchronously cleared by a high level on the RESET • 6MHz counting rate (typ.) at Voo = 10V 

Truth Table 

CLOCK ENABLE RESET ACTION 

...r 1 0 Increment counter 

0 \.. 0 I ncrement counter 

\.. X 0 No change 

X ...r 0 No change 

...r 0 0 No change 

1 \.. 0 No change 

X X 1 Ql thrll Q4 = 0 

x = Don't Care 

Connection Diagram 
Dual-In-Line and Flat Package 

Voo RESET 04 OJ 02 01 ENABLE CLOCK 

16 15 14 12 11 10 9 

R COUNTER 1 

COUNTER 2 R 

CLOCK ENABLE Q1 02 OJ 04 RESET VSS 

TOP VIEW 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

voo Supply Voltage --<l.5V to +18V Voo Supply Voltage 3V to 15V 
VIN Input Voltage --<l.5V to VOO + O.5V VIN Input Voltage OV toVOO 
TS Storage Temperature Range -£5°C to +150°C T A Operating Temperature Range 
Po Package Dissipation 500mW C045188M, C04520BM . -55°C to +125°C 
T L Lead Temperature (Soldering, 10 seconds) 300°C C04518BC,C04520BC -40°C to +85°C 

DC Electrical Characteristics CD4518BM/CD4520BM (Not~ 2) 

-55°C 25°C 125°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO = 5V 5 0.01 5 150 fJA 
VOO = 10V 10 0.01 10 300 fJA 

VOO = 15V 20 0.01 20 600 fJA 

VOL Low Level Output Voltage -1101< 1 fJA, VIH = VOO, VIL = OV 

VOO= 5V 0.05 a 0.05 0.05 V 

VOO = 10V 0.05 0 0.05 0.05 V 

VOO = 15V 0.05 a 0.05 0.05 V 

VOH High Level Output Voltage 1101 < 1 fJA, VIH = VOO, VIL = OV 

VOO = 5V . 4.95 4.95 5 4.95 V 

VOO = 10V 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15 14.95 V 

VIL low level Input Voltage 1101< 1 fJA 

VOO = 5V, Va = 0.5V or 4.5V 1.5 2.25 1.5 1.5 V 

VOO = 10V, Va = lV or 9V 3.0 4.S 3.0 3.0 V 

VOO = 15V, Va = 1.SV or 13.SV 4.0 6.7S 4.0 4.0 V 

VIH High level Input Voltage 1I01<lfJA 

VOO = SV, Va = O.SV or 4.SV 3.5 3.S 2.7S 3.5 V 

VOO = 10V, Va = lV or 9V 7.0 7.0 5.S 7.0 V 

VOO = lSV, Va = 1.5Vor 13.SV i1.0 11.0 8.25 11.0 V 

10l' low level Output Current VIH = VOO, Vil = OV 

VOO = 5V, Va = O.4V 0.64 0.51 0.88 0.36 rnA 

VOO = 10V, Va = 0.5V 1.6 1.3 2.25 0.9 rnA 

VOO= 15V, VO= 1.5V 4.2 3.4 8.8 2.11 rnA 

10H High level Output Current VIH = VOO, VIL = OV 

VOO = SV, Va = 4.6V -0.64 -0.51 -0.88 -0.36 rnA 

VOO = 10V, Va = 9.5V -1.6 -1.3 -2.25 -0.9 rnA 

VOO = 15V, Va = 13.5V -4.2 -3.4 -8.8 -2.4 rnA 
'" 

liN Input Current VOO = lSV, VIN = OV -0.1 -lO-S --0.1 -1.0 fJA 

VOO = 15V. VIN = 15V '0.1 10-5 0.1 1.0 fJA 

DC Electrical Characteristics CD4518BC/CD4520BC (Note 2) 

--40°C 25°C 85°C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO = 5V 20 0.01 20 150 fJA 

VOO = 10V 40 0.01 40 300 fJA 

VOO = 15V 80 0.01 80 600 fJA 

VOL Low level Output Voltage 1101 < 1 fJA, VIH = VOO, VIL = OV 

VOO = 5V 0.05 0 0.05 O.OS V 

VOO = 10V 0.05 0 O.OS 0.05 V 

VOO = 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage 1101 < 1 fJA, VIH = VOO, VIL = OV 

VOO = 5V 4.95 4.95 5 4.95 V 

VOO= 10V 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15 14.95 V 

5-262 



0 
DC Electrical Characteristics (Cont'd.) CD4518BC/CD4520BC (Note 2) C 

~ en 
-40'C 25'C 85"C ~ 

PARAMETER CONDITIONS UNITS CO 
MIN MAX MIN TYP MAX MIN MAX til 

V,L Low Level Input Voltage IIOI<lJ1A s:: -VOO = 5V. Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 V 0 
VOO = 10V, Va = lV or 9V 3.0 4.5 3.0 3.0 V C 
VOO = 15V, Vo = 1.5V or 13.5V 4.0 6.75 4.0 4.0 V ~ en 

V,H High Level Input Voltage IIOI<lJ1A ~ 

CO 
VOO = 5V. Va = 0.5V or 4.5V 3.5 3.5 2.75 3.5 V til 
Voo = 10V, Va = lV or 9V 7.0 7.0 5.5 7.0 V s> 
VOO = 15V. Va = 1.5V or 13.5V 11.0 11.0 8.25 11.0 V 

0 
IOL Low Level Output Current V,H = VOO, V,L = OV C 

VOO = 5V, Va = O.4V 0.52 0.44 0.88 0.36 mA -'=" en 
Voo = 10V, Va = 0.5V 1.3 1.1 2.25 0.9 mA N 
VOO = 15V, Va = 1.5V 3.6 3.0 8.8 2.4 mA 0 

til 
IOH High Level Output Current V,H = VOO, V,L = OV s:: 

VOO = 5V. Va = 4.6V -0.52 -0.44 -0.88 -0.36 mA -VOO = 10V, Va = 9.5V -1.3 -1.1 -2.25 -0.9 mA 0 
VOO = 15V, va = 13.5V -3.6 '3.0 -8.8 -2.4 mA C 

~ 

"N Input Current VOO = 15V, Y,N = OV -0.3 -10-5 -0.3 -1.0 J1A en 
N 

VOO = 15V, Y,N = 15V 0.3 10-5 0.3 1.0 J1A 0 
til 
0 

AC Electrical Characteristics TA=25°C, CL=50pF, RL=200kQ, t r =tf=20ns, 

unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tPHL. tPLH Propagation Oelay Time. Clock'" Q VOO = 5V 325 650 ns 

VOO = 10V 110 225 ns 

VOO = 15V 85 170 ns 

tPHL Propagation Delay Time Reset -+ Q VOO = 5V 220 560 ns 

VOO = 10V 90 230 ns 

VOO = 15V 65 160 ns 

tTHL. tTLH Transition Time VOO = 5V 100 200 ns 

VOO = 10V 50 100 ns 

VOO = 15V 40 80 'ns 

fCL Maximum Clock Input Frequency VOO = 5V 1.5 3 MHz 

VOO = 10V 3.0 6 MHz 

VOO = 15V 4.0 8 MHz a tWL, tWH Minimum Clock Pulse Width VOO = 5V lOO 200 ns 

VOO = 10V 50 100 ns 

VOO = 15V 35 70 ns 

tRCL, tFC Maximum Clock or Enable Rise VOO = 5V 15 I1S 

and Fall Time VOO = 10V 10 J1S 

VOO = 15V 5 J1S 

tWH, tWL Minimum Enable Pulse Width VOO = 5V 125 250 ns 

VOO = 10V 55 110 ns 

VOO = 15V 40 80 ns 

tWH Minimum Reset Pulse Width VOO = 5V 180 375 ns 

VOO = 10V 80 160 ns 

VOO = 15V 65 130 ns 

C'N 1 nput Capacitance Any Input 5 7.5 pF 

CPO Power Dissipation Capacity Either Counter. (Note 3) 50 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide 
conditions for actual device operation. 

Note 2: VSS = OV unless otherwise specified. 
Note 3: CpO determines the no load ac power consumption of a CMOS device. For a complete explanation. see "S4C/74C Family Characteristics," 
application note AN·90. 
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Logic Diagrams 
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a:I 
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RESET 

ENABLE 0-....,---1"-""1 
CLOCK 

Decade Counter (CD4518B) 1/2 Device Shown 

01 02 OJ 04 

Binarv Counter (CD4520B) 1/2 Device Shown 

01 OJ 04 

5-264 



~--~-----------------------------------. 0 
Timing Diagrams 

CLOCK 

01 

C0451BB 02--+---, 
03 ' 

04 --'-+-+--+--+--+--+-+----! 
1 2 3 4 5 6 

CD452DB [ :~ ~ 
03 --+--+----+-~ 

04 
--+--+----+---i---+-+_~ 

Switching Time Waveforms 

CLOCK 
INPUT 

ENABLE 
INPUT 

Voo --+---i-:;=.'-{ 

Vss 

VOO ---t----t------:='_ 

VSS --+---t------=+-..~I 

13 14 15 D 1 

VOO ---+---'---j----t-----+----'--t--F:;;;ri 
RESET 
INPUT 

Q 

OUTPUT 

VSS ----+---+-----+---+--------
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~National 
~ Semiconductor 

CD4519BM/CD4519BC 4-Bit AN D/OR Selector 

General Description Features 
• Wide supply voltage range 

• High noise immunity 

3.0Vto 15V 

0.45 VDD (typ.) 

The CD45198 is a monolithic complementary MOS 
(CMOS) integrated circuit constructed with N- and p. 
channel enhancement mode transistors. Depending on 
the condition of the control inputs, this part provides 
three functions in one package: a 4·bit ANO/OR selector, 
a quad 2·channel Data Selector, or a Quad Exclusive·NOR 
Gate. The device outputs have equal source and sink 
current capabilities and conform to the standard 8 series 
output drive and supply voltage ratings. 

• Low power TTL 
compatibility 

fan out of 2 driving 74L 
or 1 driving 74LS 

Logic Diagram 

CONTROL {" 
INPUTS 

. ' 

• 5V-10V-15V parametric ratings 

• Symmetrical output characteristics· 

• Maximum input leakage 11'A at 15V over full 
temperature range 

• Second source of Motorola MC14519 

Z 
OUTPUT 

DATA {X 
INPUTS Y o---+-II-L.-/ 

Connection Diagram 

Truth Table 

TO THREE REMAINING 
SECTIONS 

Dual·ln·Line Package 

Voo X3 

J" " 

c-

I 2 

Y3 XZ 

14 

3 

YZ 

Z3 zz 
13 

4 

XI Vt 

TOP VIEW 

CONTROL INPUTS 
A B 

0 0 

0 1 

1 0 

1 1 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

VOO dc Supply Voltage --{l.5 to +18 VOC VOO dc Supply Voltage 3to 15 VOC 
VIN Input Voltage --{l.5 to VOO +0.5 VOC VIN Input Voltage a to VOO VOC 
TS Storage Temperature Range -65°C to +150°C T A Operating Temperature Range 
Po Package Dissipation 500mW C04519BM -55°C to +125°C 
TL Lead Temperature (Soldering, 10 seconds) 300°C C04519BC -40° C to +85° C 

DC Electrical Characteristics CD4519BM (Note 2) 

-5SoC 2Soc 12SoC 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO =5V 1 0.005 1 30 /JA 

VOO = 10V 2 0.006 2 60 /JA 

VOO = 15V 4 0.007 4 120 /JA 

VOL Low Level Output V?ltage 1I01<I/JA 

VOO = 5V 0.05 a 0.05 0.05 V 

VOO = 10V 0.05 a 0.05 0.05 V 

VOO = 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage 1101<I/JA 

VOO= 5V 4.95 4.95 5 4.95 V 

VOO= 10V 9.95 9.95 10 9.95 V 

VOO= 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage 1101< 1p.A 

VOO= 5V, Vo = 0.5V or 4.5V 1.5 2 1.5 1.5 V 

VOO = 10V, Vo = IV or 9V 3.0 4 3.0 3.0 V 

VOO = 15V, Vo = 1.5V or 13.5V 4.0 6 4.0 4.0 V 

VIH High level Input Voltage 1101<I/JA 

VOO = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3 3.5 V 

VOO= 10V, VO= lVor9V 7.0 7.0 6 7.0 V 

VOO = 15V, Vo = 1.5Vor 13.5V 11.0 11.0 9 11.0 V 

10l low level Output Current VOO = 5V, Vo = O.4V 0.64 0.51 0.88 0.36 mA 

VOO = 10V, Vo = 0.5V 1.6 1.3 2.25 0.9 mA 

VOO = 15V, Vo = 1.5V 4.2 3.4 B.8 2.4 mA 

IOH High level Output Current VOO = 5V, VO=4.6V -0.64 -0.51 -0.88 -0.36 mA 

VOO = 10V, Vo = 9.5V -1.6 -1.3 -2.25 -0.9 mA 

VOO = 15V, Vo = 13.5V -4.2 -3.4 -8.8 -2.4 rnA 

liN Input Current VOO = 15V, VIN = OV -0.1 -10-5 -0.1 -1.0 /JA 

VOO = 15V, VIN = 15V 0.1 10-5 0.1 1.0 /JA 

DC Electrical Characteristics CD4519BC (Note 2) 

CONDITIONS 
-40°C 2SoC 8SoC 

PARAMETER UNITS 
MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO = 5V 4 4 30 /JA 
VOO = 10V 8 8 60 /JA 

VOO = 15V 16 16 120 /JA 

VOL low Level Output Voltage 1101<I/JA 

VOO = 5V 0.05 a 0.05 0.05 V 

VOO = 10V 0.05 a 0.05 0.05 V 

VOO = 15V 0.05 a 0.05 O.OS V 

VOH High level Output Voltage IIOI<I/JA 

VOO = 5V 4.95 4.95 5 4.95 V 

VOO= 10V 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15 14.95 V 
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DC Electrical Characteristics (Cont'd.) CD4519BC (Note 2) 

PARAMETfR 
-40°C 25°C 

CONDITIONS 
MIN MAX MIN TYP 

VIL Low Level Input Voltage IiOl<IJ.1A 

VDD = 5V, Vo = 0.5V or 4.5V 1.5 2 

VDD = 10V, Vo = lVor9V 3.0 4 

VDD = 15V, Vo = 1.5Vor 13.5V 4.0 6 

V,H High Level Input Voltage IIOI<IJ.1A 

VDD = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3 

VDD = 10V, Vo = IV or 9V 7.0 7.0 6 

VDD= 15V, VO= I.SVor 13.SV 11.0 11.0 9 

IOL Low Level Output Current VDD= SV, Vo = O.4V 0.52 0.44 O.BB 

VDD = 10V, Vo = 0.5V 1.3 1.1 2.2S 

VDD = 15V, Vo = 1.5V 3.6 3.0 B.B 

IOH High Level Output Current VOO = SV, Vo =4.6V -0.&2 -0.44 -o.BB 

VOD = 10V, Vo = 9.SV -1.3 -1.1 -2.25 

VOO = 15V, Vo = 13.SV -3.6 -3.0 -B.B 

liN Input Current Vaa = 15V, V,N = OV -0.3 -10-5 

Voa = lSV, V,N = ISV 0.3 10-5 

AC Electrical Characteristics TA=25°C, CL =50pF, RL =200kQ, t r =tf=20ns, 

unless otherwise specified. 

C'N 

Cpd 

PARAMETER 

Propagation Oelay High·to·Low Level 

or Low·to·High Level 

Transition Tinie 

Average Input Capacitance 

Power Oissipation Capacity 

CONDITIONS MIN 

(Figure 1) 

Voo = 5V 

Voo = 10V 

Voo = 15V 

(Figure 1) 

VOO = SV 

VOO= 10V 

VOO = 15V 

Any Input (Note 3) 

Any Gate (Note 4) 

85°C 

MAX MIN MAX 
UNITS 

1.5 1.5 V 

3.0 3.0 V 

4.0 4.0 V 

3.5 . V 

7.0 V 

11.0 V 

0.36 mA 

0.9 mA 

2.4 mA 

-0.36 mA 

-0.9 mA 

-2.4 mA 

-0.3 -1.0 J.lA 
0.3 1.0 J.lA 

TYP MAX UNITS 

lBO 360 ns 

75 150 ns 

60 120 ns 

90 200 ns 

SO 100 ns 

40 BO ~s 

5 7.5 pF 

25 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply 
that the devices should be operated at these limits. The table of "Recommended Operating Conditions" and "Electrical Characteristics" provides 
conditions for actual device operation. 

Note 2: VSS = OV unless otherwise specified. 
Note 3: Capacitance is guaranteed by periodic testing. 
Note 4: Cpd determines the no load ae power consumption of any CMOS device. For complete explanation, see 54C174C Family characteristics 
application note AN-90. . 

AC Test Circuit and Switching Time Waveforms 

Vf 

T l. PULSE A ZO 
GENERATOR J 

>-0- 8 ·tCl 
--0- XO 

>-0- VO 2, ·tCl 
X, 

>-0- V, 
OUTPUTS 

X2 22 

$Cl 
>-0- V2 

X3 

--0- V3 
Vss 23 

'$Cl J. 

~ FIGURE 1 

-1,20ns -j~Ons 
VDD:-fi90% INPUT 50% 

10% Vss - I 
---I itPHl - -tplH 

VOHH~O:% r 
OUTPUT 50% 

VOL 10% I 
. tTHl ---I f-- ---I I-- tTLH 
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Typical Application 
CLOCK2 Data Routing and Processing Using the C04519 

RESET CLOCK 1 

I---...... t-ID 
I--...... t-II-I C 

I-~Hl-lf-I B CD'511 

X IV ' 
OUTPUT 

LATCH 
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General Description 
The CD4522BM/CD4522BC, CD4526BM/CD4526BC are 
CMOS programmable cascadable down counters with a 
decoded "0" state output for dlvide-by-N applications. In 
single stage applications, the "0" output is applied to the 
Preset Enable input. 'For multi-stage applications, the 
"0" output is used in conjunction with the CF (Cascade 
Feedback) input to perform the divide-by-N function. The 
"0" output is normally at logical "0" level; it will go to a 
logical "1" state only when the counter is at its terminal 
count (0000) and if CF is at logical "1" level. Thus, CF 
acts as an active low inhibit for the "0" output. This 
feature allows cascade divide-by-N operations with no 
additional gate required (see Applications section). The 
Master Reset function provides synchronous initiation 
of divide-by-N cycles. The Clock Inhibit input allows dis­
abling of the pulse counting function. 

Features 
- Wide supply voltage range 

- High noise immunity 

- Low power TTL 
compatibility 

3.0Vto 18V 

0.45 Voo (typ.) 
fan out of 2 driving 74L 

or 1 c,lriving 74LS 

- Quiescent current = 5 nA/package (typ.) @ Voo = 5.0 V 

- Internally synchronous for high internal and external 
speed 

- Logic edge-clocked design-incremented on positive 
transition of Clock or negative transition of Clock 
Inhibit 

- Medium speed 7.7 MHz (typ.) @Voo=10V 

- Asynchronous Preset Enable 

Applications 
All inputs are protected against static discharge by diode - Programmable down counter 
clamps to Voo and Vss. - Programmable frequency divider 

- Frequency synthesizers 

- Phase-locked loops 

Connection Diagram 
Dual-In-Line Package 

CASCADE MASTER 
VDD Q3 DP3 FEEDBACK "0" DP2 RESET Q2 

[,6 15 14 13 12 11 10 

-

2 3 4 6 
18 

Q4 DP4 PRESET INHIBIT DPI CLDCK Ql VSS 
ENABLE 

TOP VIEW 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

voo OC Supply Voltage -<l.5 to +18 VOC VOO OC Supply Voltage 3 to 15 VOC 
V,N Input Voltage -<l.5 to VOD +0.5 VOC V,N Input Voltage OtoVOOVOC 
TS Storage Temperature Range -65'C to +150'C T A Operating Temperature Range 
Po Package Oissipation 500mW C04522BM, C04526BM -55'C to +125'C 
TL Lead Temperature (Soldering, 10 seconds) 300'C C045;!2BC, C04526BC -40' C to +85' C 

DC Electrical Characteristics CD4522BM, CD4526BM (Note 2) 

PARAMETER 
-55'C 25'C 125°C 

CONDITIONS UNITS 
MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO = 5V 5 0.005 5 150 IlA 
VOO = 10V 10 0.010 10 300 IlA 

VOO = 15V 20 0.015 20 600 IlA 

VOL Low Level Output Voltage 1101<IIlA 

VOO = 5V 0.05 a 0.05 0.05 V 

VOO = 10V 0.05 a 0.05 0.05 V 

VOO = 15V 0.05 a 0.05 0.05 V 

VOH High Level Output Voltage 1101< 1 IlA 

VOO = 5V 4.95 4.95 5 4.95 V 

VOO = 10V 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15 14.95 V 

V,L Low Level Input Voltage VOO = 5V, Vo = 0.5V or 4.5V 1.5 1.5 1.5 V 

VOO = 10V, Va = 1.0V or 9.0V 3.0 3.0 3.0 V 

VDO = 15V, Va = 1.5V or 13.5V 4.0 4.0 4.0 V 

V,H High Level Input Voltage VOO = 5V, Va = 0.5V or 4.5V 3.5 3.5 3.5 V 

VOO = 10V, Va = 1.0V or 9.0V 7.0 7.0 7.0 V 

VOO = 15V, Va = 1.5V or 13.5V 11.0 11.0 11.0 V 

IOL Low Level Output Current VOO= 5V, Va = OAV 0.64 0.51 0.88 0.36 rnA 

VOO = 10V, Va = 0.5V 1.6 1.3 2.25 0.9 rnA 

VOO = 15V, Va = 1.5V 4.2 3.4 S.8 204 rnA 

IOH High Level Output Current VOO = 5V, VO=4.6V -0.64 -<l.51 -<l.SS -0.36 rnA 

VOO = 10V, Va = 9.5V -1.6 -1.3 -2.25 -0.9 rnA 

VOO = 15V, Va = 13.5V -4.2 -3.4 -8.S -2.4 rnA 

liN I nput Current VOO = 15V, V,N = OV -0.1 -10-5 -0.1 -1.0 JlA 

VOO = ISV, VIN = ISV 0.1 10-5 0.1 1.0 JlA 

DC Electrical Characteristics CD4522BC, CD4526BC (Note 2) 

-40'C 25'C 8S'C 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO =SV 20 0.005 20 150 IlA 

VOO= 10V 40 0.010 40 300 IlA 

VOO = ISV 80 O.D1S 80 600 IlA 

VOL Low Level Output Voltage IIOI<IJlA 

VOO = 5V 0.05 a 0.05 0;05 V 

VOO = 10V 0.05 0 0.05 0.05 V 

VOO= 15V 0.05 a 0.05 0.05 V 

VOH High Level Output Voltage iIOI<IIlA 

VOO = 5V 4.95 4.95 5 4.95 V 

VOO = 10V 9.95 9.95 10 9.95 V 

VOO = 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage VDO = SV, Va = 0.5V or 4.5V 1.5 1.5 I.S V 

VOO = 10V, Va = 1.0V or 9.0V 3.0 3.0 3.0 V 

VOO = ISV, Va = 1.5V or 13.SV 4.0 4.0 4.0 V 
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DC Electrical Characteristics {Continued} CD4522BC,CD4526BC (Note 2) 

-40oC 25°C 85°C 
PARAMETER CONDITIONS 

MAX 
UNITS 

MIN MAX MIN TYP MAX MIN 

VIH· High Level Input Voltage VOO =5V, Vo = 0.5V or 4.5V 3.5 3.5 3.5 V 

VOO = 10V, Vo = LOV or 9.0V 7.0 7.0 7.0 V 

VOO = 15V, Vo = 1.5V or 13.5V 11.0 11.0 11.0 V 

IOL Low Level Output Current VOD = 5V, Vo = OAV 0.52 0.44 0.88 0.36 rnA 

VOO = 10V, Vo = 0.5V 1.3 1.1 2.25 0.9 rnA 

VOO = 15V, Vo = 1.5V 3.6 3.0 8.8 2.4 rnA 

IOH High Level Output Current VOO = 5V, VO=4.6V -0.52 -0.44 -0.88 -0.36 rnA 

VOO = 10V, Vo = 9.5V -.1.3 -1.1 -2.25 -0.9 rnA 

VOO = 15V, VO.= 13.5V -3.6 -3.0 -8.8 -2.4 rnA 

liN I nput Current VOO = 15V, VIN = OV -0.3 -.10-5 -0.3 -1.0 pA 

VOO = 15V, VIN = 15V 0.3 10-5 0.3 1.0 pA 

AC Electrical Characteristics T A = 25°C, CL = 50 pF, unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tTHL or tTLH Output Transition Time VOO = 5V 100 200 os 

VOO = 10V 50 100 ns 

VOO = 15V 40 80 ns 

tPHL & tPLH Propagation Delay Time From Clock to VOO = 5V 350 825 ns 

Q Outputs VOO = 10V 130 345 ns 

VOO = 15V 90 240 ns 

tPHL & tpLH Propagation Delay Time From Clock to VOO= 5V 200 500 ns 

"0" Output VOO = 10V 80 250 ns 

VOO = 15V , 60 190 ns 

PWc Minimum Clock' Pulse Width VOO = 5V 120 280 ns 

VOO= 10V 50 120 ns 

VOO = 15V 35 85 ns 

tCL Maximum Clock Pulse Frequency VOO= 5V 1.5 2.9 MHz 

VOO = 10V 3.0 7.7 MHz 

VOO = 15V' 4.0 11 MHz 

trCL & ttCL Maximum Clock or Inhibit Rise and Fall Time VOO= 5V 15 ps 

VOO = 10V 15 ps 

VOO = 15V 15 ps 

tHOLO Hold Time VOO = 5V 40 125 ns 

VOO = 10V 25 50 ns 

VOO = 15V 20 - 40 ns 

PWPE Minimum Preset Enable Pulse Width VOO= 5V 120 280 ns 

VOO = 10V 50 120 ns 

VOO= 15V 35 85 ns 

PWMR Minimum Master Reset Pulse Width VOO=5V 160 350 ns 

VOO = 10V 75 180 ns 

VOO = 15V 50 120 ns 

CIN I nput Capacitance (Note 3) 5 7.5 pF 

CPO Power Dissipation Capacitance Per Package (Note 4) 100 .pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. They are not meant to imply 
that the devices should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electrical Characteristics" provide 
conditions for actual device operation. 

Note 2: VSS = OV unless otherwise specified. 
Note 3: Capacitance is g~aranteed by periodic testing. 
Note 4: CpO determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C174C Family Characteristics 
application note, AN-90. 
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Logic Diagrams 

CD4522BM/CD4522BC 
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o m Truth Tables and Count Sequences 
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0 

0 

a 
a 
a 
a 
0 

04 

1. 

1 

1 

1 

1 

1 

1 

1 

a 
a 
a 
a 
0 

0 

0 

a 

CLOCK INHIBIT 
PRESET MASTER 
ENABLE RESET 

0 0 0 0 

S- O 0 0 

X 1 0 0 

1 L- 0 0 

X X 1 0 

X X X 1 

CD4522BM/CD4522BC 

OUTPUT 

03 02 01 

0 0 1 

0 0 0 

1 1 1 

1 1 0 

1 0 1 

1 0 a 
a 1 1 

0 1 a 
a a 1 

0 0 0 

CD4526BM/CD4526BC 

OUTPUT 

03 02 01 

1 1 1 

1 1 a 
1 0 1 

1 0 0 

a 1 1 

0 1 a 
a a 1 

0 0 0 

1 1 1 

1 1 a 
1 0 1 

1 0 a 
0 1 1 

0 1 0 

0 0 1 

0 0 0 
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ACTION 

No count 

Count 1 

No count 

Count 1 

Preset 

Reset 



Typical Applications 

2-Stage Programmable Down Counter 

VOOO--O 

CVCLE INHIBIT 

10k 

PE 

CF 

MR 
LSO 

&045228. 
C845268 

"0" 

10k 

.0 

VOO 

M~~~~o-~~---------T-HU-M-BW-H-E-EL-S-W-IT-CH-E-S----------~ 
(OPEN = "0"1 

PE 

CF 

MR 

INH 

OPI 

MSO 
CO.522B, 
CD4526B 

0P2 OPJ 

VOO 

2-Stage Programmable Frequency Divider 

fOUT" ¥-

OPI 

LSO 
C04522B, 
C04526B 

0P2 OPJ 

fOUT 

"0" 

0P4 

,0 

VOO 

M~~~~~o-~~---------TH-U-M-BW-H-EE-L-~-I-TC-H-ES----------~ 
(OPEN = "0"1 

MSO 
CD4522B, 
CD4526B 

OPI 0P2 OPJ 

VOO 

"0" 

0P4 

10k 

.1 

"0" 

0P4 

10k 

.1 

COUNTING CYCLE 

LSD 

nO 
nO-l 

0 

9 (15) 
8 (14) 

0 

1 
o 

MSD 

nl 

nl-l 

o 

-r­
STOP 

COUNTING CYCLE 

LSD MSD 

nO 
nO-l 

nl 

0 
9 (15) 
8 (14) 

nl-l 

1 
0 

-
9 (15) 
8 (14) 

0 

0 
7 

REPEAT CYCLE 

Note, When cascading more than 2 packages, tie "0" output of the nth package to CF input of the (n-llth package for all n = 2, 3, 
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Switching Time Waveforms 

Test No.1 

PG1 

01 

Test No.2 

Test No.3 
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Test No.4 

Tests No.5 and 7 

PG1 

On 

20];,-
90% 

PG1 

10% 

On 

Test No.6. 



AC Test Circuits 

a) Tests No. 1-6 b) Test No.7 

FIGURE 1. Test Circuit 

Test Conditions 

TABLE I 

CHARACTERISTIC TEST NO. CLOCK INHIBIT PE MR OPn CI:' OUTPUT 

t r• tf. tpLH. tPHL 1 PGl VSS VSS VSS VSS VSS 01 

2 VOO PGl VSS VSS VSS VSS 01 

3 VSS VSS PGl VSS PG2 VSS On 

4 VSS VSS VOD PGl VDD VSS On 

5 VSS VSS VDD VSS PGl VSS On 

PWMR 4 VSS VSS VDD PGl VDD VSS On 

PWPE 3 VSS VSS PGl VSS PG2 VSS On 

PWC 1 PGl VSS VSS VSS VSS VSS 01 

fMAX 1 PGl VSS VSS VSS VSS VSS 01 

tHOLD 3 VSS VSS PGl VSS PG2 VSS On 

t r• tf 6 VSS VSS VSS VDD VSS PGl "0" 

tPLH. tpHL 7 PG VSS Fig. lb VSS Fig.lb VDD "0" 
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~National 
~ Semiconductor 

CD4528BM/CD4528BC Dual Monostable Multivibrator . . " 

General Description 
The CD4528B is a dual monostable multlvibrator. Each 
device is retriggerable and resettable. Triggering can 
occur from either the rising or falling edge of an input 
pulse, resulting in an output pulse over a wide range of 
widths. Pulse duration and accuracy are determined by 
external timing components Rx and Cx. 

Connection Diagrams 

12 
11 

13 

-

--

A_ 

;;L; 

~ B-~ 

Truth Tables 

Clear 

L 
X 
X 
H 
H 

I 
n T2 

n 
A 

'if 
Co 

y 

I 
n T2 

0 
B 

'if 

Co 

y 

Inputs 

A 

x 
H 
X 
L 
t 

1 

2f Rx 
Voo 

6 

7 

15 

,lfX 
14 Rx 

Voo 

10 

9 

Outputs 

B a a 
X L H 
X L H 
L L H 
~ n u 
H n u 

Features 
• Wide supply voltage range 3.0Vto 18V 

• Separate reset available 
• Quiescent current = 5.0 nA/package (typ.) at 5.0 Voe 

• Diode protection on all inputs 

• Triggerable from leading or trailing edge pulse 

• Capable of driving two low-power TTL loads or one 
low-power Schottky TTL load over the rated tempera­
ture range 

T1A 

T2A 

COA 

AAINPUT 

ASINPUT 

H = High Level 
L, = Low Level 

QAOUT 

QAOUT 

Vss 

t = Transition from Low to High 
.t. = Transition from High to low 
n= One High Level Pulse 
1.f= One Low Lewl Pulse 
X = Irrelevant 

Voo 

T1s 

nB 

CDs 

BAINPUT 

SBINPUT 

"QBOUT 

ii'SOUT 
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Absolute Maximum Ratings (Notes 1 and 2) 

VOO, DC Supply Voltage -0.5VOC to +18VOC 
VIN, Input Voltage, All Inputs -0.5VOC to VOO +0.5VOC 
TS, Storage Temperature Range _65°C to +150°C 
PO, Package Dissipation 500mW 
TL, Lead Temperature (soldering, 10 seconds) 300°C 

Recommended Operating Conditions (Note 2) 

VOO, DC Supply Voltage 3Vto 15V 

VIN, Input Voltage OVto VOO VOC 

TAo Operating Temperature Range 
C04528BM -55°C to +125°C 
C04528BC -40°C to +85°C 

DC Electrical Characteristics CD4528BM (Note 2) 

-55°C 

Parameter Conditions Min Max 

100 Quiescent Device Current VOO = 5V 5 
VOO = 10V 10 
VOO = 15V 20 

VOL Low Level Output Voltage VOO = 5V 0.05 
VOO = 10V 0.05 
VOO = 15V 0.05 

VOH High Level Output Voltage VOO = 5V 4.95 
VOO = 10V 9.95 
VOO = 15V 14.95 

VIL Low Level Input Voltage VOO = 5V, Va = 0.5V or 4.5V 1.5. 
VOO = 10V, Va = 1.0V or 9.0V 3.0 
VOO = 15V, Va = 1.5Vor 13.5V 4.0 

VIH High Level Input Voltage VOO = 5V, Va = 0.5V or 4.5V 3.5 
VOO = 10V, Va = 1.0V or 9.0V 7.0 
VOO = 15V, VO= 1.5Vor 13.5V 11.0 

IOL Low Level Output Current VOO = 5V, VO=0.4V 0.64 
VOO = 10V, Va = 0.5V 1.6 
VOO = 15V, Va = 1.5V 4.2 

IOH High Level Output Current VOO = 5V, VO=4.6V -0.25 
VOO = 10V, Va = 9.5V -0.62 
Voo = 15V. Va = 13.5V -1.8 

liN Input Current VOO = 15V. VIN = OV -0.1 
VOO = 15V. VII'>i = 15V 0.1 
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+25°C 

Min Typ Max 

0.005 5 
0.010 10 
0.015 20 

0.05 
0.05 
0.05 

4.95 5.0 
9.95 10.0 
14.95 15.0 

2.25 1.5 
4.50 3.0 
6.75 4.0 

3.5 2.75 
7.0 5.50 
11.0 8.25 

0.51 0.88 
1.3 2.25 
3.4 8.8 

-0.2 -0.36 
-0.5 -0.9 
-1.5 -3.5 

-10-5 -0.1 
10-5 0.1 

+125°C 

Min Max 

150 
300 
600 

0.05 
0.05 
0.05 

4.95 
9.95 
14.95 

1.5 
3.0 
4.0 

3.5 
7.0 
11.0 

0.36 
0.9 
2.4 

-0.14 
-0.35 
-1.1 

-1.0 
1.0 

Units 

f.lA 
f.lA 
f.lA 

V 
V 
V 

V 
V 
V 

V 
V 
V 

V 
V 
V 

mA 
mA 
mA 

mA 
mA 
mA 

f.lA 
f.lA 

o 

i 
OJ 

~ o 
c 

~ 
OJ o 



DC Electrical Characteristics CD4528BC (Note 2) " 

-40°C +25°C +85°C 

Parameter Conditions' Min Max Min Typ Max Min Max Units 

IDD Quiescent Device Current VDD=,5V 20 0.005 20 150 p,A 
VDD = 10V 40 0.010 40 300 p,A 
VDD = 15V 80 0.Q15 80 600 p,A 

VOL Low Level Output Voltage VDD = 5V 0.05 0.05 0.05 V 
VDD = 10V 0.05 0.05 0.05 V 
VDD = 15V 0.05 0.05 0.05 V 

VOH High Level Output Voltage VDD =5V 4.95 4.95 5.0 4.95 V 
VDD = 10V 9.95 9.95 10.0 9.95 V 
VDD = 15V 14.95 14.95 15.0 14.95 V 

VIL Low Level Input Voltage VDO= 5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 V 
VDD = 10V, Vo = 1.0V or 9.0V 3.0 4.50 3.0 3.0 V 
VDD = 15V, Vo = 1.5V or 13.5V 4.0 6.75 4.0 4.0 V 
-

VIH High Level Input Voltage VDD= 5V, Vo = 0.5V or 4.5V 3.5 3.5 2.75 3.5 V 
VDD = 10V, Vo = 1.0Vor 9.0V 7.0 7.0 5.50 7.0 V 
VDD = 15V, Vo = 0.5V or 4.5V 11.0 11.0 8.25 11.0 V 

IOL Low Level Output Current VDD = 5V, Vo = O.4V 0.52 0.44 0.88 0.36 mA 
VDD = 10V, Vo = 0.5V 1.3 1.1 2.25 0.9 rnA 
VDD = 15V, Vo = 1.5V 3.6 3.0 8.8 2.4 rnA 

IOH High Level Output Current VDD = 5V, Vo = 4.6V -0.2 -0.16 -0.36 -0.12 rnA 
VDD = 10V, Vo = 9.5V -0.5 -0.4 -0.9 -0.3 rnA 
VDD = 15V, Vo = 13.5V -1.4 -1.2 -3.5 -1.0 rnA 

liN I nput Current VDD = 15V, VIN = OV -0.3 -10-5 -0.3 -1.0 fJ.A 
VDD = 15V, VIN = 15V 0.3 10-5 0.3 1.0 p,A 

Not. 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of, "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: VSS = OV unless otherwise specified. 
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AC Electrical Characteristics CD4528BM 

TA = 25°C, CL = 50 pF, R L = 200 kU, Input tr = tf = 20 ns, unless otherwise specified. 

Parameter Conditions 

Output Rise Time tr = (3.0ns/pF)CL + 30ns, VOO = 5.0V 

tr= (1.5ns/pF)CL + 15ns, VOO = 10.0V 

tr = (1.1 ns/pF)CL + 10ns, VOO = 15.0V 

Output Fall Time tf= (1.5ns/pF)CL +25ns, VOO = 5.0V 

tf = (0.75 ns/pF)CL + 12.5 ns, VOO = 10.0V 

tf = (0.55ns/pF)CL + 9.5 ns, VOO = 15.0V 

Turn-Off, Turn-On Oelay tPLH,tPHL = (1.7ns/pF)CL + 240ns, VOO = 5.0V 
A or B to Q or 0. tPLH, tpHL = (0.66 ns/pFICL + 8ns, VOO = 10.0V 
Cx = 15 pF, Rx = 5.0 kU 

tPLH, tPHL = (0.5ns/pF)CL + 65 ns, VOO = 15.0V 

Turn-Off, Turn-On Oelay tPLH,tPHL = 1.7ns/pF)CL + 620ns, VOO= 5.0V 
A or B to Q or 0. tPLH, tPHL = 0.66 ns/pF)CL + 257 ns, VOO = 10.0V 
Cx = 100pF, Rx = 10kU 

tPLH, tpHL = (0.5ns/pF)CL + 185 ns, VOO = 15.0V 

Minimum Input Pulse Width VOO = 5.0V 
A or B VOO = 10.0V 
Cx = 15 pF, Rx = 5.0 kU 

VOO = 15.0V 
------ -------- .- - -- -- -

Cx = 1000pF, Rx = 10kU VOO = 5.0V 

VOO = 10.0V 

VOO = 15.0V 

Output Pulse Width Q or Q VOO = 5.0V 
For Cx < 0.01 J.lF (see graph for appropriate VOO = 10.0V 
VOO level) 
Cx = 15 pF, Rx = 5.0 kU VOO = 15.0V 
-------------- ---- ---

For Cx > 0.01 J.lF use VOO = 5.0V 
PWout = 0.2RxCx In[Voo-Vssl 

VOO = 10.0V 
Cx = 1 0,000 pF, Rx = 10kU 

VOO = 15.0V 

Pulse Width Match Between Circuits in the VOO = 5.0V 
Same Package 

VOO = 10.0V 
Cx = 10,OOOpF, Rx = 10kU 

VOO = 15.0V 

Reset Propagation Oelay, tPLH, tPH L VOO = 5.0V 
Cx = 15 pF, Rx = 5.0 kU VOO = 10.0V 

VOO = 15.0V 

Cx = 1000pF, Rx = 10kU VOO = 5.0V 

VOO = 10.0V 

VOO = 15.0V ------ ---
Minimum Retrigger Time VOO = 5.0V 
Cx = 15pF, Rx = 5.0kU VOO = 10.0V 

VOO = 15.0V 

Cx = 1000pF, Rx = 10kU VOO = 5.0V 

VOO = 10.0V 

VOO = 15.0V 
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Min Typ 

180 

90 

65 

100 

50 

35 

230 

100 

65 

230 

100 

65 

60 

20 

20 
r- --

60 

20 

20 

550 

350 

300 
r-- ,..--

15 29 

10 37 

15 42 

6 

8 

8 

325 

90 

60 

7.0 

6.7 

6.7 

0 

0 

0 

0 

0 

0 

Max 

400 

200 

160 

200 

100 

80 

500 

250 

150 

500 

250 

150 

150 

50 

50 -
150 

50 

50 

-
45 

90 

95 

25 

35 

35 

600 

225 

170 
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ns 

ns 

ns 
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Logic Diagram (% of Device Shown) 

CD 
3~-----r>o----~r.>o-----~~ 

• A 

VDD 

VDD • ~ 
Rx~ 

'\ 
I 

c. 

11 Q , 

l-~----~~-----VDD 

VDD 

DUTY CYCLE = 50% 

Figure 1. Power Dissipation Test Circuit and Waveforms 

·ex;; 15pf, 
·Cl'" 1SpF 
RI[=5.0kn 

Input Connections 

Characteristics 

tPLH. tPHL. tr. tf. 
PWout. PWin 

tPLH. tPH L. t r• tf. 
PWout. PWin 

tPLH(R). tPHl(R). PWin 

·INCLUDES CAPACITANCE OF PROBES, 
WIRING, AND FIXTURE PARASIT,IC. 

NOTE: AC TEST WAVEFORMS FOR PG1. 
PG2.AND PGJ ON NEXT PAGE. 

Figure 2. AC Test Circuit 
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A 
50% 

PWIN 
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Figure 3. AC Test Waveforms 

~ 1.15 ~H~F~O~R~A~L~L~V!A~LU~E~S~O~F~V~DDt3V~T1o~1~8~V~ _~P-§ l: 1.10 
w 
~ 1.05 
~ 
~ 1.0 •••••••. u •• ":';; • 

::::i 0.95 

~ 
" " 

0.90 

0.85 t:::OOO:t:!:=t:=t::::t:::::t::::J 
-60 -40 -20 0 20. 40 60 00 100 120 140 

TA, AMOIENT TEMPERATURE ('C) 

Figure 4. Normalized Pulse Width vs Temperature 

5000.0 

1000.0 

100.0 

10.0 

1.0 

0.1 
10 100 1.000 10.000 100.000 1,000,000 

Cx, EXTERNAL CAPACITANCE (pFI 

Figure 5. Pulse Width vs ex 
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~National -
~ Semiconductor 

CD4529BM/CD4529BC Dual 4-Channel or 
Single 8-Channel Analog Data Selector 

General Description Features 
• Wide supply voltage range 

• High noise immunity 
I!I Low quiescent 

power dissipation 

• 10MHz frequency operation (typ.) 

• Data paths are bidirectional 

3.0Vto 15V 

0.45 Voo (typ.) 

0.005 lAW/package 
(typ.) @ 5.0 Voc 

The CD452~B is a dual 4-channel or a single 8-channel 
analog data selector, implemented with complementary 
MaS (CMOS) circuits constructed with N- and P-chan­
nel enhancement mode transistors. Dual 4-channel or 
8-channel mode operation is selected by proper input 
coding, with outputs Z and W tied together for the single 
8-bit mode. The device is suitable for digital as well as 
analog applications, including various 1-of-4 and 
1-of-8 data selector functions. Since the device is ana­
log and bidirectional, it can also be used for dual binary 
to 1-of-4 or single binary to 1-of-8 decoder applications. 

• Linear ON resistance [120Q (typ.) @ 15V] 

• TRI-STATE® outputs (high impedance disable strobe) 

• Plug-in replacement for MC14529B 

• TRI-STATE is a registered trademark of National Semiconductor Corp. 

Connection Diagram Logic Diagram 

Dual-In-Line Package 

VOD STy YD Y1 Y2 Y) W 

, x. 

3 
STX x. XI Xl X3 Vss XI 

TOP VIEW , 
z 

Truth Table • x, 

STx STy B A Z W 
0 0 XO YO 

l Dual • Xl 
0 Xl Yl 4-Channel 

0 X2 Y2 Mode 

1 1 1 X3 Y3 2 Outputs 
'10 

0 0 0 Xo 
Y, 

0 0 1 Xl 
0 0 X2 Single 

13 

0 1 X3 a·Channel Mode YI 

0 0 0 YO 
1 Output 

10 
(Z andW w 

0 0 1 Yl tied together) 12 

0 0 Y2 yz 

0 1 Y3 
0 0 X X High 

Impedance 11 
Y3 

(TRI-STATE@) 

X = Don't care 
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Absolute Maximum Ratings Recommended Operating Conditions 

(Notes 1 and 2) (Note 2) 

VDD DC Supply Voltage --{).5V to +18V VDD DC Supply Voltage 3V to 15V 

VIN Input Voltage --{).5V to V DD + 0.5V VIN Input Voltage Ota VDD 

TS Storage Temperature Range -65°C to +150°C T A Operating 'Temperature Range 

PD Package Dissipation 500mW CD4529BM -55°C to +125°C 

TL Lead Temperature (Soldering, 10 seconds) 300°C CD4529BC -40° C to +85° C 

DC Electrical Characteristics CD4529BM (Note 2) 

-ssOc 2S0C 12SOC 
PARAMETER CONDITIONS UNITS 

MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current '100 = 5'1 1.0 0.001 1.0 60 IlA 

'100 = 10'1 1.0 0.002 1.0 60 IlA 

'100 = 15'1 2.0 0.003 2.0 120 IlA 

VOL Low Level Output Voltage 'IlL = 0'1. VIH = '100. 1101 < 1 IlA 

'100 = 5'1 O.OS 0 005 0.05 V 

'100 = 10'1 0.05 0 0.05 0.05 V 

'100 = 15'1 0.05 0 0.05 0:05 V 

VOH High Level Output Voltage VI L = 0'1. VIH = '100. 1101 < 1 IlA 

'100 = SV 4.95 4.95 5.0 4.95 V 

'100 = 10'1 9.95 9.95 10.0 9.95 V 

'100 = 15'1 14.95 14.95 15.0 14.95 V 

'IlL Low Level Input Voltage '100 = 5V 1.5 2.25 1.5 1.5 V 

(Note 3) '100 = 10V 3.0 4.S0 3.0 3.0 V 

VOO = .ISV 4.0 6.7S 4.0 4.0 V 

VIH High Level Input Voltage VOO = SV 3.5 3.5 2.75 3.5 V 

(Note 3) VOO = 10'1 7.0 7.0 5.50 7.0 V 

VOO = 15V 11.0 11.0 8.25 11.0 V 

liN Input Current VOO = 15V 

VIN = OV -0.1 -10-5 -0.1 -1.0 IlA 

VIN = 15V 0.1 10-5 0.1 1.0 IlA 

RON ON Resistance VOO = 5V, VSS. = -5V 

VIN = 5'1 400 165 480 640 n 
VIN = ··5V 400 100 480 640 n 
VIN = ±0.25V 400 IS5 480 640 n 
'100 = 7.5V. VSS = -7.5V 

VIN = 7.5V 240 135 270 400 n 
'lIN = -7.5V 240 75 270 400 n 
'lIN = ±0.25V 240 100 270 400 n 
'100 = 10V. VSS = OV 

'lIN = IOV 400 165 480 640 n 
'lIN = 0.25V 400 100 480 640 n 
VIN = 5.6V 400 160 480 640 n 
VOO = 15V. 'ISS = OV 

'lIN = 15'1 250 135 270 400 n 
'lIN = 0.25V 250 75 270 400 n 
'lIN = 9.3V 250 110 270 400 n 

10FF Input to Output Leakage 'ISS = -5V, 'laD = 5'1, VIN ~ 5V, ±125 ±0.001 ±125 ±1250 nA 

Current 'lOUT = -5V 
VSS = -5'1, '100 = 5V. VIN = -5'1. ±125 ±0.001 ±125 ±1250 nA 

VOUT = 5V 

'ISS = -7.5V, '100 = 7.5V. VIN = 7.5'1, ±250 ±0.0015 ±250 ±2500 nA 

VOUT = -7.5'1 

VSS = -7.5'1, '100 = 7.5'1, ±250 ±0.0015 "250 ±2500 nA 

VIN = -7.5V, 'lOUT = 7.5V 
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DC Electrical Characteristics CD4529BC (Note 2) 

PARAMETER CONDITIONS 
-40°C 25°C 85°C 

UNITS 
MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO = 5V 5.0 0.001 5.0 70 /lA 

VOO = 10V 5.0 0.002 5.0 70 IJA 

VOO = 15V 10.0 0.003 10.0 140 IJA 

VOL Low Level Output Voltage VIL = OV, VIH = VOO, 1101 < l/lA 

VOO = 5V 0.05 0.05 0.05 V 

VOO = 10V 0.05 0.05 0.05 V 

VOO = 15V 0.05 0.05 0.05 V 

VOH High level Output Voltage VIL = OV, VIH = VOO, 1101 < llJA 

VOO = 5V 4.95 4.95 5.00 4.95 V 

VDD = 10V 9.95 9.95 10.00 9.95 V 

VDD = 15V 14.95 14.95 15.00 14.95 V 

VIL Low Level Input Voltage VDD = 5V 1.5 2.25 1.5 1.5 V 
INote3) VDD = 10V 3.0 4.50 3.0 3.0 V 

VDD = 15V 4.0 6.75 4.0 4.0 V 

VIH High level Input Voltage VDD = 5V 3.5 3.5 2.75 3.5 V 
INote 3) VDD = 10V 7.0 7.0 5.50 7.0 V 

VDD = 15V 11.0 11.0 8.25 11.0 V 

liN Input Current VDD = 15V 

VIN = OV -{).3 -10-5 -{).3 -1.0 pA 

VIN = 15V 0.3 10-5 0.3 1.0 IJA 

RON ON Resistance VDD = 5V, VSS = -5V 

VIN = 5V 410 165 480 560 n 
VIN = -5V 410 100 480 560 n 
VIN = ±0.25V 410 155 480 560 n 
VDD = 7.5V, Vss = -7.5V 

VIN = 7.5V 250 135 270 350 n 
VIN = -7.5V 250 75 270 350 n 
VIN = ±0.25V 250 100 270 350 n 
VDD = lOV, VSS = OV 

VIN = 10V 410 165 480 560 11 
VIN = 0.25V 410 100 480 560 n 
VIN = 5.6V 410 160 480 560 n 
VDD = 15V, VSS = OV 

VIN = 15V 250 135 270 350 n 
VIN = 0.25V 250 75 270 350 n 
VIN = 9.3V 250 110 270 350 n 

IOFF I np\~t-Output Leakage VSS = -5V, VDD = 5V 

Current VIN = 5V, VOUT = -5V ±125 ±0.001 ±125 ±500 nA 

VIN = -5V, VOUT = 5V ±125 ±D.OOl ±125 ±500 nA 
VSS = -7.5V, VDD = 7.5V 

VIN = 7.5V, VOUT = -7.5V ±250 ±0.0015 ±250 t1000 nA 

VIN = -·7.5V, VOUT = 7.5V ±250 to.0015 ±250 ±1000 nA 
------. 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed, Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The tables of "Recommended Operating 
Conditions" and "Electrical Characteristics" provide conditions for actual device operation. 

Note 2: VSS::::: OV unless otherwise specified. 

Note 3: Switch OFF is defined as 1101 S 10 /lA, switch ON as defined by RON specification. 

i 
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AC Electrical Characteristics CD4529BM/CD4529BC 

T A = 25°C, R L = 1 kr2, tr = tf = 20 ns, unless otherwise specified. 

PARAMETER CONOITIONS 

tPLH. tPHL VIN to VOUT Propagation Oelay VSS = OV, CL = 50 pF 

VOO = 5V 

VOO = 10V 

VOO = 15V 

tPLH, tpHL Control to Output Propagation Oelay VIN = VOO or VSS, CL = 50 pF 

VIN $10V 

VOO = 5V 

VOO = 10V 

VOO = 15V 

fMAX Maximum Control Input Pulse Frequency VSS = OV, CL = 50 pF 

VOO = 5V 

VOO = 10V 

VOO = 15V 

Crosstalk, Control to Output ROUT = 10 HI, CL = 50 pF, VSS = 0 

VOO = 5V 

VOO = 10V 

VOO = 15V 

Noise Voltage f = 100 Hz, VSS = OV 

VOO = 5V 

VOO = 10V 

VOO = 15V 

f = 100 kHz, VSS = OV 

VOO = 5V 

VOO = 10V 

VOO = 15V 

Sine Wave (Distortion) VIN = 1.77Vrms Centered 

atOV, RL = 10kll, f= 1 kHz. 

VSS = -5V, VOO = 5V 

I LOSS I nsertion Loss, VIN = 1.77Vrms Centered 

VOUT at OV, VSS = -5V, VOO = 5V 
ILOSS = 20 Logl0 -- RL = 1 kll VIN 

RL= 10kll 

RL = 100 kll 

RL = 1 Mll 

BW Bandwidth, -3 dB VIN = 1.77Vrms Centered 

at 0 Vdc, VSS = -5V, VOO = 5V 

RL = 1 kll 

RL=10kll 

RL=100kO 

RL = 1 Mll 

Feedthrough and Crosstalk, VSS = -5V, VOO = 5V 

VOUT RL = 1 kll 
20 LoglO .. _- = -50 dB 

RL = 10 kll VIN 
RL = 100 kll 

RL=lMlI 
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MIN TYP MAX 
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Test Circuits and Switching Time Waveforms 

Output Voltage RON Characteristics 
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Typical Performance Characteristics 
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Typical Noise Characteristics 
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~National 
~ Semiconductor 

CD4538BM/CD4538BC Dual Precision Monostable 
Multivibrator 

General Description 
The CD4538B is a dual, precision monostable multivi­
brator with independent trigger and reset controls. The 
device is retriggerable and resettable, and the control 
inputs are internally latched. Two trigger inputs are pro­
vided to allow either rising or falling edge triggering. The 
reset inputs are active low and prevent triggering while 
active. Precise control of output pulse-width has been 
achieved using linear CMOS techniques. The pulse dura­
tion and accuracy are determined by external compo­
nents Rx and Cx. The device does not allow the timing 
capacitor to discharge through the timing pin on power­
down condition. For this reason, no external protection 
resistor is required in series with the timing pin. Input 
protection from static discharge is provided on all pins. 

Block & Connection Diagrams 
ex Rx 

r-HH--'W\-- Voo 

10 
12_~ __ 
11-__ _ 

Co 

13------' 

RX AND Cx ARE EXTERNAL COMPONENTS 
Voo=Pln 16 
Vss = Pln 8 

Truth Table 

Inputs Outputs 

Clear A B Q Q 
L X X L H 
X H X L H 
X X L L H 
H L ~ n 1.I 
H t H n 1.I 
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Features 
• Wide supply voltage range 
• High noise immunity 
• Lowpower 

TTL compatibility 
• New Formula: PWOUT = RC 

3.0Vt015V 
0.45 Vcc (typ.) 

fan out of 2 driving 74L 
or 1 driving 74LS 

(PW in seconds, R in Ohms, C in Farads) 
• ±1.0% pulse-width variation from part to part (typ.) 
• Wide pulse-width range 1 ".s to 00 

• Separate latched reset inputs 
• Symmetrical output sink and source capability 
• Low standby current 5 nA (typ.) 

• Pin Compatible to CD4528B 

T1A 

T2A 

COA 

AAINPUT 

SAINPUT 

OAOUT 

iiAOUT 

Vss 

H = High Level 
L = Low Level 

16 

11 

10 

C04538BM 
C04538BC 

Voo 
T1B 

T28 

Cos 

AaINPUT 

SSINPUT 

OSOUT 

OBOUT 

t = Transition from Low to High 
~ = Transition from High to Low 

n = One High Level Pulse 
1.I = One Low Level Pulse 

X = Irrelevant 

@ 5Voc 



Absolute Maximum Ratings (Notes 1 and 2) . 

Voo DC Supply Voltage -0.5Vto +18Voc 
VIN Input Voltage -0.5 to Voo + 0.5 Voc 
T s Storage Temperature Range -65·Cto +150·C 
Po Package Dissipation 500mW 
t L Lead Temperature (soldering, 10 seconds) 300·C 

Recommended Operating Conditions (Note 2) 

Voo DC Supply Voltage +3to +15Voc 
VIN Input Voltage OtoVoo Voc 
TA Operating Temperature Range -

CD4538BM, -55·Cto +125·C 
CD4538BC -40·Cto +85°C 

DC Electrical Characteristics (Note 2) - CD4538BM 

-55°C 
Parameter Conditions 

Min. Max. 

100 Quiescent Voo=5V } VIH=VOO 5 
Device Current Voo = 10V VIL = Vss 10 

Voo = 15 V All outputs open 20 

VOL Low Level Voo=5V } 0.05 
Output Voltage Voo = 10V 1101 < llJ.A 0.05 

Voo = 15V VIH = Voo, VIL = Vss 0.05 

VOH High Level Voo=5V } 4.95 
Output Voltage Voo=10V Ilol<llJ.A 9.95 

I Voo=15V VIH=VOO, VIL=VSS 14.95 

VIL Low Level 1101 < llJ.A 
Input Voltage Voo=5V, Vo=0.5V or 4.5V 1.5 

Voo= 10V, Vo= 1.0V or 9.0V 3.0 
Voo= 15V, Vo= 1.5V or 13.5V 4.0 

VIH High Level 1101 < llJ.A 
Input Voltage Voo=5V, Vo=0.5V or 4.5V 3.5 

Voo=10V, Vo=1.0Vor9.0V 7.0 
Voo= 15V, Vo= 1.5V or 13.5V 11.0 

tOL Low Level Voo=5V, Vo=O.4V } 
VIH=VOO 

0.64 
Output Current Voo=10V, Vo=0.5V 

VIL=VSS 
1.6 

Voo=15V, Vo=1.5V 4.2 

10H High Level Voo=5V, Vo=4.6V } 
VIH=VOO 

-0.64 
Output Current Voo=10V, Vo=9.5V 

VIL=VSS 
-1.6 

Voo=15V, Vo=13.5V -4.2 

liN Input Current, • Voo= 15V, VIN=OV or 15V ±0.02 
pin 2 or 14 

liN Input Current, Voo = 15V, VIN = OV or 15V ±0.1 
other inputs 
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25°C 

Min. Typ. Max. 

0.005 5 
0.010 10 
0.Q15 20 

0 0.05 
0 0.05 
0 0.05 

4.95 5 
9.95 10 
14.95 15 

2.25 1.5 
4.50 3.0 
6.75 4.0 

3.5 2.75 
7.0 5.50 
11.0 8.25 

0.51 0.88 
1.3 2.25 

3.4 8.8 

-0.51 -0.88 
-1.3 -2.25 
-3.4 -8.8 

±10-5 ±0.05 

±10-5 ±0.1 

125°C 

Min. Max. 

150 
300 
600 

0.05 
0.05 
0.05 

4.95 
9.95 
14.95 

1.5 
3.0 
4.0 

3.5 
7.0 
11.0 

0.36 
0.9 

2.4 

-0.36 
-0.9 
-2.4 

±0.5 

±1.0 

Units 

IJ.A 
IJ.A 
IJ.A 

V 
V 
V 

V 
V 
V. 

V 
V 
V 

V 
V 
V 

mA 
mA 

mA 

mA 
mA 
mA 

IJ.A 

IJ.A 

(") 
C 
~ en 
Ct.) 
CO 
OJ 
3!: -(") 
C 
~ en 
Ct.) 
CO 
OJ 
(") 
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DC Electrical Characteristics (Note 2) - CD4538BC 

-40'C 25'C 85'C 
Parameter Conditions Units 

Min. Max. Min. Typ. Max. Min. Max. 

100 Quiescent Voo= 5V } VIH=VOO 20 0.005 20 150 f'A 
Device Current Voo= 10V VIL=VSS 40 0.010 40 300 f'A 

Voo = 15 V All outputs open 80 0.015 80 600 f'A 

VOL Low Level Voo=5V } 0.05 0 0.05 0.05 V 
Output Voltage Voo = 10V 1101 < 1f'A . 0.05 0 0.05 0.05 V 

Voo= 15V VIH=VOO, VIL=VSS 0.05 0 0.05 0.05 V 

VOH High Level Voo=5V } 4.95 4.95 5 4.95 V 
Output Voltage Voo=10V 1101<1f'A 9.95 9.95 10 9.95 V 

Voo=15V VIH=VOO, VIL=VSS 14.95 14.95 15 14.95 V 

VIL Low Level 1101 < 1f'A 
Input Voltage Voo='5V, Vo = 0.5V or 4.5V 1.5 2.25 1.5 1.5 V 

Voo = 10V, Vo = 1.0V or 9.0V 3.0 4.50 3.0 3.0 V 
Voo = 15 V, Vo = 1.5V or 13.5V 4.0 6.75 4.0 4.0 V 

VIH High Level 1101 < 1f'A 
I,nput Voltage Voo=5V, Vo=0.5V or 4.5V 3.5 3.5 2.75 3.5 V 

Voo=10V, Vo=1.0Vor9.0V 7.0 7.0 5.50 7.0 V 
Voo = 15V, Vo= 1.5V or 13.5V 11.0 11.0 8.25 11.0 V 

10L Low Level Voo=5V, Vo=O.4V } V V 0.52 0.44 0.88 0.36 mA 
Output Current IH= DO 1.3 1.1 2.25 0.9 mA Voo=10V, Vo=0.5V V V 

Voo=15V, Vo=1.5V IL= 55 3.6 3.0 8.8 2.4 rnA 

10H High Level Voo=5V, Vo=4.6V } V V -0.52 -0.44 -0.88 -0.36 rnA 
Output Current IH= DO -1.3 -1.1 -2.25 -0.9 rnA Voo=10V, Vo=9.5V V V 

IL= ss -3.6 -3.0 -8.8 -2.4 rnA Voo=15V, Vo=13.5V 

liN Input Current, Voo = 15V, VIN = OV or 15 V ±0.02 ±10-5 ±0.05 ±0.5 f'A 
pin 2 or 14 

liN Input Current, Voo= 15V, VIN =OVor 15V ±0.3 ±10-5 ±0.3 ±1.0 f'A 
other inputs 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed, they are nol 

I meant to imply that the devices should be operated at these limits. The tables of "Recommended Operating Conditions" and 
"Electrical Characteristics" provide conditions for actual device operation. 

Note 2: VS5 = 0 V unless otherwise specified. 
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AC Electrical Characteristics TA=25°C, CL=50pF, and t,=t,=20ns unless otherwise specified. 

PWOUT 

Parameter 

Output Transition Time 

Propagation Delay Time 

Minimum Input Pulse Width 
A, B, or Co 

Minimum Retrigger Time 

Input Capacitance 

Output Pulse Width (0 or 0) 

(Note: For typical distribution, 
see Figure 9) 

Pulse Width Match between 
circuits in the same package 
Cx=0.1I'F, Rx=100kQ 

Operating Conditions 

Rx External Timing Resistance 

Cx External.Timing Capacitance 

Conditions 

Voo=5V 
Voo=10V 
Voo=15V 

Trigger Operation -
A or B to 0 or 0 
Voo=5V 
Voo=10V 
Voo=15V 

Reset Operation -
Co to 0 or 0 
Voo=5V 
Voo=10V 
Voo=15V 

Voo=5V 
Voo=10V 
Voo=15V 

Voo=5V 
Voo=10V 
Voo=15V 

Pin 2 or 14 
other inputs 

Rx=100kQ 
Cx=0.002I'F 

Rx=100kQ 
Cx=0.1I'F 

Rx=100kQ 
Cx= 10.01'F 

Rx=100kQ 
Cx=0.1I'F 

Voo=5V 
Voo= 10V 
Voo=15V 

Voo=5V 
Voo=10V 
Voo=15V 

Voo=5V 
Voo=10V 
Voo=15V 

Voo=5V 
Voo=10V 
Voo=15V 

Min. Typ. 

208 
211 
216 

8.83 
9.02 
9.20 

0.87 
0.89 
0.91 

5.0 

0 

100 
50 
40 

300 
150 
100 

250 
125 
95 

35 
30 
25 

0 

10 
5 

226 
230 
235 

9.60 
9.80 

10.00 

0.95 
0.97 
0.99 

±1 
±1 
±1 

Max. 

200 
100 
80 

600 
300 
220 

500 
250 
190 

70 
60 
50 

0 
0 
0 

7.5 

244 
248 
254 

10.37 
10.59 
10.80 

1.03 
1.05 
1.07 

. 
No Limit 

·The maximum usable resistance Rx is a function of the leakage of the Capacitor Cx, leakage of the CD4538B, and leakage due 
to board layout, surface resistance, etc. 

Logic Diagram 

A 4(12) 

5lll} 

o~r---------<><.A::-h ....., ""I 

1 + 
.. I" 

VREF1""VENA8lE VREF2 

·~l 
.".VSS 

CONTROL 

t 

+ 

_C2~ABLE 

C _'('-13I'--______ -oj-' Oa 
D _, S RESET LATCH 

Figure 1. 
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Units 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
ns 
ns 

ns 
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ns 

pF 
pF 
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Theory of Operation 

CD @ (!) 
A __ ~rl~ ______________ ~~ __ ~rl~ ____ _ 

B 

----------------------------------------------~QD .~-----CD U 

Q __ ~I LJ 1-1 _.....I LJlL.....--._ 
I-T-I I--T--I I-T--I 

<D POSITIVE EDGE TRIGGER @ POSITIVE EDGE RE-TRIGGER (PULSE LENGTHENING) 
® NEGATIVE EDGE TRIGGER @ RESET (PULSE SHORTENING) 
@ POSITIVE EDGE TRIGGER 

Figure 2. 

I 

Trigger Operation 
The block diagram of the CD4538B is shown in Figure 1, 
with circuit operation following. 

As shown in Figures 1 and 2, before an input trigger 
occurs, the monostable is in the quiescent state with 
the 0 output low, and the timing capacitor Cx com· 
pletely charged to Voo. When the trigger input A goes 
from Vss to Voo (while inputs B and Co are held to Voo) a 
valid trigger is recogniz;ed, which turns on comparator, 
C1 and N·Channel transistor N1 <Il At the same time the 
output latch is set. With transistor N1 on, the capacitor 
Cx rapidly discharges toward Vss until VREF1 is reached. 
At this point the output of comparator C1 changes state 
and transistor N1 turns off. Comparator C1 then turns 
off while at the same time comparator C2 turns on. With 
transistor N1 off, the capacitor Cx begins to charge 
through the timing resistor, Rx, toward Voo. When the 
voltage across Cx equals VREF2, comparator C2 
changes state causing the output latch to reset (0 goes 
low) while at the same time disabling comparator C2. 
This ends the timing cycle with the monostable in the 
quiescent state, waiting for the next trigger. 

,A valid trigger is also recognized when trigger input B 
goes from Voo to Vss (while input A is at Vss and input 
CD is at Voo)<2l 

It should be noted that in the quiescent state Cx is fully 
charged to Voo causing the current through resistor Rx 
to be zero. Both comparators are "off" with the total 
device current due only to reverse junction leakages. An 
added feature of the CD4538B is that the output latch is 
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set via the input trigger without regard to the capacitor 
voltage. Thus, propagation delay from trigger to 0 is 
independent of the value of Cx, Rx, or the duty cycle of 
the input waveform. 

Retrigger Operation 
The CD4538B is retriggered if a valid trigger occurs@fol­
lowed by another valid trigger@before the 0 output has 
returned to the quiescent (zero) state. Any retrigger, 
after the timing node voltage at pin 2 or 14 has begun to 
rise from VREF1 , but has not yet reached VREF2, will 
cause an increase in output pulse width T. When a valid 
retrigger is initiated@) the voltage at T2 will again drop 
to VREF1 before progressing along the RC charging 
curve toward Voo. The 0 output will remain high until 
time T, after the last valid retrigger. 

Reset Operation 
The CD4538B may be reset during the generation of the 
output pulse. In the reset mode of operation, an input 
pulse on CD sets the reset latch and causes the capaci­
tor to be fast charged to Voo by turning on transistor 01 
® When the voltage on the capacitor reaches VREF2, the 
reset latch will clear and then be ready to accept ano­
ther pulse. If the CD Input Is held low, any trigger Inputs 
that occur will be inhibited and the 0 and a outputs of 
the output latch will not'change. Since the 0 output Is 
reset when an input low level Is detected on the ,Co 
input, the output pulse T can be made significantly 
shorter than the minimum pulse width specification. 
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Typical Applications c 
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Figure 3. Retriggerable Monostables Circuitry Figure 4. Non.retriggerable Monostables Circuitry 
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Figure 5. Connection of Unused Sections 
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RX RX' 

TlA TZA VOO T2B TIB 

AA 
SA 

DA 
GOA ilA 
As Os 

DB 
BS 

COB 

VSS 

":' 

INPUT CONNECTIONS 
CHARACTERISTICS 

IPLH, IPHL, ITLH, trHL, 
PWOUT, !WH, !WL 
IPLH, IPHL, trLH, trHL, 
PWOUT, !WH, IWL 
IPLH(R), IPHL(R), 
!WH, twL 

"INCLUDES CAPACITANCE OF PROBES, 
WIRING, AND FIXTURE PARASITIC 

NOTE: SWITCHING TEST WAVEFORMS 
FOR PGl, PG2, PG3 
ARE SHOWN IN FIGURE 6. 

CO A B 

Voo PGl Voo 

Voo VSS PG2 

PG3 PGl PG2 

PGl=~ 

PG2=Ls-

PG3=~ 

Figure 7. Switching Test Circuit 
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Cl RX=RX' =100kll 
'--.... _ ... -_--I~ CX=CX' =100pF 
·r • ..L Cl=C2=0.1~F 
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~National a Semiconductor 
CD4541 BM/CD4541 BC Programmable Timer 
General Description 
The CD4541B Programmable Timer is designed with a 
16-stage binary counter, an integrated oscillator for use 
with an external capacitor and two resistors, output 
control logic, and a special power·on reset circuit. The 
special features of the power-on reset circuit are first, 
no additional static power consumption and second, 
the part functions across the full voltage range (3-15V) 
whether power-on reset is enabled or disabled. 

Timing and the counter are initialized by turning on 
power, if the power-on reset is enabled. When the power 
is already on, an external reset pulse will also initialize 
the timing and counter. After either reset is accom· 
plished, the oscillator frequency is determined by the 
external RC network. The 16·stage counter divides the 
oscillator frequency by any of 4 digitally controlled 
division ratios. 

Features 
• Available division ratios 28, 210, 213, or 216 

• Increments on positive edge clock transitions 

• Built·in low power RC oscillator (±2% accuracy over 
temperature range and ±10% supply and ±3% over 
processing @ < 10kHz) 

Logic Diagram 

• Oscillator frequency range'" DC to 100kHz 

• Oscillator may be bypassed if external clock is avail· 
able (apply external clock to pin 3) 

• Automatic reset initializes all counters when power 
turns on 

• External master reset totally independent of auto· 
matic reset operation 

• Operates as 2n frequency divider or single transition 
timer 

• Q/a select provides output logic level flexibility 

• Reset (auto or master) disables oscillator during 
resetting to provide no active power dissipation 

• Clock conditioning circuit permits operation with 
very slow clock rise and fall times 

• Wide supply voltage range - 3.0V to 15V 

• High noise immunity - 0.45 VDD (typ.) 

• 5V-10V-15V parametric ratings 

• Symmetrical output characteristics 

• Maximum input leakage 1 /AA at 15Vover full tempera· 
ture range 

• High output drive (pin 8) min. one TTL load 

A 12--------------------------~----------------__, 

8 13------------------------~~--------------__, 

RIO 1 

C" 
RS 

AUTO RESET 

OSC C to~1AT~~ 28 HI---R5I~ _ _I 

RESET RESET 

5 ---------1 

VOO= PIN 14 
VSS=PIN 7 

6 
MASTER 
RESET 

10 
MODE 

Connection Diagram Dual·ln·Line Package 

Rte 14 VOO 

Ctc 13 8 

RS 12 

N.C. 11 N.C. 

AR 10 MODE 

MR 9 DiD 
SElECT 

VSS 0 
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Absolute Maximum Ratings (Notes 1 &2) Recommended Operating Conditions 
Supply Voltage, Voo -0.5to+18V 

(Note 2) 

Input Voltage, VIN -0.5 to Voo + 0.5V Supply Voltage, Voo 3to 15V 

Storage Temperature Range, Ts -65·Cto +150·C Input Voltage, VIN Oto Voo 
Package Dissipation, Po 500mW Operating Temperature Range 

Lead Temperature, TL (soldering, 10 seconds) 300·C CD4541BM -55·C to +125·C 
CD4541BC -40·C to +85·C 

DC Electrical Characteristics (Note 2) - CD4541BM 

-55°C 25°C 125°C 
Parameter Conditions 

Min. Max. Min. Typ. Max. Min. Max. 
Units 

100 Quiescent Device Current Voo=5V 5 0.005 5 150 J.lA 
Voo= 10V 10 0.010 10 300 J.lA 
Voo= 15V 20 0.015 20 .. 600 J.lA 

VOL Low Level Output Voltage Voo=5V 0.05 0 0.05 0.05 V 
Voo= 10V 1101 < 1J.1A 0.05 0 0.05 0.05 V 
Voo= 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage Voo=5V 4.95 4.95 5 4.95 V 
Voo= 10V 1101 < 1J.1A 9.95 9.95 10 9.95 V 
Voo= 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 1.5 2 1.5 1.5 V 
Voo = 10V, Va = 1.0V or 9.0V 3.0 4 3.0 3.0 V 
Voo = 15V, Va = 1.5V or 13.5V 4.0 6 4.0 4.0 V 

VIH High Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3 3.5 V 
Voo = 10V, Va = 1.0V or 9.0V 7.0 7.0 6 7.0 V 
Voo = 15V, Vo = 1.5V or 13.5V 11.0 11.0 9 11.0 V 

10L Low Level Output Current Voo = 5V, Vo = 0.4V 2.85 2.27 3.6 1.6 mA 
Voo = 10V, Va = 0.5V 4.96 4.0 9.0 2.8 mA 
Voo =15V, Vo =1.5V 19.3 15.6 34.0 10.9 mA 

10H High Level Output Current Voo = 5V, Vo = 2.5V 7.96 6.42 13.0 4.49 mA 
Voo =10V, Va = 9.5V 4.19 3.38 8.0 2.37 mA 
Voo = 15V, Va = 13.5V 16.3 13.2 30.0 9.24 mA 

liN Input Current Voo =15V, VIN=OV -0.10 -10-5 -0.10 -1.0 J.lA 
Voo =15V, VIN =15V 0.10 10-5 0.10 1.0 J.lA 

DC Electrical Characteristics (Note 2) - CD4541BC 

-55°C 25°C 125°C 
Parameter Conditions 

Min. Max. Min. Typ. Max. Min. Max. 
Units 

100 Quiescent Device Current Voo=5V 20 0.005 20 150 J.lA 
. Voo=10V 40 0.010 40 300 J.lA 

Voo=15V 80 0.015 80 600 J.lA 

VOL Low Level Output Voltage Voo=5V 0.05 0 0.05 0.05 V 
Voo= 10V 1101 < 1J.1A 0.05 0 0.05 0.05 V 
Voo=15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage Voo=5V 4.95 4.95 5 4.95 V 
Voo=10V 1101 < 1J.1A 9.95 9.95 10 9.95 V 
Voo=15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage Voo=5V, Vo=0.5Vor 4.5V 1..5 2 1.5 1.5 V 
Voo = 10V, Vo = 1.0V or 9.0V 3.0 4 3.0 3.0 V 
Voo = 15V, Vo = 1.5V or 13.5V 4.0 6 4.0 4.0 V 

VIH High Level Input Voltage Voo = 5V, Vo = 0.5V or 4.5V 3.5 3.5 3 3.5 V 
Voo = 10V, Vo = 1.0V or 9.0V 7.0 7.0 6 7.0 V 
Voo =15V, Vo =1.5Vor 13.5V 11.0 11.0 9 11.0 V 

10L Low Level Output Current Voo =5V, Vo =O.4V 2.32 1.96 3.6 1.6 mA 
Voo = 10V, Vo = 0.5V 3.18 2.66 9.0 2.18 mA 
Voo =15V, Vo =1.5V 12.4 10.4 34.0 8.50 mA 
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DC Electrical Characteristics (Note 2) - CD45418C (Cont'd) 

-55°C 25°C 125°C 
Parameter Conditions 

Min. Ma~. Min. Typ. Max. Min. Max. 
Units 

10H High Level Output Current Voo = 5V, Vo = 2.5V 5.1 4.27 13.0 3.5 mA 
Voo = 10V, Vo = 9.5V 2.69 2.25 8.0 1.85 mA 
Voo = 15V, Vo = 13.5V 10.5 8.8 30.0 7.22 mA 

liN Input Current Voo =15V, VIN=OV -0.3 -10-5 -0.3 -1.0 IlA 
Voo =15V, VIN =15V 0.3 10-5 0.3 1.0 IlA 

AC Electrical Characteristics TA =25°C, CL=50pF (refer to test circuits) 

Parameter Conditions Min. Typ. Max. Units 

tTLH Output Rise Time Voo=5V 50 200 ns 
Voo=10V 30 100 ns 
Voo=15V 25 80 ns 

tTHL Output Fall Time Voo=5V 50 200 ns 
Voo= 10V 30 100 ns 
Voo= 15V 25 80 ns 

tpLH, Turn·Off, Turn·On Propagation Delay, Voo=5V 1.8 4.0 IlS 
tpHL Clock to Q (28 Output) Voo = 10V 0.6 1.5 IlS 

Voo=15V 0.4 1.0 IlS 

tpHL, Turn·On, Turn-Off Propagation Delay, Voo=5V 3.2 8.0 IlS 
tpLH Clock to Q (216 Output) Voo= 10V 1.5 3.0 IlS 

Voo= 15V 1.0 2.0 IlS 

tWH(CL) Clock Pulse Width Voo=5V 400 200 ns 
Voo= 10V 200 100 ns 
Voo=15V 150 70 ns 

fCL Clock Pulse Frequency Voo=5V 2.5 1.0 MHz 
Voo=10V 6.0 3.0 MHz 
Voo=15V 8.5 4.0 MHz 

tWH(R) MR Pulse Width Voo=5V 400 170 ns 
Voo=10V 200 75 ns 
Voo= 15V 150 50 ns 

CI Average Input Capacitance Any Input 5.0 7.5 pF 

Cpo Power Dissipation Capacitance (Note 3) 100 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to imply that the devices should tie operated at these limits. The table of 
"Electrical Characteristics" provides conditions for actual device operation. 
Note 2: Vss=OV unless otherwise specified. 
Note 3: CPO determines the no load AC power consumption of any CMOS device. For complete explanation, see 54C/74C family 
characteristics application note AN·90. 

Truth Table Division Ratio Table 

State Number of 

Pin 0 1 
Counter Stages Count 

A B n 2" 

5 Auto Reset Operating Auto Reset Disabled 0 0 13 8192 
6 Timer Operational Master Reset On 0 1 10 1024 
9 Output Initially Low Output Initially High 1 0 8 256 

after Reset after Reset 

10 Single Cycle Mode Recycle Mode 
1 1 16 65536 
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Operating Characteristics 
With Auto Reset pin set to a "0" the counter circuit is ini· 
tialized by turning on power. Or with power already on, 
the counter circuit is reset when the Master Reset pin is 
set to a "1". Both types of reset will result in synchro· 
nously resetting all counter stages independent of 
counter state. 

The RC oscillator frequency is determined by the external 
RC network, Le.: 

f = 2 3 ~ C if (1 kHz" f " 100 kHz) 
. tc tc 

and Rs '" 2 RIc where Rs ~ 10 kQ 

The time select inputs (A and B) provide a two·bit address 
to output anyone of four counter stages (28, 210, 213, and 
216). The 2n counts as shown in the Division Ratio Table 
represent the Q output of the Nth stage of the counter. 
When A is "1", 216 is selected for both states of B. 

RS 

Power Dissipation Test Circuit 
and Waveform 

Voo 

L-----9Vss 

IWH{CL) 

1--50% DUTY CYCLE----l 

However, when B is "0", normal counting is interrupted 
and the 9th counter stage receives its clock directly from 
the oscillator (i.e., effectively outputting 28). 

The Q/Q select output control pin provides for a choice 
of output level. When the counter is in a reset condition 
and Q/Q select pin is set to a "0" the Q output is a "0". 
Correspondingly, when Q/Q select pin is set to a "1" the 
Q output is a "1 ". 

When the mode control pin is set to a "1", the selected 
count is continually transmitted to the output. But, with 
mode pin "0" and after a reset condition the RS flip·flop 
resets (see Logic Diagram), counting commences and 
after 2n -1 counts the RS flip·flop sets which causes the 
output to change state. Hence, after another 2n- 1 

counts the output will not change. Thus, a Master Reset 
pulse must be applied or a change in the mode pin level 
is required to reset the single cycle operation. 

RS 

Switching Time Test Circuit 
and Waveforms 

Voo 
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Oscillator Circuit Using RC Configuration 
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Typical RC Oscillator 
Characteristics 

...... ..... ....... 
...... .... 

... ~~ .:.::: ...... : :::·:·:'Ij~ 
v -5V VOO=10V 

.; DO _ 

-
-12.0 1---+--+-+--+--+---+--1 

-55 -25 0 25 75 125 

TA. AMBIENT TEMPERATURE (·C) 

SOLID LINE = RTC = 56 kQ. RS = 1kQ AND C = 1000 pF 
f = 10.2 kHz @ VDO = 10V AND TA = 25·C 

DASHED LINE = RTC = 56 kQ. RS = 120 k2 AND C = 1000 pF 
f=7.75kHz @ VOD=10V AND TA=25·C 

2 1 

: ::Ctc 

5-302 

N 
:c 
~ 

RTC .. 

RC Oscillator Frequency as a 
Function of RTC and C 

100~em ~ VDO 10V:: , 
~ 

~ 10.0 ~II!IIII~ Ii! LINE B r-
If 
cc 
o 
!<i: 

l-t-+ttfJIlttLiNE A\"'k!-Hllt-t"!d+tlttt--l 

:::I 1.0·~.mln.~ u 
en 
o 
..: 

0.1 '--.LJ...L.J..l.J.LLL.---'-..J...J..u.u.1l...-..J...J..J..LUlIIJ.~ 

1.0k 10k lOOk 1.0M 
RTC. RESISTANCE (OHMS) 

0.0001 0.001 0.01 0.1 
C. CAPACITANCE (I'F) 

LINE A: f AS A FUNCTION OF C AND (RTC = 56 kQ; RS = 120k) 
LINE B: f AS A FUNCTION OF RTC AND (C = 1000 pF; RS = 2 RTC) 



~National 
~ Semiconductor 

CD4543BM/CD4543BC BCD-to-7·Segment 
latch/Decoder/Driver for Liquid Crystals 

General Description Features 
The CD4543BM/CD4543BC is a monolithic CMOS BCD- • Wide supply voltage range 3.0Vto 18V 

0.45 Voo (typ.) 

fan out of 2 driving 74L 
or 1 driving 74LS 

to-7-segment latch/decoder/driver for use with liquid 
crystal and other types of displays. The circuit provides 
the functions of a 4-bit storage latch and an 8421 BCD­
to-7-segment decoder and driver. The device has the 
capability to invert the logic levels of the output combi­
nation. The phase (Ph), blanking (BI) and latch disable 
(LD) inputs are used to reverse the truth table phase, 
blank the display, and store a BCD code, respectively. 
For liquid crystal (LC) readouts, a square wave is applied 
to the Ph input of the circuit and the electrically common 
backplane of the display, and the outputs of the circuit 
are connected directly to the segments of the LC read­
out. For other types of readouts, such as light-emitting 
diode (LED), incandescent, gas discharge, and fluores­
cent readouts, connection diagrams are given on this 
data sheet. 

All inputs are protected against static discharge by diode 
clamps to Voo and Vss. 

Connection Diagram and Truth Table 
Dual-In-Line Package 

15 14 13 12 11 10 

.r-

I' 
Ph BI Vss 

TOP VIEW 

Display Format 

ILII 
2 J 4 5 6 

III High noise immunity 

III Low power TTL 
compatibility 

• Low power dissipation 50 nA/package (typ.) 
at Voo=5.OV 

• Latch storage 

• Blanking input 
III Blank for all illegal inputs 

III Direct-drive LCD, LED and VF displays 

III Pin-for-pin replacement for CD4056B (with pin 7 tied 
to VSS) 

II Pin-for-pin replacement for Motorola MC14543B 

Applications 
II Instrument (e.g., counter, DVM, etc.) display driver 

Il Computer/calculator display driver 

CI Cockput display driver 

III Various clock, watch, and timer users 

INPUTS OUTPUTS 
LO BI Ph* 0 C B A . b , d . 9 DISPLAY 

X 1 0 X X X X 0 0 0 0 0 0 Blank 

1 0 0 0 0 0 0 1 1 1 1 0 0 

1 0 0 0 0 0 1 0 1 1 0 0 1 

0 0 0 0 1 0 1 1 0 1 1 1 2 

0 0 0 0 1 1 1 1 1 1 0 1 3 

0 0 0 1 0 0 0 1 1 0 0 1 1 4 

0 0 0 0 1 1 0 1 1 0 1 1 5 

1 0 0 0 1 0 1 0 1 1 1 1 1 6 

0 0 0 1 1 1 1 1 0 0 0 0 

0 0 1 0 0 1 1 1 1 1 1 

1 0 0 1 0 0 1 1 1 1 0 1 9 

1 0 0 1 0 1 0 0 0 0 0 0 0 Blank 

1 0 0 1 0 1 1 0 0 0 0 Blank 

1 0 0 1 1 0 0 0 0 0 0 Blank 
0 0 0 1 0 0 0 0 0 0 Blank 

0 0 1 0 0 0 0 0 0 0 Blank 

0 0 1 1 1 0 0 0 0 0 0 0 Blank 

0 0 X X X X 

t t 1 t nverse of Output Display 

Combinations Above as Above 

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. 
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Absolute. Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

Voo OC Supply Voltage --{l.5 to +18 VOC VOO OC Su'pply Voltage 3 Voc·ta 15 VOC 
VIN Input Voltage --{l.5 to VOO +0.5 VOC VIN Input Voltage OtaVOOVOC 
TS Storage Temperature Range -65°C to +150°C T A Operating Temperature Range 
Po Package Dissipation 500mW C04543BM -:-55°C to +125°C 
TL Lead Temperature (Soldering. 10 seconds) 300°C C045438C -40°C to +85°C 

DC Electrical Characteristics CD4543BM (Note 2) 

CONOITIONS 
-55°C 25°C 125°C 

UNITS PARAMETER 
MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO = 5V 5 5 150 pA 

VOO= 10V 10 10 300 pA 

.VOO= 15V 20 20 600 pA 

VOL Low Level Output Voltage VOO = 5V } 0.05 0 0.05 0.05 V 

VOO = 10V 1101 < 1 pA. 0.05 0 0.05 0.05 V 

VOO= 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage VOO = 5V } 4.95 4.95 5 4.95 V 

VOO = 10V 1101 < 1 pA 9.95 9.95 10 9.95 V 

Voo= 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage VOO = 5V. Vo = 0.5V or 4.5V 1.5 1.5 1.5 V 

VOO = 10V. Vo = lV or 9V 3.0 3.0 3.0 V 

VOO = 15V. Vo = 1.5V or 13.5V 4.0 4.0 4.0 V 

VIH High Level Input Voltage VOO = 5V. Vo = 0.5V or 4.5V 3.5 3.5 3.5 V 

VOO = 10V. Vo = 1V or 9V 7.0 7.0 7.0 V 

VOO = 15V. Vo = 1.5V or 13.5V 11.0 11.0 11.0 V 

IOL Low Level Output Current VOO = 5V. Vo = O.4V 0.64 0.51 0.36 mA 

VOO = 10V. Vo = 0.5V 1.6 1.3 0.9 mA 

VOO = 15V. Vo = 1.5V 4.2 3.4 2.4 mA 

IOH High Level Output Current VOO = 5V. Vo = 4.6V -0.64 --{l.51 -0.36 mA 

VOO = 10V. Vo = 9.5V -1.6 -1.3 --{l.9 mA 

VOO = 15V. Vo = 13.5V -4.2 -3.4 -2.4 mA 

liN I nput Current VOO = 15V. VIN = OV --{l.1 -10-5 -0.1 -1.0 pA 

VOO = 15V. VIN = 15V 0.1 10-5 0.1 1.0 pA 

DC Electrical Characteristics CD4543BC (Note 2) 

PARAMETER CONOITIONS 
-40°C 25°C 85'C 

UNITS 
MIN MAX MIN TYP MAX MIN MAX 

100 Quiescent Device Current VOO= 5V 20 20 150 pA 

VOO= 10V 40 40 300 pA 

VOO= 15V 80 80 600 pA 

VOL Low Level Output Voltage VOO = 5'11 } 0.05 0 0.05 0.05 V 

VOO = 10V 1101 < 1 pA 0.05 0 0.05 0.05 V 

VOO = 15V 0.05 0 0.05 0.05 V 

VOH High Level Output Voltage VOO = 5V } 4.95 4.95 5 4.95 V 

VOO = 10V 1101 < 1 pA 9.95 9.95 10 9.95 V 

VOO= 15V 14.95 14.95 15 14.95 V 

VIL Low Level Input Voltage VOO= 5V. Vo = 0.5V or 4.5V 1.5 1.5 1.5 V 

VOO = 10V. Vo = 1V or 9V 3.0 3.0 3.0 V 

VOO = 15V. Vo = 1.5V or 13.5V 4.0 4.0 4.0 V 

VIH High Level Input Voltage VOO= 5V. Vo = 0.5V or 4.5V 3.5 3.S 3.S V 

VOO = 10V. Vo = lV or 9V 7.0 7.0 7.0 V 

VOO = lSV. Vo = l.SV or 13.SV 11.0 11.0 11.0 V 

IOL Low Level Output Current VOO= SV. Vo = O.4V 0.52 0.44 0.36 mA 

VOO = 10V. Vo = 0.5V 1.3 1.1 0.9 mA 

VOO = lSV. Vo = 1.SV 3.6 3.0 2.4 mA 
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DC Electrical Characteristics CD4543BC (Note 2) (Continued) 

TYP MAX 
85°C 

UNITS 
MIN MAX 

PARAMETER CONDITIONS 
-40°C 

MIN MAX MIN 
25°C 

IOH High Level Output Current VDD = 5V, Vo = 4.6V -0.52 -0.44· -0.36 rnA 

VDD = 10V, Vo = 9.5V -1.3 -1.1 -0.9 rnA 

VDD = 15V, Vo = 13.5V -3.6 -3.0 -2.4 rnA 

liN Input Current VDD = 15V, VIN = OV -0.3 -10-5 0.3 -1.0 /lA 

VDD = 15V, VIN = 15V 0.3 10-5 0.3 1.0 /lA 

AC Electrical Characteristics TA = 25°C, CL = 50 pF, Vss = 0, unless otherwise specified. 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tr Output Rise Time VDD = 5V 100 200 ns 

VDD = 10V 50 100 ns 

VDD = 15V 40 80 ns 

tf Output Fall Time VDD = 5V 100 200 ns 

VDD= 10V 50 100 ns 

VDD = 15V 40 80 ns 

tPLH Turn·ON Propagation Delay Time VDD= 5V 450 1100 ns 

VDD = 10V 170 440 ns 

VDD = 15V 110 330 ns 

tPHL Turn·OFF Propagation Delay Time VDD =5V 500 1100 ns 

VDD = 10V 180 440 ns 

VDD = 15V 120 330 ns 

tSET·UP Set·Up Time VDD = 5V -5 80 ns 

VDD = 10V -2 30 ns 

VDD = 15V 0 20 ns 

tHOLD Hold Time VDD = 5V 30 120 ns 

r VOD = 10V 20 45 ns 

VDD = 15V 15 30 ns 

PWLD Latch Disable Pulse Width VDD = 5V 50 250 ns 

VDD = 10V 30 100 ns 

VDD = 15V 20 80 ns 

CIN I nput Capacitance Per Input 5 7.5 pF 

CPD Power Dissipation Capacitance See CPD Measurement Waveforms, 300 pF 

(Note 3) 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not meant to imply 
that the devices should be operated at these limits. The tables ot "Recommended Operating Conditions" and UElectrical Characteristics" provide 
conditions for actual device operation. 

Note 2: VSS = OV unless otherwise specified. 
Note 3: CPD determines the no load AC power consumption of a CMOS device. For a complete explanation, see "MM54C/74C Family Character­
istics" application note AN-gO. 
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Logic Diagram 

A 5 

B 3 

C 2 

o 4 

LO 1 .--.h-~ 
!IHL 

I1tTl 
~-r-~ 

l' 

*Transmission gates 

~. 

PHASE o-:.{>o-I>""""' 

Typical Applications 

Liquid Crystal (LCI Readout Incandescent Readout 

CD45438 

OUTPUT 

COMMON 
BACKPLANE 

CD454JB 

APPROPRIATE 
VOLTAGE 

OUTPUT 1-00.-JWv--i 
Ph 

Light E;mitting Diode (LEDI Readout 

Voo 

CD4543B 

OUTPUT 1-0--"""''''''"" 

Ph 
C045438 

OUTPUT 1-0--"""'"",-' 

.". Vss 

Voo 

Note. Bipolar transistors may be added for gain (for VDD:::; 10V or lOUT ~ 10 mAl 
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Typical Applications (Continued) 

Fluorescent Readout Gas Discharge Readout 

APPROPRIATE 
VOLTAGE 

C045438 

OUTPUT 1-0---, 
Ph 

Vss 

FILAMENT 
SUPPLY 

_ VSS OR APPROPRIATE 
- VOlTAGEBElOWVSS 

C04543B 

OUTPUT 1-0--"",..,.-.... 
Ph 

':' VSS 

3 1/2·Digil DVM with LCD Display 

I I-I I~I I-I I-I LCO 

- I-I 1 1 ,_-, 1_-' DISPLAY 

1-__ Ir_---T .... ;;;;;n--,._--~r .... ~rrrr--.r_---;;;;;;;_-'O_--~rrrrrrT_J~BACKPLANE abcdefg abcdefg abcde'fll abcdellJ 

1111111 11111 IIII 1111" 
Lr-Ph-LI ........... L..-, __ Ph _ Ph _ Ph II 

..J"":: 81 CD4543 ..x;-;::: 81 C04543 ~ 81 CD4543 ~ 81 CD4~3 

-::- '-LL..;°A'i-i-B-;-C-;-O-l -::- - LOA BCD -::- ;- LOA BCD -::- ;- LOA BCD 

1~~L-4 __ ~~ll~{~ __ -4 __ ~++ ____ +-~J J 

VODo----------aM 

?~ >< ., 
OOO-~~:J~'\~'--r~ 

3.9M 
300k 

03 02 Dl DO 

sank 500k 
VOO O--'\M".... •• >-I-l-"II'II'II----. 

500k 1 
500k "-I--'\M,,-. 1 

vooC>-'\fll'v-I-H-+ "*-::-
ABC DOE P---

~"I ~a 
abcdefg 

MM14C935, MM74C936 DFLr---

Display 9.999 when overflowed. All digits can also be blanked at overflow by tying OFL to BI on the CD4S43's 
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Switching Time Waveforms 

CpO Measurement Waveforms 

VDD --f-±=-.L 
A, BAND C 

Vss 

VOH-~ r-
ANY OUTPUT ---./ "---/' 

, VOL 

Inputs BI and Ph low, and inputs D and LD high. f in respect 
to a system clock. 
All outputs connected to respective CL loads. 

Dynamic Signal Waveforms 

la) Inputs D, Ph and BI low, and inputs A, Band LD high Ib) Inputs D, Ph and BI low, and inputs A and B high 

VDO 
C 

Vss ~ 10' 

tpHL 

VOH -----;;= ... 

-~ons-Voo 90% 
LO 50% 

10% 

VOl------+-~~------~~ 

,VOH---------------~~ 

VOl-------------------=-~ 

Ie) Data DCBA strobe into latches 

VOO-------O 
LO 50% 

Vss ------- --------
-PWlO 
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~National 
~ Semiconductor 

CD4723BM/CD4723BC Dual 4·Bit Addressable latch 
CD4724BM/CD7424BC 8·Bit Addressable latch 

General Description 
The CD4723B is a dual 4·bit addressable latch with com· 
man control inputs, including two address inputs (AO, A1), 
an active low enable input (E), and "an active high clear 
input (Cl). Each latch has a data input (D) and four out· 
puts (00·03). The CD4724B is an B·bit addressable latch 
with three address inputs (AO·A2), an active low enable 
input (E), active high clear input (Cl), a data input (D) 
and eight outputs (00·07). 

Data is entered into a particular bit in the latch when that 
is addressed by the address inputs and the enable (E) is 
low. Data entry is inhibited when enable (E) is high. 

When clear (Cl) and enable (E) are high, all outputs are 
low. When clear (Cl) is high and enable (E) is low, the 
channel demultiplexing occurs. The bit that is 
addressed has an active output which follows the data 
input while all una.ddressed bits are held low. When ope· 
rating in the addressable latch mode (E = Cl = low), 
changing more than one bit of the address could 

Connection Diagrams 

CD4723B 
Dual·ln·Line and Flat Package 

AD ..!... U ~VOD 
AI.!. r!!- Cl 

D,2. .!!.t" 
OO,...! .!!. Ob 

01,2- 2!. OJb 

02,..! .!!..02b 

OJ, .2. ..!.2.01b 

Vss ...!. .LOOb 

TOP VIEW 

Truth Table 

.impose a transient wrong address. Therefore, this 
should only be done while in the memory mode 
(E = high, Cl = low). 

Features 
• Wide supply voltage range 

• High noise immunity 

• low power TTL 
compatibility 

• Serial to parallel capability 

.. Storage register capability 

3.0Vto 15V 

0.45 VDD (typ.) 

fan out of 2 driving 74l 
or 1 driving 74lS 

• Random (addressable) data entry 

• Active high demultiplexing capability 

• Common active high clear 

CD4724B 
Dual-In-Line and Flat Package 

AD ....!.. U 
.!.!!..VDD 

AI.!. .!lCl 

A22. .!!.l' 

OO...! .!.!...O 

012- .1!. 07 

02..! ~06 
OJ.2. r!!- OJ 

Vss ...!. ~04 

TOP VIEW 

MODE SELECTION 

E CL 
ADDRESSED UNADDRESSED 

MODE 
LATCH LATCH 

L L Follows Data Holds PrevIous Data Addressable Latch 

H L Holds Previous Data Holds PrevIous Data Memory 

L H Follows Data Reset to "0" Demultiplexer 

H H Reset to "0" Reset to "0" Clear 
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Absolute Maximum Ratings Recommended Operating Conditions 
(Notes 1 and 2) (Note 2) 

Voo DC Supply Voltage -0.5 to +18 Voe Voo DC Supply Voltage 3.0to 15Voc 
VIN Input Voltage -0.5 to Voo + 0.5 Voe VIN Input Voltage OtoVoo Voc 
Ts Storage Temperature Range -65·C to +150·C TA Operating Temperature Range 
Po Package Dissipation 500mW CP4723BM/CD4724BM -55·C to +125·C 
TL Lead Temperature (Soldering, 10 seconds) 300·C CD4723BC/CD4724BC -40·C to +85·C 

DC Electrical Characteristics CD4723BM/CD4724BM (Note 2) 

-55°C 2500 12500 
Parameter Conditions Units 

Min. Max. Min. Typ. Max. Min. Max. 

100 Quiescent Voo=5.0V 5.0 0.02 5.0 150 jJA 
Device Current Voo=10V 10 0.02 10 300 ,..A 

Voo=15V 20 0.02 20 600 jJA 

VOL Low Level Ilol .. 1,..A 
OutPl!t Voltage Voo=5.0V 0.05 0 0.05 0.05 V 

Voo=10V 0.05 0 0.05 0.05 V 
Voo=15V 0.05 0 0.05 0.05 V 

VOH High Level 1101 .. 1,..A 
Output Voltage Voo=5.0V 4.95 4.95 5.0 4.95 V 

Voo=10V 9.95 9.95 10 9.95 V 
Voo=15V 14.95 14.95 15 14.95 V 

VIL Low Level Voo = 5.0 V, Vo=0.5Vor 4.5V 1.5 2.25 1.5 1.5 V 
Input Voltage Voo =10V, Vo= 1.0Vor 9.0V 3.0 4.5 3.0 3.0 V 

Voo =15V, Vo = 1.5V or 13.5V 4.0 6.75 4.0 4.0 V 

VIH High Level Voo=5.0V, Vo=0.5Vor 4.5V 3.5 3.5 2.75 3.5 V 
Input Voltage Voo = 10V, Vo = 1.0V or 9.0V - 7.0 7.0 5.5 . 7.0 V 

Voo=15V, Vo=1.5Vor 13.5V 11.0 11.0 8.25 11.0 V 

10L Low Level Voo = 5.0 V, Vo=0.4V 0.64 0.51 0.88 0.36 rnA 
Output Current Voo =10V, Vo=0.5V 1.6 1.3 2.25 0.9 rnA 

Voo=15V, Vo=1.5V, 4.2 3.4 8.8 2.4 rnA 
10H High Level Voo = 5.0 V, Vo=4.6V -0.64 -0.51 -0.88 -0.36 rnA 

Output Current Voo=10V, Vo=9.5V -1.6 -1.3 -2.25 -0.9 rnA 
Voo=15V, Vo=13.5V -4.2 -3.4 -8.8 -2.4 rnA 

liN Input Current Voo = 15 V, VIN =OV -0.1 -10-5 -0.1 -1.0 ,..A 
Voo =15V, VIN=15V 0.1 10-5 0.1 . 1.0 ,..A 

DC Electrical Characteristics CD4723BC/CD4724BC (Note 2) 

-4O"C 25°C 85°C 
Parameter -COnditions Units 

Min. Max. Min. Typ. Max. Min. Max. 

100 Quiescent Voo=5.0V 20 0.02 20 150 ,..A 
Device Current Voo=10V 40 . 0.02 40 300 ,..A 

Voo=15V 80 0.02 80 600 ,..A 
.. 

VOL Low Level 1101" 1,..A 
Output Voltage Voo=5.0V 0.05 0 0.05 0.05 V 

Voo=10V 0.05 0 0.05 0.05 V 
Voo=15V 0.05 0 0.05 0.05 V 

VOH High Level Ilol .. 1,..A 
Output Voltage Voo =5.0V 4.95 4.95 5.0 4.95 V 

Voo=10V 9.95 9.95 10 9.95 V 
Voo=15V 14.95 14.95 15 14.95 V 

VIL Low Level Voo = 5.0 V, Vo = 0.5 or 4.5 V 1.5 2.25 1.5 1.5 V 
Input Voltage Voo = 10V, Vo = 1.0V or 9.0V 3.0 4.5 3.0 3.0 V 

Voo =15V, Vo =1.5V or 13.5V 4.0 6.75· 4.0 4.0 V 

VIH High Level Voo = 5.0 V, Vo=0.5Vor 4.5V 3.5 3.5 2.75 3.5 V 
Input Voltage Voo = 10V, Vo = 1.0V or 9.0V 7.0 7.0 5.5 7.0 V 

Voo = 15V, Vo = 1.5V or ~3.5V 11.0 11.0 8.25 11.0 V 

.. 
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DC Electrical Characteristics (Cont'd.) CD4723BC/CD4724BC (Note 2) 

-4O"C 25°C 85°C 
Parameter Conditions Units 

Min. Max. Min. Typ. Max. Min. Max. 

10L Low Level Voo = 5.0 V, Vo =0.4V 0.52 0.44 0.88 0.36 rnA 
Output Current Voo =10V, Vo =0.5V 1.3 1.1 2.25- 0.9 rnA 

Voo =15V, Vo =1.5V 3.6 3.0 B.8 2.4 rnA 

10H High Level Voo=5.0V, Vo=4.6V -0.52 -0.44 -0.88 -0.36 rnA 
Output Current Voo=10V, Vo=9.5V -1.3 -1.1 -2.25 -0.9 rnA 

Voo=15V, Vo=13.5V -3.6 -3.0 -8.8 -2.4 rnA 

liN Input Current Voo=15V, VIN=OV -0.30 -10-5 -0.30 -1.0 ,..A 
Voo =15V, VIN =15V 0.30 10-5 0.30 1.0 ,..A 

AC Electrical Characteristics TA=25"C, CL=50pF, RL=200k, Input t,=tl=20ns, unless otherwise noted. 

Parameter Conditions Min. Typ. Max. Units 

tpHL, tpLH Propagation Delay Date to Output Voo=5.0V 200 400 ns 
Voo=10V 75 150 ns 
Voo =15V 50 100 ns 

tpLH, tpHL Propagation Delay Enable to Output Voo=5.0V 200 400 ns 
Voo=10V 80 160 ns 
Voo=15V 60 120 ns 

tpHL Propagation Delay Clear to Output Voo=5.0V 175 350 ns 
Voo=10V 80 160 ns 
Voo=15V 65 130 ns 

tpLH, tpHL Propagation Delay Address to Output Voo=5.0V 225 450 ns 
Voo=10V 100 200 ns 
Voo=15V 75 150 ns 

tTHL, trLH Transition Time (Any Output) Voo=5.0V 100 200 ns 
Voo=10V 50 100 ns 
Voo=15V 40 80 ns 

tWH, TWL Minimum Data Pulse Width Voo=5.0V 100 200 ns 
Voo=10V 50 100 ns 
Voo=15V 40 80 ns 

tWH, tWL Minimum Address Pulse Width Voo=5.0V 200 400 ns 
Voo=10V 100 200 I)s 
Voo=15V 65 125 ns 

tWH Minimum Clear Pulse Width Voo=5.0V 75 150 ns 
Voo=10V 40 75 ns 
Voo=15V 25 50 ns 

tsu Minimum Set·Up Time Data to E Voo=5.0V 40 80 ns 
Voo=10V 20 40 ns 
Voo=15V 15 30 ns 

tH Minimum Hold Time Data to E i Voo=5.0V 60 120 ns 
Voo=10V 30 60 ns 
Voo=15V 25 50 ns 

tsu Minimum Set-Up.Time Address to E Voo=5.0V -15 50 ns 
Voo=10V 0 30 ns 
Voo=15V 0 20 ns 

tH Minimum Hold Time Address to E Voo=5.0V -50 15 ns 
Voo=10V -20 10 ns 
Voo=15V -15 5 ns 

Cpo Power Dissipation Capacitance Per Package 100 pF 
(Note 3) 

CIN Input Capacitance Any Input 5.0 7.5 pF 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed; they are not 
meant to Imply that the devices should be operated at these limits. The tables of "Recommended Operating Conditions" and "Electri· 
cal Characteristics" provide conditions for actual device operation. 
Note 2: Vss = 0 V unless otherwise specified. 
Note 3: Dynamic power dissipation (Po) is given by: Po = (Cpo + Cd Vcc2f + Po; where CL = load capacitance; f = frequency of operation; 
for further details, see application note AN-gO, "54C/74C Family Characteristics". 

5-311 



~ Logic Diagrams ~ 
C'\I ....... 
~ 

Cl CL () -~ 
al 
~ 
C'\I ...... 
~ 
Cl 
() 

() 
al 
C") 
C'\I ...... 
~ 
Cl 
() -~ 
al 
C") 
C'\I ...... 
~ 
Cl 
() 

5-312 



Logic Diagrams (Cant'd.) 

CD4724B 

A2 
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Section 6 

CMOS Compatible Bipolar 
Interface Circuits 





~National 
~ Semiconductor 

MM54C909/MM74C909 Quad Comparator 

General Description 
The MM54C909/MM74C909 contains four independent 
bipolar voltage comparators designed to operate from 
standard 54C/74C power supplies. The output allows 
current sinking only, thus the wire OR function is pos­
sible using a common resistor pull-up. 

Not only does the MM54C909/MM74C909 function as a 
comparator for analog inputs, but also has many applica­
tions as a voltage translator and buffer when interfacing 
the 54C/74C family to other logic systems. 

Features 
• Wide supply voltage range 

• TTL compatibility 

• Low power consumption 

• Low input bias current 

• Low input offset current 

• Low input offset voltage 

• Large common mode 
input voltage range 

3.0Vt015V 

fan out of 1 driving 74 

Icc = 800 ~ (typ.) 
at Vcc= 5.0Voc 

250nAmax. 

±50nAmax. 

±5.0mVmax. 

OV to Vcc -1.5V 

• Large differential input voltage range Vcc 

Connection Diagram 

OUTPUT 3 OUTPUT 4 GND INPUT 4+ INPUT 4- INPUT 3+ INPUT 3-

OUTPUT 2 OUTPUT 1 v· INPUT 1- INPUT 1+ INPUT 2- INPUT 2+ 

TOP VIEW 

Typical Applications (v+ = 5.0 V DC) 

+5.0Voc 

10k -lZ:n 

CMOS/TTL to MOS Logic Converter 
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Absolute Maximum Ratings (Note 1) 

Voltage at Any Pin 
Operating Temperature Range 

MM54C909 
MM74C909 

Storage Temperature Range 
Package Dissipation (Notes 2 and 3) 
Operating Vee Range 

. Absolute Maximum Vee 
Input Current (V IN < -Q.3V) (Note 4) 
Lead Temperature (Soldering, 10 seconds) 

DC Electrical Characteristics 

-Q.3V to Vee + 0.3V 

-55~C to +125°C 
-40°C to +85°C 

-65°C to +150°C 
500mW 

3.0V to 15V 
18V 

50mA 
300°C 

Min/max limits apply across temperature range, unles~ otherwise noted. (Vee = +5.0 Vocl 

PARAMETER 

Input Offset Voltage (Note 9) 

Input Bias Current 

(lINI+) or IINI-)) (Note 5) 

I nput Offset Current 

(lINI+) - IINI-)) 

Input Common Mode Voltage 
(Note 6) 

Supply Current (Icc! 

Voltage Gain 

CONDITIONS 

T A = 25°C 

T A = 25°C. With Output in 
Linear Range 

TA = 25°C 

T A = 25°C. RL = ~ 
On All Outputs . 

TA = 25°C, RL ~ 15k!1 

OUTPUT DRIVE (See 54C/74C Family Characteristics Data Sheet) 

Output Sink Current (lSINK) 

MM54C909 
MM74C909 

Output Leakage Current 

Differential Input Voltage (Note 8) 

Vcc = 4.50V 
Vcc = 4.75V, VOUT = O.4V 

V'NH ~ 1.0Vac 
V'NI+) = 0 Vae 

V'NI+) ~ 1.0 Vac. V'NH = 0 Vac. 
VOUT = 15 Vac 

V'NI+) ~ 1.0 Vac. V'NI-I = 0 Vac. 
VOUT = 5 Vac. TA = 25°C 

AIIV'N's~OVac 

MIN 

o 
o 

TYP MAX UNITS 

±9 mV 
±2 ±5 mV 

25 250 nA 
400 nA 

±150 nA 
±5 ±50 nA 

Vcc -2 V 
Vcc-1.5 V 

800 2000 /lA 

200 V/mV 

3.2 mA 

/lA 

0.1 nA 

15 V 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are- not meant to imp-Iy that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: For operating at high temperatures, the MM74C909 must be derated based on +125c C maximum junction temperature and a thermal 
resistance of +175°C/W which applies to the device soldered in a printed circuit board, operating in a still air ambient. The MM54C909 must be 
derated based on a +150°C maximum junction temperature. The low bias dissipation and the ON~OFF characteristic of the outputs keeps the chip 
dissipation very small (Pd < 100 mW), provided the output sink current is within speCified limits. 

Note 3: Short c'ircuits fro~ the output to V+ can cause excessive heating and eventual destruction. The maximum output current is approximately 
20 mA independent of the magnitude of V+. 

Note 4: This input current will only exist when the voltage at any of the input leads is driven negative. There is a lateral NPN parasitic transistor 
action on the Ie chip. The transistor action can cause the output voltages of the comparators to go to the V+ voltage level (or to ground for a large 
overdrive) for the time duration that an input is driven negative. This is not destructive and normal output states will reestablish when the input 
voltage, which was negative, again returns to a value greater than -O.3V. ' 

Note 5: The direction of the input current is out of the IC. This current is essentially constant, independent of the state of the output so no loading 
change exists on the reference or input lines. 

Note 6: The input common-mode voltage or either input signal voltage should not be allowed to go negative by more than 0.3V. The upper end of 
the common·mode voltage range is V+ - 1.5V, but either or both inputs can go to +15V without damage. 

Note 7: The response time specified is for a 100 mV input step with 5.0 mV overdrive. For larger overdrive signals 300 ns can be obtained, see 
typical performance characteristics section. 

Note 8: The positive excursions of the input can equal Vee supply voltage level, and if the other input voltage remains within the common·mode 
voltage range, the comparator will provide a proper output state. The low input voltage state must not be less than -0.3V. 

Note 9: At output switch point, Vo = 1.4 VOC, RS ~ on with V+ from 5 VOC to 30 VDC and over the full inp~t common mode range (OVOC) 
to V+ ±1.5 VOC)._ 
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AC Electrical Characteristics RL ~ 5.1 kn, VRL ~ 5.0 Voc , unless otherwise specified. 

PARAMETER CONDITIONS 

Large Signal Response Time 

Response Time 

V,N = TTL Swing 
V REF = 1.4 Vac 

TA = 25°C 

Typical Performance Characteristics 
Response Time for Various 
Input Overdrives - Positive 
Transition 

6 "INPUT OVERDRIVE: 100 mV 

: " I II I 
J 'I ~ ISmvl I 
2 I II II I 
1 :1 tlomvJ? 11I1 ,J -
° I" .. ,-

100 ,!. 
S: - -~A:12S ~-. : 

I I I I I 
o.S I.S 

TIME (j,lsec) 

application hints 

The MM54C909/MM74C909 is a high gain, wide band· 
width device; which, like most comparators, can easily 
oscillate if the output lead is inadvertently allowed to 
capacitively couple to the inputs via stray capacitance. 
This shows up only during the output voltage transition 
intervals as the comparator changes states. Power supply 
bypassing is not required to solve this problem. Standard 
PC board layout is helpful as it reduces stray input· 
output coupling. Reducing the input resistors to < 10 kn 
reduces the feedback signal levels and finally, adding 
even a small amount (1 to 10 mY) of positive feedback 
(hysteresis) causes such a rapid transition that oscilla· 
tions due to stray feedback are not possible. Simply 
socketing the I/C and attaching resistors to the pins will 
cause input·output oscillations during the small transi· 
tion intervals unless hysteresis is used. If the input 
signal is a pulse waveform, with relatively fast rise and 
fall times, hysteresis is not required. 

All pins of any unused comparators should be grounded. 

The bias network of the MM54C909/MM74C909 estab· 
lishes an Icc current which is independent of the 
magnitude of the power supply voltage over the range of 
from 3.0V to 15V. 

typical applications (con't) (v+ = 5.0 vocl 
'1-5.0 Yoc 

v· 

MIN TVP MAX 

300 

1.3 

Response Time for Various 
I "put Overdrives - Negative 
Transition 

:::' 6.0 '-'---1"'5."'0 -mV~:""I"'NP:::-U"'T""OV"'EC::R"'DR:-I"'VE:-1 
" 5.0 f-+-Mhi--:~:r'-'-FFH 

~c~ ~ :.: r2...,~~lm"'_VIt1f-H+~-t:"~:.' =_ 
1.0 H10;::.0",mVt+-1-1-I ~-

~ ;; : ~~~~~~:~~~=:=; I=;I=~I~ 
g -; -50 f-I-I-I-I-I-I-II-I-IIH 
~:> -100 I-I-I-I-I-I-f-~ :12S'~:" 
!E I A I i 

0.5 1.0 1.5 2.0 
TIME Cpse,) 

UNITS 

ns 

!-Is 

It is usually unnecessary to use a bypass capacitor across 
the power supply line. 

The differential input voltage may be larger than V+ 
without damaging the device. Protection should be pro­
vided to prevent the input voltages from going negative 
more than -0.3 Voc (at 25°C). An input clamp diode 
and input resistor can be used as shown in the applica· 
tions section. 

Many outputs can be tied together to provide an output 
OR'ing function. An output "pull·up" resistor can be 
connected to any available power supply voltage within 
the permitted supply voltage range and there is no 
restriction on this voltage due to the magnitude of the 
voltage which is applied to the V+ terminal of the 
MM54C909/MM74C909 package. The output can also 
be used as' a simple SPST switch to ground (when a 
"pull·up" resistor is not used). The amount of current 
which the output device can sink is limited by the drive 
available (which is independent of V+) and the gain of 
the output device. When the maximum current limit 
is reached (approximately 16 m,Al. the output transistor 
will come out of saturation and the output voltage will 
rise very rapidly. 

MM74C909 ~ Vo 

,"'N0-7 '.Ok . ~~>--+_I~OOk-l._./ 
~ I g4MM54CXX 

.v", 0-------17 '.Ok 

+
MM74C909 ......0 Vo 

tVREFD-- -

Basic Comparator 

0- - 12 I -::-
I 

-::- I 

Driving CMOS 
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10k 
+VIN I"'\.O-"'V'.,.,. ........ f-'"!. 

10M 

Non-I nverting Comparator with Hysteresis 

s: 
s: 
c.n 
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CD 
o 
CD o 
t! 
::ai: 
::ai: -CD o 
CD o 
~ 
U) 

::ai: 
::ai: 

Typical Applications (Cont'd) (v+ = 5.0 Voe ) 

V'N 

+5.DVoc +5Voc 

100 Driving TTL 

360 

s.nv ,----<p---.... - 3V < vee < 15V 

100k 

'CMOS DEVICE 
100 

+5.0Voc 

Note. Formverlmgbufferleversemputconnectlon. 
360 

5V Logic to CMOS Operating at VCC oF 5V 

NSl1D2 

+VREf2 V· 

100 

+5.0Voc 
+VIN o-------l 3k 

> .... --oVo 
360 1M 

P 1M 

1M 

+VREF 1 

100 

Inverting Comparator with Hysteresis 

Visible Voltage Indicator 

N __ £-OV 
V'~v"',,-. TRIP POINT 

Rl 
lOOk 

TRIP POINT" -Vee R1 
R1 

R1 
100k 

Note' FornollmverllllgbufierrevNsempntconnectlll11 

Hi Voltage Inverting PMOS to CMOS or TTL 
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Typical Applications (Cont'd.) 

+Vc 
FREOUENCY 

CONTROL 
VOLTAGE 

INPUT 

v+ = +30 Voc 

~PF 

lOOk 

tOOk 

+250 mVoc < Yc < +50 VDC 
700 Hz<fo <100kHz 

80 pF 

P 
1M 

v+ 

vo 

100k 

Squarewave Oscillator 

O.l"F 

20k 

50k 

., 
1M 

10 

20k 

01 
lN914 

R2 D2 
lOOk lN914 

v· 

15k 

+15 Yoc O-..... ..,.,~H 

1M 

1M 

·Forlar!l!fallQsof R1IR2. 
01 can be omitted. 

Pulse Generator 

v· 

200k 20k 

lOOk 

lOOk 

Crystal Controlled Oscillator . 

v· 

lOOk 

~DO !IF JOk 

51k 30k 

>--4 ........ -0 OUTPUT 1 001 F 

T 
V"l 

Two·Decade High-Frequencv veo 

lN914 

1M 

Remote Temperature Sensing 
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~National 
~ Semiconductor 

OS1630/0S3630 Hex CMOS Compatible Buffer 

General Description 
The OS16301D83630 is a high current buffer intended for 
use with CM08 circuits interfacing with peripherals re­
quiring high drive currents. The 081630/083630 features 
low quiescent power consumption (typically 50"W) as 
well as high-speed driving of capacitive loads such as 
large M08 memories. The design of the 0816301083630 
is such that Vee current spikes commonly found in 
standard CM08 circuits cqnnot occur, thereby, reducing 
the total transient and average power when operating at 
high frequencies. 

Features' 
• High-speed capacitive driver 

• Wide supply voltage range 

• Input/output CMOS compatibility 

• No Internal.transient Vee current spikes 

• 50 "W standby power (typ.) 

• Fan out of 10 standard TTL loads 

Equivalent Schematic and Connection Diagrams 

INPUT O-'VII~~V\II""""~ OUTPUT 

Typical Applications 
.,y .,v '5V 

CMOS to TTL Interface 

CMOS To CMOS Interface 

14C 
CMOS 
FAMILY 

Dual-In-Line Package 

Vee OUT 6 IN 6 OUT 5 IN 5 OUT 4 IN " 

14 1J " 11 " 

OUT 1 IN 1 OUT Z IN Z OUT 3 IN 3 GNU 
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TOP VIEW 

Order N umber OS 1630.1. 053630.1 
orOS3630N 

l4e 14C 
CMOS CMOS 

FAMilY DSJ6JD FAMilY 

~~ 
LINE 

CMOS To Transmission line Interface 

y' 

LED Driver 



Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage 
I nput Voltage 

Output Voltage 
Lead Temperature (Soldering, 10 seconds) 

16V 
16V 
16V 

3000 e 

Supply Voltage (Vee) 

Temperature (T A) 
051630 
OS3630 

DC Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN 

I'NH Logical "1" Input Current OS1630 
Y,N = Vee, lOUT = -400pA 

OS3630 

OS1630 
Y'N = Vee - 2.0V, lOUT = 16 rnA 

OS3630 

I'NL Logical "0" Input Current OS1630 
Y,N = 0.4V, lOUT = 16 rnA 

OS3630 

V OH Logical "1" Output Voltage OS1630 Vee-l 
Y'N = Vee, lOUT = -400,uA 

OS3630 Vee-0.9 

OS1630 Vee 2.5 
V'N=Vee-0.4V,loUT=16mA 

OS3630 Vee-2.5 

VOL' Logical "0" Output Voltage OS1630 
Y,N =OV, lOUT = 400,uA 

OS3630 

OS1630 
Y'N = OV, lOUT = 16mA 

OS3630 

OS1630 
Y'N '" O.4V, lOUT = 16 rnA 

OS3630 

MIN 

3 

--55 
0 

TYP 

90 

90 

0.5 

0.5 

-0.15 

Vee-150 

Vee-o· 75 

Vee-o·75 

Vee 2.0 

Vee 2.0 

0.75 

0.75 

0.95 

0.95 

1.2 

1.2 

AC Electrical Characteristics Vee = 5.0V, TA = 25°C unless otherwise specified. 

PARAMETER CONOITIONS MIN TYP 

!PdO Propagation Oelay to a Logical "0" CL = 50 pF 30 

CL = 250 pF 40 

CL = 500 pF 50 

tpd1 Propagation Oelay to a Logical "1" CL = 50 pF 15 

CL = 250 pF 35 

CL - 500 pF 50 

MAX UNITS 

15 V 

+125 °e 
+70 °e 

MAX UNITS 

200 pA 

200 pA 

3.2 rnA 

1.5 rnA 

-1 rnA 

-800 pA 

V 

V 

V 

V 

1 V 

0.9 V 

1.3 V 

1.3 V 

1.6 V 

1.5 V 

MAX UNITS 

45 ns 

60 ns 

75 ns 

25 ns 

50 ns 

75 ns 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified min/max limits apply across the -55°e to +125°C temperature range for the OS1630 and across the O°C to 
+70° e range for the 053630. All typicals are given for V ce = 5.0V and T A = 25° C. 
Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 
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Typical Performance Characteristics 

-
v OH vs T emperatu re. 
VIN = Vee VOH Active vs Temperature VOL V5 Temperature 

0.3 880 
;== lOUT"" 400/JA 16 VIN '" Vee 0.4': lOUT'" 4DD.uA-

0.4 840 
V'N" OV = ; 1.7 lOUT = 16mA _ 

0.5 ~ 800 
~ 1.8 

~ 0.6 ~ 160 

~ 1.9 ;; 
oS 

~ 0.1 ....- 120 

" ~ 
2.0 • co 0.8 ~ 680 ~ 

J ~ 2.1 
0.9 is 640 

:> 2.2 ." 1.0 600 
2.3 

1.1 560 
-55 -35 -15 5 25 45 65 85 105 125 -55 -35 -15 5 25 45 65 85 105 125 -55 -35 -15 5 25 45 65 85 105125 

TEMPERATURE I el TEMPERATURE rei TEMPERATURE rei 

VOL vs Temperature tpdo vs Load Capacitance Propagation Delay vs Vee 
10 

16 VIN '" OV Vee = s.nv 45 CL "25OpF-

lOUT"" 16 rnA TA = 25 C TA =25'C -
1.5 60 ] 
1.4 > 

V ~ ~ 50 40 ......... 1.3 ]: V 1""0 . " 5 J V 
co 

1.2 i= :> 40 ;; 
1.1 V-

i 35 V- I/' 
1.0 30 I"" i". .... 
0.9 

20 30 
-55 -35 -15 5 25 45 65 85 105 125 0 100 200 300 400 500 3 5 1 9 11 13 15 

TEMPERATURE I'CI LOAD CAPACITANCE IpFI Vee IVI 

Propagation Delay 
tpd1 vs Load Capacitance vs Temperature 

60 
Vee = S.OV f-vcc '" 5V 

I- TA " 25"C f-cL - 250 pF 
50 ] 50 

> g 40 tpdQ ..... ]: 
" 40 

j '/ 
co - ....-

30 i= 

/ ;; tpd~ 

'/ 
;;: 
co 

20 
/ flO 30 

10 
~ 

0 100 200 300 400 500 -55 -35 -15 5 25 45 65 85 105 125 

LOAD CAPACITANCE (,F) TEMPERATURE rc) 

AC Test Circuit and Switching Time Waveforms 

INPUT v+ 

" 1;oM 
-I't- j't V'N:~l:9O% 50;il INPUT 50% 

ov 10'1. 

PULSE I 1k 

~."". i-PW -
GENERATOR I VOH 

OUTPUT t" 50% 

VOL 

~ 
tpdl- - I.., 

CL mcludesprobe and JlgcapaCllance Pulse GeneratorchlTactl!nstlcs: PRR = 1.0MHz, PW = 500 ns, I, = I, < 10 ns, 
V1N =OtoVcc I 
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~National 
~ Semiconductor 

051631/053631, 051632/053632, 051633/053633, 
051634/053634 CM05 Oual Peripheral Orivers 

General Description 
The OS1631 series of dual peripheral drivers was de­
signed to be a universal set of interface components for 
CMOS circuits. 

Each circuit has CMOS-compatible inputs with thresholds 
that track as a function of Vcc (approximately '12 Vccl. 
The inputs are PNPs providing the high impedance nec­
essary for interfacing with CMOS. 

Outputs have high voltage capability, minimum break­
down voltage is 56V at 250I'A. 

The outputs are Darlington connected transistors. This 
allows high current operation (300mA max.) at low inter­
nal Vcc current levels since base drive for· the output 
transistor is obtained from the load in proportion to the 
required loading conditions. This is essential in order to 
minimize loading on the CMOS logic supply. 

Typical Vcc = 5.0 V power is 28 mW with both outputs 
ON. Vcc operating range is 4.5 V to 15 V. 

The circuit also features output transistor protection if 
the Vcc supply is lost by forcing the output into the high 

Schematic Diagram (Equivalent Circuit) 

impedance OFF state with the same breakdown levels 
as when Vcc was implied. 

Pin-outs are the same as the respective logic functions 
found in the following popular series of circuits: OS75451, 
OS75461, OS3611. This feature allows direct conversion 
of present systems to the OM74C CMOS family and 
OS1631 series circuits with great power savings. 

The OS1631 series is also TTLlDTL compatible at 
Vcc =5.0V. 

Features 
• CMOS compatible inputs 
• TTUOTL compatible inputs 
• High impedance inputs PNP's 
• High output voltage breakdown 56 V min. 
• High output current capability 300 mA max. 
• Same pin-outs and logic functions as OS75451, OS75461, 

and OS3611 series circuits 
• Low Vcc power dissipation (28mW both outputs "ON" 

at 5.0V) 

r--.-------.--_-o v,' 

INPUT 
y 

lOGIC 
AND LEVEL 

TRANSLATION 
I ElEMENTS I 
L __ ...J 

112 of cirCUit shown 

OUTPUT 

GND 

SEE CONNECTION DIAGRAMS FOR ORDERING INFORMATION 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
MIN 

5upply Voltage 16V 5upply Voltage, VCC 
Voltage at Inputs -D.3V to VCC +0.3V 051631/0516321 4.5 
Output Voltage 56V 051633/051634 
Storage Temperature Range -65°C to +150°C 

053631/0536321 4.75 
Lead Temperature (Soldering, 10 seconds) 300°C 

053633/053634 

Temperature; T A 
051631/0516321 -55 
051633/051634 

053631/0536321 0 
053633/053634 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP 

All Circuits 

V ,H Logical "1" Input Voltage Vee = 5V 3.5 2.5 
(Figure 1) Vee = 10V 8.0 5 

Vee=15V 12.5 7.5 

V'l Logical "0" Input Voltage Vee = 5V 2.5 

(Figure 1) Vee - 10V 5.5 

Vee = 15V 7.5 

I'H Logical "1" Input Current Vee = 15V, V ,N = 15V, (Figure2) 0.1 

I'L Logical "0" Input Current 
V ,N 

Vee = 5V -50 
= O.4V, (Figure 3) 

Vee - 15V -200 

VOH Output Breakdown Voltage Vee = 15V, 10H = 250p.A, (Figure 1) 56 65 

VOL Output Low Voltage . . IOl = 100 mA 0.9 
Vee = Min, (F,gure 1) 

IOl = 300 mA 1.1 

051631/053631 

'cc(O) 5upply Currents Vee = 5V Output Low 7 
V ,N = OV, (Figure 4) 

Vee=15V Both Drivers 14 

'ce(l) (Figure 4) 
Vee = 5V, V ,N = 5V Output High 2 

_ Vee - 15V, V ,N -15V Both Drivers 7.5 

tpdl Propagation to "'" Vee = 5.0V, TA = 25°C, Cl = 15 pF, Rl = 50n, V l = 10V, 200 

(Figure 5) 

tpdO Propagation to "0" Vee = 5.0V, T A = 25°C, Cl =15pF, Rl = 50n, V l = 10V, 150 

(Figure 5) 

OS1632/0S3632 

'ce(D) Supply Currents Vee = 5V, V ,N = 5V 8 
(Figure 4) 

Vee = 15V, V ,N = 15V 
Output Low 

18 

leel1l Vee = 5V 2.5 . V ,N = OV, (Figure 4) 
Vee = 15V 

Output High 
9 

tpdl Propagation to "1" Vee = 5.0V, T A = 25°C, CL = 15pF, RL = 50n, V l = 10V, 150 

(Figure 5) 

tpdO Propagation to "0" Vee = 5.0V, T A = 25°C, Cl = 15 pF, RL = 50n, V L = 10V, 150 

(Figure 5) 

OS1633/DS3633 

leecol Supply Currents Vee = 5V 7.5 
V ,N = OV, (Figure 4) 

Vee ='15V 
Output Low 

16 

leeC1l Vee - 5V, V ,N = 5V 2 
(Figure 4) 

Vee -15V, V ,N -15V 
Output High 

7.2 

tpdl Propagation to "'" Vee = 5.0V, TA = 25°C, CL = 15pF, RL = 50n, V L = 10V, 200 

(Figure 5) 

tpdci Propagation to."O" Vee = 5.0V, CA = 25°C, CL =15pF, Rl =50n, V l =10V, 150 

(Figure 5) 

6-12 

MAX UNITS 

15 V 

15 V 

+125 °c 

+70 °c 

MAX UNITS 

V 

V 

V 

1.5 V 

2.0 V 

2.5 V 

p.A 

p.A 

p.A 

V 

V 

V 

mA 

mA 

mA 

mA 

ns 

ns 

mA 

mA 

mA 

mA 

ns 

ns 

mA 

mA 

mA 

mA 

ns 

ns 



Electrical Characteristics (Cont'd.) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

OS1634/0S3634 

lec(o) Supply Currents 
(Figure 41 

Vee = 5V. V ,N = 5V 
Output Low 

7.5 rnA 

Vee=15V.V'N=15V 18 rnA 

ICC(1) 
V ,N = OV. (Figure 41 

Vee = 5V 3 rnA 

Vee = 15V 
Output High 

11 rnA 

tpdl Propagation to "1" Vee = 5.0V. TA = 25"C. CL =15pF. RL = 50n. V L = lOV. 150 n, 

(Figure 51· 

tpdO Propagation to "0" Vee = 5.0V. T A = 25"C. CL = 15 pF. RL = 50n. V L = lOV. 150 n, 

(Figure 51 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. Tbe table of "Electrical Characteristics" 
provides conditions for actual device operation. 

Note 2: Unless otherwise specified minimax limits apply across the -55"C to +125"C temperature range for the OS1631. OS1632, OS1633 and 
OS1634 and across the O"C to +70"C range for the OS3631, OS3632, OS3633 and OS3634. All typical values are for T A = 25"C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. All 
values shown as max or min on absolute value basis. 

Test Circuits 

v~c 

Lr --.! 

~ 
VIH 0-= TSEES~ CIRCUIT !...-

SEE -4-- VOH 

UNDER TEST 
VIL 0-- TABLE B TEST TABLE ::\'OL 

'- --

1 Voe 

':' ~~ 
INPUT 

OTHER 
OUTPUT 

CIRCUIT UNDER 
INPUT 

TEST APPLY MEASURE 

LM3611 V,H V,H IOH VOH 

V'L Vee 10L VOL 

LM3612 V ,H V,H IOL VOL 

V'L Vee IOH VOH 

LM3613 V ,H GNO 10H VOH 

V'L V'L IOL VOL 

LM3614 V ,H GNO IOL VOL 

V'L V'L 10H V OH 

Note: Each Input IS tested separately. 

FIGURE 1. VIH, VIL, VOH, VOL 

I,. - A.B 

v?' 
v,. 

CIRCUIT ~DPEN UNDER 
B,A TEST 

~ 4-
Elchinputistestedseparately. 

FIGURE 2. IIH 
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~ Test Circuits and Switching Time Waveforms 
CO) 
U) 
c -CO) 
CO) 
CD 
or-
U) 
C 

Veo 

Vco A.Br--L-, 

OPEN, 

Note A: E8th mput IS tested separltelv. 
Note B: When testing DS1633 and OS1634 input not under testiS grounded. For all 
other Clrl:Ults It IS at Vcco 

'.OV 
INPUT 

OS1631 
OS1633 

FIGURE 3. IlL 

INPUT S.OV 

PULSE 
GENERATOR 

INOTE I) 

~ 
0S1631 
OSI632 

DS1633 
D81634 

Y 
OV 

Vee" 5V 

GNO 

OV-----+~~------------------------~~ 

f----------------O .•• ' -----------------1 
$ 5.0 n5 

•. ov---H...,=:------------------------:::~ 
INPUT 
051632 
081634 

OV 

VOH -----:::::"\0 

OUTPUT 

Both gates iJle testl!d simultlneously. 

FIGURE 4. ICC 

10V 

"'-"'~:>OUTPUT 

T~~'l' 

90% 

,VOL-----------f---j""""'---------------"! 

Nota': Th, pul18 pnl"tor hIS the following characteristics: PRR ,. 500 kHz, louT'" SOU. 
NolaZ: CL includll prob. Ind jig ClPlcitlnc •. 

FIGURE 5. Switching Times. 
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Connection Diagrams, Truth Tables, and Ordering Information 

Al 

OS1631 
Metal Can Package 

GNO 

TOP VIEW 

(Pill ~ IS electrICally connected 10 tlie case) 

A2 

Order Number OS1631H/OS3631H 

B1 

Dual-I n-Line Package 

Al B1 Xl GNO 

TOP VIEW 

Order Number 3631N 

Dual-in-Line Package 

NO NO 

TOP VIEW 

NO 

Order Number OS1631J/OS3631J 

Positive logic· A8=X 

A B OUTPUT X 

0 0 0 

1 0 0 

0 1 0 

1 1 1 

Al 

6-15 

OS1632 
Metal Can Package 

Vee 

GNO 

TOP VIEW 

(Pin 41selectncallycannected to the case.) 

Order Number OS1632H/OS3632H 

Dual-In-Line Package 

Al B1 Xl GNO 

TOPVIEW 

Order Number OS3632N 

Dual-I "-Line Package 

A2 

B1 NO NO 

TOPVIEW 

NO Xl 

Order Number OS1632J/OS3632J 

Positive logiC: AB=X 

A B OUTPUT X 

0 0 1 

1 0 1 

0 1 1 

1 1 0 

cc 
CJ)CJ) ............ 
0) 0) 
(,.)(,.) 
./lIo ...... --CC 
CJ)CJ) 
(,.)(,.) 
0)0) 
(,.)(,.) 
./lIo~ 

C 
CJ) 
...... 
0) 
(,.) 
I\) -C 
CJ) 
(,.) 
0) 
(,.) 
~I\) 

C 
CJ) ...... 
0) 
(,.) 
(,.) -C 
CJ) 
(,.) 
0) 
(,.) 

~ 

GNO 
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Connection Diagrams, Truth Tables, and Ordering Information 

Vee 

AI 

DS1633 

Metal Can Package 

Vee 

GND 
TOPVIEW 

A2 

fPm4 IS electmaUy connected to the case.) 

Order Number DS1633H/DS3633H 

82 

81 

Dual-In-Line Package 

vee 82 A2 X2 

AI 81 XI GND 

TOP VIEW 

Order Number DS3633N 

Dual-In-Line Package 

Ne 

Ne 

Ne 

Ne 
TOP VIEW 

Ne 

Ne 

A2 

XI 

Order Number DS1633J/DS3633J 

Positive logic: A + B = X 

A B OUTPUT X 

0 0 0 

1 0 1 

0 1 1 

1 1 1· 

X2 

GND 
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Vee 

AI 

B) 

DS1634 

Metal Can Package 

Vee 

GND 
TOP VIEW 

(Pm4 IS electrn:ally connected to the case.) 

Order Number DS1634H/DS3634H 

82 

81 

Dual-I n-Line Package 

Vee 82 A2 X2 

AI Bl XI GNO 

TOP VIEW 

Order Number DS3634N 

Dual-In-Line Package 

Ne 

Ne 

Ne 

Ne 
TOP VIEW 

NC 

Ne 

A2 

XI 

Order Number DS1634J/DS3634J 

Positive logic: A + B = X 

A B OUTPUT ,X 

0 0 1 

1 0 0 

0 1 0 

1 1 0 

X2 

GND 



~National 
~ Semiconductor 

051686/053686 Positive Voltage Relay Driver 

General Description 
The DS1686IDS3686 is a high voltage/current positive 
voltage relay driver having many features not available 
in present relay drivers. 

PNP inputs provide both TTLlDTL compatibility and high 
input impedance for low input loading. 

Output leakage is specified over temperature at an out­
put voltage of 54 V. Minimum output breakdown (AC/latch 
breakdown) is specified over temperature at 5mA. This 
clearly defi nes the actual breakdown of the device si nce 
the circuit has incorporated in it an internal reference 
which does not allow output breakdown latching found 
in existing relay drivers. Additionally, this internal refer­
ence circuit feature will eliminate the need in most cases 
of an external clamping (inductive transient voltage pro· 
tection) diode. When the output is turned "OFF" by input 
logic conditions the resulting inductive voltage transient 
seen at the output is detected by an internal zener refer­
ence. The reference then momentarily activates the out­
put transistor long enough so that the relay energy is 
discharged. This feature eliminates the need of external 
circuit protection components and insures output tran­
sistor protection. 

Connection Diagrams 

The outputs are Darlington connected transistors, which 
allow high current operation at low internal Vcc current 
levels-base drive for the output transistor is obtained 
from the load in proportion to the required loading condi­
tions. Typical Vee power with both outputs "ON" is 90mW. 

The circuit also features output transistor protection if 
the Vee supply is lost by forcing the output into the high 
impedance "OFF" state with the same breakdown levels 
as when Vec was applied. 

Features 
• TTLlDTLlCMOS compatible inputs 
• High impedance inputs (PNP's) 
• High output voltage breakdown (65 V typ.) 
• High output current capability (300mA max.) 
• Internal protection circuit eliminates need for output 

protection diode in most applications 
• Output beakdown protection if Vee supply is lost 
• Low Vee power dissipation [90mW (typ.) both out­

puts "ON"] 
• Voltage and current levels compatible for use in 

telephone relay applications 

Metal Can Package Dual-In-line Package Dual-In-Line Package 

GND 
TOPVIEW 

Pin 4 is in electrical contact with the case 

Order Number DS1686H or DS3686H 

Vee 82 A2 XI Vee 

., 
TOP VIEW 

Order Number DS3686N 

B2 N' 

B1 N' 

N' 

N' 
TOP VIEW 

N' .2 

N' Xl 

Order Number DS1686J or DS3686J 

Schematic Diagram Truth Table 

INPUT A 

INPUT B 0--+--1 

r-...... - ..... -oOUTPUT 

ZENER 
EQUIVALENT 

'----<_--<_--40----...... -0 GND 
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Posit,ve log,e: AB = X 

A B 

0 0 

1 0 

0 1 

1 1 

LogIc "0" output "ON" 

Logic "'" output "OFF" 

OUTPUT X 

1 

1, 

1 

0 

XI 

GND 

c en ...... 
0) 
CO 
0) -c en w 
0) 
CO 
0) 
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Absolute Maximum Ratings (Note 1) Operating Conditions 

MIN MAX UNITS 

Supply Voltage 7V Supply Voltage, Vec 
Input Voltage 15V 051686 4.5 5.5 V 
Output Voltage 56V 053686 4.75 5.25 V 
Storage Temperature Range 65"C to +150"C 

Temperature, T A 
Lead Temperature (Soldering, 10 seconds) 300"C 

051686 -£5 +125 °c 
053686 0 +70 °e 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VIH Logical '1" Input Voltage 2.0 V 

IIH LogIcal "1" I nput Current VCC = Max, VIN = 5.5V 0.01 40 ~A 

VIL LogIcal "0" Input Voltage 0.8 V 

IlL Logical "0" Input Cunent VCC = Max, VIN = O.4V -60 -250 ~A 

VCD Inout Clamp Voltage VCC = 5V, ICLAMP = -12 rnA, TA = 25°C -c1.0 -1.5 V 

VOH Output Breakdown V.ec = Max, VIN = OV, lOUT = 5 rnA 56 65 V 

IOH Output Leakage VCC = Max, VIN = OV, VOUT = 54V 0.5 250 ~A 

VOL Output "ON" Voltage D51686 0.85 1.1 V 

VCC= Min, 
lOUT = 100llA 

D53686 0.85 1.0 V 

VIN = 2V 051686 0.95 1.3 V 
lOUT = 300llA 

053686 0.95 1.2 V 

ICC(l) Supply Current (Both Drivers) VCC = Max, VIN = OV, Outputs Open 2.0 4.0 rnA 

iCC(O) Supply Current (Both Drivers) VCC = Max, VIN = 3V, Outputs Open 18.0 28 rnA 

tpdO Propagation Delay to a Logical ':0" CL = 15 pF, VL = 10V, RL = 50n, 50 n, 

(Output Turn "ON") TA = 25°C, Vee = 5.0V 

tpd1 Propagation Delay to a Logical "1" CL = 15 pF, VL = lOV, RL = son, 1.0 ~, 

(Output Turn "OFF") ,T A = 25°C, VCC = 5.0V 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified minimax limits apply across the -£soe to +12Soe temperature range for the 051686 and across the 
oOe to +70oe range for the 053686. All typicals are given for Vee = S.OV and TA =.2SoC. 

Note 3: All currents into device pins shown as positive. out of device pins as negative. all voltages referenced to ground unless otherwise 
noted. All values shown as max or min on absolute value basis. 

AC Test Circuit and Switching Time Waveforms. 

VCCf 5V 
VL "'lOV 

PULSE I Rl =50 
GENERATOR 

~'-CL'15PF (NOTE 1) CIRCUIT 
UNDER 
TEST 

JV 

~ T'NOTE
" 

Note 1: The pulse generator has the following characteristics: 
PRR = 1 MHz, 50% duty cycle, ZOUT ~ son, tr = tf ~ 10 ns. 

Note 2: CL includes probe and jig capacitance. 
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051687/053687 Negative Voltage Relay Driver 
General Description 
The DS1687IDS3687 is a high voltage/current negative 
voltage relay driver having many features not available 
in present relay drivers. 

PNP inputs provide both TTLlDTL compatibility and 
high input impedance for low input loading. 

Output leakage is specified over temperature at an out­
put voltage of -54 V. Minimum output breakdown (AC/ 
latch breakdown) is specified over temperature at -5 mAo 
This clearly defines the actual breakdown of the device, 
since the circuit has incorporated in it an internal refer­
ence which does not allow output breakdown latching 
found in existing relay drivers. Additionally, this internal 
reference circuit feature will eliminate the need in most 
cases of an external clamping (inductive transient volt­
age protection) diode. When the output is turned "OFF", 
by input logiC conditions, the resulting inductive volt­
age transient seen at the output is detected by an inter­
nal zener reference. The reference then momentarily 
activates the output transistor long enough so that the 
relay energy is discharged. This feature eliminates the 
need of external circuit protection components and 
insures output transistor protection. 

The outputs are Darlington connected transistors, which 
allow high current operation at low internal Vee'current 
levels - base drive for the output transistor is obtained 
from the load in proportion to the required loading con­
ditions. Typical Vee power with both outputs "ON" is 
90mW. 

The circuit also features output transistor protection if 
the Vee supply is lost by forcing the output into the high 
impedance "OFF" state with the same breakdown levels 
as when Vee was applied. 

Features 
II TTLlDTUCMOS compatible inputs 
II High impedance inputs (PNP's) 
II High output voltage breakdown (-65V typ.) 
II High output current capability (300mA max.) 
II Internal protection circuit eliminates need for output pro-

tection diode in most applications 
II Output breakdown protection if Vee supply is lost 
II Low power dissipation [90mW (typ.) both outputs "ON"] 
I! Voltage and current levels compatible for use in tele-

phone relay applications 

Connection Diagrams 
Metal Can Package 

vee 

Dual-I "-Line Package Dual-In-Line Package 

GNo 

TOPVIEW 

Pin 4 is in electrical contact with the case 

Order Number DS1687H 
or DS3687H 

Vee 82 '2 X2 

TopvrEW 

Order Number DS3687N 

" B1 

Order Number DS1687J 
or DS3687J 

Schematic Diagram Truth Table 
r-~~------oVcc 

INPUT A 

INPUTS 

'--_+----"'1--+-__ - __ -0 GNo 

L..--...... --..... -o OUTPUT 
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POSl!ive log1c AB" X 

A B 

0 0 

1 0 

0 1 

1 1 

Logic "0" output "ON" 
LogIc "1" output "OFF" 

OUTPUT X 

1 

1 

1 

0 

c 
en ..... 
0) 
co 

"" -c 
en 
w 
0) 
co 

"" 
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Absolute Maximum Ratings (Note 1) Operating Conditions 

Supply Voltage 
Input Voltage 
Output Voltage 

7V 
15V 

·-56V 
-65"'e to +150"e 

300"e 

MIN MAX UNITS 

Supply Voltage, vee 
OS1687 4,5 5.5 V 

Storage Temperature Range 053687 4.75 5.25 V 
Lead Temperature (Soldering, 10 seconds) 

Temperature, T A 
051687 -55 +125 °e 

OS3687 0 +70 °e 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TVP MAX UNITS 

VIH Logical "'" Input Voltage 2.0 V 

IIH Logical "1" Input Current Vee = Max, VIN = 5.5V 0.01 40 /1A 

VIL Logical "0" Input Voltage 0.8 V 

IlL Logical "0" I nput Current Vee = Max, VIN = OAV -60 -250 /1 A 

VCO Input Clamp Voltage Vee = 5V, leLAMP = -12 mA, T A = 25°C -1.0 -1.5 V 

VOH Output Breakdown Vee = Max, VIN = OV, lOUT = -5 mA -56 -65 V 

IOH Output Leakage Vee = Max, VIN = OV, VOUT = -54V -{J.5 -250 /1A 

VOL Output "ON" Voltage 051687 -{J.85 -1.1 V 

Vee = Min, 
lOUT = 100 mA 

053687 -{J.85 -1.0 V 

VIN = 2V 
lOUT = 300 mA 

051687 -{J.95 -1.3 V 

053687 -{J.95 -1.2 V 

lee(1I Supply Current (Both Drivers) Vee = Max, VIN = OV, Outputs Open 2.0 4.0 mA 

leC(O) Supply Current (80th Drivers) Vee = Max, VIN = 3V, Outputs Open 18.0 28 mA 

tpd(ON) Propagation Delay to a Logical "0" CL = 15 pF, VL = -10V, RL = son, 50 ns 

(Output Turn "ON") TA = 25°C, Vee = 5.0V 

tpd(OFF) Propagation Delay to a Logical "1" CL = 15 pF, VL = -10V, RL = 50n, 1.0 /1S 

(Output Turn "OFF") T A = 25°C, Vce = 5.0V 

Note' 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electricai 
Characteristics" provides conditions for actual device operation. 
Note 2: Unless otherwise specified minImax limits apply across the --5SoC to +12SoC temperature range for the DS1687 and across the 
0° e to + 70° C range for the OS3687. All typicals are given for Vee = 5.0V and T A = 25°C. 

Note 3: All currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise 
noted. All values shown as max or min on absolute value basis. 

AC Test Circuit and Switching Time Waveforms 

VTV VL; -TDV 

PULSE Rl =50 
GENERATOR 

I 

lNOTE 11 CIRCUIT 
UNOER I--
TEST 3V -L-CL=15pF 

J- I'NOTE'} 

Note 1: The pulse generator has the following characteristics: 
PRR = 1 MHz, 50% duty cycle, ZOUT ? 50n, tr = tf 5. 10 ns. 
Note 2: CL includes probe and jig capacitance. 

3V r-~------~--' 

INPUT ---.i' SV '5V\I.. _______ ' _ 

"~ ~'··"'r .~.. 1- J 
VOFF _______ ---1. "L 
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DS78C20/DS88C20 Dual CMOS Compatible 
Differential Line Receiver 

General Description 
The OS78C20 and OS88C20 are high performance, dual 
differential, CMOS compatible line receivers for both 
balanced and unbalanced digital data transmission. The 
inputs are compatible with EIA and Federal Standards. 

Input specifications meet or exceed those of the popular 
OS7820/0S8820 line receiver, and the pinout is identical. 

A response pin is provided for controlling sensitivity to 
input noise spikes with an external capacitor. Each re­
ceiver includes a 180Q terminating resistor, which may 
be used optionally on twisted pair lines. The DS78C20 is 
specified over a -55°C to +125°C operating temperature 
range, and the OS88C20 over a O°C to +70°C range. 

Connection Diagram 

Features 
• Full compatibility with EIA Standards RS-232-C, 

RS-422, and RS-423, and Federal Standards 1020 
and 1030 

• Input voltage range of ±15 V (differential or common-
mode) 

• S~parate strobe input for each receiver 

• V. Vee strobe threshold for CMOS compatibility 

• 5k input impedance 

• 50mV input hysteresis 

• 200mV input threshold 

• Operation voltage range = 4.5 V to 15 V 

Dual-In-Line and Flat Package 

TERMI· RESPONSE 
Vee -INPUT NATION +INPUT STROBE TIME OUTPUT 

14 13 12 11 10 

-INPUT TERMI· +INPUT STROBE RESPONSE OUTPUT GND 
NATION TIME 

Typical Application 

RS-422/RS-423 Application 

Vee 
LINE DRIVER AND RECEIVER (NOTE J) 

Note 1: (Optional internal termination resistor). 

C1 
O.OlIJF 

(NOTE 11 

STROBE 

a) Capacitor in series with internal line termination resistor; 
terminates the line and saves termination power. Exact value 
depends on line length. 
b) Pin 1 connected to pin 2; terminates the line. 
c) Pin 2 open; no internal line termination. 
d) Transmission line may be terminated elsewhere or not at 
all. 

Note 2: Optional to control response time. 
Nota 3: Vce = 4.5V to l5V for the DS78C20. For further 
information on line drivers and line receivers, refer to applica­
tion notes AN·22, AN·83 and AN-l08. 

TOPVIEW 
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RS·232·C Application with Hysteresis 
vee vee 

OUTPUT 

INPUT 

STROBE 

For signals which require fail-safe or have slow rise and fall 
times, use R1 and D1 as shown above; otherwise the positive 
input (pin 3 or pin 11) may be connected to ground. 

VCC 

5V 
10V 
15V 

Rl ±5% 

4.3krl 
15 krl 
24 krl 

VOUT 

VOL 

(OUTPUT· ·'1" 
FOR OPEN INPUT) 

c en ...... 
CO 
o 
N 
C -C en 
CO 
CO o 
N 
C 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Supply Voltage lBV MIN MAX UNITS 

Input Voltage ±25V Supply Voltage (VCCI 4.5 15 V 
Strobe Voltage lBV Temperature (TAl 
Output Sink Current 50mA DS7BC20 -55 +125 °c 
Power 0 issipation SOOmW DS88C20 0 +70 °c 
Storage Temperature Range -£5°C to +150°C 

Common·Mode Voltage (VCMI -15 +15 V 
Le~d Temperature (Soldering, 10 secondsl 300°C 

Differential Input Voltage (VDIFFI :O:S V 

Electrical Characteristics (Notes 2 and 3) 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

VTH Differential Threshold Voltage lOUT: -200 /lA, -lOV < VCM < 10V O.OS 0.2 V 

VOUT> VCC - 1.2V -15V < VCM < 15V O.OS 0.3 V 

lOUT = 1.6 mA, VOUT:; 0.5V 
-10V < VCM < 10V -O.OB -0.2 V 

-15V:; VCM:; 15V -0.08 -{).3 V 

RIN Input Resistance -15V:; VCM:; 15V 5 ko' 

RT line Termination Resistance TA: 25°C 100 lBO 300 0, 

liND Data Input Current (Unlerminated) VCM: 10V 2 3.1 mA 

VCM: OV 0 -0.5 mA 

VCM: -lOV -2 -3.1 mA 

VTHB Input Balance lOUT: 200/lA, VOUT::: 

VCC - 1.2V. RS: 5000" (Note 51 
-7V:; VCM:; 7V 0.1 0.4 V 

lOUT: 1.S mA, VOUT:; 0.5V, 
-7V :; VCM :; 7V -0.1 -0.4 V 

RS: 5000" (Note 51 

VOH Logical "1" Output Voltage IOUT:-200/lA. VDIFF: IV VCC-1.2 VCC-0.75 V 

VOL Logical "0" Output Voltage lOUT: 1.S mAo VDIFF = -lV 0.25 0.5 V 

ICC Power Supply Current 15V:;VCM:;-15V, VCC: 5.5V B 15 mA 

VDIFF : -0.5V (Both Receiversl VCC = 15V 15 30 mA 

IIN(ll Logical "1" Strobe Input Current VSTROBE: 15V, VDIFF: 3V 15 100 /lA 

IIN(OI Logical "0" Strobe Input Current VSTROBE: OV, VDIFF: -3V -0.5 -100 /lA 

VIH Logical "1" Strobe Input Voltage VCC: 5V 3.5 2.5 V 

lOUT: 1.S mA, VOL:; 0.5V VCC: lOV B.O 5 V 

VCC: 15V 12.5 7.5 V 

VIL Logical "0" Strobe Input Voltage VCC: 5V 2.5 1.5 V 
lOUT: -200 /lA, 

VCC: 10V 5.0 2.0 V 
VOH: VCC -1.2V 

VCC:15V 7.5 2.5 V 

lOS Output Short-Circuit Current VOUT: OV, VCC = 15V, VSTROBE: OV, (Note 41 -5 -20 -40 mA 

Switching Characteristics Vcc =5V, TA = 25°C 

PARAMETER CONDITIONS MIN TYP MAX UNITS 

tpdO(D) Differential Input to "0" Output CL = 50pF SO 100 ns 

tpdl(DI Differential Input to "1" Output CL: 50 pF 100 150 ns 

tpdO(SI Strobe Input to "0" Output CL: 50 pF 30 70 ns 

tpdl(SI Strobe Input to "1" Output CL = 50 pF 100 150 ns 

Note 1: II Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for "Operating 
Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteristics" 
provides conditions for actual device operation. 
Note 2: Unless otherwise specified minImax limits apply across the _550 C to +125°C temperature range for the DS78C20 and across the 0° C to 
+70°C range for the DSBBC20, All typical values are for TA: 25°C, VCC: 5V and VCM: OV. 

Note 3: ~II currents into device pins shown as positive, out of device pins as negative, all voltages referenced to ground unless otherwise noted. 
All values shown as max or min on absolute value basis. 
Note 4: Only one output at a time should be shorted. 
Note 5: Refer to EIA·RS422 for exact conditions. 
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AC Test Circuit and Switching Time Waveforms 

DIFF INPUT 

>-..... -0 OUTPUT 

t r =tf:O;10ns 

PRR = 1 MHz 

*Includes probe and jig capacitance 

2.5V -------,----..... 

DIFF 
INPUT 

-2.5V ____ oJ 

STROBE 
INPUT 

OV 

OUTPUT 
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~ Semiconductor 

PRELIMINARY INFORMATION 

DP7310/DP8310/DP7311/DP8311. 
Octal Latched Peripheral Drivers 
General Description 
The DP7310/8310, DP731118311 Octal Latched Peripheral 
Drivers provide the function of latching eight bits of data 
with open collector outputs, each driving up to 100mA 
DC with an operating voltage range of 30 volts. Both 
devices are designed for low input currents, high 
input/output voltages, and feature a power up clear (out­
puts off) function. 

The DP7310/8310 are positive edge latching. Two active 
low write/enable inputs are available for convenient data 
bussing without external gating. 

The DP7311/8311 are fall through latches. The active low 
strobe input latches data or allows fall through operation 
when held at logic "0". The latches are cleared (outputs 
off) with a logic "0" on the clear pin. 

Features 
• High current, high voltage open collector outputs 

• Low current, high voltage inputs 

• All outputs Simultaneously sink rated current "DC" 
with no thermal derating at maximum rated 
temperature. 

Connection Diagrams 

Dual-In-Line Package 

WEl 20 Vee 

DI4 19 WE2 

013 lS DI5 

DI2 17 DI6 

Dll DP73101 16 017 

DDl DPS310 15 DiS 

D02 14 DDS 

D03 13 D07 

004 12 006 

GND 10 11 D05 

Order Number DP7310J, DP8310J 
DP8310N 

• Parallel latching or buffering 

• Separate active low enables for easy data bussing 

• Internal "glitch free" power up clear 

• 10% Vee tolerance 

Applications 
• High current high voltage drivers 

• Relay drivers 

• Lamp drivers 

• LED drivers. 

• TRIAC drivers 

• Solenoid drivers 

• Stepper motor drivers 

• Level translators 

• Fiber optie LED drivers 

Dual-In-Llne Package 

eLH 20 Vee 

DI4 19 8TH 

013 lS DI5 

DI2 17 DI6 

Dll DP73111 16 DI7 

DOl OPS311 15 DiS 

D02 14 DOS 

003 13 007 

D04 12 D06 

GNO 10 11 D05 

Order Number DP7311J, DP8311J 
DP8311N 
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Absolute Maximum Ratings (Note 1) Operating Conditions 
Supply Voltage 7.0V 
Input Voltage 35V Supply Voltage (Ved 
Output Voltage 35V Temperature 
Storage Temperature Range -65 DC to +150DC DP7310IDP7311 
N Package Power Dissipation @ 70DC 1.3 watts DP8310IDP8311 
Lead Temperature (soldering, 10 seconds) 300DC Input Voltage 

Output Voltage 

DC Electrical Characteristics DP7310IDP8310, DP7311IDP8311 (Notes 2 and 3) 

Parameter Conditions Min. Typ. 

VIH Logical "1" Input Voltage 2.0 

VIL Logical "0" Input Voltage 

VOL Logical "0" Output Voltage Data outputs latched to 
logical "0", Vee=min. 

DP7310/DP7311 IOL=75ma \ 
DP8310IDP8311 10L= 100mA 0.35 

10H Logical "1" Output Current Data outputs latched to 
logical "1 ", Vee = min. 

DP7310IDP7311 VoH =25V 
DP8310IDP8311 VoH =30V 2.5 

IIH Logical "1" Input Current VIH = 2.7V, Vcc = max. 0.1 

II Input Current at Maximum Input 
Voltage VIN = 30V, Vee = max. 1 

IlL Logical "0" Input Current VIN = O.4V, Vcc = max. -215 

Vclamp Input Clamp Voltage liN =-12mA -0.8 

Icco Supply Current, Outputs On Data outputs latched to a 
logical "0". All inputs are 
at logical "1", Vcc=max. 

DP7310 100 
DP8310 100 
DP7311 88 
DP8311 88 

Icc1 Supply Current, Outputs Off Data outputs latched to a 
logic "1". Other 
conditions same as Icco. 

DP7310 40 
DP8310 40 
DP7311 25 
DP8311 25 
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Min. 

4.5 

-55 
0 

Max. 

0.8 

0.4 
0.5 

500 
250 

25 

250 

-300 

-1.5 

125 
152 
117 
125 

47 
57 
34 
36 

Max. Units 

5.5 V 

+125 DC 

+70 DC 

30 V 
30 V 

Units 

V 

V 

V 
V 

/JA 
/JA 

/JA 

!lAo 

/JA 

V 

mA 
mA 
mA 
mA 

mA 
mA 
mA 
mA 

C 
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Q -C 
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CO 
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AC Electrical Characteristics DP73101DP8310: Vee =5V, TA=25°C 

Parameter Conditions Min. Typ. Max. Units 

tpdO High to Low Propagation Delay 
Write Enable Input to Output Figure 1 40 ns 

tpd1 Low to High Propagation Delay 
Write Enable Input to Output Figure 1 70 ns 

tSETUP Minimum Set·Up Time tHoLO=Ons 
Data In to Write Enable Input Figure 1 12 ' ns 

tpWH' Minimum Write Enable Pulse 
tPWL Width Figure 1 20 ns 

tTHL High to Low Output Transition Time Figure 1 16 ns 

tTLH Low to High Output Transition Time Figure 1 38 ns 

CIN uN" Package Note 4 5 15 pF 

AC Electrical Characteristics DP7311/DP8311: Vee=5V, TA=25°C 

Parameter Conditions Min. Typ. Max. Units 

tpdO High to Low Propagation Delay 
Data In to Output Figure'2 30 ns 

tpd1 Low to High Propagation Delay 
Data In to Output Figure 2 70 ns 

tSETUP Minimum Set·Up Time tHoLO=Ons 
Data In to Strobe Input Figure 2 -25 ns 

tpWL, Minimum Strobe Enable Pulse Width Figure 2 45 ns 

tpdc Propagation Delay Clear to Data Output Figure 2 70 ns 

tpwe Minimum Clear Input Pulse Width Figure 2 10 ns 

tTHL High to Low Output Transition Time Figure 2 16 ns 

tTLH Low to High Output Transition Time Figure 2 38 ns 

CIN Input Capacitance - Any Input Note 4 5 15 pF 

Note I: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Temperature Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical 
Characteristics" provides conditions for actual device operation. 

Note 2: Unless otherwise specified min.lmax. limits apply across the -55°C to +125°C temperature range for the DP7310/DP7311 and 
across the O°C to +70°C for the DP83101DP8311. All typical values are for TA=25°C, Vee = 5V. 

Note 3: All currents Into device pins shown as positive, out of device pins as negative, ,all voltages referenced to ground unless 
otherwise noted. 

Note 4: Input capacitance is guaranteed by periodic testing. flESl = 10 KHz at 300mV, TA= 25°C 
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Logic Table 

DP7310IDP8310 DP7311IDP8311 

Write Write Data 
Enable 1 Enable 2 Input 

WE1 WE2 011- 8 

0 0 X 

0 -' 0 

0 -.:f 1 

....r 0 0 

....r 0 1 

0 1 X 

1 0 X 

1 1 X 

Data 
Output 
001_8 

Q 

1 

0 

1 

0 

Q 

Q 

Q 

Clear Strobe 

CLR STR 

1 

1 

1 

0 

X = Don't Care 
1 = Outputs Off 
0= Outputs On 

1 

0 

0 

X 

Q = Pre-existing Output 
£= Positive Edge Transition 

Block Diagram DP7310IDP8310 

DATA IN 1 o-------r---, 
(Dll) 

DATA IN 2 o--+--I--lr--'---, 
(012) 

. . 
o 

DATA IN B o---I---I---r-L---, 
(018) 

WRITE ENABLE 1 
(WE1) 

WRITE ENAOLE 2 
(WE2) 

Block Diagram DP7311IDP8311 

OATA IN 1 o-------r---, 
(011) 

DATA IN 2 o--+--J--r--'--, 
(01 2) 

• · · • · · • · • 
DATA IN 0 o--+--I---r--'---, 

(010) 

CLEAR 
(CLR) 

STROBE 
(STR) 

6-27 

DATA OUT 1 
(001) 

DATA OUT 2 
(002) 

OATA OUT B 
(000) 

DATA OUT 1 
(001) 

OATA OUT 2 
(002) 

DATA OUT B 
(DOB) 

Data 
Input 
011- 8 

X 

0 

1 

X 

Data 
Output 
001- 8 

Q 

1 

0 

1 

C 
"tI ...... 
w 
"""" o -C 
"tI 
00 
w 
"""" $=' 
C 
"tI 
...... 
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"""" """" -C 
"tJ 
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Switching Time Waveforms DP7310/DP8310 

3V 

DATA INPUT 
OV 

3V 

WEl OR WE2 

OV ----:--~I 

V+---...:;;;.;-~ 

OUTPUT 

VOL 

Switching Time Waveforms DP7311IDP8311 

3V 
DATA INPUT 

OV 

3V 
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3V--~--+-----~----~----~ 
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OV 

V+ 
OUTPUT 

VOL 

Switching Time Test Circuits DP7310/DP8310 DP7311/DP8311 

5V 

VCC 
\VEl" 
OR 
W£2 

INPUT 

V+ =10V 

RL=100Q 

OUT 

5V 

V+ =10V 

RL=100Q 

OUT 

J CL=50pF 

"W£l = OV WHEN THE INPUT = \VE2 PULSE GENERATOR CHARACTERISTICS: 
ZO=50Q, t,=t,=5ns 

Figure 1 Figure 2 
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Typical Applications DP8310/11 Buffering High Current Device (Notes 5 and 6) 

1 OF S 
OUTPUTS 

1 OF S 
OUTPUTS 

FALLTHROUGH 
MODE 

PNP High Current Driver 
30V MAX. 

V-

1 OF S 
OUTPUTS 

1 OF 8 
OUTPUTS 

VMOS High Current Driver 

VG 

RG 

NPN High Current Driver 

30V MAX V+ 

Eight Output/Four Output Fiber Optic LED Driver 

DP8311100mA Drivers 

l00mA I 
MAX. t 

V+ 

~LED TO 
FISER OPTIC 
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DP8311 Parallel Outputs (200mA) Drivers· 

1 OF 4 
OUTPUTS 

FALLTHROUGH 
MODE 

V+ 

200mA I RD 
MAX. t 

·PARALLEL ONLY 

~LED TO 
FIBER OPTIC 

-= ADJACENT OUTPUTS 
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""C ...... 
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o -C 
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""C 
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""C 
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,.. ,.. i Typical Applications '(eont'd) 

C -,.. ,.. 
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~ 
c -o ,.. 
C") ..... ' 

D­
C 

8·Blt Level Translator·Drlver 

INPUT 

,-30Y 

1.4Vth-b OY 

+5 

+5 

OP8311 

Y+ 

LOAD OR 
OUTPUT PULL·UP 

r~~~ 
---1---0Y 

200 mA Drive for a 4 Phase Bifilar Stepper Motor 

+VSTEPPER 

3DV MAX. 

'DOl 

0 
002 

A 003 

S DATA BUS T 004 
Y A OPB310 005 S 
T 006 
E 007 
M 

OOB 

ADDRESS/CE 

f70iii 
'PARAllEL ONLY 

ADJACENT OUTPUTS 

Digital Controlled 256 Level 
Power Supply from 1.2 Volts to 30 Volts 

o 
A 
T 
A, 

I 
N 
P 
U 
T 
S 

VIN 

: rl--'lM...-+----t 
T 
A ..... """"IN\,... ... 

·SETS YOUT 

YOUT 

Reading the State of the Latched Peripherals 

V+ 

DATA BUS DP831D 

IN 
B 

S 
y ADDIIESS 
S 

i7iiW T 
E 

IIOR M 

OMB1LS96' 
TRI·STATE 

OCTAL 
BUFFER 

Gi Gi ·HIGH LEVEL INPUT 
VOLTAGE MUST NOT 
EXCEED YCC OF THE 
DM81LS96 

Note 5: Always use good Vee bypass and ground techniques to suppress transients caused by peripheral loads. 

Note 6: Printed circuit board mounting is required If these devices are operated at maximum rated temperature and current (all outputs 
on DC). 
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~National . 
~ Semiconductor 

LM195/LM295/LM395 Ultra Reliable Power Transistors 

General Description 
The LM195/LM295/LM395 are fast, monolithic power 
transistors with complete overload protection. These 
devic~s, which act as high gain power transistors, have 
included on the chip, current limiting, power limiting, 
and thermal overload protection making them virtually 
impossible to destroy from any type of overload. In the 
standard TO-3 transistor power package, the LM 195 will 
deliver load currents in excess of 1.0A and can switch 
40V in 500ns. 

The inclusion of thermal limiting, a feature not easily 
available in discrete designs, provides virtually absolute 
protection against overload. Excessive power dissipation 
or inadequate heat sinking cause the thermal limiting cir­
cuitry to turn off the device preventing excessive heating. 

The LM195 offers a significant increase in reliability as 
well as simplifying power circuitry. In some applications 
where protection is unusually difficult, such as switching 
regulators, lamp or solenoid drivers where normal power 
dissipation is low, the LM195 is especially advantageous. 

The LM195 is easy to use and only a few precautions 
need be observed. Excessive collector to emitter voltage 
can destroy the LM195 as with any power ,tranSistor. 
When the device is used as an emitter follower with low 

source impedance, it is necessary to insert a 5.0k re­
sistor in series with the base lead to prevent possible 
emitter follower oscillations. Although the device is 
usually stable as an emitter follower, the resistor elimi­
nates the possibility of trouble without degrading per­
formance. Finally, since it has good high frequency 
response, supply bypaSSing is recommended. 

The LM195/LM295/LM395 are available in standard TO-3 
power packages and solid Kovar TO-5. The LM195 is 
rated for operation from -55'C to +150'C, the LM295 
from -25'C to +150'C, and the LM395 from O'C to +125'C. 

Features 
II Internal thermal limiting 

1:1 Greater than to A output current 

III 3.01'A typical base current 

EI 500 ns switching time 

a 2.0V saturation 

II Base can be driven up to 40V without damage 

II Directly interfaces with CMOS or TTL 

Simplified Circuit and Connection Diagrams 

,...------ ---, 
I 
I 
I 

"SEI 

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I EMITTER 

'--------~...,., L ________ _ 

Simplified Circuit of the LM195 

TO·3 Metal Can Package 

'ASEO"Ll"'OR 
CASE IS a EMITTER 

BOTTOM VIEW 

TO-S Metal Can Package ao EMITTER 

2~BASE 

J - COllECTOR 

CASE IS EMITTER 
BOTTOM VIEW 

TO-220 Power Package 

TOPV1EW 
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Absolute Maximum Ratings 

Collector to Emitter Voltage 
LM195, LM295 42V 
LM395 36V 

Collector to Base Voltage 
LM195, LM295 42V 
LM395 36V 

Base to Emitter Voltage (Forward) -
LM195, LM295 42V 
LM395 36V 

Base to Emitter Voltage (Reverse) 20V 
Collector Current Internally Limited 
Power Dissipation I nternally Limited 
Operating Temperature Range 

LM195 -55°C to +150°C 
LM295 -25°C to +150°C 
LM395 O°C to +125°C 

Storage Temperature Range -65°C to +150°C 
Lead Temperature (Soldering, 10 seconds) 300°C 

Electrical Characteristics (Note 1) 

LM195. LM295 LM395 
PARAMETER CONDITIONS UNITS 

MIN TVP MAX MIN TVP MAX 

CotltJl~tor·Emlttet Operating Voltage IQ~IC51MAx 42 36 V 

B.l~e to Emitter Breakdown Voltdge 0< VeE'::; VCEMAX 42 36 60 V 

Collector Currcnt 

TO·3 VeE ~ 15V 1.2 20 1.0 2.0 A 
TO·5 VCE::::7.0V 1.2 2.0 1.0 2.0 A 
TO·220 VeE 515V 1.0 2.0 A 

Satur alton Voltage Ie <: 1.0A 1.8 2.0 1.8 2.2 V 

Bclse Current 0-:;; Ie 51MAx 3.0 5.0 3.0 10 ~A 

o~ VeE <; VCEMAX 

QUiescent Current Vbe::: 0 2.0 5.0 2.0 10 rnA 
O~VCE ~VCEMAX 

Base to Emitter Voltage Ie ~ 1.0A. T A ::: +25"C 0.9 0.9 V 

SWltchmg Time VeE = 36V, RL = 36H, 500 500 ns 
TA=+25"C 

Thermal ReSistance Junction to TO-3 Package 2.3 3.0 2.3 3.0 °CIW 
Case (Note 21 TO-5 Package 12 15 12 15 °elW -
Note 1: Unless otherwise specified, these specifications apply for -55°C :<: Tj :<: +150°C for the LM195,-25°C :<: Tj :<: +150°C 
for the LM295 and 0° C :<: +125° C for the LM395. 
Note 2: Without a heat sink, the thermal resistance of the TO-5 package is about +150°C/W, while that of the TO-3 package 
is+35°C/W. 
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Typical Perfo~mance Characteristics 
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:E Typical Performance Characteristics (Cont'd.) 
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Typical Applications 
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:!: Typical Applications (Cont'd.) 
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Typical Applications (Conl'd.) 
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Typical Applications (Cont'd.) 
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Section 7 

High Reliability/Radiation 
Hardened CMOS Programs 



~National 
tcfI Semiconductor 

883BIRETS™ Program 

The National Semiconductor 883B/RETSTM Program was conceived with the intent of 
offering our customers a standardized, off-the-shelf, integrated circuit fully 
compliant to the current revision of MI L-STD-883. 

The following specification outlines the program qualification, quality conformance 
and processing requirements. Records and data substantiating the testing as 
specified herein are controlled and administered through National Semiconductor 
Quality Assurance and Reliability group (located in Santa Clara, Californial 
and are available for review. 

As a complement to this program, the National Quality system is designed to 
encompass the requirements of M I L-Q-9858 and associated documents. 

Tom Griffiths, Director 
Quality Assurance and Reliability 
National Semiconductor Corporation 
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1.0 Scope 

1.1 Purpose 

This specification establishes the requirements for 
screening and processing of integrated circuits in accord· 
ance with M I L·STD·883. Class 8. 

.1.2 Intent 

This specification is intended to provide the user with the 
ability to procure standardized. off·the·shelf integrated 
circuits manufactured by National Semiconductor Cor· 
poration that are fully compliant to MIL·STD·883. 

2.0 Applicable Documents 

The following specifications and standards. of the issue 
in effect on the date of invitation for bids or request for 
proposal. form a part of this specification to the extent 
specified herein. 

2.1 Specifications 

Military 
M I L·M·55565 
MIL·M·38510 

MI L·C·45662 
MIL·Q·9858 

2.2 Standards 

Military 
MIL·STD·105 
MIL·STD·883 

Microcircuits. Packaging of 
General Specification for Micro· 
circuits 

Calibration System Requirements 
Quality System Requirements 

Sampling Procedures and Tables 
Test Methods and Procedures for 
Microelectronics 

2.3 Detail Specifications 

The detail specification for a particular 883B/RETS™ 
microcircuit is the manufacturer's RETS (Reliability 
Electrical Test Specification, see Figure 2). 

3.0 General Requirements 

The individual reqUirements shall be as specified herein 
and In accordance with the applicable detail specifica· 
tlon. The static and dynamic electrical performance 

requirements and electrical test methods shall be as spec· 
ified in the detail specification. 

3.1 Process Conditioning, Testing, Reliability and 
Ouality Assurance Screening 

Process conditioning, screening and testing shall be as 
specified In Section 4.0. 

7-3 

MIL·STD·BB3 Q.A. Applicable Process 
Process Level Flow Chart 

8 Figure la 

3.1.1 Oualification 

Suffix Level 
Indicator 

/8838 

The 883B/RETS™ microcircuits furnished under this 
specification shall be products which have been pro· 
duced and tested and have passed the qualification tests 
specified herein. Successful qualification for a given level 
results in qualification approval for that level and all 
lower products assurance levels of that device (refer· 
ence appendix E MIL·M·38510D). 

3.1.2 Alternate Qualification 

In lieu of meeting the requirements of 3.1.1, the manu· 
facturer may establ ish qualification by perform ing' an 
initial, one time qualification test. Qualification testing 
shall be performed on each generic family supplied. 
Upon successful completion of the qualification pro· 
gram, the manufacturer shall remain qualified for a 
period not to exceed 12 months. 

3.2 Quality Conformance Inspection 

The 883B/RETS™ micr,ocircuits furnished under this 
specification shall be products which have been produced 
and tested in conformance with all the provisions of this 
specification for the applicable level. Devices which have 
been accepted as conforming to a given product assur· 
ance level may be furnished as conforming to any other 
level for which they meet or exceed the quality confor· 
mance requirements. 

3.3 Marking 

3.3.1 Marking on Each Device 

The following marking shall be placed on each micro· 
circuit: 

a) I ndex point (see 3.3.4) 
b) Part number (see 3.3.5) 
c) Product assurance level (see 3.3.6) 
d) Inspection lot identificatIOn code (see 3.3.8) 
e) Manufacturer's Identification (see 3.3.9) 

3.3.2 Marking on Initial Container 

All of the marking specified in 3.3.1, except the Index 
point, shall appear on the initial protection or wrapping 
for delivery. 

3.3.3 Marking Permanence 

Marking shall be permanent in nature and remain legible 
after testing. Damage to marking caused by mechanical 
fixturing in Group Band C tests shall not be cause for 
lot rejection. 



ClassB 

FIGURE 1. MIL·STD..a83 ScteenmB 
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01 

Burn·ln·Circuits: 
N RETS4001BX ~ DIP: 8900HR; FLAT: 9118HR 0 
T Revision C Test Conditions (Unless Otherwise SpeCified) E 
S 

Parameter Symbol 

Logical "a" Output Voltage VOL VOO = 1 OV, lOUT = O"A, V,H = 1 OV, V,L = OV 
VOO = 5V, lOUT = OI'A, V,H = 5V, V,L = OV 
VOO = 15V, lOUT = O"A, V,H = 15V, V,L = OV 

Logical "1" Output Voltage VOH VOO = 1 OV, lOUT = O"A, V,H = 1 OV, V,L = OV 
VOO = 15V, lOUT = aliA, V,H = 15V. V,L = OV 
VOO = 5V, lOUT = aliA, V,H = 5V, V,L = OV 

Logical "1" Input Current "H VOO = 15V, V,N = 15V (all inputs tied) 
Logical "a" Input Current ',L VOO = 15V, V,N = OV (all inputs tied) 
Output Source Current 'SOURCE VO~ = 15V, VOUT = 13.5V, V,H = 15V, V,L = OV 

Vo~ = 10V, VOUT =. 9.5V, V,H = 10V, V,L = OV 
Voo = 5V, VOUT = 4.6V, V,H = 5V, V,L = OV 
Vo~ = 5V, VOUT = OV, V,H = 5V, V,L = OV 

Output Sink Current ISINK VO~ = 15V, VOUT = 1 .. 5V, V,H = 15V, V,L = OV 
Voo = 1 OV, VOUT = 0.5V, V,H = 1 OV, V,L = OV 
Voo = 5V, VOUT = O.4V, V,H = 5V, V,L ~ OV 
VO~ = 5V, VOUT = 5V, V,H = 5V, V,L = OV 

Power Supply Current 100 VOO = 15V, V,H = 15V, V,L = OV 
VO~ = 10V, V,H = 10V, V,L = OV 
Voo = 5V, V!H = 5V, V,L = OV 
Voo = 18V, V,H = 18V, V,L = OV 

1,4 Logical "1" Input Current V,H Voo = 5V, VOUT = 4.5V, (min) 
VOO = 1 OV, VOUT = 9.0V (min) 
VOO = 15V, VOUT = 13.5V (min) 

1,4 Logical "a" Input Vbltage V,L VOO = 5V, VOUT = 0.5V (max) 
VOO = 1 OV, VOUT = 1.0V (max) 
VOO = 15V, VOUT = 1.5V (max) 
Note 4: VOUT is measured with Inputs at V'H, V,L 

2 Input Capacitance C'N 

3 Propagation Oelay Time tpdO, tpdl VOO = 5V 
3 Transition Time tto, tt1 VO~ = 5V 
2 Propagation Oelay Time tpdO, tpdl VOO = 10V 

Vce = 15V 
2 Transition Time tto, ttl VOO = 10V 

VOO = 15V 

Note 1: Parameter tested go-no-go only. cannot be data logged Note 2. Guaranteed parameter. no lestmg is available. 

Device: CD4001 BM (MM4601 B) Function: CMOS Buffered Quad 2-lnput NOR Gate 

Test System: Teradyne J·283 
RC4601BXRB RC4601BXHB RC4601BXLB Optional 

Drift Unils 
.l 01 

Subgroup 1 Subgroup 2 Subgroup 3 Limits Measure 
+2S"C +12S"C -SS"C (2S"C) 

Test Number Min Max Min Max Min Max 

120,121 0.05 0.05 0.05 V 
112,113 0.05 0.05 0.05 V 
126,127 0.05 0.05 0.05 V 
70,71 9.95 9.95 9.95 V 
76,77 14.95 14.95 V 
62,63 4.95 4.95 4.95 V 
33 100 1000 100 nA 
34 -100 -1000 -100 nA 
74,75 -3.4 -2.4 -4.2 US rnA 
66,67 -1.3 -0.9 -1.6 rnA 
56,57 -0.51 -0.36 -0.64 rnA 
60,61 -1.85 -1.26 -2.2 rnA 
124,125 3.4 2.4 4.2 .75 rnA 
116,117 1.3 0.9 1.6 rnA 
102·105 0.51 0.36 0.64 rnA 
106-111 2.06 1.4 2.2 rnA 
42·45 1.0 30 1.0 .3 "A 
46·51 0.5 15 0.5 "A 
52·55 0.25 7.5 0.25 "A 
36·41 50 "A 
(64,65) 3.5 3.5 3.5 V 
(72,73) 7 7 7 V 
(100,101) 11 11 11 V 
(130B, 131 B) 1.5 1.5 1.5 V 
(122,123) 3 3 3 V 
(130A, 131 A) 4 4 4 V 

subgroup4 

1 7.5 pF 

subgroup 9 
250 ns 
200 ns 
100 ns 
70 ns 
100 ns 
80 ns 

Note 3: Guaranteed parameter, may be tested only on a special order baSIS 
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BUln·ln-Circuits: 
N RETS54COOX· ~ 

DIP: 89DDHR; FLAT: 9118HR 
0 
T Revision A Test Conditions (Unless Otherwise Specified)" E 
S 

Parameter Symbol 

Logical "1" Output Voltage VOH VCC = 5V,IOUT = -1 OItA, Y,N = 1.5V (all inputs) 
VCC = 10V,IOUT = -10ItA,V,N = 2V(allinputs) 
VCC = 4.5V, lOUT = - 360ltA, Y,N = IV (all inputs) 

Logical "0" Output Voltage VOL VCC = 5V, lOUT = 1 OItA, Y,N = 3.5V (all inputs) 
Vce = 1 OV, lOUT = 1 OItA, Y,N = 8V (all ,"puts) 
VCC = 4.5V, lOUT = 360ltA, Y,N = 4V (all inputs) 

Logical "1" Input Current "H Vce = 15V, Y,N = 15V, other inuts at OV 
Logical "0" Input Current ',L vee = 15V,V,N = OV,otherinputsat15V 
Quiescent Device Current ICC VCC = 15V, VIH = 15V, VIL = OV 
Output Source Current 'SOURCE VCC = 5V, VOUT = OV, Y,N = 5V(1 input per gate, other inputs at OV) 

VCC = 10V, VOUT = OV, Y,N = 10V(1 input per gate, other inputs at OV) 
Output Sink Current ISINK VCC = 5V, VOUT = 5V, VIN = 5V (all inputs) 

VCC = 10V, VOUT = 10V. Y,N = 10V (all inputs) 
VCC = 4.5V, VOUT = .4V, Y,N = 4V (all inputs) 

1 Logical "1" Input Voltage V,H VCC = 5V 
VCC = 10V r 

VCC = 4.5V (LP to CMOS) 
VCC = 4.5'1 (CMOS to LP) 

1 Logical "0" Input Voltage V,L VCC = 5V 
VCC = 10V 
VCC = 4.5V ([P to CMOS) 
VCC = 4.5V (CMOS to LP) 

1 Power Dissipation Po VCC = 15V 
2 Logical "1" Output Voltage VOH VCC = 4.5V" lOUT = - 10ItA 
2 Logicat "0" Output Voltage VOL VCC = 4.5V, lOUT = IOItA 

.3 Propagation Delay Time tpdl VCC = 5V, CL = 50pF 
tpdO VCC = 5V, CL = 50pF 

2 Propagation Delay Time tpdl VCC = 10V,CL = 50pF 
tpdO VCC = 10V, CL = 50pF 

Note 1: Parameter tested go·no-go onl • cannot be data loaDed. Note 2. Guaranteed parameter. no testing is available. 

Device: MM54COO Function: CMOS Quad 2·lnput NAND Gate 

Test Number 

45 
47 
43 
46 
50 
44 
33 
34 
40,41,42 
51, 52 
53,54 
5.5 
56 
57 

HIGH RELIABILITY CMOS 
Tesl Syslem: Teradyne J·283 
RC54COOBRA RC54COOBHA RC54CBlA Option. I 

Drill Units 
,1 of 

Subgroup 1 Subgroup 2 Subgroup 3 Limits Measure 
+25'C +125'C -55'C (25'C) 

Min Max Min M •• Min M •• 

4.5 4.5 4.5 V 
9.0 9.0 9.0 V 
2.4 2.4 2.4 V 

0.5 0.5 0.5 V 
1.0 1.0 1.0 V 
0.4 0.4 0.4 V 
.15 1.0 .15 itA 

-.15 -1.0 -.15 itA 
.15 15 .15 ± .05 itA 

-1.75 -1.2 -1.75 ±.5 rnA 
-8.0 -:5.6 -8.0 rnA 

1.75 1.20 1.75 ±.5 rnA 
8.0 5.6 8.0 rnA 
360 360 360 itA 
3.5 3.5 3.5 V 
8.0 . 8.0 8.0 V 
3.0 3.0 3.0 V 
4.0 4.0 4.0 V 

1.5 1.5 1.5 V 
2.0 2.0 2.0 V 
0.8 0.8 0.8 V 
1.0 1.0 1.0 V 
2.25 225 2.25 .ItW 

4.4 4.4 4.4 V 
0.4 0.4 0.4 V 

suo9rouP 9 
90 ns 
90 ns 
60 ns 
60 ns 

Note 3: Guaranteed parameter, m~y be tested onlv on a soeelal order baSIS. 



3.3.4 Index Point 

The index point indicating the starting point for num· 
bering of leads and/or mechanical orientation of the 
integrated circuit may be a tab. color dot, or. other 
suitable indicator. 

3.3.5 Part Number 

The part number shall be the manufacturer's generic 
part number. 

3.3.6 Product Assurance Level 

Integrated circuits shall be marked with a code indicating 
the product assurance level to which they have been 
tested and found to conform. The code shall consist of 

/883 followed by the letter B. 

3.3.7 Formation of Lots 

Microcircuits shall be assembled into inspection lots as 
required to meet the product assurance inspection and 
test requirements of this specification. An inspection 
sublot shall consist of microcircuits of a single type 
contained on a single detail specification, manufactured 
on the same production line(s! through final seal by the 
same product techniques, and to the same device design 
rules and package with the same material requirements, 
ann within the same period not exceeding 6 weeks. 

3.3.8 Inspection Lot Identification Code 

Integrated circuits shall be marked by a 4·dlgit date 
code indicating the date the lot was submitted for 
inspection. The firet 2 numbers in the code shall be the 
last 2 digits of the number of the year. The third and 
fourth numbers shall be 2 digits indicating the calendar 
week of the year. When the number of the week is a 
single digit, it shall be preceded by a zero. Reading from 
left to right, the code number shall designate year, 
year, week, week. 

3.3.9 Manufacturer's Identification 

Integrated circuits shall be marked with the name, logo,. 
or trademark of the manufacturer. 

4.0 Conditions and Methods of l/est 

Conditions and methods of test shall be in accordance 
with Method 5004 of MI L·STD·883 and as specified 
herein on a 100% basis. The general requirements of 
MI L·STD·883 apply as applicable. This section establishes 
the stress screening tests and qual ity conformance inspec' 
tion tests for this program. The purpose of these tests is 
to assure the quality and reliability of the product to a 
particular process level commensurate with the product's 
intended application. 
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4.1 Internal Visual Inspection (Precap! 

Internal visual inspection shall be performed per MIL· 
STD·883, Method 2010, Condition B. Hybrid internal 
visual shall be performed per Method 2017. 

4.2 Stabilization Bake 

Stabilization bake shall be performed per MIL·STD·883, 
Method 1008, Condition C. The devices shall be stored 
for 24 hours minimum at 150°C minimum. No end 
point measurements shall be performed. 

4.3 Temperature Cycling 

Temperature cycling shall be performed per MIL·STD· 
883, Method 1010, Condition C, 10 cycles, from -65°C 
to +150°C. 

4.4 Constant Acceleration 

Constant acceleration shall be performed per MIL·STD· 
883, Method 2001. Condition E, at 30,000 G's, In Yl 
plane only. 

4.5 Hermeticity 

Hermeticity tests shall be performed per the following: 

Fine Leak Testing 

Fine leak testing shall be performed per MIL·STD·883, 
Method 1014, Condition B. The criterion for rejection 
will be in accordance with M I L·STD·883. 

Gross Leak Testing 

Gross leak testing shall be performed per MIL·STD·883, 
Method 1014, Condition C. The rejection criterion will 
be per MIL·STD·883. 

4.6 Interim Electrical Parameters 

Interim electrical parameters shall be the 25°C DC 
parameters, specified in the detail specification (RETS!. 
(Interim electrical parameters are performed at the 
manufacturer's option.! 

4.7 Burn·ln 

Burn·in shall be performed per MI L·STD·833, Method 
1015, Conditions A, B, C or D on all Class B devices. 
(Burn'In condition varies with product type.! 

The ambient temperature shall be 125°C. 

4.8 Final Electrical Parameters 

Final electrical parameters shall be as specified in the 
applicable detail specification (RETS!. DC testing shall 
be performed at 25"C, -55"C, 125u C. AC testing 
shall be performed at 25"C. The PDA (Percent Defective 
Allowable! shall be 10% maximum and shall only apply 
to DC measurements at 25"C. 



4.9 External Visual Inspection 

All 883B/RETS™ microcircuits shall receive external 

visual inspection per M I L·STD·883, Method 2009. 

5.0 Quality Assurance Provisions 

5.1 Quality Conformance Inspection 

Qual ity conformance inspection shall be in accordance 
with Tables 1,11,111 and IV. Inspection lot sampling shall 
be in accordance with Method 5005 of M I L·STD·883. 
Inspection lots failing to meet quality conformance 
inspection for a given product assurance level shall be 
rejected. 

5.1.1 Group A Inspection 

Group A inspection shall consist of the electrical para· 

meters in the RETS (Reliability Electrical Test Speci· 

fication). If an inspection lot is made up of a collection 

of sublots, each sublot shall be subjected to Group A, 

as specified, (see Table 1). 

5.1.2 Group B Inspection 

Group B inspection consists of construction testing. 
This sample test sequence includes physical dimensions, 

resistance to solvents, internal visual and mechanical, 
bond strength and solderability (see Table II). The 
Group B qualifies the inspection sublot the sample is 
pulled from. It also qualifies all generically similar de· 
vices if the date code is within 6 weeks of the sample 
date code. 

5.1.3 Group C Inspection 

Group C inspection consists of die stress testing. This 
sample test sequence includes operating life, temperature 
cycling, constant acceleration, hermeticity, visual exami­
nation and end point electricals (see Table III). A Group 
C qualifies the lot the sample is pulled from and all 
generically similar die types for a period of 90 days. 

5.1.4 Group 0 Inspection 

Group 0 testing further stresses the package and the die. 
The Group 0 tests include physical dimensions, lead 
integrity, hermeticity, thermal shock, temperature 
cycling, moisture resistance, mechanical shock, vibration 
variable frequency, constant acceleration, salt atmos­
phere, visual examination, and end point electricals (see 
Table IV). A Group 0 qualifies the lot the sample is 
pulled from and all devices built in the same package for 
a period of 6 months. 

TABLE I. GROUP A ELECTRICAL TEST 

SUBGROUPS CLAsse 
LTPD 

Subgroup 1 

Static tests at 26" C 5 

SubgroUp 2 

Static tests at m~ximum rated 7 
operating temperature 

Subgroup 3 

Static tests at minimum rated 7 
operating temperature 

Subgroup 4 

Dynamic tests at 2S"C 5 

Subgroup 5 

Dynamic tests at maximum rated 7 
operating temperature 

SubgroupS 

Dynamic tests at minimum rated 7 

operating temperature 

Subgroup 7 

Functional tests at 25"C 5 

SubgroupS 

Functional1ests at maximum and 10 

minimum rated operating 

temperature 

Subgroup 9 

Switching test. at 25°C 7 
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TABLE IV. GROUP D INSPECTION 

TEST METHOD CONDITIONS CLASS B 
LTPO 

IMAX ACC = 1) 

Subgroup 1 

Physical dimensions 2016 15 

Internal water vapor 1018 3 devices 

(No failures) 

Subgroup 2 

Lead integrity 2004 Test conditions 82 (lead 

. fatigue) 

Seal 1014 As applicable 

Fine 

Gross 

Subgroup 3 

Thermal· shock 1011 Test condition B - 15 cycle~ 15 

Temperature cycling 1010 Test condition C L 100 cycles 

Moisture resistance 1004 

Seal 1014 As applicable 

Fine 

Gross 

Visual examination 1004 

End point electrical As specified in the applicable 

parameters device specification (+25°C) 

Subgyoup4 

Mechanical shock 2002 Test condition B 15 

Vibration variable freq. 2007 Test condition A 

Constant acceleration 2001 Test condition E. Y. Axis 

Seal 1014 As applicable 

Fine 

Gross 

Visual examination 1010 or 

1011 

End point electrical As specified in the applicable 

parameters device specification (+2~C) 

Subgroup 5 

Salt atmosphere 1009 Test condition A 15 

Seal 1014 As applicable 

Visual examination 1009 Paragraph 3.3.1 of Method 1009 
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TABLE II. GROUP B INSPECTION 

TEST METHOD CONDITIONS CLASSB 

Subgroup 1 
Physical dimension 2016 2 devices 

(No failures) 

Subgroup 2 

al Resistance to solvents 2016 3 devices 

(No failur!lS) 

Subgroup 3 
Solderability 2003 Soldering temperature of 1Steads 

260±10°C (3 units min 

No failures I 

Subgroup 4 

Intemalvisua! and 2014 Failure criteria from design 1 device 

mechanical & construction requirements (No failures) 

of applicable procureme':lt 

document 

SubgroupS 2011 Test condition Cor 0 15 Bonds 
Bond strength (10 units min 

No failures) , 

TABLE III. GROUP C INSPECTION 

TEST METHOD CONDITIONS 
. , 

CLASSB 
LTPD 

{MAX ACC = 11 

Subgroup 1 

Operating Ufe Test 1005 Test conditions to be specified 5 
1000 hours@+12s"C 

End point electricals as specified in the applicable 

detail-specification (+2fi"C) 

Subgroup 2 
Temperature cycling 1010 Test condition C 15 

Constent acceleration 2001 Test condition E, Yl axis 

Seal 1014 As applicable 

Fine 

Gross 

Visual examination 1010 

End point electfical As specified in applicable 

parameters device specification (+25°C) 
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883 PROCESS FLOW 

MIL·STD-883 
TEST 

METHDD 

Internal visual 2010, Cond. B 

Bake 1008. Cond.C 

Temperature cycling 1010. Cond. C 

Constant acceleration 2001, Condo E 

Fine leak 1014, Condo B 

Gross leak 1014. Condo C 

Bum·in 1015, Cond. A, B, Cor 0 

Electrical test Per the applicable 

Group A detail specification 

External visual 2009 

6.0 DATA 

6.1 Certificate of Conformance 

All 883B/RETS™ microcircuits shipped shall be accom· 
panied by a Certificate of Conformance" as shown on 
the opposite page. 

6.2 Attributes Data 

Attributes data for 100% screening will not normally be 
provided, but shall be retained on file. Copies are avail· 
able at nominal cost. 
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TTL, LS, lOW POWER 
CMOS, LINEAR, " HYBRID 

MDS/LSI; MEMORY 

100% 100% (Method 2017) 

100% 100% 

100% 100% 

100% 100% 

100% 100% 

100% 100% 

100% 100% 

100% RETS 

lTPD Sample (RETS) 

100% 100% 

6.3 Quality Conformance Data 

Quality conformance data will not normally be pro· 
vided, but shall be retained on file. Copies are available 
at nominal cost. 
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883B/RETSTM MICROCIRCUITS 
FROM 

~ National Semiconductor Corporation 

TEST 

CERTIFICATE 
OF 

CONFORMANCE 
MIL-STD-883 METHOD** 

2010B 

1008 C 24 HRS @ +150oC 

REQUIREMENT 

100% 
100% 

INTERNAL VISUAL 
STABILIZATION BAKE 
TEMPERATURE CYCLING 
CONSTANT ACCELERATION 
FINE LEAK 

1010 C 10 CYCLES -65°C/+150oC . 100% 

GROSS LEAK 
BURN-IN 
FINAL ELECTRICAL 

PDA 

QA ACCEPTANCE 
EXTERNAL VISUAL 

2001 E 
1014 B 5 x 10-8 

1014 C2 
1015 160 HRS @ +125°C 
+25°C DC PER NSC RETS 

10% MAX ALLOWABLE 
+125°C DC PER NSC RETS 
-55°C DC PER NSC RETS 
+25°C AC PER NSC RETS 
LTPD SAMPLE 
2009 

• RETS = REL ELECTRICAL TEST SPECIFICATION 
•• All METHODS TO CURRENT REVISION LEVELS 

100% 
100% 
100% 
100% 
100% 

100% 
100% 
100% 

100% 

THIS IS TO CERTIFY THAT ALL 883B/RETSTM MICROCIRCUITS SUP­
PLIED TO YOUR ·PURCHASE ORDER COMPLY WITH ALL THE RE­
QUIREMENTS, SPECIFICATIONS AND .DOCUMENTS PERTINENT TO 
NATIONAL'S 883B/RETSTM MICROCIRCUIT PROGRAM. ALL TEST 
DATA AND CERTIFICATION IS ON FILE AT OUR FACILITY. 

Part Number _______ _ 

P.O. Number _______ _ 

Date Code(s) _______ _ 
QUALITY ASSURANCE REPRESENTATIVE 

Lot Code(s) _______ _ 
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883S/RETSTM PRODUCTS FROM 
National Semiconductor 

1_0 Scope 

1.1 Purpose 

This document establishes the requirements 
for screening and processing of integrated cir­
cvits in accordance with MIL-STD-883, Class S 
where such devices are not available as M38510 
Class S devices. These products shall be refer­
red to as 883S/RETSTM microcircuits. 

1.2 Intent 

This program is intended to provide the user 
with the ability to procure 883S/RETSTM micro· 
circuits. These are standardized integrated cir­
cuits manufactured and processed by National 
Semiconductor Corporation in accordance with 
the requirements of MIL-STD-883, for Class S 
devices. 

2_0 Applicable Documents 

The following specifications and standards of 
the issue in effect on the date of invitation for 
bids or request for proposal, form a part of this 
specification to the extent specified herein. 

2.1 Specifications 

. Military 
MIL-M-55565 
MIL-M-3~510 

MIL-C-45662 

MIL-Q-9858 
MIL-STD-1331 

2.2 Standards 

Military 

Microcircuits, Packaging of 
General Specification for 
Microcircuits 
Calibration System 
Requirements 
Quality System Requirements 
Microelectronics Terms and 
Definitions 

MIL-STD-105 Sampling Procedures and 
Tables 

MIL-STD-883 Test Methods and Prodedure 
for Microelectronics 

MIL-STD-976 Certification Requirements for 
M icroci rcu its 

2.3 Detail Specifications 

The detail specification for a particular device 
is the National Semiconductor RETS (Relia­
bility Electrical Test Specification, see Figure 
1). The RETS is a one page tr~nslation of the Na­
tional Semiconductor electrical test programs 
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used to test 883B/RETSTM and 883S/RETSTM 
microcircuits. For devices available as 
JM38510, Class S, the detail specification shall 
be the applicable MIL-M-38510 slash sheet, and 
all applicable requirements of MIL-M-38510 
shall ap·ply. 

3.0 Requirements 

3.1 General 

The individual requirements shall be as 
specified herein and in accordance with the ap­
plicable detai I specification. The static and 
dynamic electrical performance requirements 
for the integrated circuits and electrical test 
methods shall be as specified in the detail 
specification. 

3.1.1 Conflicting Requirement~ 

In the event of conflict between the re­
quirements of this specification and other re­
quirements of the applicable device specifica­
tion, the precedence in which requirements 
shall govern, in decending order, is as follows: 
a) Applicable device specification (detail 

specification). 
b) This specification . 
c) Specifications, standards, and other 

documents referenced in 2.1. 

3.1.2 Terms, Definitions, and Symbols 

For the purpose of this specification, the terms, 
definitions, and symbols of MIL-STD-883, MIL­
STD-1331, and paragraph 3.1.3 of MIL-M-38510 
shall apply and shall be used wherever they are 
pertinent, except as follows: 

a) Procuring Activity (see MIL-M·38510, 
paragraph 3.1.3 (n» shall be that organiza­
tion (either OEM manufacturer or govern­
ment agency) which generates the actual 
purchase order or contract used to procure 
material under this specification. For 
material purchased through a franchised 
distributor, the procuring activity shall be 
that organization which places the pur­
chase order or contract with the distributor. 

b) The Qualifying Activity (see MIL-M-38510, 
paragraph 3.1.3 (0)) shall be National's 
Quality Assurance Department. 



HfGH RELIABILITY CMOS 
8urn·ln·Circlllits: Te.t System: Teradyne J·283 

N RETS4001BX D DIP: 8900HR; FLAT: 9118HR RC4601BXRB RC46D1 BXHB RC46D1 BXLB Optional 
0 DrIft Uoft. 
T RevisionC Test Conditions (Unless OtherwIse SpeCified) to " E . Subgroup 1 Subgroup 2 Subg,oup 3 Umits Measln 
S +25'C +125'C -55'C (25'C) 

PI ..... te, Symbol Tesl Number Min Mal Min Mal Min Mil 

Logical "0" Outpul Voltage VOL VOO = 10V,IOUT = OItA, VIH = 10V, VIL = OV 120,121 0.05 0.05 0.05 V 

- VOO = 5V,IOUT = OI'A, VIH = 5V, VIL = OV 112,113 0.05 0.05 0.05 V 

VOO = 15V, lOUT = OI'A, VIH = 15V, VIL = OV 126,127 0.05 0.05 0.05 V 

..... 
~ 
~ 

Logical "I" Outpul Voltage VOH VOO = 10V,IOUT = OIiA, VIH = 10V, VIL = OV 70,71 9.95 9.95 9.95 V 

VOO = 15V, IOUT'= OItA. VIH = 15V. VIL = OV 76,77 14.95 14.95 V 

VOO = 5V, lOUT = OILA, VIH = 5V, VIL = OV 62,63 4.95 4.95 4.95 V 

Logical "I" Inpul Currenl IIH VOO = 15V, VIN = 15V(allinpulslied) 33 100 1000 100 nA 

Logical "0" Inpul Currenl IlL Voo = 15V, VIN = OV (all inputs lied) 34 100 -1000 -100 nA 

• Outpul Source Currenl ISOURCE VOO = 15V, VOUT = 13.5V, VIH = 15V, VIL = OV 74,75 -3.4 2.4 -4.2 ~.75 mA 

Voo = 10V, VOUT = 9.5V, VIH = 10V, VIL = OV 66,67 -t.3 0.9 -1.6 mA 

VOO = 5V, VOUT = 4.6V, VIH = 5V, VIL = OV 56,57 -0.51 0.36 -0.64 mA 

Voo'= 5V, VOUT = OV, VIH = 5V, VIL = OV 60,61 -1.85 1.26 -2.2 mA 

Oulpul Sink Currenl . ISINK VOO = 15V, VOUT = 1.5V, VIH = 15V, VIL = OV 124,125 3.4 2.4 4.2 1t·75 mA 

Voo = 10V, VOUT = 0.5V, VIH = 10V, VIL = OV 116,117 1.3 0.9 1.6 mA 

Voo = 5V, VOUT = 0.4V, VIH = 5V, VIL = OV 102-105 0.51 0.36 0.64 mA 

Voo = 5V, VOUT = 5V, VIH = 5V, VIL = OV 106·111 2.06 1.4 2.2 mA 

Power Supply Currenl 100 VOO = 15V, VIH = 15V, VIL = OV 42·45 1.0 30 1.0 .3 I'A 

VOO = 10V, VIH = 10V, VIL = OV 46·51 0.5 15 0.5 I'A 

VOO = 5V, VIH = 5V, VIL = OV 52-55 0.25 7.5 0.25 itA 

VOO = 18V, VIH = 18V, VIL = OV 36·41 50 itA 

1,4 Logical "1"lnpul Currenl VIH VOO = 5V, VOUT = 4.5V, (min) (64,65) 3.5 3.5 3 .. 5 V 

VOO = 1 OV, VOUT = 9.0V (min) (72,73) 7 7 7 V 

VOO = 15V, VOUT = 13.5V (min) (100,101) 11 11 11 V 

1,4 Logical "O"lnpul Voltage VIL VOO = 5V, VOUT = 0.5V (max) , (130B,131B) 1.5 1.5 1.5 V 

Voo = 10V, VOUT = 1.0V (max) (122,123) 3 3 3 V 

Voo = 15V, VOUT = 1.5V (max) (130A,131A) 4 4 4 V 

Nole 4: VOUT is measured wilh inputs al VIH, VIL 

sub rouilT 

2 Inpal Capacitance CIN 1 7.5 pF 

subgroupS 

3 Propagalion Delay Time IpdO,lpdl VOO = 5V 250 ns 

3 Transilion Time 110,111 VOO = 5V 200 ns 

2 Propagation Delay Time 1pd0,Ipdl VOO = 10V 100 ns 

VCC = 15V 70 ns 

2 Transilion Time 110, In Voo = 10V 100 ns 
Voo = 15V 80 qS 

Nate 1: Pa,ameter tested go·no·go only, cannot be da .. loooed. Note 2: Guaranteed parameter, no testing is available. Nole 3: Guaranteed parameter, m_~ybe tested only on a special order baSIS. 

Device: CD4001 BM (MM4601 B) Function: CMOS Buffered Quad 2-lnput NOR Gate 



Burn·tn·Circulls: Tesl Syslem: Teradyne J-283 
N RETS54COOX ~ 

DIP: a900HR; FLAT: 9118HR RC54COOBRA RC54COOBHA RC54CBLA Optional 
0 ollft Units 
T Revision A Test Conditions (Unless OtherwIse SpeCified) .1 01 
E - Subgroup 1 Subgroup 2 Subgroup 3 limits Measure 
S +25·C +125·C -55·C (25·C) 

Parameter Symbol Tesl Number Min Max Min Max Min Max 

Logical "1" Output Voltage VOH Vce = 5V, lOUT = - 1O~A, VIN = 1.5V (all inputs) 45 4.5 4.5 4.5 V 
Vee = 1 OV, lOUT = - 1 O~A, VIN = 2V (all ,"puIs) 47 9.0 9.0 9.0 V 
Vee = 4.5V, lOUT = - 360~A, VIN = 1V (all Inputs) 43 2.4 2.4 2.4 V 

Logical "0" Output Voltage VOL Vee = 5V, lOUT = 1 O~A, VIN = 3.5V (all ,"puIs) 46 0.5 0.5 0.5 V 
Vee'; 1 OV, lOUT = 1O~A, VIN = BV (all inputs) 50 1.0 1.0 1.0 V 
Vee = 4.5V, lOUT = 360~A, VIN = 4V (all inputs) 44 0.4 0.4 0.4 V 

Logical "1" Input eurrenl IIH Vee = 15V, VIN = 15V, other Inuts at OV 33 .15 1.0 .15 ~A 
Logical "0" Input Current IlL Vee = 15V, VIN = OV,otherlnputsat15V 34 -.15 -1.0 -.15 ~A 
Quiescent Device Current ICC Vee = 15V, VIH = 15V, VIL = OV 40,41,42 .15 15 .15 ± .05 ~A 
Output Source Current ISOUReE Vee = 5V, VOUT = OV, VIN = 5V (1 input per gate, other inputs at OV) 51, 52 -1.75 -1.2 -1.75 ±.5 mA 

Vee = 1 OV, VOUT = OV, VIN = 1 OV (1 input per gate, other inputs at OV) 53,54 -B.O -5.6 -8.0 mA 
Output Sink Current ISINK Vee = 5V, VOUT = 5V, VIN = 5V (all Inputs) 55 1.75 1.20 1.75 ±.5 mA 

Vee = 10V, VOUT = 10V. VIN = 10V (all Inputs) 56 B.O 5.6 B.O mA 
Vee = 4.5V, VOUT = .4V, VIN = 4V (all Inputs) 57 360 360 360 ~A 

1 Logical "1" Input Voltage VIH Vee = 5V 3.5 3.5 3.5 V 
Vee = 10V B.O B.O B.O V 
Vee = 4.5V (LP to CMOS) 3.0 3.0 3.0 V 
Vee = 4.5V (CMOS to LP) 4.0 4.0 4.0 V 

1 Logical "0" Input Voltage VIL Vee = 5V 1.5 1.5 1.5 V 
Vee = 10V 2.0 2.0 2.0 V 

..... 

.:.. 
U1 

Vee = 4.5V (CP to CMOS) O.B O.B O.B V 
Vee = 4.5V (CMOS to LP) 1.0 1.0 1.0 V 

1 Power Dissipation Po Vee = 15V 2.25 225 2.25 ~w 
2 Logical "1" Output Voltage VOH Vee = 4.5V, , lOUT = - 1O~A 4.4 4.4 4.4 V 
2 Logical "0" Output Voltage VOL Vee = 4.SV, lOUT = 1 O~A 0.4 0.4 0.4 V 

su group ~ 
3 Propagation Delay Time tpd1 Vee = SV, eL = 50pF 90 ns 

tpdO Vee = SV, eL = 50pF 90 ns 
2 Propagation Delay Time tpd1 Vee = 10V, eL = SOpF 60 ns 

tpdO Vee = 10V, eL = 50pF 60 ns 

Note 1: Parameter tested go-no-aD onlv. cannot be data loooed. Note 2- Guaranteed parameter. no testmg IS a\'31lable Note 3: Guaranteed parameter. may be tested only on a special order baSIS. 

Device: MM54COO Function: CMOS Quad 2-lnput NAND Gate 

SOINO All118VI13H HDIH 



3.1.3 Country of Manufacture 

All 883S/RETSTM microcircuits provided under 
this specification shall be manufactured, 
assembled and tested within the U.S. and its 
territories. 

3.1.4 Line Certification 

All 883S/RETSTM microcircuits provided under 
this specification shall be fabricated and 
assembled in the United States on lines which 
have been certified for the fabrication and 
assembly of JAN microcircuits in accordance 
with the requirements of MIL·STD·976 and 
paragraph 3.4.1.2 of MIL-M·38510. (Note: This is 
not to be interpreted as implying in any way that 
parts supplied to this specification are JAN 
qualified devices or are equivalent to JAN 
qualified devices.) 

3.2 Product Assurance Requirements 

883S/RETSTM microcircuits shall be those 
which have been subjected to, and passed all 
applicable requirements, tests, and inspections 
detailed herein, including wafer lot ac.;eptance 
screening, qualification, and quality confor· 
mance inspection requirements. Where shown, 
method references are per MIL·STD·883. 

3.2.1 Qualification 

883S/RETSTM microcircuits furnished under this 
specification shall be products which have 
been produced and tested and have passed the 
qualification tests specified herein. The reo 
quired qualification tests shall be Group A, 
Group B, and Group D testing as specified in 
Tables I, II, and III of this specification. 

3.2.2 Screening 

All 883S/RETSTM microcircuits to be delivered in 
accordance with this specification shall have 
been subjected to, and passed, all the screen· 
ing tests detailed in method 5004 of MIL· 
STD·883 for Class S devices (See Figure 2). 
Sampling inspections shall not be an accep· 
table substitute for any specified screening 
test. 

3.2.3 Quality Conformance Inspection 

Microcircuits shall not be accepted or approved 
for delivery until the inspection lot has passed 
quality conformance inspection (See Section 
5.1). 

3.2.4 Wafer Lot Acceptance 

883S/RETSTM microcircuits furnished under this 
specification shall be products from wafer lots 

that are subjected to and successfully meet the 
wafer lot acceptance inspections and tests 
specified in Table IV. 

3.2.5 Traceability 

For 883S/RETSTM microcircuits, each delivered 
microcircuit shall be traceable to the inspec· 
tion and wafer lots. 

3.2.6 In Process Verification and Die Attach 
Lead Bonding 

Die attach and bonding operations shall be 
monitored in accordance with paragraph 4.1.1.2 
of MIL·M·38510. Samples will be taken at the 
beginning of the shift and every two hours 
thereafter. 

3.3 Design Documentation 

National Semiconductor shall retain on file the 
design and construction information required 
by paragraph 3.5.4 of MIL-M-38510. 

3.4 Internal Conductors 

Internal thin film conductors on silicon die 
(metallization stripes, contact areas, bonding 
interfaces, etc.) shall meet the requirements of 
paragraph 3.5.4 of MIL-M-38510. 

3.5 Lead Material and Finish 

Lead material and finish shall be as defined in 
MIL-M-38510, paragraph 3.5.6. 
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3.6 Glassivation 

All 883S/RETSTM microcircuits shall be 
glassivated. The minlmum glassivati0!1 
thickness shall be 6,000 A for Si02 or 2,000 A 
for Si3N4. The glassivation/nitridation shall 
cover all electrical conductors except the 
bonding pads. 

3.7 Die Thickness 

Unless otherwise specified, t.he minimum die 
thickness for all microcircuits shall be 0.006 
inch (0.15mm). 

3.8 Marking 

3.8.1 Marking on Each Device 

The following marking shall be placed on each 
integrated circuit: 

a) Index point (see 3.8.4) 
b) Part number (see 3.8.5) 
c) Product assurance level (see 3.8.6) 
d) Inspection lot identification code (see 3.8.8) 



WAFER lOT ACCEPTANCE NOTE 2 
(SfE TABLE IVI 

~ I ALL OTHERS ... 
ASSEMBLY ... 
liE SHEAR NOTE 2 INTERIM 

TESTING ELECTRICAL TEST NOTE 4 

~ 
25°C DC PER RETS 

COMPUTE 6'S 

ASSEMBLY "-BOND PULL NOTE Z 
TESTING DYNAMIC BURN·IN BURN·IN 

~ 
240 HRS - 125°C (METHOO 1015 CONO 

V,N = VOUT = 0 TO 15V A, B, C, DR D) 
PRECAP VISUAL INSPECTION AT 100KHZ 240 HRS - 125°C 

(METHOO 2010, COND A) 
I I 

~ "-SEALING 

I 
INTERIM ELECTRICAL TEST .. (POST BURN·IN) DC 25°C NOTES 

PDA = 5% PER RETS 
STABILIZATION BAKE ... (METHOD 1008, CDND C) 

~ I DRIFT (6) CALCULATION NOTE I 

TEMPERATURE CYCLING ... 
(METHOD 1010, COND C) 

I ANE LEAK TEST ... (METHOD 1014, CDND B) 

CONSTANT ACCELERATION "-(METHOD 2001, COND E) I GROSS LEAK TEST 
Y1 AXIS ONLY (METHOD 1014, COND CI 

... ... 
FINE LEAK TEST 

I 
ANAL ELECTRICAL TESTS 

(METHOD 1014, COND B) DC AT 125°C, - 55°C 

-t 
('NCLUD'NG FUNCTIONAL TESTS) 

25°C AC PER RETS 
GROSS LEAK TEST ... (METHOD 1014, COND C) 

I X·RAY INSPECTION ... (METHOD 2012) 

NOTE 3 PlND (METHOD 2020) ... 
~ I OUALITY CONFORMANCE TESTS 

NOTE I SERIALIZATION (METHOD 5005, GROUP A, 
GROUP B, A~D GROUP 01 

-.t. ... 
INTERN ELECTRICAL TEST I EXTERNAL VISUAL 

25°C DC PER RETS (METHOD 2009) 
READ·AND·RECORD ALL 

'" PARAMETERS • ~. I QA PRESHIPMENT 

NOTE~I 
... DATA REVIEW 

ALL OTHERS I + 1 
STATIC I BURN·W NOTES: 
24 HRS - 125°C 
VII = VOUT = 0 1. ALL METHODS REFERENCED ARE MIL· 

STD·BB3 TEST METHODS ... 2. THESE TESTS ARE PERFORMED ON A 
SAMPLE BASIS. ALL OTHER TESTS ARE 

INTERN PERfORMED 100'1 •• 
ELECTRICAL TEST NOTE. 3. ACCEPTANCE CRITERIA SHALL BE IN AC· 
25 °C DC PER RETS CDROANCE WITH PARA 4.6.3 OF MIL· 

COMPUTE 6'S M·3B510. .. 4. THE PDA FOR STATIC I AND STATIC I 
BURN4N SHAll HI: 5% TOTAL. 

STATIC I BURN ... 5. FOR CMOS DEVICES ONLY, THE POA IN· 
CLUDES 6 FAILURES (SEE PARAGRAPHS 24 HRS - 125°C 4.10,4.11) 

VIN = VOUT = 15V &. THIS FLOW SHALL APPLY TO BOTH STAN· 

L DARD CMOS AND RAD HARD CMOS. 

Rgm 2 . 
883SJRETSQl PRODUCT SCRHIIING FLOW 

\PER .·STO-Ia, METHOD IlOO4 AND ..... -385101 
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e) National Semiconductor Identification (see 
3.8.9) 

f) Country of Origin (see 3.8.10) 
g) Serial number (see 3.8.11) 
h) SEM acceptance lot number (3.8.12) 

3.8.2 Marking on Initial Container 

All of the marking specified in 3.8.1, except the 
index pOint, shall appear on the initial protec­
tion or wrapping for delivery. The serial number 
range shall be shown rather than individual 
serial numbers. 

3.8.3 Marking Permanence 

Marking shall be permanent in nature and re­
main legible after testing. Damage to marking 
caused by mechanical fixturing in Group Band 
D tests shall not be cause for lot rejection. 

3.8.4 Index Point 

The index point indicating the starting point for 
numbering of leads and/or mechanical orienta­
tion of the integrated circuit may be a tab, color 
dot, or other suitable indicator. 

3.8.5 Part Number 

The part number shall be the National Semicon­
ductor part number. 

3.8.6 Product Assurance Level 

883S/RETSTM microcircuits shall be marked 
with a code indicating the product assurance 
level to which they have been tested and found 
to conform. The code shall consist of 1883 
followed by the letter S. 

3.8.7 Formation of Lots 

883S/RETSTM microcircuits shall be assembled 
into inspection lots and sublots as required to 
meet the product assurance inspection and 
test requirements of this specification. An in­
spection lot and sublot shall be as defined in 
MIL-M-38510, paragraphs 3.1.3b and 3.1.3d. 

• 
d-+----

• 

b 

9 
FIGURE 2 

c 

h 
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3.8.8 Inspection Lot Identification Code 

Integrated circuits shall be marked by a 4-digit 
date code indicating the date the lot was sub­
mitted for inspection. The first 2 numbers in the 
code shall be the last 2 digits of the number of 
the year. The third and fourth numbers shall be 
2 digits indicating the calendar week of the 
year. When the number of the week is a Single 
digit, it shall be preceded by a zero. When more 
than one wafer lot is used to assemble an in­
spection lot, an alpha character will be suffixed 
to the date code to differentiate between wafer 
lots and to maintain wafer lot traceability (see 
paragraph 3.2.5). 

3.8.9 National Semiconductor Identification 

Integrated circuits shall be marked with the Na· 
tional Semiconductor logo (NS or R: ). 

3.8.10 Country of Origin 

The letters "U.S.A." shall be marked below or 
adjacent to the other specified markings. 

3.8.11 Serialization 

Prior to the first recorded electrical measure­
ment in screening each 883S/RETSTM microcir­
cuit shall be marked with a· unique serial 
number assigned consecutively within the in­
spection lot. This serial number allows 
traceability of test results to the individual 
microcircuit within that inspection lot. Inspec­
tion lot records shall be maintained to provide 
traceability from the serial number to the 
specific wafer lot from which the devices 
originated. 

3.8.12 SEM Acceptance Lot Number 

Each 883S/RETSTM microcircuit shall be marked 
with an identifying number providing traceabili­
ty to SEM acceptance and wafer lot acceptance 
data by metallization run number. 

3.8.13 Marking Location and Sequence 

Unless otherwise specified, the part number, in­
spection lot identification code, and serializa­
tion (where applicable), shall be located on the 
top surface of flat packages or dual-in-line con­
figurations and on either the top or the side of 
cylindrical packages (TO-99 and similar con­
figurations). The index point shall be marked as 
specified in appendix C of MIL-M-38510. The 
balance of the markings may be placed in any 
suitable location so as to perform their required 
functions and not interfere with the other mark­
ings. Where package size prohibits marking of 
all information shown in 3.8.1, the order of 
priority for inclusion shall be a, b, g, c, e, d, f, h. 



4.0 Conditions and Methods of Test 

Conditions and methods of test shall be in ac­
cordance with Method 5004 of MIL-STD-883 and 
as specified herein on a 100% basis. The 
general requirements of MIL-STD-883 apply as 
applicable. This section establishes the stress 
screening tests and test methods for this pro­
gram. The purpose of these tests is to assure 
the quality and reliability of the product to a 
level commensurate with the product's intend­
ed application. 

4:1 Internal Visual Inspection (Precap) 

Internal visual inspection shall be performed 
per MIL-STD-883, Method 2010 Condition A. 

4.2 Stabilization Bake 

Stabilization bake shall be performed per MIL­
STD-883, Method 1008, Condition C. The 
devices shall be stored for 24 hours minimum at 
150·C minimum. 

4.3 Temperature Cycling 

Temperature cycling shall be performed per 
MIL-STD-883, Method 1010, Condition C, 10 
cycles, from -65·C to + 150·C. 

4.4 Constant Acceleration 

Constant acceleration shall be performed per 
MIL-STD-883, Method 2001, Condition E, at 
30,000 G's, in Y1 axis only. 

4.5 Hermeticity 

Hermeticity test shall be performed per the 
following to determine the seal integrity of the 
package. 

Fine Leak Testing 

Fine leak testing shall be performed per MIL­
STD-883, Method 1014, Condition B. The rejec­
tion crit~rion shall be per MIL-STD-883. 

Gross Leak Testing 

Gross leak testing shall be performed per MIL­
STD-883, Method 1014, Condition C. The rejec­
tion, criteria shall be per MIL-STD-883. 

4.6 Particle Impact Noise Detection (PIND) 

Particle impact noise detection testing shall be 
performed in accordance with MIL-STD-883, 
Method 2020 and paragraph 4.6.3 of MIL­
M-38510 

4.7 Serialization 

Each unit shall be serialized (see paragraph 
3.8.11). 
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4.8 Interim Electrical Parameters (Pre Bum·ln) 

Interim electrical parameters shall be the 25·C 
DC parameters, specified in the detail 
specification (RETS). All parameters for which 
drift limits (A'S) are specified on the RETS shall 
be read-and-recorded. (Note: A parameters are 
specified for all device types.) 

4.9 Burn·in 

Burn-in shall be performed per MIL-STD-883, 
Method 1015, Conditions A, B, C or D, at the 
supplier's discretion. (Burn-in condition varies 
with product type.) For CMOS devices, the 
burn-in sequence shall include Static I, Static II, 
and Dynamic Burn-in (as shown in figure 1). 

The ambient temperature shall be 125·C, and 
the duration shall be 240 hours minimum. For 
CMOS devices, the Static I and Static II burn-in 
shall each be 24 hours in duration. 

4.10 Interim Electrical Parameters (Post 
Burn-In) 

The measurements defined in paragraph 4.8 
shall be repeated. The PDA shall be 5%. For 
CMOS, the PDA shall be 5% for the Static I and 
Static II burn-ins combined and 5% for tho 
Dynamic Burn-in. Drift limits (see 4.11) will bo 
included in the PDA only for CMOS. 

4.11 Delta Calculation 

Deltas shall be computed for all parameters for 
which drift limits are established by the RETS. 
All units failing the drift limits shall be removed 
from the lot. Drift limit failures shall be includ­
ed in the PDA (see 4.10) only for CMOS devices. 

4.12 Hermeticity Testing 

Fine and gross leak testing shall be performed 
as defined in paragraph 4.5. 

4.13 Final Electrical Parameters 

Final electrical parameters shall be as defined 
in the applicable detail specification. DC 
testing shall be performed at 25·C, - 55·C, and 
+ 125·C (except that any 25·C tests performed 
in 4.8 need not be repeated), and AC tests shall 
be performed at 25·C. 

4.14 Radiographic Inspection 

Radiographic inspection shall be performed in 
accordance with MIL-STD-883. Method 2012. 

4.15 Quality Conformance Testing 

Samples shall be randomly selected from the 
lot, and quality conformance inspection shall 
be performed in accordance with 5.0. 



4.16 External Visual Inspection 

All 883S/RETSTM microcircuits shall receive ex· 
ternal visual i nspetion per M I L·STD·883, 
Method 2009. 

5.0 Quality Assurance Provisions 

5.1 Quality Conformance Inspection 

Quality conformance inspection shall be in ac· 
cordance with Tables I, II, and III. Inspection lot 
sampling shall be in accordance with Method 
5005 of MIL·STD·883. Inspection lots failing to 
meet quality conformance inspection for the 
Class S product assurance level shall be reo 
jected. 

5.1.1 Group A Inspection 

Group A inspection shall consist of the elec· 
trical parameters in the RETS. If an inspection 
lot is made up of a collection of sublots, each 
sublot shall be subjected to Group A (See Table I). 

5.1.2 Group B Inspection 

Group B inspection consists of those tests 
specified in Table II. Group B tests will be per· 
formed on every inspection lot. 

5.1.3 Group 0 Inspection 

Group D testing consists of those package 
oriented tests specified in Table III. Group D 
testing will be performed within National's 
883BIRETS™ program once every 6 months per 
package type. 

S.O Data 

6.1 Data Shipped with Parts 

One copy of the following data shall be provid· 
ed with each shipment of 883S/RETSTM 
microcircuits: 

a) Attributes and variables data for 100% 
screening. 

b) A reject list showing, by serial number, all 
rejected devices and cause for rejection. 

c) X-ray report. 
d) Certificate of Conformance for water lot 

acceptance. 

6.2 Data Retained on File . 

The following data will be maintained on file at 
National Semiconductor for 3 years (but may be 
provided with shipment upon special order). 

a) X-ray film (radiographs). 
b) SEM photos 
c) Attributes and variables data for Quality 

Conformance testing .. 

7.0 Hybrid Devices 

Hybrid devices are not available through 
the 883SIRETS™ product program, but mod· 
ified Class S' flows are available on a special 
order basis. 
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TABLE1.GROUPAELECTRICAI:.TEST 
(PER METHOD 5005, TABLE I) 

SUBGROUPS CLASSS 
LTPD 

SUbgroup 1 
5 Static tests at 25'0 

SUbgroup 2 7 . Static tests at 125'C 

Subgroup 3 ., 
Static tests,at -55"0 

Subgroup 4 (note 1) 5 DynamIC tests at .25·0 

Subgroup 5 (note 1) 
Dynamic te&t& at 125'0 7 

SUbgroup II (note I) 
Dynamic ~ at - 55"0 

., 
Subgroup r (nOte 1) 5 .Functional tests al 25'C 

. sUbgroup a (note 1) 
Functional tests at 125'C and lD 
-55·0 

SubgroupS 
r:;wltchlng tests at 25'0 

., . 
Subgroup 10 
Switching tests at 125".0 10 

Subgroup 11 10 .Swltchlng tests at -55"e 

NOTES: 

1. NATIONAL WILL NORMALLY PERFORM 
THESE SUBGROUPS ATTHE SAME TIME 
AS SUBGROUPS 1, 2, AND 3 RESPEC· 
TlVElY. 

2. MAXIMUM ACCEPT NUMBER FOR EACH 
SUBGROUP SHALL BE 1. 



'tEST 

Subgroup 1 
Physical dimensions 
Internsl Water Vapor Content 

Subgroup 2 (note 1) 
a) Resistance to solvents 
b) Visual and mechanical 

c) Bond strength 

d) Die shear 

Subgroup 3 
Solderability (note 2) 

Subgroup 4 
a) Lead Integrity 
b) Seal (fine and gross) 

Subgroup 5 (note 3) 
a) Electrical parameters 
b) Operetlng life 
0) Electrical parameters 

Subgroup 8 (note 3) 
a) Electrical parameters 
b) Temperature cycling 
e) Constant acceleration 
d) seal (fine and grosS) 
e) Electrical parameters 

NOTES: 

TABLE II. GROUP B INSPECTION 
(PER METHOD 5005, TABLE IIA) 

Mll-8TD-883 
M'E'tHOD CONDITIONS 

2016 
1016 (note 5) 

2015 
2013 Failure criteria from design 
and &. construction requirements 
2014 at applicable procurement document 
2011 Test condition C or 0 

2019 Per table I of Method 2019 
for applicable die size 

2003 Soldering temperature of 260 :t: 10'C 

2004 Test condition 82 
1014 Cond B or C, As applicable 

Per epplicable RETS (25", DC) 
1005 Test condition A, B, CorD 

Per applicable RE'tS (25"C, DC) 

Per applicable RE'tS (25'C, DC) 
1010 Test condition C, 100 cycles min. 
2001 Test condition E, Y1 al<is only 
1014 Cond 8 or C, As appliCable 

Per applicable REfS (25'C, DC) 

CLASSSlTPD 
OR SAMPLE SIZE 

2 devices (no failures) 
3 devices (no failures) 

3 devices (No failures) 
2 devices (no failures) 

2 devices all wires 
(no fallures) 
3 devices (no failures) 

LTPD = 15 
15 leads (3 units min, 
no failures) 

2 devices (no failures) 

LTPO = 5 

n devices (one failure) 

12 devices (no failures) 

1. Samples subjected to this subgroup shatt have been through the entire sequence of subgroup 6 testing. 
2. Att samples shatt have seen 240 hours at 125'C (or equivalent) 
3. Electrical measurements shatt be recorded for those parameters for which deltas (/I) are specified, and /I'S witt be com· 

puted. 
4. Resubmission of failed lots shall be in accordance with paragraph 4.3.3.1 of MIL·M·38510. 
5. Required only for packages containing a dessicant. 
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TEST 

Subgroup 1 
Physical dimensions 
Intema! water vapor content . 

Subgroup 2 (110181) 
Lead integrity 
Seal (fine and gl'O$8) 

SIIbgroup3 
ThermalsllOck 
Temperature cyollng 
MoIsture restslance 
Seal (fine and gl'O$8) 
Vlaual examination 
End point electrical parematera 

~4 
MeChanical ehock 
Vibration variable frequency 
Constant eooalaratlon 
Seel 

Fine 
01'0$8 

Visual exemlnation 
End pOint elaotrlcal 
parametera 

Subgrolip 5 (note 1) . 
salt atmosphere 
Seel (fina and grose) 
Visual eKamlnatlon 

TABLE III. GROUP D IN~PECTION 
(PER METHOP 5005, TABLE IV) 

iUII-""l'ft.AA4 .,':." 

METHOO CONOtTtONI 

2016. 
1018· 

2004 
1014 

" ~'$LTPO' .. "AND~ 

• : LTPD:..··!I 
T8$t cOOciition S - ·1$cyclee·· . .' 15 ~~no lallum) 
Teat condition (j ... 100cYc", . 

1011 
1010 
1004 
1014 
1004 

2002 
2007 
2001 
1014 

1010.· .. 

1008 
.1014. 
t098 

Cond B or C! Aaapplloable . 

ParlJ)pllcabla. RETS (~, 25~q 

'." 
-:.",' .. "', .. " ".; .~. - (", .. ' 

Note 1: Electrical rejects from Ihe same inspection 101 may be used. 
Note 2: Resubmlsslon of failed lOis shall be In accordance with paragraph 4.3.3.2 of MIL,M·38510. 
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TABLE IV WAFER LOT ACCEPTANCE 

SAMPLING 
TEST LIMIT PLAN NOTES 

.. -
1. Wafer Design Nominal Two Wafers 1 

Thickness :I: 2 mil (±.002 inches) Per Wafer 
6 mil (.006 Inches) Lot At 

Incoming 
Inspection 

2. Metallization Design Nominal :I: 2KA One Wafer 
Thickness 8KA Minimum For Single Level Per Metal· 

Metal and Top Layer of Multi·Level lizalion Run. 
Metal. 
6KA Minimum for Lower Level 
Metal Barrier Metal: ±.2O% of 
Design Nominal 

3.. Thermal Bipolar: AVFB or AVTs 1.0V Once Per 2,3 
Stability Month and 

After Each 
Tube 
Change 

r-------------------------- ------------- ---------
MOS: AVFB or AVTS.5V Once Per 2,5 

Week and 
After Each 
Tube 
Change 

4.SEM Per MIL-STD-883, Method .2018 Two Wafers 
Per 
Metallization 
Run 

5. Glassivatlon :1:.20% From Design Nominal Two Wafers 
Thlckness 6KA Minimum Or Test 

Chips Per 
Glassivated 
Lot 

6.GOld Backing 4.5KA Minimum One Wafer 4 
Thickness 15KA Maximum Per Lot 

NOTES: 

1. This test is not required when the finished wafer design thickness Is greater than 10 mils (.010 inches). 
2. Required only for bipolar digital operating at 10V or more, all linear, and all MOS. 
3. For a wafer run to be acceptable. both the readings taken before and after the run must be verified. 
4. Required only for gold·backed wafers. 
5. For Rad Hard CMOS devices, this test will be performed on every wafer lot. 

61 
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National and 
Mil·M·38510 
Introduction 

A major thrust exists among integrated circuit users, 
suppliers, and the U.S. Government to avoid proliferation of 
military procurement specifications by turning instead 10 
standardized reliability processed products. National 
Semiconductor endorses and supports such trends. 

One major program to which National is heavily committed is 
the JAN 38510 IC program. This is a standardization program 
administered by the U.S. Defense Department which allows a 
user to purchase a broad line of standard products from a 
variety of qualified suppliers. 

There is only one 38510 program. National is committed to 
supplying only QPL devices, and discourages any 
"pseudo-38510" alternates. 

The purpose of this brochure is to explain and clarify the 
program while highlighting its advantages and benefits to . 
users. 

There are three _quality levels currently available - S, S, and 
C. S is typically specified fer space flight applicatien while S 
is used fer aircraft and greund systems. C is semetimes 
specified fer greund systems but, since it requires virtually all 
.of the screening that S requires (except burn-i(l), S is mest 
universally specified. This brechure cencentrates en the 
requirement fer B level devices. 

MII·M·38510 

The Defense Electrenic Supply Center (DESC) administers 
the integrated circuit standardizatien pregram knewn as Mil­
M-38510, semetimes referred te as the JAN IC Program. The 
specification set used te define the pregram censists .of feur 
primary decuments: general specificatien Mil-M-38510, which 
is a comprehensive definitien .of the detail processing and 
testing, referenced to Mil-STD-883 test methods te which IC 
devices produced under the program will be subjected; detail 
specificatiens, .often referred te as "slash sheets," each .of 
which explicitly defines the perfermance parameters of a 
unique generic device .or a family .of devices; Mil-STD-883, 
which defines specific screening precedures, and Mil­
STD-976, which defines line certification requirements. 

When a user .orders a MiI-M-38510 device, he is guaranteed 
that he will get a device fully cenformant with the detailed 
requirements and which has been subjected te the general 
testing and precessing requirements. DESC requires 
semicenducter suppliers te beceme formally qualified under 
the 38510 pregram and listed en the current Qualified 
Products List (QPL) befere they are allowed te legally ship 
JAN devices. 

Advantage. to the U.er 

The JAN 38510 pregram has numereus advantages fer the 
'integrated circuit user. 

• A single explici! specificatien eliminates guesswerk 
cencerning what electrical characteristics .or precessing 

flew the devices receive. (See Table 1 fer details .of the 
38510 IC precessing flew.) 

• A rigerous schedule .of quality cenformance testing is a 
mandatery part .of the Mil-M-38510 pregram, assuring the 
user that leng-term' reliability has been statistically 
sampled and decumented. 

• Since the electrical characteristics .of the devices are at 
least as tight as the "standard industry data sheet" 
parameters, device perfermance will meet the vast 
majerity .of system qesign requirements. Additienally, there 
are mere minImax values in lieu .of data sheet typicals, 
thus aiding in circuit design and worst case design 
analysis. 

• The user is spared the expense .of researching and 
preparing his .own procurement document. 

• The user is spared the expense .of qualificatien testing. 
The QPL tells him which suppliers have qualified the 
devices he requires. 

• The QPL gives the user a cheice of qualified suppliers for 
devices that are fully interchangeable. In additien, the 
availability .of several seurces guarantees cempetitive 
pricing which will typically be lewer than the pricing for 
devices te a user's .own spec. 

• Since 38510 is a standard pregram, precurement lead 
times will be sherter. With the vast preliferatien .of 
pregrams using JAN devices, distributers and 
manufacturers are increasing their inventeries .of JAN 
devices. Natienal in particular is cemmitted te maintaining 
finished goods and werk-in-precess inventeries te suppert 
user needs. 

• Spare parts will be readily available. 

• Device markings are censistent frem .one manufacturer te 
anether. 

.• The pregram is extremely cost effective. A user can 
purchase a few devices for engineering evaluatien and 
pretetyping and knew that they will be identical te the 
devices he will get during productien. When the cest 
factors asseciated with spec writing, supplier qualification, 
maintaining velumineus parts centrel decumentatien, and 
the mere intangible benefits .of device availability are 
tetaled, use .of JAN ICs is .overwhelmingly the most cest 
effective appreach. 

Advantages to the Supplier 

What metivatesa supplier like Natienal te be se heavily 
cemmitted tq the 38510 pregram? Natienal has the broadest' 
range .of reliability processed preducts available in the 
semicenducter industry. A program such as Mil-M-38510 
helps te standardize the precessing required and minimize 
the number .of individual user specificatiens. This allews 
Natienal to cencentrate mere reseurces en this pregram, 
thereby impreving product quality and availability. 
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Questions and Answers about 38510 

There are many questions which we are frequently asked 
regarding the 38510 program. We would like to answer some 
of them for you. 

O. WHAT DOES A MANUFACTURER HAVE TO DO TO GET 
PARTS LISTED ON THE OPl? 

A. There are two things which a manufacturer is required to 
do. First, he must get his facilities (including wafer fab, 
assembly, and rei processing areas) certified by DESC. 
This requires that each fab area used for OPl devices 
must be approved. Second, for each specific device and 
package combination listed on the OPl, the manufacturer 
must perform extensive qualification testing and provide 
detailed device information to DESC. This data is typically 
supplied in two phases. In the first phase, the 
manufacturer must supply detailed information concerning 
the device construction and electrical characteristics. 
Once this data bas been verified by DESC to confirm that 
the manufacturer's device meets the 38510 requirements, 
the manufacturer is listed on Part II of the OPL. At this 
point the manufacturer is legally able to supply full JAN 
qualified devices meeting All of the 38510 requirements. 
The manufacturer then must perform the full qualification 
testing of method 5005 of 883 as specified in paragraph 
4.4 of 38510. Once this data has been reviewed and 
accepted by DESC, the manufacturer is listed on Part I of 
the OPL. 

O. IS THERE ANY DIFFERENCE IN THE DEVICES A USER 
GETS FROM A MANUFACTURER WHO IS LISTED ON 
PART II OF THE OPl COMPARED TO THOSE FROM A 
MANUFACTURER ON PART I? 

A. There is absolutely no difference. A supplier must meet all 
of the device screening and quality conformance 
requirements no matter what his OPl status. 

o HOW DOES A USER KNOW WHAT DEVICES ARE 
COVERED BY THE SLASH SHEET SPECIFICATION? 

A. Supplement 1 to Mil-M-38510 contains a listing of the 
slash sheet specifications and a cross reference to the 
generic part types. This is updated as new slash sheets 
are released. 

O. HOW DOES A USER GET COPIES OF THE OPl. 
SUPPLEMENT 1 OF 38510, Mll-M-38510 ITSELF, AND 
Mll-STD-883? 

A. Copies of these and other related items may be obtained 
from: Naval Publications and Forms Center 

5801 Tabor Avenue 
Philadelphia, PA 19120 
(215) 697-2179 

O. WHAT HAPPENS WHEN A USER CANNOT OBTAIN HIS 
COMPLETE PARTS NEEDS FROM OPl LISTED DEVICES? 

A. The ultimate aim of a standardization program must be to 
furnish all parts. Requests for addition of a part to 38510 
should be made to DESC Directorate of Engineering, 
Dayton, Ohio 45444, Indicating a need for slash sheets 
andlor suppliers to be qualified for the additional devices. 
National has a form (available through local sales offices) 
which may be used for this purpose. This form is shown in 
figure 1. In addition, if only some parts are available, a 
user can still see significant savings on those that are 
available. 

o HOW IS A JAN QPL DEVICE MARKED? 

A. Tables II and III explain the details of the marking for JAN 
OPlICs. 

O. ARE DEVICES CAllED "M38510, JAN PROCESSED, JAN 
EOUIVAlENT, ETC." REAllY OPl PRODUCTS? 

A. Absolutely not. There is only one OPl product - it is a 
JM38510 marked device. "JAN Equivalent" is expressly 
forbidden by paragraphs 3.1 and 3.6.7 of Mil-M-38510. 
National does not support these "equivalent" products. 

O. HOW lONG CAN A SUPPLIER REMAIN ON PART II OF 
THE OPl? 

A. A manufacturer can remain on Part II for two years or 
until 30 days after another supplier becomes qualified for 
the same device package, screening level, and lead finish 
combination on Part I of the OPL. 

O. WHEN ANOTHER SUPPLIER OBTAINS PART I 
OUALIFICATION, ARE THE OTHER OUALIFIED 
SUPPLIERS REMOVED FROM PART II IMMEDIATELY? 

A. No. The supplier is given 30 days before being removed 
from Part II. During that time a supplier may legally 
accept orders for those devices. After the end of the 
30-day period, he may no longer accept orders but may 
complete and ship those orders received prior to that 
time, no matter how long it takes him to complete them. 

o IS A SUPPLIER EVER REMOVED FROM PART I 
OUALI FICATION? 

A. Generally not. As long as a supplier continues to 
manufacture the device, maintains appropriate facility 
approvals, and submits all required reports and 
information to DESC within stipulated time limits he will 
retain OPl I listing. Violation of these requirements CClIl be 
cause for removal from OPL. 

O. CAN AN AUTHORIZED DISTRIBUTOR SHIP JAN DEVICES 
FROM HIS SHELVES IF THE MANUFACTURER HAS lOST 
HIS QPL LISTING FOR THOSE DEVICES? 

A. Yes. As long as those devices were ordered by the 
authorized distributor while the manufacturer had OPl 
listing for those devices, the distributor may subsequently 
ship those devices from his shelves. 

Q CAN A MANUFACTURER lEGAllY SHIP JAN OPl 
MATERIAL HE ASSEMBLED AND TESTED BEFORE HE 
RECEIVED A OPl LISTING? 

A. Yes. The manufacturer must assemble and screen parts 
to prove his ability to comply with·the specifications 
before he can be placed on OPL. As a result, his first lot 
of material, which is fully conformant to QPl product 
requirements, will have a date code that is earlier than the 
date he is placed on the QPl. 

o WHAT IS THE RELATIONSHIP BETWEEN Mll-M-38510 
AND Mll-STD-883? 

"'"- Mil-M-38510 defines complete program requirements and 
the detail device electrical performance parameters. The 
device processing requirements are specified using the 
test methods defined in Mil-STD-883. 

O. SUPPOSE DEVICES ARE KEPT ON A MANUFACTURER'S 
OR DISTRIBUTOR'S SHELVES FOR A PERIOD OF TIME; 
MUST THEY EVER BE RETESTED TO VALIDATE THAT 
THEY MEET SLASH SHEET CHARACTERISTICS? 

A. Yes. Devices held by a manufacturer or his authorized 
distributor for more than 24 months must be retested by 
the manufacturer in accordance with Group A sampling 
requirements prior to shipment to a customer. 
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Q. WHY SHOULD A USER SPECIFY "X" IN THE LEAD 
FINISH DESIGNATOR FOR A PART TYPE? 

A. A manufacturer who receives an order for a specific lead 
finish for which he is qualified but has no inventory at the 
time of order may not be able to fill the order in a timely 
manner, even though he might have substantial inventory 
of another lead finish. Unless a user has a specific reason 
for wanting a particular lead finish, he should allow his 
suppliers the flexibility of shipping whatever finish is most 
readily available. 

Q. WHAT DATA IS A MANUFACTURER REQUIRED TO SHIP 
WITH A JAN PART? 

A. A certificate of conformance is all that is required. 
However, he must retain all data for three years. 

Q. CAN A DEVICE FOR WHICH THERE IS NO SLASH SHEET 
BE PROCESSED TO 38510? 

A. Since Mil-M-38510 invokes a combination of the 
processing requirements of Mil-STD-883 and the detail 
device performance parameters contained in each 
individual slash sheet, the answer is obviously no. 
However, National's 883/RETS program provides parts 
which meet all of the screening requirements of the MIL­
STD-883 specification. 

Q WHAT DOES A QPL LISTING LOOK LIKE AND HOW DO 
YOU READ IT? 

A. Sample QPL listings are shown below: 

Govornmont Oo.lgnation 

Oevieo Oovle. Ca.. L.ad Mat 
Typo Cia.. Outllno & Finish 

Test Report Manufacturer's Name 
Numb.r (Addr ••• on La.t Pago) 

JM38510/001 

05 B 

08 C 

JM385101057 

05 B 
C 

A··· 

C .. · 

B 

C 

A or C 
B only 

38510-261·72 NatIonal Semiconductor 
Corporation 

38510-93·77 National Semiconductor 

Corporation 

The first listing covers the following devices: 
JM38510/00105 BAA JM38510100108 BAA 

BAC BAC 

BCB BCB 

CAA CAA 

CAC CAC 

CCB CCB 

The second listing covers the following devices· 

JM38510105705 BEB JM38510105705 CEB 

BEC CEC 

BFB 
BFC 

CFB 

CFC 

Q. WHAT QUALITY CONFORMANCE TESTS ARE 
CONDUCTED? ARE ALL DEVICES IN A GENERIC FAMILY 
EVENTUALLY SUBJECTED TO QUALITY CONFORMANCE 
TESTING? 

A. For B level devices quality conformance tests must be 
conducted as follows: 

Group A - Each inspection lot. 

Group B - Each inspection lot for each package type 
and lead finish on each detail specification. 

Group C - Periodically at gO-day intervals on one device 
type or one inspection lot from each 
microcircuit group in which a manufacturer has 
qualified device types. 

Group 0 - Periodically at a six-month interval for each 
package type for which a manufacturer holds 
qualifications. 

Different devices within a generic family are chosen for 
successive quality conformance tests until all of the 
devices have been subjected to testing. The sequence is 
then repeated. The manufacturer must submit attributes 
data to DESC for all quality conformance tests performed. 
Tables IV, V, VI, and VII contain the details of the Group 
A, B, C, and 0 tests respectively. 

Q. HOW IS AN INSPECTION LOT DEFINED? 
A. For Class B devices, each inspection lot shall consist of 

microcircuits of a single type, in a single package type 
and lead finish, or may consist of inspection sublots of 
several different types, in a single package type and lead 
finish, defined by a single detail specification. Each 
inspection lot shall be manufactured on the same 
production line{s) through final seal by the same 
production techniques, and to the same device design 
rules and case with the same material requirements, and 
sealed within the same period not exceeding six weeks. 

Table I 

JAN Device Processing Flow - Level B 
(per Method 5004 01 MIL-STD-883) 

Screen 
Internal Visual (Precap) 

Stabilization Bake 

Temperalure Cycling 

Constant Acceleration 

Hermetlcity 
a. Fine 
b. Gross 

Interim Electrical 
Parameters 

Burn in Test 

Final Electrical Test 
a. Static Tests 

1. 25°C 
2. Max & Min 

Rated Operating 
Temp 

b. Dynamic Tests 25°C 
c. Functional,Test 25'C 

Method 
2010B 

1008, Test Condition C 
24 hrs min 

1010, Test Condition C 
10 cycles min 

2001, Test Condition E 
y 1 axis. 30.000 Gs 

1014 

Requirement 
100% 

100% 

100% 

100% 

100% 

per Applicable Slash Sheet 100% 

1015.160 hrs at 125°C min 100% 

per Applicable Slash Sheet 100% 
PDA on static tests at 25°C 
is 10% 

Qualification or Quality 5005 Sample per 
Method 5005 

100% 

Conformance Inspection 

External Visual 2009 
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Table II 
The MII·M·38510 Part Number 

JM38510/XXXXXYYY r-,", "," ""'" A = Solder Dipped 
B = Tin Plate 
C = Gold Plate 
X = Any lead finish above is 

acceptable. 

the Device Package 
(see Table III) 

'--- the Screening Level 
S, B;orC 

L-___ the Device Number on the Slash 
Sheet 

'----- the Slash Sheet Number 

'------- MiI-M-38510 
L-__________ The JAN prefix (which may be 

applied only to a fully conformant 
device per paragraphs 3.6.2.1 and 
3.6.7 of MiI-M-38510) 

38510 
Package 

Designation 

A 

B 

C 

D 

E 

F 

G 

H 

I 

K 

M 

Q 

V 
W 

Example: JM38510110107BGC is the 
MiI-M-38510 part number for a QPL 
LMl18 "to B screening level in an 
8-pin TO-99 can wilh gold plate lead 
finish. 

Table III 

JAN Package Codes 

National 
Equivalent 

Microcircuit Industry Description Package 

14-pin 114" x 114" (melal) flat pack F 

14-pin 3116" x 114" flat pack None 

14-pin 114" x 314" dual-in·line JID 

14-pln 114" x 318" (ceramic) flat pack W 

16-pin 114" x 718" dual-in-line JID 

16-pin 114" x 318" (metal or ceramic) FIW 
flat pack 

8-pin TO-99 can or header H 

10-pin 114" x 114" (melal) flat pack F 

10-pin TO-l00 can or header H 

24-pin 112" x 1 114" dual in line JID 

24-pih 318" x 518" flat pack None 

12-pin TO-l0l can or header G 

40-pin 0.6" x 2.0" dual-in-line JID 

18-pin 0.3" x 0.9" dual-in-line JID 

22-pin 0.4" x 1.1" dual-in-line JID 

Table IV 

Group A Eleclrlcal Te.1 

Subgroups 

Subgroup 1 

Slatic tests at 25'<: 

Subgroup 2 

Static tests at maximum rated operating temperature 

Subgroup 3 

Static tests at minimum rated operating temperature 

Subgroup 4 

Dynamic tesls al 25'C 

Subgroup 5 

Dynamic lests at maximum rated operating temperature 

Subgroup 8 

Dynamic tests at m:nimum rated operating temperature 

Subgroup 7 

Functional tests al 25'<: 

Subgroup 8 

Functional tests at maximum and minimum rated 

operating temperature 

Subgroup 9 

Switching tests at 25'C 

Subgroup 10 

Switching tests at maximum rated operating temperature 

Subgroup 11 

Switching tests at minimum rated operating temperature 

Table V 

Group B Inspecllon 

Tesl Melhod ConditIons 

Subgroup 1 

a. Physical dimension 2016 

b. Internal water vapor 1018 1000 ppm max water 
content content at 100'C 

Subgroup 2 

a. Resistance to solvents 2015 

b. Internal visual and 2014 Failure criteria from 
mechanical design & construction 

requirements 
applicable 
procurement 
document 

c. Bond strength 2011 Test condition C or 0 

Subgroup 3 

Solderability 2003 Soldering temperature 
of 260'C ± 100C 
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Class B 
LTPD 

10 

to 

10 

Cless B 

2 deVices 
(no failuresl 

3 devices 
(no failures) 

3 devices 
(no fa,lures) 

1 device 
(no fa,lures) 

15 bonds 
(10 Units min 

no failures) 

15 leads 
(3 units min 
no failures) 
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en 
0 Table VI Table VII 

:IE Group C Ins paction Group D Inspection 

0 
> Test Method Condlllons Cli •• B Test Method Condllion. CI ••• B 

to- LTPD LTPD 

::i Subgroup 1 
Subgroup 1 

iii Opera ling Life Tesl 1005 Test conditions to be 5 

c( specified (1000 hours Physical dimensio~s 2016 15 

Internal water, vapor 1018 5000 ppm max water 3 devices 
::i at 125'C) 

content content at 100'C (no failures) 
W Subgroup 2 

Subgroup 2 a: Temperature Cycling 1010 Test condition C 15 
Lead integrity 2004 Test condition B2 15 

~ Constant acceleration 2001 Testcondition E. Y 1 axis (lead fatigue) 

~ Seal 1014 As applicable 
Seal 1014 As applicable 

~ 
Fine Fine 
Gross Gross 

Visual examination 1010 Subgroup 3 
End pOint electrical As specified in 

Thermal shock 1011 Test condition B - 15 15 
parameters applicable cycles minimum 

deVice 

specification 
Temperature cycling 1010 Test condition C-

100 cycles minimum 

MOisture resistance 1004 

Seal 1014 As applicable 
Fine 
Gross 

Visual examination 1004 

End point electrical As specified in 

parameters applicable device 
specification 

Subgroup 4 

Mechanical shock 2002 Test condition B 15 

Vibration. variable freq, 2007 Test condition A 

Constant acceleration 2001 Test condition E. Y 1 
axis 

Seal 1014 As applicable 
Fine 
Gross 

Visual examination 1010 

End point electrical As specified in 
parameters device specification 

Subgroup 5 

Salt atmosphere 1009 Test condition A 15 

Seal 1014 As applicable 
Fine 
Gross 

Visual examination 1009 Paragraph 3.3.1 of 
Method 1009 
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Figure 1 

ICQUALIFICATION REQUEST 
FOR 38510 STANDARDIZATION PROGRAM 

TO: 
Defense Electronics Supply Center 
Dayton, Ohio 45444 
Attention: Director Engineering Standardization, DESC E 

FROM: 
Name ________________________________ _ 

Company 
Address ______________________________ _ 

Currently, I am defining requirements and preparing parts lists for the 
________ ----:-_________________ Program. For this program, I am 
attempting to 'utilize standard parts from the 38510 QPL list. Although I 
have been able to utilize some QPL listed parts, there are a number of 
devices for which slash sheets apparently have not yet been generated 
and/or for which there are no qualified sources. I have included those 
devices in the following list. I have also indicated the time frame in which 
I will need production quantities as well as the quality level. 

Generic 
Device 
Type 

Production 
Quantity 

Production 
Need Date 

Quality 
Level 

(S or 8) 

Your help in setting appropriate priorities for generating these slash 
sheets and/or encouraging suppliers to become qualified will be beneficial ' 
to this program and is appreciated. 

A space is provided to indicate the current status of each device. Please 
return the second page of this form to me. 

Sincerely, 

~~~-::-:~ 
I DESC I 
I Status· I 
I I 
I I 
I I 
I I 
I I 
I I L: ________ ::J 

~ compliment. 01 National Semiconductor CorporatIOn 

• DESC Status Codes 
1-Spec in negotiation 
2-Currently qualifying supplier 
3-New input - will advise 
4-No c,urrent plans for slash sheet 

7-29 



en o 
:::E 
(.) 

~ 

RADIATION 
HARDENEb 
TECHNOLOGIES 
FROM NATIONAL 
SEMICONDUCTOR 

:::i 
iii 
<C 
:::i w 'For many years, military, aerospace and 
a: satellite programs l1ave depended on bipolar 
:::E: transistor and integrated circuit technology in 
CJ_ the fabrication of airborne systems. Develop· 

ment of bipolar technology is an outgrowth, in 
:::E: part, of avionics and space applications needs. 

Despite their relatively high immunity or 
resistance to high levels of both constant and 
burst radiation in the form of gamma rays, 
x-rays, cosmic rays, and so on, bipolar device's 
have one drawback: high power consumption, 
which adds to the power supply requirements 
and subtracts from the usable payload of 
spacecraft and missiles. The spacecraft and 
missile industry has long needed a radiation 
hardened logic technology with low power con­
sumption. A second problem seen in this area 
has been the limited radiation tolerance of 
many linear devices. The purpose of this 
brochure is to provide some information to the 
potential user regarding National Semiconduc­
tor's solutions to both of these problems_ 

CMOS Radiation Hardened Products 

In recent years, the development of sophisti­
cated space, satellite and military systems and 
mission requirements has fostered an active 
search for a radiation hardened logic circuit 
technology that consumes less power and of­
fers a higher degree of circuit integration on a 
single silicon chip. Metal oxide semiconductor 
(MOS) devices, particularly complementary 
MOS (CMOS), seemed to promise just such an 
alternative. But standard CMOS devices, even 
those qualified to MIL-M-38510 (JAN) re­
quirements, proved sensitive to relatively low 
radiation levels. Until recently, mass producible 
radiation hardened or resistant CMOS devices 
have been able to withstand only 105 rads (Si)', 
while many space, satellite and missile 
systems require circuitry resistance levels at 
least ten times higher, 106 rads (Si). 

Now, National Semiconductor offers a solution 
to this problem: a complete line of megarad 
hardened CMOS logic products utilizing a radia­
tion hardening process that is compatible with 
volume processing. Megarad hardened prod­
ucts [devices capable of tolerating total dose 
radiation of 106 rads (Si)] are the result of an in­
tensive two-year research and development pro­
gram which has enabled National Semiconduc­
tor to offer radiation hard versions of virtually 
our entire metal-gate CMOS product line. 

Devices ranging in complexity from simple 
gates to large scale integration (LSI) random ac­
cess memdries have now been hardened using 
the processes we have developed. To achieve 
this level of radiation resistance in a mass pro­
duction CMOS process, major modifications 
were made in the basic commercial process, 
relating to gate oxidation, substrate and P-tub 
surface concentrations, and metallization. 

Bipolar vs_ CMOS 

The inherently higher radiation resistance of 
bipolar over CMOS devices results from a basic 
difference in their structures. Bipolar devices 
are vertical structures. The basic 
elements-emitter, collector, and base-are 
laid down vertically, layer upon layer, by diffu­
sion. As figure 1 shows; current flows through 

FIGURE ,: BIPOLAR Ie TRANSISTOR 

the bulk silicon, some distance below the 
silicon-silicon dioxide interface. Thus, there is 
some inherent protection from the interface ef­
fects of ionizing radiation in bipolar devices. 

CMOS devices are surface effect devices. The 
equivalen't operating elements, gate, source 
and, drain, are at the surface, and the flow of 
current occurs horizontally across the device, 
very close to the silicon-silicon dioxide inter­
face. Changes in interface parameters created 
by the introduction of surface ionic charge dur­
ing gamma or x-radiation have a first order ef­
fect on MOS transistor performance, in con­
trast to the second order effect they have on 
bipolar devices. Thus, the basic physics of 
CMOS transistor structures needs to be ad­
dressed to minimize ionizing radiation effects 
without substantially impacting performance. 

,lOne rad lSi) is the quantity of any type of ionizing radiation 
which imparts 100 ergs of energy per gram of silicon. 
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FIGURE 2: CMOS IC TRANSISTORS 

CMOS Transistor Structure 

Complementary MOS, or CMOS, combines two 
types of MOS devices, P-channel and N'channel 
structures, into a single functioning unit. The 
lower power dissipation and high stability 
resulting from this complementary combina­
tion is particularly attractive in the design of 
portable battery·powered electronic units, or 
for applications where a battery provides stand· 
by power. 

MOS structures, both N· and P-types, perform 
in two modes; enhancement and depletion. In a 
P-channel enhancement mode MOS device, for 
example, the gate controls the current flow be· 
tween the source and drain, In this device, 
when a negative voltage is applied to the gate 
with respect to the source, a field is set up 
accross the gate dielectric, producing a 
positively charged conductive path, a channel, 
between the source and the drain. This is 
known as an enhancement mode device 
because zero gate to source voltage turns off 
the device. In the alternative mode, depletion, 
current flows despite the gate voltage being 
zero, because sufficient field is still present 
within the gate to induce a conductive path bet· 
ween the device source and drain regions. the 
N·channel MOS transistor is similar to the 
P·channel alternative, except that positive 
voltage applied to the gate, with respect to 
source, induces a negatively charged conduc· 
tive path between source and drain to turn the 
device on. 

Conventional CMOS logic circuits are produced 
with only enhancement mode N- and P·channel 
devices. The process is designed to give turn 
on (threshold) voltage values for both types of 
devices which insure proper circuit perfor· 

mUll J CMOS TRANSISTOR StRUCTURE IN SIMPLE INVfllTER CONfiGURATION 

7-31 

mance. Figure 3 illustrates the cross section of 
a CMOS structure connected in a simple inver­
ter configuration. To form the standard metal 
gate CMOS structure, a lightly doped P-tub is 
formed by diffusion into an N-type subtrate with 
the tub becoming the subtrate for the 
N·Channel transistor. The N + and P + im· 
purities are diffused into P·tub and 
N·substrates to become the N- and p. channel 
transistors' source and drain regions, respec· 
tively. These diffusions also serve as contact· 
ing regions to the positively biased N·substrate 
and the normally grounded P·tub regions (VDD 
and VSS respectively). 

A gate oxide is grown such that a thin film of 
dielectric oxide material bridges the 
source/drain regions over the entire circuit. 
Finally, contact apertures are etched to the 
source/drain regions and an aluminum film 
evaporated and etched to form gate electrodes, 
contacts to device terminals, and interconnec· 
tion conductor lines. 

Effects of Ionizing Radiation 

A CMOS transistor's radiation resistance is 
primarily determined by formation of the gate 
structures in both P·channel and N-channel 
devices. The gate structures are used to turn 
the MOS devices on or off; that is, to start or 
stop a flow of current from the source to the 
drain. Ionizing radiation induces unwanted 
positive charge into the gate oxide structure, 
resulting in lowering the threshold voltage of 
actual circuit devices and parasitic field oxide 
devices by values of as much as 30V or more. 
Figure 4 shows the charge buildup 

~"Y l .10V 

,/PDsmVE CHARGE 
BUILDUP NEAR INTERFACE 

-:--:--:--:---,-~. '-:-. --:./ :~~:~~~Rsi!~~s . 
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FIGURE 4. CHARGE BUILD·UP MECHANISMS IN AN N·CHANNEL GATE OXIDE DURING 
IRRADIATION UNDER WORST CASE BIAS. 

mechanisms in an N·channel gate oxide during 
irradiation under worst case bias. In estab­
lishing a radiation hardened CMOS process, it 
is necessary to incorporate processing steps 
which minimize these radiation induced shifts 
in critical locations of the IC structure. 



The impact of radiation induced oxide charge 
on operating CMOS devices is to decrease the 
N-channel threshold voltage, VTN, and in­
crease the magnitude, of the P-channel 
threshold voltage, VTP. The most serious prob­
lem occurs when sufficient reduction in VTN 
occurs to cause the N-channel dev.ice to go 
from enhancement to depletion mode opera­
tion. This results in excessive power supply 
current drain and loss of circuit functionality. 
The most severe stress on an N-channel device 
occurs when its gate is positively biased during 
irradiation. This causes positive charge in the 
oxide to be driven closer to the Si-Si02 inter­
face where it is more effective in causing the 
P-type substrate surface to become inverted to 
N-type. 
In normal operation, positive bias does not 
appear between the gate and substrate of 
P-channel devices since the substrate is 
already at the most positive circuit potential, 
VOO. The most severe effect on P-channel 
devices during irradiation often occurs with 
zero gate to substrate bias. This stress creates 
Si-Si02 interface states which are capable of 
holding a positive charge with negative voltage 
applied to the gate. This increases the absolute 
value of VTP, but is a much less deleterious 
effect to the circuit than the VTN shift. 

CMOS Process Modification 

Gate Oxidation 

To minimize both the radiation induced positive 
oxide charge and formation of Si-Si02 interface 
states, a dry rather than wet oxidation step is 
used. The gate oxide is thermally grown in a 
pure oxygen atmosphere, rather than in a steam 
atmosphere, as is the case in some metal gate 
fabrication processes. Moreover, the gate oxide 
is thermally grown at 1000°C, followed by a 
nitrogen anneal at 850°C. This cycle has been 
empirically found to produce oxides having a 
high degree of resistance to ionizing radiation 
effects as well as excellent pre-radiationMOS 
characteristics2. The need for thermally growing 
gate oxides at 1000°C in dry oxygen for optimal 
radiation hardness is one of the more intriguing 
aspects of this experimentally deduced cycle. 

Metallization 

A by-product of the E-beam aluminum evapora­
tion process commonly used in commercial IC 
fabrication is soft X-radiation. This radiation 
produces the same type of positive charge in 
the gate oxide and interface states which a 
radiation hardened oxide should resist. 
Although these harmful effects in the gate ox­
ide can be removed by a high temperature an­
neal cycle, subsequent exposure of the oxide to 
ionizing radiation results in a drastically less 
radiation resistant' structure. Use of a non-E-

beam metallization technique circumvents the 
problem of high threshold shifts due to irradia­
tion under zero and negative gate bias 
associated with soft X-ray damage. For this 
reason, induction heated evaporation of 
aluminum is used to fabricate radiation 
hardened CMOS products. 
Substrate and P - Tub Surface 

The deleterious effect of ionizing radiation on 
VTN and VTP values in a CMOS device can be 
minimized through process modification. In an· 
ticipation of these threshold voltage shifts, 
radiation hardened CMOS devices are designed 
with the initial value of VTN as high as possible 
and VTP as close to zero as possible without 
sacrificing pre-radiation circuit performance. 
Both the substrate resistivity and the P-tub sur­
face concentration have been modified with the 
initial value of VTN being increased to 1.8 volts 
from the standard value of 1.3 volts and VTP being 
changed from the standard -1.7 volts to -1.3 
volts. 
Performance Characteristics 

All of the data given in Figures 5 through 10 was 
generated from the parts listed in Table A. 
Figures 5 through 8 illustrate the variation of 
post radiation VTN and VTpwith dose. The 
distribution of the VTN and VTP data is found to 
be normal both before and after irradiation. The 
solid line shows the mean value of VTN (or 
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cess Tecnno/ogy lor Radiation Hardened CMOS Integrated 
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4, p, 459, August 1976, 
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VTP), and the dashed lines indicate one standard 
deviation on either side of the mean. This value, 
for both N- and P- channel devices, remains fairly 
constant from the unirradiated state through 
106 rads (Si) dosage. The values shown remain 

well above the 300mV VTN lower limit, which, if 
penetrated, would lead toward N-channel deple­
tion mode behavior and risk of losing circuit func­
tionality and excessive supply current drain. 
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Figure 9 illustrates the supply quiescent cur­
rent (ISS) variation as a function of dose. Since 
ISS is a function of die size, curves have been 
plotted for three levels of integration, SSI, MSI 
and LSI. In all cases, the leakage level at 106 

rads (Si) does not increase by more than an 
order of magnitude from the initial value. The 
end point at 106 rads (Si) for LSI of 30"A is far 
below the high temperature (125°C) specifica­
tion of 600"A for standard devices. The same 
results can be seen with MSI and SSI. 

DOSE (flAOS SI' 

fIGURE 8: VTN VS. DOSE 

TABLE A. RADIATION EFFECTS DATA 

(Graphs were obtained from the following devices which 
were Irradiated with a Cobalt-60 source.) 

DEVICE TYPE FUNCTION 
SAMPLE SIZE 

(AT EACH RAO LEVEL) 

SSI DEVICES 
1. C04OO1 Quad 2-lnput NOR 7 
2. C04011 Quad 2·lnput NAND 7 
3. C04023 Triple 3-lnput NAND 7 
4. C04049 Hex Buffer 7 
5. CD4050 Hex Buffer 7 

MSI DEVICES 

1. C04013 Dual "0" Flip-Flop 7 
2. C04014 8 Stage SR 7 
3. CD4017 Decade Counter 7 
4. C04027 Dual "J·K" Flip-Flop 7 
5. C04029 Up/Down Counter 7 
6. C04053 Analog Multiplexer 7 
7. C04066 Quad Switch 7 

LSI DEVICES 

1. MM54C200 256·Blt RAM 7 

NOTE: 91 parts Irradiated at each of three radiation levels: 

1 x 10; Rads (SI) 
3 x 106 Rads (Si) 
1 x 10 Rads (Si) 
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FIGURE 10: IPD VS. DOSE 

Figure 10 illustrates circuit propagation delay, 
tPD, as a function of dose. The plot, similar to 
Figure 9, is divided into three categories (LSI 
MSI, SSI). The propagation delay value at 106 
rads (Si) for all three categories increased 
roughly 20 . 25% from the initial value, well 
within desirable operating tolerances. In 
Figures 5 through 10, the biasing conditions 
during irradiation were: VDD = 10V, VIN = 10V, 
VSS = OV. 

Hardness Assurance and Reliability 

A sampling plan has been established ·to en· 
sure radiation hardness to 105 and 106 rads, 
since ionizing radiation degrades IC perfor· 
mance and cannot be used for 100% screening. 
In addition, an intensive program to evaluate 
the reliability characteristics of radiation 
hardened CMOS circuits is underway. 476 
devices of the CD4001AD·RH, CD4011AD·RH, 
and MM54C200-RH types have been tested and 
have operated for over 800,000 hours without a 
failure. This corresponds to a failure rate less 
than 0.125%/1000 hours at 125°C with a 
60%confidence level. 

Table B outlines the plan used to assure hard· 
ness of devices built from a given wafer lot. 
Sample devices are assembled in accordance 
with sampling plan A or B, depending on 
whether 105 or 106 rads (Si) hardness, respec· 
tively, is required. Sample devices are tested, ir· 
radiated, and retested, and must pass the ap· 
propriate post-radiation electrical limits outlin· 
ed in Table C for the production lot to be 
qualified. The production units are capable of 

TABLE B. HARDNESS ASSURANCE PLAN 

I. PlanA 

Sample Size 2 
(Wafers) 

Sample Size 3 
(DevlceSIWafer) 

Total Devices 6 
Irradiated 

Accept Level o Rejects 
Reject Level 1 Reject 

---.-. 
II. Plan B 

Sample Each wafer 

SampleSI%e 
(DeVlceSlWafer) 3 

Accept Level o Rejects per Wafer 

Reject level 1 Reject per Wafer 
. 

III. Product Flow: 

A. For 1 x 1()5 rads (81) qualification: 
1. Qualify lot with Plan A 
2. If lot falls, qualify wafers individually with Plan B 

B. For 1 x 1()6 rads (SI) qualification: 
1. Qualify wafers individually with Plan B 
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meeting MIL-M-38510 electrical test limits, 
when available, as well as National's RETS 
limits. 

Extended Total Dose Rate 1to 107 Rads (Sil) 

Much of the data generated in the course of our 
testing indicates that the resistance of our 
CMOS products extends at least one order of 
magnitude above the 106 level already 
demonstrated. Figures 11 and 12 illustrate 

BIASING CONDITIONS CURING IRRADIATION 
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FIGURE 11: VARIATION OF VTN AND VTP WITH RAOIAnON 

DOSE·EXTENDED TO 107 .'DS (SI) 

measured shifts from pre·irradiation values in 
P- and N-channel threshold voltage, VTP and 
VTN, respectively, up to total dose levels of 107 

rads (Si). Of 'special interest is the change in 
slope of the VTN versus dose characteristic at 
levels just above the 106 rads (Si). 

At this level, negative charge from the silicon 
substrate arrives in the gate oxide at a rate 
faster than radiation·created positive charge. 
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This causes VTN to return toward its initial 
value as dose level is increased even further 
while increases in VTP still remain within 
reasonable limits for satisfactory circuit opera­
tion. 

Dose Rate Performance 

When CMOS ICs are subjected to large bursts 
of ionizing radiation, hole-electron pairs are 
created in the silicon substrate. The resultant 
current flowing through the high resistivity 
P-and N-substrates can cause voltage dlf· 
ferences which may impair circuit performanco 
in one of the following ways. 

One: LATCH·UP. 

A CMOS circuit contains the structural 
elements required to form a four layered 
Schockley diode switching device as illustrated 

TABLE C. POST·RADIAnON SPECIFICATION* 

PARAMETER POST10SRADS POST 106 RADS 
(SI) (SI) 

Threshold Voltage 

VTN O.45V (min) O.20V(mln) 
VTP 2.5OV(max) 2.80V (max) 

Quiescent Current 

(ISs), VOO = 10V 
10.0pA (max) Gates 2.0pA(max) 

Flip-Flops 5.OpA (max) 20.0pA (max) 
MSI 15.0pA (max) 5O.0pA (max) 
LSI 5O.0pA (max) 100.0!IA (max) 

Prop Delay, <25% <45% 

VOO = 10V, degradation degradation 
Co = 50pF from pre-rad from pre-rad 

spec spec 

-Gamma Irradiation from a Cobalt-60 source, worst case biasing at Vee = 10 volts. 
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P-CH N-CH . 
DRAIN DRAIN 

N-

RGURE 13- CROSS SEtTlOR OF CMOS CIRCUIT ElEMENTS WHtCH MAY LEAD TO LATCH-UP 
DURING IONIZING HAIIATION BURSTS. 

in Figure 13. The emitter·base junctions of the 
lateral PNP and vertical NPN which comprise 
the Schock ley diode are normally prevented 
from becoming forward biased by the circuit 
metallization. Because of this, the Schockley 
diode will be in the off state during normal cir­
cuit operation and will pose no threat to reliable 
circuit performance. 

Sufficiently high values of burst radiation can 
cause currents to flow through substrate 
resistances, RN - and Rp _, to cause forward 
biasing .of the parasitic PNP and NPN emitter­
base junctions and turn on the Schockley 
di.ode. The excessive flow .of supply current 

I----_.N-

'------~N+ 

Vss 

FIGURE 14: LATCH-UP EQUIVALENT CIRCUIT FOR BULK CMOS STRUCTURE 

which accompanies turn-.on .of the Schockley 
diode has been found to occur in the range .of 
10· to 10'0 rads (Si)/sec on many CMOS circuits. 

The basic circuit required for latcti-up t.o .occur 
is illustrated in figure 14. It consists of a 
parasitic bipolar NPN and PNP transist.or shar­
ing a comm.on collector-base junction. The tW.o 
requirements necessary for turn on of this 
device are: 

1. The product of the c.omm.on emitter current 
gains of the two devices, {3PNP and {3NPN, 
must satisfy the relati.onship {3NPN 
-{3PNP 2: 1, and 

2. The emitter-base junction .of the two tran­
sist.ors must bec.ome forward biased to 
about 0.6V or greater. 

In normal operation, ·c.ondition N.o. 1 will be 
met, but c.ondition N.o. 2 will n.ot be met, permit­
ting latch-up free operation. 

This pr.oblem can be completely eliminated by 
reducing to less than unity the pr.oduct of the 
c.ommon emitter current gains of the 'NPN and 
PNP devices comprising the Sh.ockley diode. 
One technique which has been successfully 
employed to eliminate the latch-up problem has 
been the use of neutron irradiation to lower 
minority carrier lifetime in the silicon substrate 
which directly affects parasitic bipolar current 
gains. As the values in Table 0 indicate, 

TABLE D. LATCH·UP PERFORMANCE 
DOSE REQUIRED FOR LATCH-UP 

CONTROL . 
DEVICE VDD (NON NEUTRON TREATED) NEUTRON TREATED" UNITS 

004006 10Y 9 9 Rads (SI)/sec >9.4 x 1~ >9.4 x 109 
004011 tOY 3.1 x 1 9 >9.4 x 109 Rads (Sl)/sec . 
004012 tOY 2.0 x 108 >2.4 x '09 Reds (Sl)Isec 
004053 10V 3.2 x 10 >9.4 X '01 Reds (Si)lsec 
MM54C200 5V >2.2 x 10'0 >8.8 x 10 1 Reds (Si)lsec 

'Neutron treated parts were subjected to a neutron flux of t x 1014 neutrons (fast)lcm2• 
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neutron treatment of parts which exhibit latch­
up at 3 x 108 and 3 x 109 rads (Si)/sec resulted 
in latch-up free operation up to the limit of th~ 
burst simulation equipment, 10'0 rads (Si)/sec. 
By treating wafers with neutron fluxes on the 
order of 1014/cm 2, this enhanced circuit perform­
ance is obtained without sacrificing parametric 
performance. This is illustrated in Figures 15 
and 16, which plot supply current drain and 
propagation delay, respectively, versus neutron 
flux and show no significant degradation at the 
1014/cm2 level. 

~"~E 
0 

I 
1014 

NEUTRON FLUX 
(n.'cm2 ) 

DEVICE USED' MM54C200D/RH 
(256·811 RAM) 

~/~ 
10'S 10 '6 

FIGURE 15: DEVICE OUIESCENT SUPPl Y CURRENT VS. NEUTRON FLUX. 

·:·'~E j 
200 

0 1014 

NEUTRON FLUX 

(n/em') 

DEVICE USED: MM54C200DJRH 
(256·BIT RAM) 

1:--~1 
10'5 10 '6 

FIGURE 16: PROPAGATION DElAY VS. NEUTRON FlUX. 

Another method which may be used to reduce 
minority carrier lifetime and achieve latch-up 
free operation is the use of gold doping in. the 
wafer fabrication process in order to reduce the 
current gain product to below unity and thus in· 
sure latch-Up free operation. This approach is 
presently being investigated in the National 
Semiconductor development laboratory. 

Two: DATA·UPSET 

This effect results in the loss of stored data in a 
circuit after being subjected to burst radiation. 
It is typically of most concern in circuits such 
as memories and shift registers, where stored 
data bits are not directly coupled to circuit in­
puts. The problem is apparently caused during 
ionizing burst radiation exposure when one or 
more of the circuit's parasitic bipolar devices 
becomes turned on and causes asymmetric 
current flows in the data storage circuit, 
leading to a reversal of the stored data state. 

Table E shows the effect that neutron treatment 
of an MM54C200D/RH 256-bit static RAM has 
on the dose rate at which upset occurs. The ef· 
fect of gain degradation of parasitic devices on 
data upset is not nearly as dramatic as it is in 
the case of latch-up. Although neutron fluxes in 
excess of 10"/cm2 cause significant alterations 
in semiconductor material properties and cir· 
cuit electrical parameters, Figures 15 and 16 in­
dicate that the circuits tested would still meet 
data sheet requirements after irradiation in ex· 
cess of 2 x 1015/cm2• At this level the tolerance 
to data upset exhibits about a threshold im­
provement over untreated devices. Almost an 
entire order of magnitude improvements in data 
upset tolerance can be obtained with treatment 
at 10'6/cm2 if the user can tolerate the degraded 
propagation delay and increased supply current 
drain occurring at this level. 

RAD Hard CMOS Reliability 

Radiation hardness, however, is of no value to 
the system user if it is accomplished at the 
sacrifice of device reliability. To confirm device 
reliability, each of 476 units from five lots were 
subjected to 2,016 hours of burn-in at 125°C. 
The results of this testing are shown in Table F. 

The two asterisked lots received a 168 hour pre 
burn-in prior to the operating life test. The total 
device hours were 804,384 which represents a 

TABLE E. DATA UPSET PERFORMANCE 
DOSE RATE NEEDED TO INDUCE DATA UPSET 

CD4006D 
NEUTRON FLUX 18·BIT SHIFT REGISTER MM54C200D (MEMORY ENABLED) 

(N.FAST/CM6) VDD = 10V 256-BIT RAM. VDD = 5V UNITS 

0 4.7 x 108 1.76 x 108 Rads (Si)/sec 
(control) 

4.7 x 108 108 1 x 101'1 2.00 x Rads (Si)/sec 
1 x 1015 - 5.00 x 108 Rads (Si)/sec 
1 x 1016 - 1.17 x 109 Rads (Si)/sec 
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projected 0.11%/1000 hours failure rate at a 
60% confidence level. This falls well within the 
reliability requirements of even the most 
stringent programs. 

In addition to this initial sampling, 100% burn­
in screening, as well as operating life testing, 
has been performed on many lots ,that have 
been produced for various customers. The 
results of this additional testing have con­
tinued to demonstrate that rad hard devices are 
as reliable as the Table F data indicates. 

Radiation Hardened Linear Devices 

Although most bipolar logic devices tend to be 
inherently hard when exposed to total-dose 
radiation, many bipolar linear devices will begin 
to degrade when exposed to relatively low 
levels of radiation. The causes are similar to 
those seen in MOS radiation exposure related 

failures. Linear devices, unlike most bipolar 
technologies, utilize lateral transistors as well 
as vertical transistors. Lateral transistors suffer 
from beta degradation as a result of the oxide 
and interface charges induced by high levels of 
radiation. 

The solution to linear radiation problems, 
however, is quite different than what we have 
described above for ,CMOS devices. Total 
modification of the fabrication process is need­
ed in order to achieve fTlegarad hardness on 
linear devices. We have developed megarad ver­
sions of the LM108A and LM101A, with other 
devices now in development. We have exten­
sive research and development currently under­
way in this area, for we feel that a broad line of 
rad hard linear devices is essential if systems 
designers are to achieve total systems hard­
ness. 

TABLE F. RAD HARD OPERATING LIFE RESULTS 

DEVICE SAMPLE 
TYPE SIZE VDD 168 HR. 336 HR. 

CD4001AD* 115 + 15V 0 0 
CD4001AD 119 + 12V 0 0 
CD4001AD 112 + 12V 0 0 
CD4001AD 90 . + 12V 0 0 
MM54C200D* 40 + 12V 0 0 
TOTAL: 476 0 0 

*Received 168 hour burn-in prior to operating life test. 

Device Series Device 

C04001 AlB C04018 
C04002 'A' C04019 
C04006 A C04020 
C04007 A C04021 
C04008 B C04022 
C04009 A C04023 
C04010 A C04024 
C04011 A C04025 
C04012 A C04027 
C04013 B C04028 
C04014 A C04029 
C04015 A C04030 
C04016 A C04031 
C04017 B C04035 

RAD Hard CMOS 

Series Device Series 

B C04040 A 
B C04041 A 
A C04042 B 
A C04043 A 
B C04044 A 

AlB C04048 B 
B C04049 A 

AlB ' C04050 B 
B C04051 B 
B C04052 B 
B C04053 B 
A C04066 B 
B C04069 A 
B C04070 B 

Table G. Radiation Hardened CMOS 
Qualified Parts List 

Devices Hard to 106 Rads (Sn 

7-38 

REJECTS 

504 HR. 1008 HR. 2016 HR. 

0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

Device Series Device 

C04071 B MM54C04 
004073 B MM54C14 
C04075 B MM54C86 
C04076 B MM54C173 
C04081 B MM54C174 
C04093 B MM54C192 
C040106 B MM54C193 
C040174 B MM54C200 
C040192 B MM54C901 
C040193 B MM54C902 
C04514 B MM54C903 
C04515 B MM54C904 
C04518 B MM54C906 
C04584 B MM54C907 



A+ Program 
A+ Program: A comprehensive program that utilizes 
National's experience gained from participation in the 
many Military/Aerospace programs. 

A program that not only assures high quality but also 
increases the reliability of molded integrated circuits. 

The A+ program is intended for users who cannot per­
form incoming inspection of ICs or do not wish to do so, 
yet need significantly better than usual incoming 
quality and higher reliability levels for their standard 
integrated circuits. 

Users who specify A+ processed parts will find that the 
program: 

o Eliminates incoming electrical inspection. 

o Eliminates the need for, and thus the added cost of, 
independent testing laboratories. 

o Reduces the cost of reworking assembed boards. 

o Reduces field failures. 

o Reduces equipment down time. 

o Reduces the need for excess inventories due to yield 
loss incurred as a result of processing performed at 
independent testing laboratories. 

The A+ Program Saves You Money 

It is a widely accepted fact that down-time of equipment 
is costly not only in lost hours of machine usage but also 
costly in the reapir and maintenance cycle. One of the 
added advantages of the A+ program is the burn-in 
screen, which is one of the most effective screening 
procedures in the semiconductor industry. Failure rates 
as a result of the burn-in can be decreased many times. 
The objective of burn-in is to stress the device much 
higher that it would be stressed during normal usage. 

, Reliability vs_ Quality 

The words "reliability" and "quality" are often used 
interchangeably, as though they connoted identical 
facets of a product's merit. But reliability and quality are 
different, and IC users must understand the essential 
difference between the two concepts in order to evaluate 
properly the various vendors' programs for products im­
provement that are generally available, and National's 
A+ program in particular. ' 

The concept of quality gives us information about the 
population and faulty IC devices among good devices, 
and generally relates to the number of faulty devices 
that arrive at a user's plant. But looked at in another 
way, quality can instead relate to the number of faulty 
ICs that escape detection at the IC vendor's plant. 

It is the function of a vendor's Quality Control arm to 
monitor the degree of success of that vendor In reducing 
the number of faulty ICs that escape detection. Quality 
Control does this by testing the outgoing parts on a 
sampled basis. The Acceptable Quality Level (AQL) in 
turn determines the stringency of the sampling. As the 
AQL decreases it becomes more difficult for defective 
parts to escape detection, thus the quality of the shipped 
parts increases. 
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The concept of reliability, on the other hand, refers to 
how well a part that is Initially good will withstand Its 
environment. Reliability Is measured by the percentage 
of parts that fail in a given period of time. 

Thus the difference between quality and reliability means 
the ICs of high quality may, in fact be of low reliability, 
while those of low quality may be of high reliability. 

Improving the Reliability of Shipped Parts 

The most important factor that affects a part's reliability 
is its construction: the materials used and the method 
by which they are assembled. 

Reliabilty cannot be tested into a part. Still, there are 
tests and procedures that an IC vendor can implement 
which will subject the IC to stresses in excess of those 
that it will endure in actual use, and which will eliminate 
marginal, short-life parts. 

In any test of reliability the weaker parts will normally 
fail first. Further, stress tests will accelerate, or shorten, 
the time of failure of the weak parts. Because the stress 
tests cause weak parts to fail prior to shipment to the 
user, the population of shipped 'parts will in fact demon­
strate a higher reliability in use. 

National's A+ Program 

National has combined the successful B+ program 
with the Military/Aerospace processing specifications 
and provides the A+ program as the best practical ap­
proach to maximum quality and reliability on molded 
devices. The following flow chart shows how we do it 
step by step. 

SEM 
Randomly selected wafers are taken from production 
regularly and subjected to SEM analysis. 

Epoxy B Processing lor All Molded Parts 
At National, all molded semiconductors, Including 
ICs, have been built by this process for some time 
now. All processing steps, Inspections, and QC moni­
toring are designed to provide highly reliable products. 
(A reliability report is available that gives, in detail, 
the background of Epoxy B, the reason for its selec­
tion at National, and reliability data that proves its 
success.) 

Six Hour, 150°C Bake 
This stress places the die bond and all wire bonds 
into a combined tensile and shear stress mode, and 
helps eliminate marginal bonds and electrical con­
nections. 



High Temperature (100·C) Functional Electrical Test 
A high temperature test with voltages applied places the 
die under the most severe stress possible. The test is 
actually performed at 100'C-30'C higher than' the 
commercial ambient limit. All devices are thoroughly 
exercised at the 100'C ambient. 

Electrical.Testing 
Every device is tested at 25'C for functional and DC 
parameters. 

Burn·in Test 
Devices are stressed at maximum operating conditions 
to eliminate marginal devices. Test is performed per 
MII-Std-883B Method 1015.3. 

DC Functional and Parametric Tests 
These room-temperature functional and parametric 
tests are the normal, final tests through which all 
National products pass. 

Thermal Shock Monitor 
Samples from each package type are 
selected at (andom each week and 
submitted to 100 ·cycles of liquid to 
liquid thermal shock -65'C to +150'C. In 
addition, samples are selected every 
four weeks and subjected to 2000 
temperature cycles of O'C to +25'C. 

Tlghter-than-normal QC Inspection Plans 
Most vendors sample inspect outgoing parts to a 0.3% 
AQL. When you specify the A+ program, we sample 
your parts to a 0.035% AQL at room temperature and 
0.05% AQL at TA Max. This eight times tightening (from 
0.3 to 0.035% AQL) coupled with three 100% electrical 
tests, dramatically reduces the number of "escapes" 
and allows us to guarantee the AQLs listed below. 

Ship Parts 

Here are the QC sample plans used in our A+ test 
program: 

Test 
Electrical Functionality 
Parametric, DC 
Parametric, AC 
Electrical Functionality 
ParametriC, DC 
Mechanical 

Critical 
Major. 

Temperature AQL 

25·C } 0.035% 
25·C· 
25·C 0.4% 

At each tempe.rature } 005% 
extreme. . 

0.01% 
0.28% 
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B+ Program 
B+ Program: a comprehensive program that assures 
high quality and high reliability of molded integrated 
circuits. 

The B+ program improves both the quality and the reli­
ability of National's digital, linear, and CMOS Epoxy B 
integrated circuit products. It is intended for the manu­
facturing user who cannot perform incoming inspection 
of ICs, or does not wish to do so, yet needs significantly­
better-than-usual incoming quality and reliability levels 
for standard ICs. 

Integrated circuit users who specify B+ processed parts 
will find that the program: 

• Eliminates incoming electrical inspection. 

• Eliminates the need for, and thus the added cost of, 
independent testing laboratories. 

• Reduces the cost of reworking assembed boards. 

• Reduces field failures. 

• Reduces equipment down time. 

Reliabilty Saves You Money 

With the increases population of integrated circuits in 
modern electronic systems has come an increased con­
cern with IC failures in such systems. 

And rightly so, for at least two reasons. 

First of all, ttie effect of component reliability on system 
reliability can be quite dramatic. For example, suppose 
that you, as a system manufacturer, were to choose an 
IC that is 99 percent reliable. You would find that if your 
system used only 70 such ICs, the overall reliability of 
the system's IC portion would be only 50 percent. In 
other words, only one out of two of your systems would 
operate. The result? A system very costly to produce 
and probably very difficult to sell. . 

Secondly, whether the system is large or small you can­
not afford to be hounded by the spectre of unnecessary 
maintenance costs. Not only because labor, repair, and 
rework costs have risen - and promise to continue to 
rise - but also because field replacement may be pro­
hibitively expensive. If you ship a system that contains 
a marginally-performing IC, an IC that later fails in the 
field, the cost of replacement may be - literally -
hundreds of times more than the cost of the failed IC 
itself. 

Improving the Reliability of Shipped Parts 

The most important factor that affects a part's reliability 
is its construction: the materials used and the method 
by which they are assembled. 

Now, it's true that reliability cannot be tested into a part. 
Still, there are tests and procedures that an IC vendor 
can implement, which will subject the IC to stresses in 
excess of those that it will endure in actual use, and 
which will eliminate most marginal, short-life parts. 
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In any test for reliabilty the weaker parts will normally 
fail first. Further, stress tests will accelerate, or shorten, 
the time to failure of the weak parts. Because the stress 
tests cause weak parts to fail prior to shipment to the 
user, the population of shipped parts will in fact demon­
strate a higher reliability in use. 

Quality Improvement 

When an IC vendor specifies 100 percent final testing of 
its parts then, in theory, every shipped part should be a 
good part. However, in any population of mass-produced 
items there does exist some small percentage of defec­
tive parts. 

One of the best ways to reduce the number of such faulty 
parts is, simply, to retest the parts prior to shipment. 
Thus, if there is a one percent chance that a bad part will 
escape detection initially, retesting the parts 'reduces 
that probability to only 0.01 percent. (A comparable 
tightening of the QC group's sampled-test plan ensures 
the maintenance of the improved quality level.) 

National's B+ Program Gets It All Together 

We've stated that the B+ program improves both the 
quality and the reliability of National's molded i.ntegrated 
circuits, and pointed out the difference between those 
two concepts. Now, how do we bring them together? 
The answer is in the B+ program processing, which is a 
continuum of stress and double testing. With the excep­
tion of the final QC inspection, which is sampled, all 
steps of the B + process are performed on 100 percent 
of the program parts. The following flow chart shows 
how we do it, step by step. 

SEM 
Randomly selected wafers are taken from production 
regularly and subjected to SEM analysis. 

Epo"y B Processing for All Molded Parts 
At National, all molded semiconductors, including 
ICs, have been built by this process for some time 
now. All processing steps, inspections, and QC moni­
toring are designed to provide highly reliable products. 
(A reliability report is available that gives, in detail, 
the background of Epoxy B, the reason for its selec­
tion at National, and reliability data that proves its 
success.) 

Six Hour, 150·C Bake 
This stress places the die bond and all wire bonds 
into a combined tensile and shear stress mode, and 
helps eliminate marginal bonds and electrical con­
nections. 

High Temperature (100·C) Functional Electrical Test 
A high temperature test such as this with voltages 
applied places the die under the most severe stress 
possible. The test is actually performed at 100'C -



30'C higher than the commercial ambient limit. All 
devices are thoroughly exercised at the 100'C ambient. 
(Even though Epoxy B processing has virtually eliminated 
thermal intermittents, we perform this test to ensure 
against even the remote possibility of such a problem. 
Remember, the emphasis in the B+ program is on the 
elimination of those marginally-performing devices that 
would otherwise lower field reliability of the parts.) 

DC Functional and Parametric Tests 
These room-temperature functional and parametric tests 
are the normal, final tests through which all National 
products pass. 

Thermal Shock Monitor 
Samples from each package type are 
selected at random each week and 
submitted to 100 cycles of liquid to 
liquid thermal shock -65'C to +150·C. In 
addition, samples are selected every 
four weeks and subjected to 2000 
temperature cycles of O'C to +25·C. 

Tlghter-than·normal QC Inspection Plans 
Most vendors sample inspect outgoing parts to a 0.3% 
AQL. When you specify the B+ program, we sample 
your parts to a 0.035% AQL at room temperature and 
0.05% AQL at TA M.ax. This eight times tightening (from 
0.3 to 0.035% AQL) coupled with two 100% electrical 
tests, dramatically reduces the number of "escapes" 
and allows us to guarantee the AQLs listed below. 

Ship Parts 

Here are the QC sampling plans used in our B+ test 
program: 

Test 

Electrical Functionality 
Parametric, DC 
Parametric, AC 
Electrical Functionality 
Parametric, DC 
Mechanical 

Critical 
Major 

Temperature AQL 

250C} 
25'C 0.035% 

25°C 0.4% 
At each temperature} 005% 

extreme. . 

0.01% 
0.28% 
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Introduction 

Reliability of CMOS Microcircuits 
PR-5 

With the entry into the integrated circuit marketplace of Complementary· 
Metal·Oxide Semiconductor (CMOS) technology, an electronic revolution 
comparable to that following the introduction of bipolar transistor technology 
was stimulated. The trend toward increased use of CMOS in industrial and 
consumer systems came about principally because of the unique properties 
associated with these devices. For example, p. and N·channel enhancement 
mode transistors are combined on the same chip, which makes possible high· 
speed operation, high noise immunity, and low stand·by power dissipation in 
the nanowatt range. Only one power supply is required, 'and the circuit is 
operated so that only one transistor is on at a time. Significant power is 
dissipated only during change of state. The combination of these advantages, 
coupled with extremely small device size and National's stable and reliable 
CMOS fabrication process, has contributed to certain unique applications 
which could not be handled by more conventional MOS technologies. 

N?ltional Semiconductor first entered the MOS market in early 1968 by 
producing established P·channel metal gate product. By mid·1972, National 
had introduced its first CMOS product line. The salient points in the 
chronological history of CMOS logic at National are: 

1. National introduces in early·1972 the CD40xxA series as its first 
CMOS product line. These parts were designed as a second source to 
the RCA CMOS products. 

2. By mid·1972, a second product line, the MM74Cxxx series, is 
introduced. These are proprietary CMOS parts which are pin and 
functional equivalents of many of the most popular devices in the 
74xx TTL series. 

3. CMOS logic is qualified by MIL-M-3851 0 Program in late 1975. This 
program is designed to standardize the integrated circuit inaustry and 
at the same time provide the customer with the highest possible 
quality level for the required application. 

4. Significant improvements in the majority of the CD40xxA series result 
in the introduction of the CD40xxB series in mid· 1976. Internal 
buffers, acting in most cases as a pair of inverters, are added to all 
outputs. This results in making the output drive (in both directions) a 
uniform and standard value which in turn makes rise and fall times 
more nearly identical. 

5. In early 1977, National introduces its analog·to·digital (A· to· D) 
converters into the series: the ADC 08xx, a Singfe Chip Data 
Acquisition System; and the ADC 3xxx, a 3'/2· to 3 3/4·digit Digital Volt 
Meter (DVM) chip. 

6. In recogrition pf the necessity of CMOS logic product to withstand 
exposure to radiation in satellite systems and space vehicles, National 
in early 1977 introduces the industry's first complete line of radiation· 
hardened devices. Both the traditional 40xx series and National's own 
TTL compatible MM74Cxx series can withstand radiation exposures of 
106 Rads. 
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And today, National Semiconductor offers a, broad spectrum of CMOS logic 
devices: 

• 20 in the CD4000 A series 

• 85 in the MM54C174C series 

• 67 in the CD4000B series 

• 13 CD45XX series 

• 5 A-to-D Converters 

• 57 Radiation Hardened devices_ 

The report which follows describes National's quality and reliability program, 
including test-results data for National's integrated CMOS product in Epoxy B_ 
The basic principles of CMOS will be presented, together with National's 
processing philosophy, production techniques, and the methods and programs 
now in place to assure the end product's quality and reliability_ 

Prepared by 

Dave Tovar 
Manager, CMOS Product Engineering 

Jo HuUev 
Manager, linear/Logic Reliability Engineering 

Approved by 

Richard Kramer 
Manager, Reliability Assurance 
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Device Fabrication 

CMOS wafer fabrication is designed to produce reliable, high· performance 
devices which require minimum handling restrictions. At National 
Semiconductor, these objectives are achieved through the use of advanced 
materials, process innovations, and rigorous process controls. 

The substrate material used in the CMOS process is [l·O·Ol·orientation N·type 
silicon rather than the commonly selected [l·l·ll·orientation type. Coupled 
with controlled processing, this substrate permits the fabrication of MOS 
transistors with threshold voltages up to half as low as that produced on 
[l·l·ll·orientation silicon. Lower threshold voltages allow higher·speed circuit 
operation with lower supply voltages. In addition, the threshold voltage 
distribution from run to run is much tighter, so that long· term uniformity of 
device characteristics is -assured. 

The stability of CMOS characteristics depends directly on the level of 
contamination in the gate oxide. National's proprietary oxidation procedure 
and cleaning methods are capable of producing ultra·c1ean oxides. In order to 
ensure low levels of oxide contamination in production, capacitance· voltage 
(C-V) process controls have been installed. 

All production oxidation and evaporation systems are monitored on a regular 
basis using the capacitance·voltage method. An MOS capacitor is fabricated 
and drifted under + l5V bias at 275°C for two minutes. The shift in the C-V 
plot is a measure of the ionic contamlnation in the oxide under evaluation. This 
method is also used for investigations of process changes and innovations. 
These measurements assure rapid detection and correction of production 
process difficulties before contaminated material can leave the wafer 
processing area. 

An additional check on stability is performed on completed wafers. Fields of 
± 2 x l06V/cm are applied to C· V test dots designed into the device die while 
the wafer is heated to 275°C for two minutes, then cooled to room temperature. 
The C-V shift is measured before and after heating for both bias conditions. 
The maximum permissible shift in threshold voltage is OAOV with typical 
shifts running less than O.l5V. 

Moreover, National's CMOS devices have a double input diode protection 
network designed to prevent catastrophic failures caused by positive· or 
negative· going voltage transients. This effective input protection network, 
coupled with excellent oxide integrity, reduces the handling restrictions required 
on CMOS devices. A detailed guide to the handling requirements of CMOS 
parts is given in the last section of this report. 

The following is a pictorial representation of National's CMOS device 
fabrication. (Please note that the drawings are not to scale.) 

Figure 1. Initial Oxidation, Thermally Grown Silicon 
Dioxide Layer on Silicon Substrate Surface 
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p+ 

Figure 2. P·Mask & Formation of P·Well Tub in 
which N·Channel Devices will be Located 

Figure 3. P·Well Oxidation, Thermally Grown Silicon 
Dioxide Layer over P·Well Area 

p+ p+ p+ 

Figure 4. P+ Mask & Formation of Low Resistance 
P+ Type Pockets in P·Well and N·Substrate 

Figure 5. P+ Oxidation, Thermally Grown Silicon 
Dioxide Layer over P+ Type Pockets 

Figure 6. N + Mask and Formation of Low.Reslstance 
N + Type Pockets in P·Well & N·Substrate 
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Figure 7. N+ Oxidation, Thermally Grown Silicon 
Dioxide Layer over N + Type Pockets 

Figure 8. Composite Mask & Openings 
to Nand P Channel Devices 

Figure 9. Gate Oxidation, Thermally Grown Silicon 
Dioxide Layer over Nand P Channel Devices 

Figure 10. Contact Mask & Openings to Nand P Channel Devices 

Figure 11. Metallization, Metal Mask, Resulting in 
Gate Metal & Metal Interconnects 
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Figure 12. Passivation Vapox, Deposited Silicon 
Dioxide over Entire Die. Sur1ace 

Voo 

~~~ -~-~-~~~--~~----- = .... d--. 

p+ Source 

Dr~ 
P Channel 

P Channel 
MOS Transistor 

Input [+V, OJ :I------'t-----o Output [0, +VJ Voo 

L.......-.-....9 
N Channel 

MOS Transistor 

Figure 13. Basic CMOS Inverter Circuit 
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Product Flow Chart 

Second in importance only to component design are the workmanship, tools, 
and internal procedures used in the manufacture of highly reliable CMOS 
microcircuits. No amount of testing and sorting will replace skill and extreme 
care in production processing., 

The main task, therefore, is not only how to make a reliable product but also 
how to maintain the reliability level which is obtainable from a suitable design. 
The answer lies in meticulous control over production techniques and in 
painstaking process control checks and quality control gates after critical 
operations. 

The following outline briefly describes the standard CMOS production process 
and indicates each of the steps in this flow at which process control and 
checking are undertaken by Quality Assurance engineers and technicians. 

; 1.: Incoming Raw Materials are Received 

Silicon wafers, wires, frames, plastic, photo resist, chemicals, 
molding compounds, emulsion work plates, etc. 

Quality Assurance Incoming Inspection 

The raw materials are purchased from a qualified vendor and must 
meet stringent material procurement specifications, Samples are 
inspected and tested to dimensional, physical, mechanical, 
chemical, and environmental specifications. Each vendor must 
maintain a continuous history of acceptable quality shipments in 
order to remain on National's list of qualified vendors. 

Wafer Processing 

All operations are carried out in closely monitored clean conditions. 
Material waiting for subsequent operations is stored under laminar· 
flow hoods (Class 100, Federal Standard 209A). All wafers are 
visually inspected for defects under collimated light prior to initial 
oxidation. Wafers are rejected which fail to meet the criteria defined 
by written process specifications. 

1'3:\ . Initial Oxidation 
\" -#Y 

5,000 A of silicon dioxide are thermally grown. An optical 
measurement of oxide thickness is made. 

P-Mask 

This masking step is used to form the P·well in which N·channel 
devices are to b~ located. 

Optical inspection is made at 400X power for characteristics such as 
cleanliness, continuity, and definition. Precision optical·dimensional 
measurements using an image·shearing microscope are made to 
check the accuracy of device geometry. 

Pre-lon-Implant Oxidation 

A thi~ layer of silicon dioxide is thermally grown. This oxidation is 
primarily done to improve the uniformity of the subsequent ion 
implantation. 
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Ion Implantation of CMOS P-Well 

Ion implantation is inherently a low.temperature process offering 
excellent boron· impurity control of surface doping concentrations. 

Ion Implant P·Well Quality Control 

The boron· ion concentration is checked by measuring VII on a 
spe"Cially prepared N-type test wafer. 

Ion Implant P-Well Drive-In and Oxidation 

A drive·in cycle including thermal annealing is followed by silicon· 
dioxide oxidation over the P·well. 

P+ Mask 

The second mask provides source and drain regions for P·channel 
devices, substrate·to·ground diodes (guard bands), and VDD input 
diodes. 

ty~; Etch Inspect Quality Control 

~; 
1:1 f'1 v; 

Optical and dimensional inspections as described after the first 
masking operation above are repeated. 

@ p+ Diffusion 

tjj 
~j 
t:Y 

All P+ regions are thermally doped followed by a drive-in and 
oxidation. Measurements are made to determine sheet resistance, 
junction depth, and field oxide thickness in the P+ source and drain 
diffused regions. Pre· deposition VII and oxidation thickness are held 
within 10% of design values, which results in tighter electrical 
distributions. 

~ 
~ 
~~ N+ Mask 

[; . The third' mask provides N·type source and drain regions in P·well 
~~t for N·channel devices, channel guard bands, and VSS input diodes. 

~~?J Etch Inspect Quality Control 
v~~ 

l~ 
}j 

Optical and dimensional inspections (as previously described) are 
repeated. 

?1 
~} N + Diffusion 

f~ Source and drain regions in P·well are thermally doped followed by 
t~~ a drive·in and oxidation. As with p+ diffusion, measurements are 
~ made to determine sheet resistance, junction depth, and the field 

·----------------··-----rm---oxide-thickness-in·theN+ source-and-drain-diffused-regions.-Again-, -. _.--- -
f! pre·deposition VII and oxidation thickness are held within 10% of 
~l design value so as to have tighter electri.cal distributions. 

~~ Composite Mask 
~?J ' 
r~ 

The fourth mask opens the thermal oxide over the N· and P·channel 
gate regions in preparation for gate oxidation. 

w" 
~,;~ Etch Inspect Quality Control 

If The same post·mask optical and dimensional inspections as 
described previously are repeated. 
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:13; Gate Oxidation 

A thin layer of silicon dioxide is thermally grown as drift-free gate 
electrical material over the N- and P-channel gate regions_ 

Gate Oxidation Quality Control 

Interferometer measurements are made of the oxide thickness on 
specially prepared test wafers_ An indirect evaluation of aluminum 
evaporation and of the quality of the cleaning process is obtained as 
a consequence of a control loop procedure_ 

-14.' Metal Contact Mask 

The fifth mask opens the thermal oxide over the source and drain 
tubs of N- and P-channel devices as well as over N+ and P+ 
contacts. 

Etch Inspect Quality Control 

The same optical and dimensional inspections as performed before 
are repeated. 

,15.) Metallization 

A thin film of aluminum is sputtered in a vacuum over the entire 
surface of the wafer. 

Metallization Quality Control 

Metallization thickness is controlled in each production run by 
sectioning, the use of interferometers, etc. A dynamic capacitance 
voltage plot is taken to verify the absence of sodium contamination 
in the metallization process. 

;16." Metal Mask 

The sixth mask is used to form aluminum interconnection patterns, 
contacts, and bonding gates. 

Etch Inspect Quality Control 

Previously described optical and dimensional inspections are 
repeated. 

Aluminum metal interconnections to device contact regions are 
alloyed. 

:18.\ Passivation Vapox 

A chemically-vapor-deposited glass (vapox) provides metal scratch 
protection and getters positive mobile ionic charges. 

Passivation Vapox Quality Control 

The percentage of phosphorous concentration in the vapox is 
measured by diffusion from the deposited oxide source, and double­
checked by analysis of the diffused layer surface concentration on 

: i test wafers using X-ray fluorescence techniques. Also measured are 
defect density and etch rate. 
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Vapox Mask 

The seventh mask opens the va pox over the aluminum bonding 
areas. 

Etch Inspect Quality Control 

Once more, an optical etch inspection is made at 400X power to 
check on cleanliness, continuity, and definition. Precision optical· 
dimensional measurements using an image·shearing microscope are 
made to determine the accuracy of device geometry. 

Electrical Test Quality Assurance 

Together with the C.V test, measurements are made of electrical 
parameters sensitive to slight process variations, including 
transistor threshold, current gain, junction reverse· breakdown 
voltages, and diffused region sheet resistivities. MOS capacitors on 
test arrays' are measured for fast surface· state density (Qss), mobile 
ionic contamination (Qo), and the thickness of gate oxide dielectric. 
These data are used to maintain tight process controls. 

Dynamic Capacitance Voltage Plot 

A positive 15 volts are applied to a C-V dot designed into the device 
die while the wafer is heated to 275°C, held at temperature for two 
minutes, then cooled to room temperature. C-V plots of threshold 
voltage on N- and P-channels are made before and after heating to 
determine VI. 

Product Wafer Probe 

Each die receives a complete functional test to all conditions and 
parameters specified on the device data sheet. Supply voltages are 
applied over the guaranteed ranges. Dice failing to meet any of 
these tests are inked for subsequent removal. 

Epoxy B Package Processing Flow 

f·.;·;-~_ Sorte~ Wafers are Received 
~';::;;~i 
"., All dice on wafers have been 100% electronically tested. 
f~ Electrical rejects are marked with an ink spot. 
~£ . 

--(i~·t-[)[am-ond:Saw,-Break~- andPlate-Olce----------------------- -
t,<~4 
~:; Inked dice are removed. 

;;i 
\ 2.) Optical Die Sort 
""f'l' 

L"" 100% optical microscope inspection at 100X to remove 
potentially unreliable dice. 
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Lead 
Frame 

t; ; 

Quality Control Surveillance Begins 

Verification is made that the optical die sort was 
performed according to written specifications. 

3.:~ Die Attach 

Gold Wire 

Polymer attachment of die to lead frame. 

Quality Control Surveillance 

Verification is made that the die· attach operation was 
performed according to written specifications. 

4 . . ,' Lead Bond 

Molding 
Compound 

'" , ,. , 

:', 

.. '~ 

}, ,.,~ :: ; 
. , 

<} <"C':;f(~) 
.i 

;. 

(7.:., 
> , 

,', 

Thermocompression ball·bonding of gold wire to die 
and lead frame. 

Quality Control Surveillance 

Several times each shift, samples are checked from 
each machine and from each operator's work. 

Quality Assurance Lead Bond Pull Test 

Samples by lot from each operator are checked a 
minimum of twice per shift. All bonds are pulled to 
destruction. The force required to break the bond, and 
the location of the break, are recorded for process­
control purposes. 

Pre-Mold Optical Sort 

100% optical microscope inspection at 30X for 
assembly defects. Devices are inspected for wafer 
processing anomalies, assembly work damage, 
completeness, and accuracy of assembly. 

Quality Control Surveillance 

Samples of each opticaI sorter's work are inspected to 
criteria which meet or exceed the applicable 
requirements of Mil-Std-883B, Method 2010. 

Mold and Cure 

Thermosetting plastic is transfer molded around the 
completed assembly. The plastic is then cured to insure 
mechanical and chemical stability. 

Trim and Form Leads 

Frame supports are removed and leads formed to 
desired configuration. 

Tin Dip Leads (Non pre-plated frames only) 

Frames which have not been plated prior to die attach 
(Step 3) are hot-solder dipped to provide protection 
against corrosion and for excellent solderability. 
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Quality Control Surveillance 

Visual and mechanical quality are continuously 
monitored. 

Mark Package 

Devices are marked with National's part number, a date 
code (signifying mold week), and the National log? 

Clip Ralls 

Lead·frame rails are removed, leaving finished devices 
ready for test 

Electrical Test 

100% electrical test on all data· sheet parameters. 

Quality Assurance Acceptance 

Each lot of finished devices is sample inspected and 
tested by Quality Assurance Inspectors for compliance 
with specifications. 

Pack and Ship 

Each shipment is inspected by QualitY Assurance to be 
sure that the right devices are going in the right 
quantity to the right customer. 

Environmental and Life Test Data of CD40XXC and MM74CXXN 

As was noted in the Introduction, CMOS serves as an ideal solution for 
industrial and consumer (and aerospace) systems which cannot be handled by 
more conventional MaS technologies. In these critical applications, reliability 
is of major importance. The data which follow are the summations of 1979·1980 
reliability tests coriducted on commercial CMOS devices in Epoxy B. 

Criteria 

Two failure categories are considered: 

1. Degradation - Devices which are still able to perform logical 
functions, but whose electrical parameters have 
drifted beyond published specifications. 

2. Catastrophic - Devices with opens Of shorts, or those which fail 
to perform logical functions because of increased 
leakage or a shift in any other electrical parameter. 

7-54 



Temperature Cycle Test,Results 

The air-to-air temperature cycle is conducted in accordance with Mil-Std-883B, 
Method 1010_2, from O°C to 125°C, 10 minutes dwell time at temperature 
extremes, 2 second transfer time, 20 minutes per cycle_ 

Lots 

12 

Thermal Shock 

Sample 
Size 

2,500 

Failures at: 
1,000 Cycles 2,000 Cycles 

o 1 

The Iiquid-to-Iiquid thermal shock test is conducted in accordance with 
Mil-Std-883B, Me,thod 1011.2, Test Condition C, -65°C to + 150°C. 

Lots 

25 

Sample 
Size 

450 

Autoclave (Pressure Pot) 

Failures at: 
50 Cycles 100 Cycles 

o o 

The pressure pot test is conducted in a steam autoclave at 121°C, 15psig, and 
100% relative humidity for 96 hours, 

Lots 

52 

High Temperature Storage 

Sample 
Size 

1,200 

No. 
Fail 

The high temperature storage test is conducted in accordance with 
Mil-Std-883B, Method 1008.1, Test Condition C, at 150°C. 

Lots 

9 

Moisture Resistance 

Sample 
Size 

210 

Failures at: 
168 Hrs 500 Hrs 1000 Hrs 

001 

85°C, 85% relative humidity, static life conditions, biased with rated voltage. 

Lots 

40 

Sample 
Size 

1,279 
'Functional failures 
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Failures* at: 
168 Hrs 500 Hrs 1000 Hrs 
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Figure 14. Failure Rate at 85°C/85% RH 

High Temperature Operating Life (12S0C, Bias = +lSV) 

Sample 
Lots Size 

40 1,472 

168 Hrs 

5 

Failures at: 
500 Hrs 

4 

Total Test Hours: 1,472,000 
Equivalent Hours at 70°C: 125x 106 t 
Equivalent Hours at 45°C: 1562 x 106t 
t Activation Energy = 0.7 eV 

Notes: 

1. The failures are data sheet limit failures. 

% FalIJ 
1,000 Hrs 1,000 Hrs. 

8 1.2% 

0.014% 
0.0012% 

MTBF 
Hours 

0.86x 105 

6.90x 106 

83.00 x 106 

2. Failure rate ().), or predicted percent failure per 1,000 hours, is at 60% Confidence Level. 

3. Failure rate percentage Is the inverse of Mean Time Between Failu(es (MTBF). 

4. Failure rates derived for70 °C and 45°C were obtained using acceleration factors related 
to actual test ambient temperatures. 

The following figure shows the Field Failure Rate predicted for CMOS devices 
when operated at 70°C. The Infant Mortality section of the curve is shaded 
because Infant Mortality is strongly influenced by numerous variables such as 
handling, system-induced voltage transients, temperature, environment, 
mechanical stress, etc., and therefore varies widely. 
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The single, most prevalent cause of "Infant Mortality" field failures in CMOS 
microcircuits is gate oxide damage. This can result from any transient voltage 
condition - electrostatic discharge (ESD), electrical noise, inductive spikes, 
etc. Effective input protection circuitry (see page 2 for further discussion), 
such as that used on National's CMOS chips, can provide effective protection 
provided the gate oxide itself is inherently reliable. National's standard gate 
oxide is designed to withstand 80 volts. As in any process, there is always 
some deviation from the normal. Nevertheless, it has been proven by National 
Reliability Engineering analyses that most devices which fail because of gate 
oxide damage actually have inferior gate oxide to start with - or an oxide 
which will rupture at voltages considerably below the "3 sigma limit" of the 
normal distribution. 

National has improved its gate oxidation process in the areas of cleaning, 
masking, and controls to the point where the "3 sigma limit" is as small as 
possible. This guarantees that the inherent reliability of the process is 
preserved. Thus, the chance for failure caused by gate oxide rupture is 
drastically reduced. Translated to field performance, this means an absolute 
minimum of "Infant Mortality" failures in the operation of CMOS devices in 
their end· use environment. 
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Handling and Test Guide 

Introduction 

All CMOS low-threshold devices are susceptible to damage by the electrostatic 
discharge (ESD) of energy through the devices_ This is because the gate oxide 
thickl')ess of such devices is in the range of 1,000A to 1,100A, which l.imits 
the maximum voltage that can be applied (to the input of the device) to 80V 
with a reasonable safety factor_ (For a fuller description of ESD and its 
possible latent effects on microcircuits, see National Semiconductor's 
Reliability Physics Brief, RPB-02, July 1978, and Reliability Physics Brief, 
RPB-07, January 1980_) Although all CMOS devices have input protection 
networks which are effective in a large number of device-handling situations, 
they are not effective in 100% of the cases (please refer to specific devices in 
National's CMOS Data Book)_ 

In order to be totally safe, proper handling procedures must be used to 
eliminate damage and subsequent yield loss caused by static electrical 
charges_ It is the purpose of this application guide to outline proper handling 
procedures for CMOS devices_ 

General Handling Procedures 

1. The leads of CMOS devices should be in contact with conductive material 
to avoid build-up of static charge. Containers used for transporting or 
storing CMOS components should be made of such material or lined with 
anti-static material. Rails for handling and shipping MOS devices should be 
made of electrically conductive material or be made static-free by an 
appropriate surface coating_ In no case should CMOS devices be inserted 
into polystyrene foam or other high-dielectric materials. Any surface 
coating which is not at ground potential should not come in direct contact 
with device pins_ 

2. Devices should be packed in conductive containers, rails, or envelopes for 
storing. In addition, devices should be kept at ground potential and should 
never come in contact with non-conductive plastics., 

3. All electrical equipment should be hard-wired to ground. Soldering iron 
tips, metal ,parts of fixtures and tools, and all handling systems should be 
grounded. 

Cleaning 

l. Devices should be cleaned by a solvent which will assure complete removal 
of foreign matter, flux, residual matter, etc., from the exterior of the package. 

2. A static-neutralizing ion blower should be used when manually cleaning 
devices or sub-assemblies with brushes_ 

3. All automatic cleaning should be grounded. 

4_ All cleaning baskets should be grounded. 
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Assembly 

1. Sub· assembled modules and printed circuit boards should be manufactured 
and handled using the same procedures as those described above for 
individual CMOS devices. 

2. CMOS parts should be the last to be inserted into printed circuit boards or 
systems so as to avoid Qverhandling. 

3. Circuit boards containing CMOS devices which are being transported 
between work stations and test areas should be contained in anti~static 
material or have all board terminals shorted together using a conductive 
shorting bar. Only handling trays of conductive material should be used. 

4. All automatic insertion equipment, solder machines, metallic parts of 
conveyor systems, and soldering irons should be grounded. 

Note: These precautions should ,be taken until the sub·assembly is inserted 
into the complete system in which the proper voltages are applied. 
Sub·assemblies should never be constructed, fixtured, stored or 
transported in polystyrene or any other high·dielectric materials. 

General Operating Procedures 

The National CMOS product line is comprised of many different device types 
for a variety of applications. The following operating procedu'res apply in a 
general sense to all CMOS devices, but reference to device specification 
sheets is still necessary to assure correct operating values. 

A. Before making any physical connections or applying any external signal 
sources, be sure that all power supplies are off. Be sure, also, to observe 
proper static ground conditions. ' 

B. Power supplies should be turned up slowly to the necessary voltages so as 
to avoid rapid supply changes. 

C. After power supplies have been turned on, apply external input signals. 

Note: Failure to perform the power-on procedure in this order can result in 
damaged CMOS circuitry, 

D. To power down, remove input signals first, then turn power supplies off 
slowly. 

E. If CMOS devices are operated at an elevated environmental temperature, 
allow devices to reach room temperature before they are powered down. 

F. Do not leave inputs to any CMOS device unused. For NAND gates the 
unused inputs should be tied to VDD; unused inputs to NOR gates should 
be tied to ground. Tying unused inputs to used inputs will result in an 
increase in source current of a NAND gate, and in an increase in sink 
current of a NOR gate. , 
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Testing 

1. Use grounded metallic fixtures where possible. Any surface tl1at is not at 
ground potential should not come into direct contact with device pins. 

2. Use a static· neutralizing ion air blower when running automatic handlers. 
Use conductive handling trays when transferring devices. 

3. Do not insert devices or boards with power turned on. 

4. Ensure that AC signals do not cause excessive current leakage. 

Electrical Failure Modes Caused by Improper Handling 

If proper handling techniques are not followed. it is likely that the generation 
of static electrical discharges will damage the CMOS devices. resulting in 
inoperable or degraded parts. Typical failure modes are: 

1. Shorted or open gates; 

2. Shorted or leaky input protection diodes; 

3. Open metal paths in the device input circuitry; and 

4. Degraded device characteristics. especially g 
(mutual transconductance or "gain"). 

The presence of these failure modes can be detected easily using a transistor 
curve tracer. 
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CMOS, the Ideal 
Logic Family 

I NTRODUCTI ON 

Let's talk about the characteristics of an ideal logic 
family. It should dissipate no power, have zero 
propagation delay, controlled rise and fall times, 
and have noise immunity equal to 50% of the 
logic swing. 

Well, that ideal logic family is here - almost. 
The properties of CMOS (complementary MOS) 
begin to approach these ideal characteristics. 

First, CMOS dissipates low power. Typically, the 
static. power dissipation is 10 nW per gate which is 
due to the flow of leakage currents. The active 
power depends on power supply voltage, frequency, 
output load and input rise time, but typically, gate 
dissipation at 1 MHz with a 50 pF load is less than 
10mW. 

Second, the propagation delays through CMOS are 
short, though not quite zero. Depending on power 
supply voltage, the delay through a typical gate is 
on the order of 25 to 50 ns. 

Third, rise and fall times are controlled, tending 
to be ramps rather than step functions. Typically, 
rise and fall times tend to be 20 to 40% longer 
than the propagation delays. 

Last, but not least, the noise immunity approaches 
50%, being typically 45% of the full logic swing. 

Besides the fact that it approaches the characteris· 
tics of an ideal logic family and besides the obvious 
low power battery applications, why should de· 
signers choose CMOS for new systems? The answer 
is cost. 

On a component basis, CMOS is still more expen· 
sive than TTL. However, system level cost may be 

National Semiconductor 
Application Note 77 
Stephen Calebotta 

lower. The power supplies in a CMOS system will 
be cheaper since they can be made smaller and with 
less regu lation. Because of lower currents, the 
power supply distribution system can be simpler 
and therefore, cheaper. Fans and other cooling 
equipment are not needed due to the lower dissi­
pation. Because of longer rise and fall times, the 
transmission of digital signals becomes simpler 
making transmission techniques less expensive. 
Finally, there is no technical reason why CMOS 
prices cannot approach present day TTL prices as 
sales volume and manufacturing experience in­
crease. So, an engineer about to start a new design 
should compare the system level cost of using 
CMOS or some other logic family. He 'may find 
that, even at today's prices, CMOS is the most 
economical choice. 

National is building two lines of CMOS. The first 
is a number of parts of the CD4000A series. The 
second is the 54C/74C series which National 
introduced and which will become the industry 
standard in the near future. 

The 54C/74C line consists of CMOS parts which 
are pin and functional equivalents of many of the 
most popular parts in the 7400 TTL series. This 
line is typically 50% faster than the 4000A series 
and sinks 50% more current. For ease of design, it 
is spec'd at TTL levels as well as CMOS levels, and 
there are two temperature ranges available: 54C, 
-55°C to +125°C or 74C, -40°C to +85°C. Table 1 
compares the port parameters of the 54C/74C 
CMOS line to those of the 54L{74L low power 
TTL line. 

TABLE 1. Comparison of 54L174L Low Power TTL and 54C/74C CMOS Port Parameters. 

FAMILY vee VIL "L V'H "H 
MAX MAX MIN 2.4V 

54L174l 5 0.7 0.18 rnA 2.0 10IJA 

54C174C 5. O.B - 3.5 -
5~C174C 10 2.0 - B.O -

... Assumes interfacing to low power TTL. 
** Assumes interfacing to CMOS. 

VOL 
MAX 

0.3 

0.4 

10 

10L 
VOH 

10H .... '"" PDlssiGATE PD,sslGATE 
MIN TYP TYP STATIC 1 MHz. 50 pf LOAD 

2.0mA 2.4 100/JA 31 35 lmW 2.2SmW 

·360/JA 2' ·'OO/JA 60 45 0.00001 mW 1.2SmW 

"·'O)JA 9.0 HlOJ.,IA 25 30 O.OOOO3mW 5mW 
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CHARACTERISTICS OF CMOS 

The aim of this section is to give the system 
designer not familiar with CMOS, a good feel for 
how it works and how it behaves in a system. 
Much has been written about MOS devices in 
general. Therefore, we will not discuss the design 
and fabrication of CMOS transistors and circuits. 

The basic CMOS circuit is the inverter shown in 
Figure 2-1. It consists of two MOS enhancement 
mode transistors, the upper a P-channel type, th'e 
lower an N-channel type. 

v~ 

1G 
f,HANNEL 

V.. J-ovou, 
• 

G ~HANNEL 

GNO 

FIGURE 2-1. Basic CMOS Inverter. 

The power supplies for CMOS are called V DO and 
Vss , or Vee and Ground depending on the manu­
facturer. Voo and Vss are carryovers from con­
ventional MOS circuits and stand for the drain and 
source supplies. These do not apply directly to 
CMOS since both supplies are really source supplies. 
V cc and Ground are carryovers from TTL logic 
and that nomeclature has been retained with the 
introduction of the 54C/74C line of CMOS. V cc 
and Ground is the nomenclature we shall use 
throughout this paper. 

The logic .levels in a CMOS system are V cc (logic 
"1 ") and Ground (logic "0"). Since "on" MOS 
transistor has virtually no voltage drop across it if 
there is no current flowing through it, and since 
the input impedance to CMOS device is so high 
(the input characteristic of an MOS transistor is 
essentially capacitive, looking like a 10'2n resistor 
shuntell by a 5 pF capacitor), the logic levels seen 
in a CMOS system will be essentially equal to th~ 
power supplies. 

Now let's look at the characteristic curves of 
MOS transistors to get an idea of how rise and 
fall times, propagation delays and power dissipation 
will vary with power supply voltage and capacitive 
loading. Figure 2-2 shows the characteristic curves 
of N-channel and P-channel enhancement mode 
transistors. 

There are a number of important observations to 
be made from these curves. Refer to the curve of 
V GS ; 15V (Gate to Source Voltage) for the 
N-channel transistor. Note that for a constant 
drive voltage V GS, the transistor behaves like a 
current source for Vos's (Drain to Source Voltage) 
greater than VGS - VT (VT is the threshold 
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voltage of an MOS transistor). For V os's below 
VGS - VT , the transistor behaves essentially like a 
resistor. Note also that for lower V GS 's, there are 
similar curves except that the magnitude of the 
los's are significantly smaller and that in fact, los 
increases approximately as the square of increasing 
VGs . The P-channel transistor exhibits essentially 
identical, but cbmplemented, characteristics. 

" 
Vas @Vee ;;15V 

.§. .'. J 3D 

.... z 
~ 

~ Vas @Vee ;; tOV 

~ 15 I=tt:j~~$f:f:t!'++t=l 
~ 
~ 

VGs@Vee " 5V 

10 15 

OUTPUT VOLTAGE Vos (V) , 

OUTPUT VOLTAGE Vas (VI 

-" -10 -5 

Ves@Vcc:: 5V 

II'O! Ves@Vee ;; tOV :: 

;; 
20 g 

VGs @Vcc =t5V '3 
~ 

30 

FIGURE 2-2. Logical "1" Output Voltage vs 
Source Current. 

If we try to drive a capacitive load with these 
devices, we can see that the initial voltage change 
across the load will be ramp-like due to the current 
source characteristic foll6wed by a rounding off 
due to the resistive characteristic dominating as 
Vos approaches zero. Referring this to our basic 
CMOS inverter in Figure 2-1, as Vos approaches 
zero, VOUT will approach Vcc or Ground depend­
ing on whether the P-channel or N-channel transistor 
is conducting. 

Now if we increase V cc and, therefore, V GS the 
inverter must drive the capacitor through a larger 
voltage swing. However, for this same voltage 
increase, the drive capability (los) has increased 
roughly as the square of V GS and, therefore, the 
rise times and the propagation delays through the 
inverter as measured in Figure 2-3 haye decreased. 

So, we can see that for a given design, and therefore 
fixed ,capacitive load, increasing' the power s!-lpply 
voltage will increase the speed of the system. 



Increasing Vee increases speed but it also increases 
power dissipation. This is true for two reasons. 
First, CV2 f power increases. This is the power 
dissipated in a CMOS circuit, or any other circuit 
for that matter, when driving a capacitive load. 

Vee 

v" 
1(1% 10% 

GNO 

V" 

VOU1 

GNO 

FIGURE 2·3. Rise and Fall Times and Propagation 
Delays as Measured in a CMOS System. 

For a given capacitive load and switching frequency, 
power dissipation increases as the square of the 
voltage change across the load. 

The second reason is that the VI power dissipated 
in the CMOS circuit increases with Vee (for Vee's 
> 2VT ). Each time the circuit switches, a current 
momentarily flows from Vee to Ground through 
both output transistors. Since the threshold voltages 
of the transistors do not change with increasing 
Vee, the input voltage range through which the 
upper and lower transistors are conducting simul· 
taneously increases as Vee increases. At the same 
time, the higher Vee provides higher V GS voltages 
which also increase the magnitude of the los 
currents. Incidently, if the rise time of the inpuf 
signal was zero, there would be no current flow 
from Vee to Ground through the circuit. This 
current flows because the input signal has a finite 
rise time and, therefore, the input voltage spends a 
finite amount of time passing through the region 
where both transistors conduct simultaneously. 
Obviously, input rise and fall times should be kept 
to a minimum to minimize VI power dissipation. 

Let's look at the transfer characteristics, Figure 2·4, 
as they vary with Vee. For the purposes of this 
discussion we will assume that both transistors in 
our basic inverter have identical but complementary 
characteristics and threshold voltages. Assume the 
threshold voltages, VT , to be 2V. If Vee is less 
than the threshold voltage of 2V, neither transistor 
can ever be turned on and the circuit cannot 
operate. If Vee is equal to the threshold voltage 
exactly then we are on the curve Figure 2-4a. 
We appear to have 100% hysteresis. However, it is 
not truly hysteresis since both output transistors 
are off and the output voltage is being held on the 
gate capacitances of succeeding circuits. If Vee is 
somewhere between one and two threshold volt· 
ages (Figure 2-4b), then we have diminishing 
amounts of "hysteresis" as we approach Vee eqwal 
to 2VT (Figure 2-4c). At Vee equal to two thres· 
holds we have no "hysteresis" and no current flow 
through both the upper and lower transistors duro 
ing switching. As Vee exceeds two thresholds the 
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transfer curves begin to round off (Figure 2-4d). As 
V'N passes through the region where both transis· 
tors are conducting, the currents flowing through 
the transistors cause voltage drops across them 
giving the rounded characteristic. 

v,~ {VOL lSI v,~ {VOLTS) 

(a) (b) 

,~"«.,,. , ' 

1 J 
J 2 -

, 

v.~ {VOLTS) 

Ie) (d) 

FIGURE 2-4. Transfer Characteristics vs Vee. 

Considering the subject of noise in a CMOS system, 
we must discuss at least two specs: noise immunity 
and noise margin. 

National's CMOS circuits have a typical noise 
immunity of 0.45 Vee. This means that a spurious 
input,which is 0.45 Vee or less away from Vee or 
Ground typically will not propagate through the 
system as an erroneous logic level. This does not 
mean that no signal at all will appear at the output 
of the first circuit. In fact, there will be an output 
signal as a resu It of the spurious input, but it wi II 
be reduced in amplitude. As this signal propagates 
through the system, it will be attenuated even 
more by each circuit it passes through until it 
finally disappears. Typically, it will not change any 
signal to the opposite logic level. In a typical 
flip flop, a 0.45 Vee spurious pulse on the clock 
line would not cause the flop to change state. 

National also guarantees that its CMOS circuits 
have a 1 V DC noise margin over the full power 
supply range and temperature range and with any 
combination of inputs. This is simply a variatiol1 of 
the noise immunity spec only now a specific set of 
input and output voltages have been selected and 
guaranteed. Stated verbally, the spec says that for 
the output of a circuit to be within 0.1 Vee volts 
of a proper logic level (Vee or Ground), the input 
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can be as much as 0.1 Vee plus 1 V away from 
'power supply rail. Shown graphically we have: 

15V ,---=,--:-==-==:c-, 

> 
4.05 

~ 3.05 

4.50V 10V lSV 

13.5 

12.5 

1.5 
1.S 

FIGURE 2-5. Guaranteed CMOS DC Margin Over 
Temperature as a Function of Vee­
CMOS Guarantees lV. 

This is similar in nature to the standard TTL noise 
margin spec which is OAV. 

1.' 

1.0 

> 

~ O.B 

04 

4.5 5.0 5.5 

V" 

FIGURE 2·6. Guaranteed TTL DC Margin Over 
Temperature as a Function of Vee. 
TTL Guarantees D.4V. 

For a complete picture of VOUT vs VI(\) refer to 
the transfer characteristic curves in Figure 2-4. 

SYSTEM CONSIDERATIONS 

This section describes how to handle many of the 
situations that arise in normal system design such 
as unused inputs, paralleling circuits for extra 
drive, data bussing, power considerations and inter­
faces to other logic families. 

Unused inputs: simply stated, unused inputs should 
not be left open. Because of the very high imped­
ance (~1012S1), a floating input may drift back 
and forth between a "0" and "1" creating some 
very intriguing system problems. All unused inputs 
should be tied to Vee, Ground or another used 
input. The choice is not completely arbitrary, 
however, si nce there wi II be an effect on the 
output drive capability of the circuit in question. 
Take, for example, a four input NAND gate being 
used as a two input gate. The internal structure is 
shown in Figure 3-1. Let inputs A & B be the 
unused inputs. 
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If we were going to tie the unused inputs to a 
logic level, inputs A & B would have to be tied to 
V cc to enable the other inputs to function. That 
would turn on the lower A and B transistors and 
turn off the upper A and B transistors. At most, 
only two of the upper transistors could ever be 
turned on. However, if inputs A and B were tied 
to input C, the input capacitance would triple, but 
each time C went low, the upper A, Band C 
transistors would turn on, tripling the available 
source current. If input D was low also, all four of 
the upper transistors would be on. 

FIGURE 3·1. MM74C20 Four Input NAND Gate. 

So, tying unused NAND gate inputs to Vee 
(Ground for NOR gates) will enable them, but 
tying unused inputs to other used inputs guarantees 
an increase in source current in the case of NAND 
gates (sink current in the case of NOR gates). 
There is no increase in drive possible through the 
series transistors. By usi ng this approach, a mUltiple 
input gate could be used to drive a heavy current 
load such as a lamp or a relay. 

Parallel gates: depending on the type of gate, tying 
inputs together guarantees an increase in either 
source or sink current but not both. To guarantee 
an increase in both currents, a number of gates 
must be paralleled as in Figure 3-2. This insures 
that there are a number of parallel combinations 
of the series string of transistors (Figure 3-1), 
thereby increasing drive in that direction also. 

FIGURE 3·2. Paralleling Gates or Inverters Increases 
Output Drive in Both Directions. 

Data bussing: there are essentially two ways to do 
this. First, connect ordinary CMOS parts to a bus 
using transfer gates (part no. CD4016C). Second, 



and the preferred way, is to use parts specifically 
designed with a CMOS equivalent of a TR I-STATE® 
output. 

Power supply filtering: since CMOS can operate 
over a large range of power supply voltages (3V 
to 15V), the filtering necessary is minimal. The 
minimum power supply voltage required will be 
determined by the maximum frequency of opera­
tion of the fastest element in the system (usually 
only a very small portion of any system operates 
at maximum frequency). The filtering should be 
designed to keep the power supply voltage some­
where between this minimum voltage and the 
maximum rated voltage the parts can tolerate_ 
However, if power dissipation is to be kept to a 
minimum, the power supply voltage should be 
kept as low as possible while still meeting all speed 
requirements. 

Minimizing system power dissipation: to minimize 
power consumption in a given system, it should be 
run at the minimum speed to do the job with the 
lowest possible power supply voltage. AC and DC 
transient power consumption both increase with 
frequency and power supply voltage. The AC 
power is described as CV 2f power. This is the 
power dissipated in a driver driving a capacitive 
load. Obviously, AC power consumption increases 
directly with frequency and as the square of the 
power supply. It also increases with capacitive load, 
but this is usually defined by the system and is not 
alterable_ The DC power is the VI power dissipated 
during switching. In any CMOS device during 
switching, there is a momentary current path from 
the power supply to ground, (when Vee> 2Vr ) 
Figure 3-3. 
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G~D~ 
I Rt$.' I'AU 
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i 
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GND_ 

v, v, VI v, 
"" r---'''''' 

VI POWER IS GIVEN BY: , 
PV1 '" Vee x"2 IMAX x RISE TIME TO PERIOD RATIO 

RISE TIME TO Vee - 2VT tRISE + tFALL 
PERIOD RATIO "----v;;;;-- x ~ 

WHERE -' - " FREQUENCY 
tTOTAl I 

PV1 = 1/2 (Vee - 2VTlicc MAX hRISE +·tFALd FRED. 

FIGURE 3-3. DC Transient Power. 

The maximum amplitude of the current is a rapidly 
increasing function of the input voltage which in 
turn is a direct function of the power supplv: 
voltage. See Figure 2-4d. 

The actual amount of VI power dissipated by the 
system is determined by three things: power supply 
voltage, frequency and input signal rise time. A 
very important factor is the input rise time. If the 
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rise time is long, power dissipation increases since 
the current path is established for the entire period 
that the input signal is passing through the region 
between the threshold voltages of the upper and 
lower transistors. Theoretically, if the rise time 
were zero, no current path would be established 
and the VI 'power would be zero. However, with a 
finite rise time there is always some current flow 
and this current flow increases rapidly with power 
supply voltage_ 

Just a thought about rise time and power dissipa­
tion. If a circuit is used to drive many loads, its 
output rise time will suffer. This will result in an 
increase in VI power dissipation in every device 
being driven by that circuit (but not in the drive 
circuit itself). If power consumption is critical, it 
may be necessary to improve the rise time of that 
circuit by buffering or by dividing the loads in 
order to reduce overall power consumption_ 

So, to summarize the effects of power supply 
voltage, input voltage, input rise time a"d output 
load capacitance on system power dissipation, we 
can say the following: 

1. Power supply voltage: CV2f power dissipation 
increases as the square of power supply voltage. 
VI power dissipation increases approximately 
as the square of the power supply voltage. 

2. Input voltage level: VI power dissipation in· 
creases if the input voltage lies somewhere 
between Ground plus a threshold voltage and 
Vee minus a threshold voltage. The highest 
power dissipation occurs when V'N is at 1/2 
Vee. CV2f dissipation is unaffected. 

3. Input rise time: VI power dissipation increases 
with longer rise times since the DC current path 
through the device is established for a longer 
period. The CV2f power is unaffected by slow 

input rise times. 

4. Output load capacitance: the CV2f power dissi­
pated in a circuit increases directly with load 
capacitance. VI power in a circuit is unaffected 
by its output load capacitance. However, in­
creasing output load capacitance will slow 
down the output rise time of a circuit which in 
turn will affect the VI power dissipation in the 
devices it is driving. 

INTERFACES TO OTHER LOGIC TYPES 

There are two main ideas behind all of the follow­
ing interfaces to CMOS. First, CMOS outputs 
should satisfy the current and voltage requirements 
of the other family's inputs. Second, and probably. 
most important, the other family's outputs should 
swing as near as possible to the full voltage range 
of the CMOS power supplies. 

P-Channel MOS: there are a number of things to 
watch for when interfacing CMOS and P-MOS. The 
first is the power supply set. Most of the more 
popular P-MOS parts are specified with 17 to 24V 
power supplies while the maximum power supply 
voltage' for CMOS is 15V. Another problem 



is that unlike CMOS, the output swing of a push­
pull P-MOS output is significantly less than the 
power supply voltage across it_ P-MOS swings from 
very close to its more positive supply (V ss) to 
quite a few volts above its more negative supply 
(V DD )- So, even if P-MOS uses a 15V or lower 
power supply set, its output swing will not go low" 
enough for a reliable interface to CMOS. There are 

"a number of ways to solve this problem depending 
on the configuration of the system. We will discuss 
two solutions for systems that are built totally 
with MOS and one solution for systems that 
include bipolar logic. 

FIGURE 3-4. A One Power Supply System Built 
Entirely of CMOS and P-MOS_ 

First, MOS only. P-MOS and CMOS using the 
same power supply of less than 15V, Figure 3-4. 

In this configuration CMOS drives P-MOS directly. 
However, P-MOS cannot drive CMOS directly be­
cause of its output will not pull down close enough 
to the lower power supply rail. RpD (R pull down) 
is added to each P-MOS output to pull it all the 
way down to the lower rail. Its value is selected 
such that it is small enough to give the desired 
RC time constant when pulling down but not so 
small that the P-MOS output cannot pull it 
virtually all the way up to the upper power supply 
rail when it needs to. This approach will work with 
push-pull as well as open drain P-MOS outputs. 

Another approach in a purely MOS system is to 
build a cheap zener supply to bias up the lower 
power supply rail of CMOS, Figure 3-5. 

Use a bias supply to reduce the voltage aCloss the CMOS 
to match the logic swing of tile P-MOS. Make sure the 
rl:Suiting voltage across the CMOS 1$ less than 15V. 

FIGURE 3-5. A P-MOS and CMOS System Where The 
P-MOS Supply is Greater Than 15V. 

In this configuration the P-MOS supply is selected 
to satisfy the P-MOS voltage requirement. The bias 
supply voltage is selected to reduce the total 
voltage across the CMOS (and therefore its logic 
swing) to match the minimum swing of the P-MOS 
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outputs. The CMOS can still drive P-MOS directly 
and now th~ P-MOS can drive CMOS with no 
pull-down resistors. The other restrictions are that 
the total voltage across the CMOS is less than 15V 
and that the. bias supply can handle the current 
requirements of all the CMOS. This approach is 
useful if the P-MOS supply must be greater than 
15V and the CMOS current requirement is low 
enough to be done easily with a small discrete 
component regulator. 

If the system .has bipolar logic, it will usually 
have at least two power supplies. In this case, the 
CMOS is run off the bipolar supply .and it inter­
faces directly to P-MOS, Figure 3-6. 

Run the CMOS from the bipolar supply and interface directly to P-MOS 

FIGURE 3-6. A System With CMOS, P-MOS and Bipolar 
Logic. 

N-Channel MOS: interfacing to N-MOS is some­
what simpler than interfacing to P-MOS although 
similar problems exist. First, N-MOS requires 
lower power supplies than P-MOS, being in the 
range of 5V to 12V. This is directly compatible 
with CMOS. Second, N-MOS logic levels range 
from slightly above the lower power supply rail to 
about 1 to 2V below the upper rail. 

At the higher power supply voltages, N-MOS and 
CMOS can be interfaced directly since the N-MOS 
high logic level will be only about 10 to 20 percent 
below the upper rail. However, at lower supply 
voltages the N-MOS output level will be down 20 
to 40 percent below the upper rail and something 
may have to be done to raise it. The simplest solu; 
tion is to add pull up resistors on the N-MOS 
outputs as shown in Figure 3-7. 

Both operate ofl same supply with pull up resislorsoptional from 
N·MOS to CMOS. 

FIGURE 3-7. A System With CMOS and N-MOS Only. 

TTL, LPTTL, DTL: two questions arise when 
interfacing bipolar logic families to CMOS. First, 
is the bipolar family's logic "1" output voltage high 
enough to drive CMOS directly? 



TTL, LPTTL, and DTL can drive 74C series CMOS 
directly over the commercial temperature range 
without external pull up resistors. However, TTL 
and LPTTL cannot drive 4000 series CMOS directly 
(DTL can) since 4000 series specs do not guarantee 
that a direct interface with no pull up resistors will 
operate properly. 

DTL and LPTTL manufactured by National (NS 
LPTTL pulls up one diode drop higher than the 
LPTTL of other vendors) will also drive 74C 
directly over the entire military temperature range. 
LPTTL manufactured by other vendors and stan· 
dard TTL will drive 74C directly over most of the 
mil temperature range. However, the TTL logic 
"'" drops to a somewhat marginal level toward the 
lower end of the mil temperature range. and a pull 
up resistor is recommended. 

According to the curve of DC margin vs Vee for 
CMOS in Figure 2·5, if the CMOS sees an input 
voltage greater than Vee - '.5V (Vee; 5V), the 
output is guaranteed to be less than 0.5V from 
Ground. The next CMOS element will amplify 
this 0.5V level to the proper logic levels of Vee or 
Ground. The standard TTL logic "'" spec is a VOUT 

min. of 2.4V sourcing a current of 4001lA. This 
is an extremely conservative spec since a TTL 
output will only approach a one level of 2.4V 
under the extreme worst case conditions of lowest 
temperature, high input voltage (O.BVI. highest 
possible leakage currents (into succeeding TTL 
devices), and Vee at the lowest allowable (Vee = 
4.5V). 

Under nominal conditions (25°C, V1N = O.4V, 
nominal leakage currents into CMOS and Vee = 
5V) a tTL logic "'" will be more like Vee - 2Vo , 
or Vee - 1.2V. Varying only temperature, the 
output will change by two times -2mV per °c, or 
-4 mV per "C. Vee - 1.2V is more than enough 
to drive CMOS reliably without the use of a pull 
up resistor. 

If the system is such that the TTL logic "1" output 
can drop below Vee - 1.5V, use a pull up resistor 
to improve the logic "1" voltage into the CMOS. 

\ v", :::Rpu v" .. 
.=- 5Vt10% TTL CMOS 

GNO GNO 

Pull up resistor. Rpu• is needed only It the lower end of the Mil 
tempetaturerange. 

FIGURE 3-8. TTL to CMOS Interface. 

The second question is, can CMOS sink the bipolar 
inp!Jt current and not exceed the maximum value 
of the bipolar logic zero input voltage? The logic 
"1" input is no problem. 
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The LPTTL input current is small enough to allow 
CMOS to drive two loads directly. Normal power 
TTL input currents are ten times higher than 
those in LPTTL and consequently the CMOS out· 
put voltage will be well above the input logic "0" 
maximum of O.BV. However, by carefully examin· 
ing the CMOS output specs we will find that a two 
input NOR gate can drive one TTL load, albeit 
somewhat marginally. For example, the logical 
"0" output voltage for both an MM74COO and 
MM74C02 over temperature is specified at O.4V 
sinking 360llA (about 420pA at 25°C) with an 
input voltage of 4.0V and a Vee of 4.75V. Both 
schematics are shown in Figure 3-9. 

FIGURE 3-9a. MM74COO. 

ri-..... O-Ox .. A+i 

FIGURE 3-9b. MM74C02. 

Both parts have the same current sinking spec but 
their structures are different. What this means is 
that either of the lower transistors in the MM74C02 
can sink the same current as the two lower series 
transistors in the MM74COO. Both MM74C02 
transistors together can sink twice the specified 
current for a given output voltage. If we allow the 
output voltage to go to 0.8V, then a MM74C02 
can sink four times 360pA, or 1.44 mA which is 
nearly 1.6 mAo Actually, 1.6 mA is the maximum 



spec for the TTL input current and most TTL 
parts run at about 1 mAo Also, 360llA is the 
minimum CMOS sink current spec, the parts will 
really sink somewhere between 360 and. 540pA 
(between 2 and 3 LPTTL input loads). The 360llA 
sink current is specified with an input voltage of 
4.0V. With an input voltage of 5.0V, the sink 
current will be about 560llA over temperature, 
making it even easier to drive TTL. At room 
temperature with an input voltage of 5V, a CMOS 
output can sink about 8001lA. A 2 input NO Fi 
gate, therefore, will sink about 1.6 mA with a VOUT 

of about O.4V if both NOR gate inputs are at 5V. 

The main point of this discussion is that a common 
2 input CMOS NOR gate such as an' MM74C02 

8-10 

can be used to drive a normal TTL load in lieu of a 
special buffer. However, the designer must be 
willing to sacrifice some noise immunity over 
temperature to do so. 

TIMING CONSIDERATIONS IN CMOS MSls 

There is one more thing to be said in closing. All 
the flip·flops used in CMOS designs are genuinely 
edge sensitive. This means that the J·K flip·flops 
do not "ones catch" and that some of the timing 
restrictions that applied to the control lines on 
MSI funCtions in TTL have been relaxed in the 
74C series. 



CMOS Linear 
Applications 

PNP and NPN bipolar transistors h'ave been used 
for' many years in "complementary" type of 
amplifier circuits. Now, with the arrival of CMOS 
technology, complementary P·channeI/N·channel 
MOS transistors are available in monolithic form. 
The MM74C04 incorporates a P·channel MOS 
transistor and an N·channel MOS transistor 
connected in complementary fashion to function 
as an inverter. 

Due to the symmetry of the p. and N·channel 
transistors, negative feedback around the comple· 
mentary pair will cause the pair to self bias itself 
to approximately 1/2 of the supply voltage. 
Figure 1 shows an idealized voltage transfer 
characteristic curve of the CMOS inverter con· 
nected with negative feedback, Under these 
conditions the inverter is biased for operation 
about the midpoint in the linear segment on the 
steep transition of the voltage transfer character· 
istic as shown in Figure 1. 

15 
Vee ·15V 

; 
>0 , 

~ I,' 

~ 

~ 

I.' 15 

INPUT VOLTAGE - VIlli 

FIGURE 1. Idealized Voltage Transfer Characteristics of 
an MM74C04 Inverter. 

Under AC conditions, a positive going input will 
cause the output to swing negative and a negative 
going input will have an inverse effect. Figure 2 
shows 116 of a MM74C04 inverter package 
connected as an AC amplifier. 
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FIGURE 2. A 74CMOS Invertor Bia,ed for Linear Mode 
Operation. 

The power supply current is constant during 
dynamic operation since the inverter is biased for 
Class A operation. When the input signal swings 
near the supply, the output signal will become 
distorted because the P·N channel devices are 
driven into the non·linear regions of their transfer 
characteristics. I f the input signal approaches the 
supply voltages, the p. or N·channel transistors 
become saturated and supply current is reduced to 
essentially zero and the device behaves like the 
classical digital inverter. 

~ 12. 

f 

, 
~ 

Vcc"15V .- M 
~ 
~ 7. 

5 

, 
5-12) 

55°C 55°C 

I / 

','" ~ s. , 
55°C \. , / 

-" "- r--.... 125°C 

2.5 5.0 1.5 10 12.5 1& 

INPUT VOLTAGE - VIN 

FIGURE 3. Voltage Transfer Characteristics for an 
Inverter Connected as a Linear Amplifier. 

Figure 3 shows typical voltage characteristics of 
each inverter at several values of the Vee. The 
shape of these transfer curves are relatively 
constant with temperature. Temperature affects 
for the self biased inverter with supply voltage is 
shown in Figure 4., When the amplifier is operating 
at 3 volts, the supply current changes drastically as 
a function of supply voltage because the MOS 
transistors are operating in the proximity of their 
gate·source threshold Voltages. 
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FIGURE 4. Normalized Amplifier Supply Current Versus 
Ambient Temperature Characteristics. 

Figure 5 shows typical curves of voltage gain as a 
function of operating frequency for various supply 
voltages. 

Output voltages can swing within millivolts of the 
supplies with either a single or dual supply. 

VCC =3.0V 

50 

.. 
, 

Ycc"1DV z 
~ 3D 

~ 
!; " 

10 

'.0 1D ,II' ,0' 

OPERATING fREQUENCY - HI 

FIGURE 5. Typical Voltage Gain Versus Frequency 
Characteristics for Amplifier Shown in Figure 2. 

APPLICATIONS 

Cascading Amplifiers for Higher Gain. 

By cascading the basic amplifier block shown in 
Figure 2 a high gain amplifier can be achieved. The 
gain will be multiplied by the number of stages 
used. If more than one inverter is used inside the 
feedback loop (as in Figure 6) a higher open loop 
gain is achieved which results in more accurate 
closed loop gains. 

FIGURE 6. Three CMOS Inverters Used as an Xl0 AC 
Amplifier. 
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Post Amplifier for Op Amps. 

A standard operational amplifier used with a 
CMOS inverter for a Post Amplifier has several 
advantages. The operational amplifier essentially 
sees no load condition since the input impedance 
to the inverter is vent high. Secondly, the CMOS 
inverters will swing to within millivolts of either 
supply. This gives the designer the advantage of 
operating the operational amplifier under no load 
conditions yet having the full supply swing 
capability on the output. Shown in Figure 7 is the' 
LM4250 micropower Op Amp used with a 74C04 
inverter for increased output capability while 
maintaining the low power advantage of both 
devices. 

+1.& V +1.5 V 

FIG U R E 7. MM74C04 I nverter Used as a Post Amplifier 
for a Battery Operated Op Amp. 

The MM74C04 can also be used with single supply 
amplifier such as the LM324. With the circuit 
shown in Figure 8, the open loop gain is approxi­
mately 160 dB. The LM324 has 4 amplifiers in a 
package and the MM74C04 has 6 amplifiers per 
package. 

+12 V 

v" 
YOUT 

,. 
'ao. 

FIGURE 8. Single Supply Amplifier Using a CMOS 
Cascade Post Amplifier with the LM324. 

CMOS inverters can be paralleled for increased 
power to drive higher current loads. Loads of 
5.0 mA per inverter can be expected under AC 
conditions. 

Other 74C devices can be used to provide greater 
complementary current outputs. The MM74COO 
NAND Gate will provide approximately 10 mA 



from the Vee supply while the MM74C02 will 
supply approximately 10 mA from the negative 
supply. 'Shown in Figure 9 is an operational 
amplifier using a CMOS power post amplifier to 
provide greater than 40 mA complementary 
currents. 

v" 

-lUI V 

10K 

". MM74CDO 

'" MM74cao 

'" MM14COZ 

". MM14COZ 

'" MM14C02 

'" MM14CD2 

'our""50mA 
VOUT""S.OV,p 

FIGURE 9. MM74COO and MM74CD2 Used as a Post 
Amplifier to Provide Increased Current Drive. 

Other Applications. 

Shown in Figure 10 is a variety of applications 
utilizing CMOS devices. Shown is a linear phase 
shift oscillator and an integrator which use the 
CMOS devices in the linear mode as well as'a few 
circuit ideas for clocks and one shots. 

Conclusion 

Careful study of CMOS characteristics show that 
CMOS devices used in a system design can be used 
for linear building blocks as well as digital blocks. 

Utilization of these new devices will decrease 
package count and reduce supply requirements. 
The circuit designer now can do both digital and 
linear designs with the same type of device. 
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CLOCK 

Phase Shift 
Oscillator Using MM74C04 

Integrator Using 
Any Inverting CMOS Gate 

Square Wave Oscillator 

+Vcc 

INPUT 

One Shot 

Staircase Generator 

T ""1.4 RC 

FIGURE 10. Variety of Circuit Ide.s Using CIIIIOS 
Devices. 
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54C/74C Family 
Characteristics 

INTRODUCTION 

The purpose of. this 54C/74C Family Character­
istics application note is to set down, in one place, 
all those characteristics which are common to the 
devices in the MM54C/MM74C logic ·family. The 
characteristics which can be considered to apply 
are: 

1. Output voltage-current characteristics 

2. Noise characteristics 

3. Power consumption 

4. Propagation. delay (speed) 

5. Temperature characteristics 

With a good understanding of the above charac­
teristics the designer will have the necessary tools 
to optimize his system. An attempt will be made 
to present the information in,as simple a manner 
as possible to facilitate its use. This coupled with 

1.0 2.1) 3.0 4.0 5.0 

v,?S' Your (V) 

(A) Typical Output Sink Characteristic 
(N-Channel) 

National Semiconductor 
Application Note 90 
Thomas P. Redfern 

the fact that 54C/74C has the same function and 
pin-out as standard series 54L/74L will make the 
application of CMOS to digital systems very 
straightforward. 

OUTPUT CHARACTERISTICS 

Figure 1 and Figure 2 show typical output drain 
characteristics for the basic inverter used in the 
54C/74Cfamily. For more detailed information on 
the operation of the basic inverter the reader is 
directed to application note AN-77, "CMOS, The 

. ·Ideal Logic Family." Although more complex 
gates, and MSI devices, may be composed of 
combinations of parallel and series transistors the 
considerations that govern the outpu t character­
istics of the basic inverter apply to these more 
complex structures as well. 
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The 54C/74C family is designed so that the output 
characteristics of all devices are matched as closely 
as possible. To ensure uniformity all devices are 
tested at four output conditions (see Figures 1 
and .2). These points are: 

Vee = 5.0V V'N = 5.0V V ,N = OV 

IDS 2': 1.75 rnA IIDsl 2': 1.75 rnA 

VDS 2': 5.0V IVDsl2':5.0V 

Vee = 10V V ,N = 10V V,N = OV 

IDS 2':8.0 rnA IIDsl?8.0rnA 

VDS 2': 10V IVDsl ?lOV 

Note that each device data sheet guarantees these 
points in the table of electrical characteristics. 

The output characteristics can be used to determine 
the output voltage for any load condition. Figures 
1 and 2 show load lines for resistive loads to Vee 
for sink currents and to GND for source currents. 
The intersections of this load line with the drain 
characteristic in question gives the output voltage. 
For example at Vee = 5.0V, VOUT = 1.5V (typ) 
with a I Dad of 500n to ground. 

These figures also show the guaranteed points for 
driving two 54L/74L standard loads. As can be 
seen there is typically ample margin at Vee = 5.0V. 

In the case where the 54C/74C device is driving 
another CMOS device the load line is coincident 
with the los = 0 axis and the output will then 
typically switch to either Vee or ground. 

NOISE CHARACTERISTICS 

Definition of Terms 

Noise Immunity: The noise immunity of a logic 
element is that voltage which applied to the input 
will cause the output to change its output state. 

Noise Margin: The noise margin of a logic element 
is the difference between the guaranteed logical 
"1" ("0") level output voltage and the guaranteed 
logical "1" ("0") level input voltage. 

The transfer characteristic of Figure 3 shows 
typical noise immunity and guaranteed noise 
margin for a 54C/74C device operating at Vee = 
1 OV. The typical noise immunity does not change 
with voltage and is 45% of Vee. 
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FIGURE 3. Typical Transfer Characteristic 
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All 54C/74C devices are guaranteed to have a 
noise margin of 1.OV or greater over all operating 
conditions (see Figure 4). 

ISV r-===-,:-=::-:--,:-=--, 

~ _ 4.05 
u 
~ 3.05 

13.5 

12.5 

~V'~NI~OI~~~~~~~~ 2.5 1.45 ~ 1.5 

0.45 L-__ ...l-__ --J 

4.S0V 10V 

FIGURE 4. Guaranteed Noise Margin Over Temperature 
vsVCC \ 

Noise immunity is an important device character· 
istic. However, noise margin is of more use to the 
designer because it very simply defines the amount 
of noise a system can tolerate under any circum· 
stances and still maintain the integrity of logic 
levels. 

Any noise specification to be complete must 
define how measurements are to be made. Figure 5 
indicates two extreme cases; driving all inputs 
simultaneously and driving one' input at a time. 
Both conditions must be included because each 
represents one worst case extreme. 

Your 
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FIGURE 5. Noise Margin Test Circuits 

To guarantee a noise margin of 1.OV, all 54C/74C 
devices are tested under both conditions. It is 
important to note that this guarantees that every 
node within a system can have 1.OV of noise, in 
logic "1" or logic "0" state, without malfunction· 
ing. This could not be guaranteed without testing 
for both conditions in Figure 5. 
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POWER CONSUMPTION 

There are four sources of power consumption in 
CMOS devices: (1) leakage current (2) transient 
power due to load capacitance (3) transient power 
due to internal capacitance and (4) transient power 
due to current spiking during switching. 

The first, leakage current, is the easiest to calculate 
and is simply the leakage current times Vee. The 
data sheet for each specific device specifies this 
leakage current. 

The second, transient power due to load capaci· 
tance, can be derived from the fact that the energy 
stored on a capacitor is 1/2 CV2. Therefore every 
time the load capacitance is charged or discharged 
this amount of energy must be provided by the 
CMOS device. The energy per cycle is then 
2 [(112) CVee2] ; CVee2. Energy per unit time, 
or power, is then CVee 2 f, where C is the load 
capacitance and f is the frequency. 

The third, transient power due to internal capaci· 
tance takes exactl y the same form as the load 
capacitance. Every device has some internal nodal 
capacitance whicp must be charged and discharged. 
This then represents another power term which 
must be considered. 

The fourth, transient power due to switching 
current, is caused by the fact that whenever a 
CMOS device goes through a transition, with 
Vee 22 VT , there is a time when both N·channel 
and P·channel devices are both conducting. An 
expression for this current is derived in application 
note AN· 77. The expression is: 

where: 

VT ; threshold voltage 

lee(MAX); peak non·capacitive current 
during switching 

f; frequency 

Note that this expression, like the capacitive power 
term is directly proportional to frequency. If the 
PV1 term is combined with the term arising from 
the internal capacitance, a capacitance Cpo may 
be defined which closely approximates the no load 
power consumption for a CMOS device when ~sed 
in the following expression: 

Power (no load); Cpo Vee2 f 

The total power consumption is then simplified 
to: 

Total Power; (Cpo + Cd Vee2 f+ ILEAK Vee (1) 
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The procedure for obtaining Cpo is to measure 
the no load power at Vee ; 10V vs frequency and 
calculate the value of Cpo which corresponds to 
the measured power consumption. This value of 
Cpo is given on each 54C174C data sheet and 
with equation (1) the computation of power 
consumption is straightforward. 

To simplify the task even further Figure 6 gives a 
graph of normalized power vs frequency for dif­
ferent power supply voltages. To obtain actual 
power consumption find the normalized power for 
a particular Vee and frequency, then multiply 
by Cpo + CL. 

FIGURE 6. Normalized Typical Power Consumption 
vs Frequency 

As an example let's find the total power consump­
tion for an MM74COO operating at f ; 100 kHz, 
Vce ; 10V and CL ; 50 pF. From the curve, 
normalIzed power per gate equals 10/lW/pF. From 
the data sheet Cpo ; 12 pF; therefore, actual 
power per gate is: 

power 10p.W 0.62 mW 
--; -- X(12pF+50pF)=---

gate pF gate 

no. of gates power 
total power = X -- + iLEAKAGE X Vee 

package gate 

= 4 X 0.62 mW + 0.01p.A X 1 OV ~ 2.48 mW 

Up to this point the discussion of power con­
sumption has been limited to simple gate functions. 
Power consumption for an MSI function is more 
complex but the same technique just derived 
applies. To demonstrate the technique let's com­
pute the total power consumption of a MM74C161, 
four bit binary counter, at Vee ; 1 OV, f = 1 MHz 
and CL = 50 pF on each output. 

The no load power is still given by P (no load) = 
Cpo Vee2 f. This demonstrates the usefulness 
of the concept of the internal capacitance, Cpo, 
Even through the circuit is very complex and has 
many nodes charging and discharging at various 
rates, all of the effects can be easily lumped into 
one easy to use terin, Cpo, 



Calculation of transient power due to load capaci­
tance is a little more complex since each output 
is switched at one half the rate of the previous 
output: Taking this into account the complete 
expression for power consumption is: 

no load 
power 

output 2nd stage 

3rd stage 

This reduces to: 

power of 
1 st stage 

4th stage 
& carry 
output 

leakage 
term 

From the data sheet Cpo = 90 pF and I L = 0.05,uA. 
Using Figure 6 total power is then: 

100,uW 
PTOTAL = (90 pF + 50 pF) X -- + 0.05 X 10-6 

, pF 

X 10V~ 14mW 

This demonstrates that with more complex devices 
the concept of Cpo greatly simplifies the calcula­
tion of total power consumption. I t becomes an 
easy task to compute power for different voltages 
and frequencies by use of Figure 6 and the 
equations above. 

PROPAGATION DELAY 

Propagation delay for all 54C/74C devices is 
guaranteed with a load of 50 pF and input rise 
and fall times of 20 ns. A 50 pF load was chosen, 
instead of 15 pF as in the 4000 series, because it 
is representative of loads commonly seen in CMOS 
systems. A good rule of thumb, in designing with 
CMOS, is to assume 10 pF of interwiring capaci­
tance. Operating at the specified propagation 
delay would allow 5 pF fanout for the 4000 
series while 54C/74C has a fanout of 40 pF. A 
fanout of 5 pF (one gate input) is all but useless, 
and specified propagation delay would most prob­
ably not be realized in an actual system. 

Operating at loads other than 50 pF poses a 
pro.blem since propagation is a function of load 
capacitance. To simplify the problem Figure 7 
has been generated and gives the slope of the 
propagation delay vs load capacitance line (Atpdl 
pF) as a function of power supply voltage. Because 
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FIGURE 7. Typical Propagation Delay per pF of Load 
Capacitance vs Power Supply 

the propagation delay for zero load capacitance is 
not zero and depends on the internal structure of 
each device, an offset term must be added that is 
unique to a particular device type. Since each 
data sheet gives propagation delay for 50 pF the 
actual delay for different loads can be computed 
with the aid of the following equation: 

tpd = (C - 50) pF X -;;-F + tpd I D.tpd I 
CL = C CL = 50 pF 

where: 

C = Actual load capacitance 

propagation delay with 50 pF 
load, (specified on each de­
vice -data sheet) 

Atpd _-
Value obtained from Figure 7. 

pF 

As an example let's compute the propagation 
delay for an MM74COO driving 15 pF load and 
operating with a Vee = 5.0V. The equation 
gives: 

I
ns 

tpd =(15-50)pFXO.57- +50ns 
I pF 

CL = 15pF 

= -20 ns + 50 ns = 30 ns 

The same formula and curves may be applied to 
more complex devices. For example the propaga­
tion delay from data to output for an MM74C157 
operating at Vee = 10V and CL = 100 pF is: 

tpd I = (100 - 50) 0.29 ns + 70 ns 
CL = 100 pF . 

= 14.5 + 70 ~ 85 ns 



It is significant to note that this equation and 
Figure 7 apply to all 54C/74C devices. This is true 
because of the close match in drive characteristics 
of every device including MSI functions, i.e., the 
slope of the propagation delay vs load capacitance 
line at a given voltage is typically equal for all 
devices. The only exception is high fan·out buffers 
which have a smaller C.tpd/pF. 

Another point to consider in the design of a 
CMOS system is the affect of power supply 
voltage on propagation delay. Figure 8 shows 
propagation delay as a function of Vee and 
propagation delay times power consumption vs 
Vee for an MM74COO operating with 50 pF load 
at f = 100 kHz. .. .., x 

~ 150 T." 25°C 300 
~ 
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, 
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FIGURE 8. Speed Power Product and Propagation Delay 

vs VCC 

Above Vee = 5.0V note the speed power product 
curve approaches a straight line. However the 
tpd curve starts to "flatten out." Going from 

'1,1\, ", ... 10"C. f--

TA =+12!i"C f-­
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(A) Typical Output Drain Characteristic 
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Vee = 5.0V to Vee = 10V gives a 40% decrease 
in propagation delay and going from Vee = 10 V 
to Vee = 15V only decreases propagation delay 
by 25%. Clearly for Vee> 10V a small increase 
in speed is gained by a disproportionate increase 
in power. Conversely, for small decreases in power 
below Vee = 5.0V large increases in propagation 
delay result. . 

Obviously it is optimum to use the lowest voltage 
consistent with system speed requirements. How­
ever in general it can be seen from Figure 8 that 
the best speed power performance will be obtained 
in the Vce = 5.0V to Vee = 10V range. 

TEMPERATURE CHARACTERISTICS 

Figures 9 and 1 Ogive temperature variations in drain 
characteristics for the N-channel and P·channel 
devices operating at V ce = 5.0V and Vee = 10V 
respectively. As can be seen from these curves the 
output sink and source current decreases as tem· 
perature increases. The affect is almost linear and 
can be closely approximated by a temperature 
coefficient of -0.3% per degree centigrade. 

Since the tpd can be entirely attributed to rise 
and fall time, the temperature dependance of 
tpd is a function of the rate at which the output 
load capacitance can be charged and discharged. 
This ,in turn is a function of the sink/source 
current which was shown above to va ry as -0.3% 
per degree centigrade. Consequently we can say 
that tpd varies as -0.3% per degree centigrade. 
Actual measurements of tpd with temperature 
verifies this number. 

-4.0 

1.0 2.0 3.0 4.0 5.0 

VOUT (1) !V) 

(B) Typical Output Drain Characteristic 
(P-Channel) 

FIGURE 9 

FIGURE 10 
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FIGURE 11. Typical Gate Transfer Characteristics 

The drain characteristics of Figure 9 and 10 show 
considerable variation with temperature. Examina­
tion of the transfer characteristics of Figure 11 
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indicates that they are almost independent of 
temperature. The transfer characteristic is not 
dependent on temperature because although both 
the N·channel and P·channel device characteristics 
change with temperature these changes track each 
other closely. The proof of th is tracking is the 
temperature independance of the transfer charac· 
teristics. Noise margin and maximum/minimum 
logic levels will then not be dependent on 
temperature. 

As discussed previously power consumption is a 
function of Cpo. CL • Vee. f and ILEAKAGE. All 
of these terms are essentially constant with tem­
perature except I LEAKAGE. However. the leakage 
current specified on each 54C/74C device applies 
across the entire temperature range and therefore 
represents a worst case limit. 
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CMOS Oscillators 

INTRODUCTION 

This note describes several square wave osCillators that 
can be built using CMOS logic elements. These circuits 
offer the following advantages: 

• Guaranteed startability 

• Relatively good stability with respect to power supply 
variations 

• Operation over a wide supply voltage range (3V to 15V) 

• Operation over a wide frequency range from less than 
1 Hz to about 15 MHz 

• Low power consumption (see AN-gO) 

• Easy interface to other logic families and elements 
including TTL 

Several RC oscillators and two crystal controlled oscil­
lators are described_ The stability of the 'RC oscillator 
will be sufficient for the bulk of applications; however, 
some applications will probably require the stability of 
a crystal. Some applications that require a lot of stability 
are: 

1. Timekeeping over a long interval. A good deal of 
stability is required to duplicate the performance of 
an ordinary wrist watch (about 12 ppm). This is, of 
course, obtainable with a crystal. However, if the 
time interval is short and/or the resolution of the 
timekeeping device is relatively large, an RC oscillator 
may be adequate. For example: if a stopwatch is built 
with a resolution of tenths of seconds and the longest 
interval of interest is two minutes, then an accuracy 
of 1 part in 1200 (2 minutes x 60 seconds/minute x 
10 tenth/second) may be acceptable since any error 
is less than the resolution of the device. 

2. When logic elements are operated near their specified 
limits. It may be necessary to maintain clock frequency 
accuracy within very tight limits in order to avoid 
exceeding the limits of the logic family being used, 
or in which the timing relationships of clock signals 
in dynamic MOS memory or shift register systems 
must be preserved. 

3. Baud rate generators for communications equipment. 
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4. Any system that must interface with other tightly 
specified systems. Particularly those that use a "hand­
shake" technique in which Request or Acknowledge 
pulses must be of specific widths. 

LOGICAL OSCILLATORS 

Before describing any specific circuits, a few words about 
logical oscillators may clear up some recurring confusion. 

Any odd number of inverting logic gates will oscillate if 
they are tied together in a ring as shown in Figure 1: 
Many beginning logic designers have discovered this (to 
their chagrin) by inadvertently providing such a path in 
their designs. However, some people are confused by the 
circuit in Figure 1 because they are accustomed to 
seeing sinewave oscillators implemented with positive f 
feedback, or amplifiers with non-inverting gain. Since 
the concept of phase shift becomes a little strained when 
the inverters remain in their linear region for such a short 
period, it is far more straightforward to analyze the 
circuit from the standpoint of ideal switches with finite 
propagation delays rather than as amplifiers with 1800 

phase shift. It then becomes obvious that a "1" chases 
itself around the ring and the network oscillates. 

ANY EVEN NUMBER OF 
ADDITIONAL GATES 

FIGURE 1. Odd Number of Inverters will Always Oscillate 

The frequency of oscillation will be determined by the 
total propagation delay through the ring and is given by 
the following equation. 

2nTp 

Where: 

frequency of oscillation 
Tp Propagation delay per gate 

n number of gates 



This is not a practical oscillator, of course, but it does 
illustrate the maximum frequency at which such an 
oscillator will run. All that must be done to make this a 
useful oscillator is to slow it down to the desired 
frequency. Methods of doing this are described later. 

To determine the frequency of oscillation, it is necessary 
to examine the propagation delay of the inverters. 
CMOS propagation delay depends on supply voltage and 
load capacitance. Several curves for propagation delay 
for National's 74C line of CMOS gates are reproduced 
in Figure 2. From these, the natural frequency of 
oscillation of an odd number of gates can be determined. 

An example may be instructive. 

Assume the supply voltage is 10V. Since only one input 
is driven by each inverter, the load capacitance on each 
inverter is at most about 8 pF. Examine the curve in 
Figure 2c that is drawn for Vee = 10V and extrapolate 
it down to 8 pF. We see that the curve predicts a 
propagation delay of about 17 ns. We can then calculate 
the frequency of oscillation for three inverters using the 
expression mentioned above. Thus: 

-----.". = 9.8 MHz 
2 x 3 x 17 X 10-9 

Lab work indicates this is low and that something closer 
to 16 MHz can be expected. This reflects the conserva· 
tive nature of the curves in Figure 2. 

Since this frequency is directly controlled by propaga· 
tion delays, it will vary a great deal with temperature, 
supply voltage, and any external loading, as indicated 

by the graphs in Figure 2. In order to build a usefully 
stable oscillator it is necessary to add passive elements 
that determine oscillation frequency and minimize the 
effect of CMOS characteristics. 

STABLE RC OSCILLATOR 

Figure 3 illustrates a useful oscillator made with three 
inverters. Actually, any inverting CMOS gate or combina· 
tion of gates could be used. This means left over portions 

E+~ C V
OUT 

A2 R1 

v, 

FIGURE 3. Three Gate Oscilaltor 

of gate packages can be often used. The duty cycle will 
be close to 50% and will oscillate at a frequency that 
is given by the following expression. 

1 
f== 

( 0.405 R2 ) 
2 R1 C --- +0.693 

R1 + R2 

Another form of th is expression is: 

f == ---------
2C (0.405 Req + 0.693 R 1 ) 

Where: 

R1 R2 
Req = 

R1 + R2 

Propagation Delay v. 
Ambient Temperature 
MM54COO/MM74COO, 
MM54C02/MM74C02, 
MM54C04/MM74C04 

Propagation Delay vs 
Ambient Temperature 
MM54COO/MM74COO, 
MM54C02, MM74C02, 
MM54C04/MM74C04 

Propagation Delay Time vs 
Load Capacitance 
MM54COO/MM74COO, 
MM54C02, MM74C02, 
MM54C04/MM74C04 
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The following three special cases may be useful. 

If R1 = R2 = R 

If R2»> R1 

If R2«< R1 

0.559 
f~-­

RC 

0.455 
f~-­

RC 

0.722 
f~ 

RC 

Figure 4 illustrates the approximate output waveform 
and the voltage VI at the charging node. 

3/2Vcc 

Vee 

v, 
1!2Vcc 

GND 

- 1I2Vcc 

VOUT 

FIGURE 4. Waveforms for Oscillator in Figure 3 

Note that the voltage V2 will be clamped ,by input 
diodes when VIis greater than Vee or more negative 
than ground. During this portion of the cycle current 
will flow through R2. At all other times the only current 
through R2 is a very minimal leakage term. Note also 
that as soon as VI passes through threshold (about 50% 
of supply) and the 'input to the last inverter begins to 
change, VI will also change in a direction that reinforces 
the switching action; i.e., providing positive feedback. 
This further enhances the stability and predictability of 
the network. 

This oscillator is fairly insensitive' to power supply 
variations due largely to the threshold tracking close to 
50% of the supply voltage. Just how stable it is will be 
determined by the frequency of oscillation; the lower 
the frequency the more stability and vice versa. This is 
because propagation delay and the effect of threshold 
shifts comprise a smaller portion of the overall period. 
Stability will also be enhanced if R1 is made large 
enough to swamp any variations in the CMOS output 
resistance. 

TWO GATE OSCILLATOR WILL NOT 
NECESSARILY OSCILLATE 

A popular oscillator is shown in Figure 5a. The only 
undesirable feature of this oscillator is that it may not 
oscillate. This is readily demonstrated by letting the value 
of C go to zero. The network then degenerates into 
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Figure 5b, which obviously will not oscillate. This 
illustrates that there is some value of C1 that will not 
force the network to oscillate. The real .difference 
between this two gate oscillator and the three gate 
oscillator is that the former must be forced to oscillate 
by the capacitor while the three gate network will 
always oscillate willingly and is simply slowed ,down by 
the capacitor. The three gate network will always 
oscillate, regardless of the value of C1 but the two gate 
oscillator will not oscillate when C1 is small. 

MM14C04 MM74C04 MM74CD4 MM74C04 

(al (bl 

FIGURE 5. Less Than Perfect Oscillator 

The only advantage the two gate oscillator has ,over the 
three gate oscillator is that it uses one less inverter. 
This mayor may not be a real concern, depending on the 
gate count in each user's specific application. However, 
the next section offers a real minimum parts count 
oscillator. 

A SINGLE SCHMITT TRIGGER MAKES 
AN OSCILLATOR 

Figure 6 illustrates an oscillator made from a single 
Schmitt trigger: Since the MM74C14 is a hex Schmitt 
trigger, this oscillator consumes only one sixth of a 
package. The remaining 5 gates can be used either as 
ordinary inverters like the MM74C04 or their Schmitt 
trigger characteristics can 'be used to advantage in the 
normal manner. Assuming these five inverters can 'be used 
elsewhere in the system, Figure 6 must represent the 
ultimate in low gate count oscillators. 

FIGURE 6. Schmitt Trigger Osc.illator 

Voltage VIis depicted in Figure 7 and changes between 
the two thresholds of the Schmitt trigger. If these 
thresholds were constant percentages of Vee over the 
supply voltage range, the oscillator would be insensitive 
to variations in Vee. However, this is not the case. The 
thresholds of the Schmitt trigger vary enough to make 
the oscillator exhibit a good deal of sensitivity to Vee. 

Applications that do not require extreme stability or 
that have access to well regulated supplies should not 
be bothered by this sensitivity to Vee. Variations in 
threshold can be expected to run as high as four or five 
percent when Vee varies from 5V to 15V. 



Vee 

VOUT 

GNO 
I 

Vee 
V,. 

V" 
GNO 

FIGURE 7. Waveforms for Schmitt Trigger Oscillator 
in Figure 6 

A CMOS Crystal Oscillator 

Figure 8 illustrates a crystal oscillator that uses only 
one CMOS inverter as the active element. Any odd 
number of inverters may be used, but the total propaga· 
tion delay through the ring limits the highest frequency 

that can be obtained. Obviously, the fewer inverters 
that are used, the higher the maximum possible frequency. 

CONCLUSIONS 

A large number of oscillator applications can be imple· 
mented with the extremely simple, reliable, inexpensive 
and versatile CMOS oscillators described in this note. 
These oscillators consume very little power compared 
to most other approaches. Each of the oscillators 
requires less than one full package of CMOS inverters of 
the MM74C04 variety. Frequently such an oscillator can 
be built using leftover gates of the MM74COO, MM74C02, 
MM74Cl0 variety. Stability superior to that easily 
attainable with TTL oscillators is readily attained, 
particularly at lower frequencies. These oscillators are 
so ·versatile, easy to build, and inexpensive that they 
c.hould find their way into many diverse designs. 

FIGURE 8. Crystal Oscillator 
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Using the CMOS Dual 
Monostable Multivibrator 

INTRODUCTION 

The MM54C221/MM74C221 is a dual CMOS monostable 
multivibrator. Each one·shot has three inputs (A, Band 
CLR) and two outputs (Q and 0). The output pulse 
width is set by an external RC network. 

The A and B inputs trigger an output pulse on a negative 
or positive input transition respectively. The CLR input 
when low resets the one·shot. Once triggered the A and B 
inputs have no further control on the output. 

THEORY OF OPERATION 

Figure 1 shows that in. its stable state, the one·shot 
clamps CEXT to ground by ,turning Nl ON and holds 
the positive comparator input at Vee by turning N2 
OFF. The prefix N is used to denote N-channel transistors. 

The signal, G, gating N2 OFF also gates the comparator 
OFF thereby keeping the internal power dissipation to 
an absolute minimum. The only power dissipation when 
in the stable state is that generated by the current 
through REXT ' The bulk of this dissipation is in REXT 
since the voltage drop across N 1 is very small for normal 
ranges of R E XT . 

To trigger the one-shot the CLR input must be high. 

L 
I 

Vee a 
16 

R' 

Vee 

GNDo-__ ,-__ ~~-+ ____ ~~~ 

Vee 

VI 

Rl 

V2 

R2 

N211---4 

CLR 
3,11 

A 
1.9 

• 2.10 

National Semiconductor 
Application Note 138 
Thomas P. Redfern 

The gating, G, on the comparator is designed such that 
the comparator output is high when the one·shot is in 
its stable state. With the CLR input high the clear input 
to FF is disabled allowing the flip-fl~p to respond to the 
A or B input. A negative transition on A or a positive 
transition on B sets Q to a high state. This in turn gates 
Nl OFF, and N2 and the comparator ON. 

Gating N2 ON establishes a reference of 0.63 Vee on 
the comparator's positive input. Since the voltage on 
CEXT can not change instantaneously Vl = OV at this 
time. The comparator then will maintain its one level on 
the output. Gating Nl OFF aliowsCExT to start charging 
through REXT toward Vec exponentially . 

Assuming a perfect comparator (zero offset and infinite 
gain) when the voltage on CEXT , Vl, equals 0.63 Vec 
the comparator output will go from a high state to' a 
low state resetting Q to a low state. Figure 2 is a timing 
diagram summarizing this sequence of events. 

This diagram is idealized by assuming zero rise and fall 
times and zero propagation delay but it shows the basic 
operation of the one-shot. Also shown is the effect of 
taking the CLR input low. Whenever CLR goes low FF 

CLEAR 

0·1--1':»_ ....... 1'::»-0 

FF 

FIGURE 1. Monostable Multivibrator Logic Diagram 
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FIGURE 2. One·Shot Timing Diagram 

is reset independent of all other inputs. Figure 2 also 
shows that once triggered, the outPl,lt is independent of 
any transitions on B (or A) until the cycle is complete. 

The output pulse width is determin.ed by the following 
equation: 

V1 = Vcc (1 -e-T/REXT CEXT) '" 0.63 Vcc 

Solving for t gives: 

T = REXT CEXT In (1/0.37) = REXT CEXT (2) 

A word of caution should be given in regards to the 
ground connection of the external capacitor (C EXT )' 
It should always be connected as shown in Figure 7 to 
pin 14 or 6 and never to pin 8. This is important 
because of the parasitic resistor R*. Because of the large 
discharge current through R*, if the capacitor is con­
nected to pin 8, a four layer diode action can result 
causing the circuit to latch and possibly damage itself. 

ACCURACY 

There are many factors which influence the accuracy of 
the one-shot. The most imp(>rtant are: 

a. Comparator input offset 
b. Comparator gain 
c. Comparator time delay 
d. Voltage divider R 1, R2 
e. Delays in logic elements 
f. ON impedance of N1 and N2 
g. Leakage of N 1 
h. Leakage of CEXT 
i. Magnitude of REXT and CEXT 

The characteristics of CEXT and REXT are, of course, 
not determined by the characteristics of the one-shot. 
I n order to establish the accuracy of the one-shot, devices 
were tested using an external resistance of 10 kD. and 
various capacitors. A resistance of 10 kD. was chosen 
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because the leakage and ON impedance of transistor N 1 
have a minimal effect on accuracy with this value of 
resistance. 

Two values of CEXT were chosen, 1000 pF and O.l/1F. 
These values give pulse widths of 10/1s and 1000/1s with 
REXT = 10 kD.. 

Figures 3 and 4 show the resulting distributions of pulse 
widths at 25°C for various power supply voltages. 
Because propagation delays, at the same power supply 
Voltage, are the same independent of pulse width, the 
shorter the pulse width the more the accuracy is 

u 

" 
'" " 
c 

1.0 :!; 
u 0.8 
" 
" 0.6 

~ 
0.4 

> 
;:: 

0.2 g 

T A '" 25 C H-i-+-t-t-+-t-i-+-l 
REXT '" 1 Ok t-+-i-+-t-i-+-l-i-+-l 
CEXT '" 1000 pF 

1-t+f-t+IIH1M-H. Vee" 5V 
r++-r-t-t-tHfl-+74t v co ~ 10V 

r++-r-t--tJIIH-HVt . V" ~ 15V 

5 -202 5 

OUTPUT PULSE WIOTH (Two %) 
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At Vee" 15V, Tw = 9.8;'Is 
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FIGURE 3. Typical Pulse Width Distribution for 10/ls Pulse. 
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OUTPUT PULSE WIDTH (Tw, %) 

0% pulse width: 
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FIGURE 4. Typical Pulse Width Distribution for 1000/ls Pulse. 
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. affected by propagation delay. Figures 3 and 4 clearly 
show this effect. As pointed out in application note 
AN-90, 54C/74C Family Characteristics, propagation 
delay is a function of Vee. Figure 3, (Pulse Width = 
lOlls) shows much greater variation with Vee than 
Figure 4 (Pulse Width = 1000Ils). This same information 
is shown in Figures 5 and 6 'in a different format_ In 
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FIGURE 5. Typical Percentage Deviation from 
Vee = 10V Value vs Vee IPW = 10I's) __ 
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FIGURE 6. Typical Percentage Deviation from 
Vee = 10VValue vs Vee IPW = 1000I's). 

these figures the percent deviation from the average 
pulse width at 10V Vee is shown vs Vee. In addition 
to the average value the 10% and 90% points are shown. 
These percentage points refer to the statistical distribu­
tion of pulse width error. As an example, at Vee = 10V 
for lOllS pulse width, 90% of the devices have errors of 
less than +1.7% and 10% have errors less than -2.1 %_ 
In other words, 80% have errors between +1.7% and 
-2.1%. 

The minimum error can be obtained by operating at 
the maximum Vee. A price must be paid for this and 
this price is, of course, increased power dissipation. 
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FIGURE 7. Typical Minimum Pulse Width and 
Power Dissipation vs V ce. 
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Figure 7 shows typical power dissipation vs Vee 
operating both sides of the one-shot at 50% duty cycle. 
Also shown in the same figure is typical minimum pulse 
width vs Vee. The minimum pulse width is a strong 
function of internal propagation delays. It is obvious 
from these two curves that increasing Vee beyond 10V 
will not appreciably improve inaccuracy due to propa­
gation delay but will greatly increase power dissipation. 

Accuracy is also a function 'of temperature. To determine 
the magnitude of its effects the one-shot was tested at 
temperature with the external resistance and capacitance 
maintained at 25°C. The resulting variation is shown in 
Figures 8 and 9_ 
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PULSE WIDTH = lOp, 
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-6 
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FIGURE 8. Typical Pulse Width Error vs 
Temperature IPW = 1 Ol's). 
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5V 

PULSE WIDTH = 1000p, 

~v_ 

...:;V 

25 125 

TA - AMBIENT TEMPERATURE (e) 

FIGURE 9. Typical Pulse Width Error vs 
Tamperature IPW = 1000I's). 

Up to this point the external timing resistor, REXT , has 
been held fixed at 10 kn. In actual applications other 
values may be necessary to achieve the desired pulse 
width. The question then ;lrises as to what effect this 
will have on accuracy . 

r--.... --~-- ,(tl 

FIGURE 10. 

As REXT becomes larger and larger the leakage current 
on. transistor Nl becomes an ever increasing problem. 
The equivalent circuit for this leakage is shown in 
Figure 10. 



vItI is given by: 

vItI = (Vee - IL REXT ) (1 - e-tL/REXT eEXT) 

As before, when vItI = 0.63 Vee, the output will reset. 
Solving for tL gives: 

(3) 

Using T as defined in Equation 2 the pulse width error is: 

tL -T 
PW Error = x 100% 

T 

Substituting Equations 2 and 3 gives: 

'

Vee -I L REXT ) 
RexT CexT ~n - RexTCexT Qn(1/0.37) 

0.37 Vee - IL REX, 
PW Error 

REXT CEXT ~n (1/0.37) 

PW Error is plotted in Figure 11 for Vee = 5, 10 and 
15V. As expected, decreasing Vee causes PW Error to 
increase with fixed IL. Note that the leakage current, 
although here assumed to flow through Nl, is general 
and could also be interpreted as leakage through CEXT ' 
See MM54C221/MM74C221 data sheet for leakage limits. 

10.0". g 
~ 

j 1.0 

C> 
0-
w 
=> 
C> 

'" 0.1 
C> 

'" ~ 
if 

0.01 0.1 1.0 

FI,GURE 11. Percentage Pulse Width Error Due to Leakage. 

To demonstrate the usefulness of Figure 11 an example 
will be most helpful. Let us assume that N 1 has a 
leakage of 250 x 10-9 amps, CEXT has leakage of 
150 x 10-9 amps, output pulse width = 0.1 seconds and 
Vee = 5V. What REXT CEXT should be used to 
guarantee an error due to leakage of less than 5%. 

From Figure 11 we see that to meet these conditions 
REXT IL < 0.14V. 

Then: 

ReXT < 0.14/(250 + 150) x la-s 

< 350 kn 

Choosing standard component values of 250 kn and 
0.004J.LF would satisfy the above conditions. 
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We have just defined the limitation on the maximum size 
of REXT ' There is a corresponding limit on the mini· 
mum size that REXT can assume. This is brought about 
because of the finite ON impedance of Nl. As REXT is 
made smaller and smaller the amount of voltage a<;ross 
N1 becomes significant. The voltage across Nl is: 

The output pulse width is defined by: 

v (to) = (Vee - VN1 ) (1 - e-to/REXT eeXT) 

+ VN1 = 0.63 Vee 

Solving for to gives: 

to = REXT CEXT Qn (Vee - VN1) 
0.37 Vee 

Pulse Width Error is then: 

to -T 
PW Error = x 100% 

T 

Substituting Equations 2 and 4 gives: 

(4) 

( Vee - VN1) 
REXT CEXT en ---- - REXT CEXT en (1/0.37) 

0.37 Vee 

REXT CEXT en (1/0.37) 

This function is plotted in Figure 12 for rON of 50n, 
25n and 16.7n. These are the typical values of rON for 
a Vee of 5V, 10V and 15V respectively. 

As an example, assume that the pulse width error due to 
rON must be less than 0.5% operating at Vee = 5V. The 
typical value of rON for Vee = 5V is 50n. Referring to 
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lk 10k lOOk 1M 

REXT (ul 

FIGURE 12. Percentage Pulse Width Error 
Due to Finite rON of Transistor N1 vs REXT. 

the 50n curve in Figure 12, REXT must be greater than 
10 kn to maintain this accuracy. At Vee = lOV, RexT 
must be greater than 5 kn as can be seen from the 25n 
curve in Figure 12. 

Although clearly shown on the MM54C221/MM74C221 
data sheet, it is worthwhile, for the sake of clarity, to 
point out that the parasitic capacitance between pins 
7 (15) and 6 (14) is typically 15 pF. This capacitor is in 
parallel with CEXrand must be taken into account when 
accuraoy is critical. 
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TYPICAL APPLICATIONS 

t12MM74C73 

Vee 

RJ 

Basic One-Shot Oscillator 

1/2MM74C221 
QI 

1/2MM14C221 

02 

1/4MM74CJ2 

OUTPUT 

~ ____ nX~-4-+~~~--~~ ______________________ ~ 

RI 

Retriggerable One-Shot 

Vee =3Vto 15V 

R5 R6 

R2 

CI 

ov 

FREOUENCV TO DC CONVERTER 
VaDe .= Vee' Rt . C1 • f 

1-----1If ---l 
-l i- RICI I 
...rL---IL 

R9 

">--.... --Vo 

R8 

lEVEL DETECTOR 
Vo = 0 FOR f::- R41((R3 + R4) (R1 • C1)l 
Vo = 1 FOR f <R41((R3 + R4) (A1 . Cl)J 

Frequency Magnitude Comparator 
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TYP,"CAL APPLICATIONS (Continued) 

.5 
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., 
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CMOS Schmitt li"igger 
-a Uniquely Versatile 
Design Component 

INTRODUCTION 

The Schmitt trigger has found many applications in 
numerous circuits, both analog and digital. The versa­
tility of a TTL Schmitt is hampered by its narrow 
supply range, limited interface capability, low input 
impedance and unbalanced output characteristics_ The 
Schmitt trigger could be built from discrete devices to ' 
satisfy a particular parameter, but this is a careful and 
sometimes time-consuming design_ 

The CMOS Schmitt trigger, which comes. six to a 
. package, uses CMOS characteristics to optimize design 

and advance into areas where TTL could not go. These 
areas include: interfacing with op amps and transmission 
lines, which operate from large split supplies, logic level 
conversion, linear operation, and special designs relying 
on a CMOS characteristic_ The CMOS Schmitt trigger 
has the following advantages: 

• High impedance input (1012n typical) 

• Balanced input and output characteristics 

• Thresholds are typically symmetrical to 1/2 Vee 

• Outputs source and sink equal currents 

• Outputs drive to supply rails 

• Positive and negative-going thresholds show low 
variation with respect to temperature 

• Wide supply range (3-15Vl. split supplies possible 

• Low power consumption, even during transitions 

• High noise immunity, 0.70 Vee typical 

Applications demonstrating how each of these charac­
teristics can become a design advantage will be given 
later in the application note. 

INPUT 

National Semiconductor 
Appl ication Note 140 
Gerald Buurma 

ANALYZING THE CMOS SCHMITT 

The input of the Schmitt trigger goes through a standard 
input protection and is tied to the gates of four stacked 
devices_ The upper two are P-channel and the lower two 
are N-channel. Transistors P3 and N3 are operating in the 
source follower mode and introduce hysteresis by 
feeding back the output voltage, out', to two different 
points in the stack. 

When the input is at OV, transistors P1 and P2 are ON, 
and N1, N2 and P3 are OFF. Since out' is high, N3 is 
ON and acting as a source follower, the drain of N 1, 
which is the source of N2, is at Vee-VTH - If the input 
voltage is ramped up to one threshold above ground 
transistor N1 begins to turn ON, N1 and N3 both being 
ON form a voltage divider network biasing the source of 
N2 at roughly half the supply. When the input is a 
threshold above 1/2 Vee, N2 begins to turn ON and 
regenerative switching is about to take over. Any more 
voltage on the input causes out' to drop. When out' drops, 
the source of N3 follows its gate, which is out', the 
influence of N3 in the voltage divider with N1 rapidly 
diminishes, bringing out' down further yet. Meanwhile 
P3 has started to turn ON, its gate being brought low by 
the rapidly dropping out'_ P3 turning ON brings the 
source of P2 low and turns P2 OFF. With P2 OFF, out' 
crashes down_ The snapping action is due to greater than 
unity loop gain through the stack caused by positive 
feedback through the source follower transistors_ When 
the input is brought low again an identical process occurs 
in the upper portion of the stack and the snapping 
action takes place when the lower threshold is reached_ 

J 

N5 I 

.r v,, 

J OUTPUT 

I P4 

FIGURE 1. CMOS Schmitt Trigger 
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Out' is fed into the inverter formed by P4 and N4; 
another inverter built with very small devices, P5 and 
N5, forms a latch which stabilizes out'. The output is 
an inverting buffer capable of sinking 360J1A or two 
LPTTL loads. 

The typical transfer characteristics are shown in Figure 
2; the guaranteed trip point range is shown in Figure 3. 

WHAT HYSTERESIS CAN DO FOR YOUR 

Hysteresis is the difference in response due to the direc· 
tion of input change. A noisy signal that traverses the 
threshold of a comparator can cause multiple transitions 
at the output, if the response time of the comparator is 
less than the time between spurious effects. A Schmitt 
trigger has two thresholds: any spurious effects must be 
greater than the threshold difference to cause multiple 
transitions. With a CMOS Schmitt at V cc ~ 1 OV there is 

20 

~ 
Vee = 15V 

15 
~ 

VT_ VTo 

~ 10 > ... 
~ 
~ 

~ 

10 15 20 

INPUT VOLTAGE IVI 

FIGURE 2. Typical CMOS Transfer Characteristics 
for Three Different Supply Voltages. 

I VTo 

typically 3.6V of threshold difference, enough hysteresis 
to overcome almost any spurious signal on the input. 

A comparator is often used to recover information sent 
down an unbalanced transmission line. The threshold of 
the comparator is placed at one half the signal amplitude 
(See Figure 4b). This is doen to prevent slicing level 
distortion. If a 4115 wide signal is sent down a transmission 
line a 4J1s wide signal should be received or signal distor· 
tion occurs. If the comparator has a threshold above half 
the signal amplitude, then positive pulses sent are shorter 
and negative pulses are lengthened (See Figure 4c). This 
is called slicing level distortion. The Schmitt trigger does 
have a positive offset, VT +, but it also has a negative 
offset VT -. In CMOS these offsets are approximately 
symmetrical to half the signal level so a 4J1s wide pulse 
sent is also recovered (see Figure 4d). The recovered 
pulse is delayed in time but the length is not changed, 
so noise immunity is achieved and signal distortion is not 
introduced because of threshold offsets. 

15 
MM54C14 -55"C TO +125 Q C 
MM74C14 _40cC TO +85°C 
*MINIMUM HYSTERESIS 
SPREAD (= 0.2 Vee! 

~ 10 

~ 

'" ~ 
> ... 
~ 

4.3 ~ 

" 3.0 
2.0 2.1 

0.7 

10 15 

Vee (V} 

FIGURE 3. Guaranteed, Trip Point Range. 

A~~~~TAulDE VTH hIllL-----"I/t"----.lfIll'-
a) Received slgllal from transmiSSion 
Ime wllf) thresholds at different 
amplitudes. 

j 

ILEVEl 

o LEVEL 

1. lEVEL 

o LEVEL 

1 LEVEl 

o LEVEl 

o , 2 J 4 5 6 7 8 910 

TIME (J,Js) 

b} Recovered signal from comparator 
willi threshold VTH has multiple 

c) Recovered signal from comparatm 
with positive offset onthresholrl, VT., 

posilive pulse shorten, negative pul,e 
lengthen 

d) Recovered Signal With CMOS Schmitt 
tngger, VT> and V,T . Re,torestrllc 
waveform. 

Recovered signal from Schmitt IS same 
width as comparator with threshold at 
VTH , and IS only delayedm time 

FIGURE 4. CMOS Schmitt Trigger Ignores Noise 
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FIGURE 5. Sine to Square Wave Converter with Symmetrical Level Detection. 

1/6 MM74C14 

01 
lN914 

C2 
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.2 

Where Rte1» l/fMAX and R2C2» response tlm~ ofvoltmeter ":" 
VOUT "fR2Cl.1 V wheTe J. V" Vee. 

FIGURE 6. Diode Dump Tach Accepts any Input Waveform. 

APPLICATIONS OF THE CMOS SCHMITT 

Most of the following applications use a CMOS Schmitt 
characteristic to either simplify design or increase per· 
formance. Some of the applications could not be done 
at all with another logic family. 

The circuit in Figure 5a is the familiar sine to square 
wave converter, Because of input symmetry the Schmitt 
trigger is easily biased to achieve a 50% duty cycle, The 
high input impedance simplifies the selection of the bias· 
ing resistors and coupling capacitor. Since CMOS has a 
wide supply range the Schmitt trigger could be powered 
from split supplies (see Figure 5b). This biases the mean 
threshold value around zero and makes direct coupling 
from an op amp output possible, 

8-32 

In Figure 4, we see a frequency to voltage converter that 
accepts many waveforms with no change in output 
voltage. Although the energy in the waveforms are quite 
different, it is only the frequency that determines the 
output voltage. Since the output of the CMOS Schmitt 
pulls completely to the supply rails, a constant voltage 
swing across capacitor C1 causes a current to flow 
through the capacitor, dependent only on frequency. 
On positive output swings, the current is dumped to 
ground through D1. On negative output swings, current 
is pulled from the inverting op amp nodethrough'D2 and 
transformed into an average voltage by R2 and C2. 

Since the CMOS Schmitt pulls completely to the supply 
rails the voltage change across the capacitor is just the 
supply voltage. 



Schmitt triggers are often used to generate fast transi­
tions when a slowlY varying function exceeds a pre­
determined level. In Figure 7, we see a typical circuit, a 
light activated switch. The high impedance input of the 
CMOS Schmitt trigger makes biasing very easy. Most 
photo cells are several kn brightly illuminated and a 
couple Mn dark. Since CMOS has a 1012 n typical input 
impedance, no effects are felt on the input when the 
output changes. The selection of the biasing resistor is 
just the solution of a voltage divider equation. 

A CMOS application note wouldn't be complete without 
a low power application. Figure 8 shows a simple RC 
oscillator. With only six R's and C's and one Hex CMOS 

Vee 

Vee 

trigger, six low power oscillators can be built. The square 
wave output is approximately 50% duty cycle because of 
the balanced input and output characteristics of CMOS. 
The output frequency equation assumes that t1 = t2 » 
tpdO + t pd1 · 

We earlier saw how the CMOS Schmitt increased noise 
immunity on an unbalanced transmission line. Figure 9 
shows an application for a balanced or differential 
transmission line. The circuit in Figure 7a is CMOS 
EXCLUSIVE OR, the MM74C86, which could also be 
built from inverters, and NAND gates. If unbalanced 
information is generated on the line by signal crosstalk 
or external noise sources, it is recognized as an error. 

Vee 

'----< ..... - ... "OR" CONFIGURATION "AND" CONFIGURATION 

FIGURE 7. Light Activated Switch couldn't be Simpler. The Input Voltage Rises as Light Intensity Increases, when VT+ is 
Reached, the Output will go Low and Remain Low until the Intensity is Reduced Significantly. 

INPUT 
WAVEFORMS 

OUTPUT 
WAVEFORMS 

FIGURE 8. Simplest RC Oscillator? Six R's and C's make the CMOS Schmitt into Six Low Power Oscillators. Balanced 
Input and Output Characteristics give the Output Frequency a Typically 50% Duty Cycle. 

1/3MM74C14 A=tJ 1/4MM74CB6 

_ D--oERROR 

B "U.. - -
AD +AB:: Error 

Error is detected when transmission Itne IS llnbalanced in eitherd irettion. 

a) Differential Error Detector. 

Transmitted data appears at F as long as transmission line is balanced. 
unbalanced data is Ignored and error is detected bV abovecirclIlt. 

b) Dlflerentialline Receiver. 

Truth Table 

A B 

o NC 
o 

o 1 

NC 
NC '" No Change 

FIGURE 9. Increase Noise Immunity by using the CMOS Schmitt Trigger to Demodulate a Balanced Transmission Line. 
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The circuit In Figure 9b is a differential I ine receiver 
that recovers balanced transmitted data but ignores 
unbalanced signals by latching up. If both circuits of 
Figure 9 were used together, the error detector could 
signal the transmitter to stop transmission and the line 
receiver would' remember the last valid information bit 
when unbalanced signals persisted on the line. When 
balanced signals are restored, the receiver can pick up 
where it left off. 

The standard vol~age range for CMOS inputs is Vee 
+0.3V and ground -0.3V. This is because the input pro· 
tection' network is diode clamped to the supply rails. Any 
input exceeding the supply rails either sources or sinks 
a large amount of current through these diodes. Many 
times an input voltage range exceeding this is desirable; 
for example, transmission lines often operate from ±12V 
and op amps from ±15V. A solution to this problem is 
found in the MM74C914. This new device has an uncom­
mon input protection that allows the input signal to go 
to 25V above ground, and 25V below Vee. This means 
that the Schmitt trigger in the sine to square wave 
converter, in Figure 5b, could be powered by ±1.5V 
supplies and still be directly compatible with an op amp 
powered by ±15V supplies. 

A standard input protection circuit and the new input 
protection are shown in Figure 10. The diodes shown 
have a 35V breakdown. The input voltage can go positive 
until reverse biased 02 breaks down through forward 
bias 03, which is 35V above ground. The input voltage' 
can go negative until reverse biased 01 breaks down 
through forward bias 02, which is 35V below Vee. 
Adequate input protection against static charge is still 
maintained_ 
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CMOS can be linear over a wide voltage range if proper 
consideration is paid to the biasing of the inputs. Figure 
11 shows a simple VCO made with a CMOS inverter, 
acting as an integrator, and a CMOS Schmitt, acting as a 
comparator with hysteresis_ The inverter integrates the 
positive difference between its threshold a~d the input 
voltage V,N . The inverter output ramps up until the 
positive threshold of the Schmitt trigger is reached. At 
that time, the Schmitt trigger output goes low, turning 
on the transistor through Rs and speeding up capacitor 
Cs. Hysteresis keeps the output low until the integrating 
capacitor C is discharged through RD' Resistor R D 
should be kept much smaller than RC to keep reset time 
negligible. The output frequency is given by 

fo -
VTH - V,N 

(VT+ - VT-) Ree· 

The frequency dependence with control voltage is given 
by the derivative with respect to V,N So, 

-1 

where the minus sign indicates that the output frequency 
increases as the input is brought further below the inverter 
threshold. The maximum output frequency occurs when 
V,N is at ground and the frequency will decrease as V,N 

is raised up and will finally stop oscillating at the 
inverter threshold, approximately 0.55 Vee. 
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FIGURE 10. Input Protection Diodes, in a) Normally Limit the Input Voltage Swing to 0.3V above VCC and 0.3V 
below Ground. In b) 02 or 01 is Reverse Biased Allowing Input Swings of 25V above Ground or 25V below Vcc. 
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FIGURE 11. Linear CMOS (Voltage Controlled Oscillator) 
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The pulses from the VCO output are quite narrow 
because the reset time is much smaller than the integra­
tion time. Pulse stretching comes quite naturally to a 
Schmitt trigger. A one-shot or pulse stretcher made with 
an inverter and Schmitt trigger is shown in Figure 12. 
A positive pulse coming into the inverter causes its 
output to go low, discharging the capacitor through the 
diode D1. The capacitor is rapidly discharged, so the 
Schmitt input is brought low and the output goes 
positive. Check the size of the capacitor to make sure 
that inverter can fully discharge the capacitor in the 
input pulse time, or 

Cb.V b.V 
ISINK INVERTER> __ ._ + 

b.T R 

where b. V ~ Vee for CMOS, and b. T is the input pulse 
width. 

For very narrow pulses, under 100 ns, the capacitor can 
be omitted and a large resistor will charge up the CMOS 
gate capacitance just like a capacitor. 

When the inverter input returns to zero, the blocking 
diode prevents the inverter from charging the capacitor 
and the resistor must charge it from its supply. When 
the input voltage of the Schmitt reaches VT+' the 
Schmitt output will go low sometime after the input 
pulse has gone low. 

1/6MM74C04 

THE SCHMITT SOLUTION 

The Schmitt trigger, built from discrete parts, is a careful 
and sometimes time-consuming design. When introduced 
in integrated TTL, a few years ago, many circuit designers 
had renewed interest because it was a bui Iding block 
part. The input characteristics of TTL often make biasing 
of the trigger input difficult. The outputs don't source 
as much as they sink, so multivibrators don't have 50% 
duty cycle, and a limited supply range hampers inter­
facing with non 5V parts. 

The CMOS Schmitt has a very high input impedance with 
thresholds approximately symmetrical to one half the 
supply. A high voltage input is available. The outputs 
sink and source equal currents and pull directly to the 
supply rails. 

A wide threshold range, wide supply range, high noise 
immunity, low power consumption, and low board 
space make the CMOS Schmitt a uniquely versatile 
part. 

Use the Schmitt trigger for signal conditioning, restora­
tion of levels, discriminating noisy signals, level detecting 
with hysteresis, level conversion between logic families, 
and many other useful functions. 

The CMOS Schmitt is one step closer to making design 
limited only by the imagination of the designer. 

lf6MM74C14 
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FIGURE 12. Pulse Stretcher. A CMOS Inverter Discharges a Capacitor, 
a Blocking Diode allows Charging through R only. Schmitt Trigger 
Output goes Low after the RC Delay. 
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Designing with MM74C908, 
MM74C918 Dual High 
Voltage CMOS Drivers 

INTRODUCTION 

By combining the merits of both CMOS and bipolar 
technologies on a single silicon chip, the MM74C90B, 
MM74C91B provides the following distinguished fea­
tures as general purpose high voltage drivers_ 

• Wide supply voltage range (3V to lBV) 

• High noise immunity (typ 0_45 Vccl 

• High input impedance (typ 1012n) 
• Extremely low standby power consumption (typ 

750 nW at 15V) 

• Low output "ON" resistance (typ Bn) 

• High output drive capability (lOUT 2 250 rnA at 
VOUT = VCC - 3V, and Tj = 65°C) 

• High output "OFF" voltage 

Among these, the first 4 are typical and unique char­
acteristics of CMOS technology which are fully util­
ized in this circuit to achieve all the design advan­
tages in a typical CMOS system_ 

The high output currents and low "ON" resistance 
are achieved through the use of an NPN Darlington 
pair at the output stage_ 

The MM74C90B is housed in an B-Iead epoxy dual­
in-line package, which can dissipate at least 1.14W_ 
The higher power version, MM74C918, comes in a 
14-lead epoxy dual-in-line package, with power cap­
ability up to a minimum of 2_27W_ 

Vcc 

.AAA 

"" 

FIGURE 1 
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The circuitry' for each of the 2 identical sections is 
shown in Figure 1. 

With both inputs sitting at logical "1" level, the 
output of the inverter is also at logical "1", which 
prevents the P-channel transistor from being turned 
"ON"; therefore, the output is in its "OFF" state. 
Only a small amount of leakage current can flow. 

On the other hand, when one or both of the inputs 
is at logical "0" level, the output of the inverter is 
also at logical "0", which turns on the P-channel tran­
sistor and, hence, the Darlington pair. 

POWER CONSIDERATION 

To assure junction temperature of 150°C or less, the 
on-chip power consumption must be limited to within 
the power handling capability of the packages. In 
Figure 2, the maximum power dissipation on-chip 
is shown as a function of ambient temperature for 
both MM74C90B and MM74C91B. These curves are 
generated from (1) at Tj = Tj(MAX) = 150°C. 

(1) 

where Tj = junction temperature 
T A = ambient temperature 
Po = PClwer dissipation 
0jA = thermal resistance between junction and 

ambient 
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FIGURE 2. Maximum Power Dissipation vs 
Ambient Temperature 



A general application circuit for the MM74e908, 
MM74e918 is as shown in Figure 3. 

Vcc 

r----
I 
I 
I MM74C908 
I MM74C918 

L 
VOUTA 

IOUTA 

FIGURE 3 

For both sections A and B; 

Vee - 'IL 
lOUT = --=:-=---~ 

RON + RL 

VOUTB 

IOUTB 

(2) 

The device "ON" resistance, RON, is a function of 
junction temperature, Tj. The worst-case RON as a 
function of Tj is given in (3). 

RON = 9 [1 + 0.008 (Tj - 25)] (3) 

The total power dissipation in the device also consists of 
normal eMOS power terms (due to leakage current, 
internal capacitance, switching etc_) which are insignifi­
cant compared to the power dissipated at the output 
stages_ Thus, the output power term defines the allowable 
limits of operation and is given by: 

Po = POA + POB 

= 120UTA • RON + 120UTB • RON 
(4) 

Given RLA and RLB, (1), (2), (3), (4) can be used to 
calculate PO, Tj, etc. through iteration_ 

For example, let VL = OV, Vee = 10V, RLA = 100Q, 
RLB = 50Q, TA = 25°C, 8jA = 110°C/W. 

Assume: 

, RON = 12.28Q 

By (2): 

10 
IOUTA = 0.089A 

12.28 + 100 

10 
IOUTB = -'-----

12.28 + 50 

By (4): 

0.161A 

Po = (0.089)2. 12_28 + (0.161)2. 12.28 = 0.41W 

By (1): 

Tj = 70.5°e 

And by (3): 

RON = 12.28Q 
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OESIGN TECHNIQUE 

In a typical design, R L must be chosen to satisfy the 
load requirement (e.g., a minimum current to turn 
on a relay) and at the same time, the power consumed 
in the driver package must be kept below its maximum 
power handling capability. 

To minimize the design effort, a graphical technique is 
developed, which combines all the parameters in one 
plot, which can be used efficiently to obtain an optimal 
design. 

Assume T A = 25°e and that both sections of the 
MM74C908 in Figure 3 are operating under identical 
conditions. The maximum allowable package dissipation 
is: 

Po = 2 (Vee - VOUT) x lOUT 

1 
=- (150- TA) = 1.14W 

110 

(6) 

where Tj = 150o e, 8jA = 110°C/W are used in (1) per 
the data sheet. 

Thus, the maximum power allowed in each section is: 

Po = (Vce - VOUT) x lOUT = 0.57W 

A constant power curve Po = 0.57W can then be plotted 
as shown in Figure 4. The circuit must operate below 
this curve. Any voltage-current combination beyond it 
(in the shaded region) will not guarantee Tj to be lower 
than 150o e. 

For any given R L, a load line (7) can be superimposed 
on Figure 4. 

1 1 
lOUT = - (Vee - vu - - (Vee - VOUT) (7) 

RL RL 

The slope of this load line is -l/RL and it intersects 
with the vertical and horizontal axes at 1 /R L (Vee -
VU and Vee - VL respectively. 

Given Vee and VL, a minimum RL can be obtained by 
drawing the load line tangent to the constant power 
curve. In Figure 4, at Vee - VL = 5V the line inter­
sects lOUT axis at lOUT = 450 mAo Thus, RL(MIN) = 
5V /450 mA = 11.1 Q. Any R L value below this will 
move the intersecting point up and cause a section of the 
load line to extend into the shaded region: Therefore, 
the junction temperature can exceed Tj(MAX) = 1500 e 
in the worst case if the circuit operates on such a section 
of the load line. 

Whether this situation will occur or not is determined­
by both the value of Vee - V L and the RON range of 
the drivers. 
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By (3). at Tj = 1500 e RON (MAX) = 18n, this is a 
straight line' passing through the origin with a slope of 
'ouT/(Vee - VOUT) = 1/18 mho and intersects the 
load line at point A. Similarly, point Band e can be 
found for typical (-10n) and minimum (-5n) RON 
at Tj = 150o e. 

For Vee - VL = 5V, the tangent point falls between A 
and e. Hence, R L ;::: 11.1 n calculated above must be 
satisfied; otherwise, part of the load line within the 
specified RON range will extend into the shaded region 
and therefore, Tj ;::: 1500 e may occur. . 

For Vee - VL = 10V, however, a section of the load 
line can go beyond the Po = O.57W curve without 
affecting the safe operation of the circuit. By inspection 
of Figure 4, the reason is clear-the load line extends 
into the shaded region only outside of the specified 
RON range (to the right of point A'). Within the RON 
range, the load line lies below the Po = 0.57W curve, 
thus, a safe operation. 

To.a first approximation", the section of the load line 
between A and e is the operating range for the circuit at 
Vee - V L = 5V and R L = 11.1 n. Hence, the available 
current and voltage ranges for this circuit are 310 mA;::: 
'OUT;::: 172 mA and 3.4V ;::: VOUT ;::: 1.9V, respec· 
tively. 

Thus, by simply drawing no more than 3 straight lines, 
one obtains ali of the following inimedi~tely: 

1. All the necessary design information (e.g., minimum 
RL, minimum available lOUT and VOUT, etc.) 

2. Operating characteristics of the circuit as a whole, 
including the effect of different RON values due to 
process variations, thus, a better insight into the 
circuit operation. 

3. Most importantly, a guarantee that the circuit will be 
operating in the safe region, (Tj::; 150o e). 

For different ambient temperatures or for different 
power considerations, Figure 4 can be applied by prop­
erly scaling the lOUT axis_ (Note that lOUT ex: Tj - T A 
and lOUT ex: PO). 
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FIGURE 5. Typical lOUT YS Typical VOUT 

*Strictly speaking, RON is a non-linear function of lOUT' A 
typical RON characteristic at Tj = 150"C is shown in Figure 5. 
The non-linear characteristic near the origin is due to the fact 
that the output NPN transistor is not saturated. As soon as 
saturation is reached (lOUT - 150 rnA) the curve becomes a 
straight line which extrapolates back to the origin. For practi­
cal design purposes, it is sufficient to consider RON as a linear 
function of lOUT. 

**Note that as the operating point on the load line moves away 
from the PD = 0.57W curve, (away from the tangent point in 
this case), the actual junction temperature drops. Therefore, at 
point A, for example, the device is actually running cooler than 
Tj = 150"C, even in the worst case. Hence, RON value drops 
below IS!! and the actual operating point is slightly different 
fromA. 
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To further simplify the design, a family of such curves 
has been generated as shown in Figure 6. Each of these 
curves corresponds to a particular T A and Po (per driverl 
as indicated, and similar to the Po = O.57W curve in 
Figure 4, is generated from (6) by using appropriate T A 
values. The application of these curves is illustrated as 
follows: 

Example 1 

1. In Figure 3, assume that the two drivers in the 
MM74e908 package are to operate under identical 
conditions. Find minimum R L at T A = 25°e, 45°e, 
65°e and 85°e for both Vee - VL = 5V and Vee­
VL = 10V. 

Then plot RL(MINI vs TA· 

al Vee - VL = 5V 

By constructing the load lines tangent to the 
curves for T A = 25°e, 45°e, 65°e and 85°e, 
RL(MINI for each case can be obtained through 
the vertical coordinate for the intersection points 
as shown in Figure 6. These are calculated in 
Table I. 

Note that the same results (within graphical errorl 
can be obtained analytically by letting dR L/ 
d RON = O. It can be shown that 

(Vee - VU 2 
RUMINI = (81 

4X (Max Power Per Oriverl 

TABLE I. 

TA 25°C 
IOUT@ 01, 2, 3, 4 (mA) 450 

5 
RL(MIN)= IOUT@01,2,3,4 

(n) 11.1 

TABLE II. 

TA 25°C 
IOUT@ 01, 2, 3,4 (mA) 261 

10 

RLiMIN)= IOUT@01,2,3,4 
1!1) 38.3 
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bl vee - VL = 10V 

The RL(MINI given in (81 may not be a true 
minimum if the tangent point does not fall inside 
the specified RON region. The actual R L(M I N I 
can be obtained as shown in Figure 7. The calcula· 
tions and results are given in Table II. 

Note that the RL(MINI values in Table II are 
lower than those given by (81. This corresponds to 
the section on each of the 4 load lines in Figure 7 
which extends beyond the power limit curve at 
each associated temperature. However, this section 
on each load line is outside the specified RON 
range. Within the RON range, load lines are below 
the power limits; therefore, safe operation is 
guaranteed. 

The RL(MINI vs TA plot is as shown in Figure 8. 

All the curves generated so far are restricted to 
Po ::; O.57W due to our simplifying assumption 
that both drivers are operating identically. In 
Figure 9 a few more curves are added to account 
for the general situation in which only the restric­
tion POA + POB <::: 1.14W is required, (i.e., POA 
can be different from POSI. Application of 
Figure 9 is illustrated as follows: 

45"C 65°C 85°C 
375 310 240 

13.3 16.1 20.8 

45°C 65°C 85"C 
230 197 166 

43.5 50.8 60.2 
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Example 2 

In Figure 3, assume that driver A has to deliver 200 mA 
to its load while driver B needs only 100 mAo Design 
RLA and RLB for VCC - VL = 5V. 

By inspection of Figure 4, units with high RON values 
will not be able to deliver 200 mAo However, since 
section B does not need the same amount of drive, we 
can reduce the power consumed in this section to com· 
pensate for the higher power (> 0.57W) required in 
section A. 

The design procedure follows: 

Section A 

1. Draw a load line intersecting RON = lSn line at 
lOUT = 200 mAo 

2. This load line intersects the lOUT axis at lOUT = 
710 mA and is tangent to PDA '" 0.9W curve, thus 
RLA == 5V/710 mA = 7.1n will guarantee both 
PDA :::;0.9W and IOUTA 2 200 mAo 

Section B 

1. Draw a load line intersecting RON = lSn line at 
lOUT = 100 mAo 

2. Similar to (2) above, it is seen imm~diately that 
RLB == 5V/150 mA = 33.3n will guarantee IOUTB 2 
100 mA and PDB:::; O.lSW. 
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Since PDA + PDB:::; 0.9 + O.lS < 1.14W 

RLA=7.m 
RLB = 33.3n 

satisfy all the requirements in this problem. 

The design in Example 2 illustrated the simple and 
straight·forward use of the curves and the result 
meets all the problem requirements. However, it 
should be noted that there is not much design margin 
left for tolerance in resistances and other circuit 
parameters. The reason is obvious-we are push ing at 
the power limit of the MM74C90S package-and the 
solutions are simple: 

a) Increase VCC supply 
b) Use the higher power package MM74C91S. 

The design for higher VCC is identical to that in 
Example 2 and will not be repeated here. 

For the 14-lead higher power (2.27W) MM74C91S, 
0jA = 55°CIW, this is exactly half that of the S-Iead 
MM14C90S. Therefore, by scaling the lOUT axis by 
a factor of 2, the same family of curves in Figure 9 
can be applied directly. This is shown in Figure 10. 
(Note that the slope of the RON = lSn line·has been 
adjusted to the new scale). 

. 

~RO~ '18 
TA = 107°e 
TA=l11°e 

l'i TA=125°e 

t/ TA = 1300 e 
TA = 135°e y 
TA = 140"e 

10 11 12 13 14 15 

Vee - VOUT (V) 

FIGURE 10 
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By drawing the same load lines, it is found that: 

RLA ~ 5V/710 mA = 7.m 
guarantees PDA -:::; 0.9W 

and 

RLB ~ 5V/150 mA = 33.3n 
guarantees PDB -:::; O.lBW 

PDA + PDB -:::; 1.0BW 

Since PDA + PDB -:::; 1.14 + 0.4 = l,BII\I, while the 
package is capable of delivering 2.27W, both RLA 
and R LB can be lower than the above values and 
the circuit still operates safely. By picking the closest 
standard resistance values: 

RLA = 20n 
RLB = 43n 

For 5% tolerance in these values, 

19n-:::; RLA -:::;2m 
40.B5rI. -:::; R LB -:::; 45.15n which is way below the maximum power 2.27W 

available. Therefore, both R LA and R LB can be 
lowered to account for tolerance in the resistors. Con· 
sider specifically the following example: 

Thus: 

Example 3 

Assume driver A, B of the MM74C91B have to deliver 
250 mA and 150 mA, respectively, to its load. Design 
RLA and RLB at VCC -VL = 10V. 

Driver A 

1. In Figure 11, draw the load line intersecting RON = 
lBn at lOUT = 250 mAo 

2. This load line intersects the lOUT axis at 450 mA. 
Thus, by inspection RLA ~ 10V/450 mA ~ 22.2n 
g.uarantees PDA -:::; 1.14W. 

Driver B 

1. Draw the load line intersecting RON = lBn at 
lOUT = 150 mAo 

2. This load line intersects the lOUT axis at 210 mAo 
Thus, by inspection RLB ~ 10V1210 mA = 47.6n 
guarantees PDB -:::; 0.4W. 
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10V 
IOUTA(MIN) ~ 256.4 mA > 250 mA 

lBn + 21n 

10V 
IOUTB(MIN) ~ 15B.3 mA > 150 mA 

lBn+45.15n 

( 10V ) 2 
PDA(MAX) < . lBn = 1.31W 

- lBn + 19n 

( 10V ) 2 
POB(MAX) < . . lBn = 9.52W 

- lBn + 40.85n 

POA(MAX) + POB(MAX) -:::; 1.31 + 0.52 < 2.27W 

Therefore: 

RLA = 20n (1.5W, 5%) 
RLB = 43n (1W, 5%) 

will guarantee satisfactory performance of the circuit. 

'RO~ = ,. 

i:::::::: 101"C 
/ Ti = moc 

~ 
A = 125°C 

= 130'C. 

~ ~:~ 
.? 
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VCC - VOUT (V) 

FIGURE 11 
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APPLICATIONS 

Like most other drivers, the MM74C908, MM74C918 
can be used to drive relays, lamps, speakers, etc. These 
are shown in Figure 12. (To suppress transient spikes at 
tl,lrn·off, a diode as shown as Figure 12a is recommended 
at the relay coil or any other inductive load.) 

However, the MM74C908, MM74C918 offers a unique 
CMOS feature that is not available in drivers from other 
logic families-extremely low standby power. At VCC = 

IN1 ,,-_..r-, 
IN2..,--....... _, 

15V, power dissipation per package is typically 750 nW 
when the outputs are not drawing current. Thus, the 
drivers can be sitting out on line (a telephone line, for 
example) drawing essentially zem current until actio 
vated-an ideal feature for many applications. 

The dual feature and the NAND function of the driver 
design can also be used to advantage as shown in the 
following applications: 

-----, 
I 
I 
I 
I 
I 

FIGURE 12a. Relay Driver. 

IN1"--..r-, 

IN2U--"'1..._' 

-----, 

FIGURE 12b. Lamp Driver 

I 
I 
I 
I 
I 

-----, 

FIGURE 12c. Speaker Driver 
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In ~igure 13, the 2 drivers in the package are connected 
as a Schmitt trigger oscillator, where R 1 and R2 are used 
to generate hysteresis. R3 and C are the inverting feed· 
back timing elements and R4 is the pull·down load for 
the first driver. Because of its current capability, the 

Vee = 5V 

Rl 
7.5M 

R2 
20M 

r----------
I 

I 
I 
I 
I 
L ___ ~7~8,~7~8 __ _ 

e 

R3 
240k 

12.2~F 
R4 
2k 

circuit can be used to drive an array of LEDs or lamps. 
If resistor R4 is replaced by an LED (plus a current 
limiting resistor). the circuit becomes a double flasher 
with the 2 LEDs flashing out of phase. This is shown in 
Figure 14. 

--, 
I 
I 
I 
I 
I 
I 

~ - - -
FIGURE 13. High Drive Oscillator/Flasher 

7.5M 

Vee = 5V 

20M 

r----------:--
I 

I 
I 
I 
I L ___ ~4~,~4~ __ _ 

240k 

-------------, 
I 
I 
I 
I 
I 
I 

FIGURE 14. Out of Phase Double Flasher 
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Another oscillator circuit using only 1/2 of the package 
and 4 passive components is shown in Figure 15. Assume 
VI is slightly below the input trip point, the driver is 
"ON" and charging both Vo and VI until VI reaches the 
trip point, VT, when the driver starts to turn "OFF". 
Vo can be made much higher than VI at this instance by 
adjusting the component values such that RfCf > > 
(RONIIRLlCL. Since Vo is higher than VI, VI is still 
going up, although the driver is "OFF" and Vo is 
ramping down. The rising VI will eventually equal to 

Vee= 10V 

------, 

VI .. ----~~~-----~--__t 
ef 

JO.01PF 

Rf 
240k 

(a) 

I 
I 
I 
I 
I 
I 

the falling VO, and then start discharging. Then, both 
VI and Vo discharge until VI hits the trip point, VT, 
again, when the driver is turned "ON", charging up Vo 
and subsequently V I to complete a cycle. 

This oscillator is ideal for low cost applications like the 
l·package siren shown in Figure 16, where 1 oscillator 
is used as a VCO while the other is generating the voltage 
ramp to vary the frequency at the VCO output. 

> 

VOH 

VT 

(b) 

FIGURE 15. Single Driver Oscillator 

Vee = 10V 

r------~---

I 

I 
I 
I 
I 
L ___ ~7~B.~7~ __ _ 

.6BOk 24k 

FIGURE 16. Low Cost Siren 
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The NAND functions at the input can also be used to 
reduce package count in applications where both high 

output drive and input NAND features are required. 
One such example is given in Figure 17. 

L.. __ 1/2 MM74C908, MM74C918 --------

r----- ------, 
I 

R o--..&..-L_J 

FIGURE 17. High Drive RS latch 
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CMOS AID Converter Chips 
Easily Interface to 8080A 
Microprocessor Systems 

SUMMARY 

This paper describes techniques for interfacing National 
Semiconductor's new ADC3511 and ADC3711 micro· 
processor compatible analog·to·digital converter chips to 
8080A microprocessor systems. The hardware interface 
and the software interrupt service routine will be des· 
cribed for single and multiple AID converter data acqui· 
sition systems. 

INTRODUC,ION 

The recent intrCYluction of monolithic digital voltmeter 
chips has encouraged designers to consider their use as 
analog·to·digital converters in data acquisition systems. 
While the high accuracy afforded ilt low cost was 
attractive, certain difficulties in applyin!l these devices 
in digital systems were encountered. Most of these 
difficulties were due to the DVM chip's output structure 
being oriented towards driving 7·segment di"plays with 
internally generated digit scanning rates. National 
Semiconductor has rec"ntly introduced a f;nnily of 
monolithic CMOS AID converters - two of tl""" devices 
are directed towards LED display DPM and DVM 
applications (ADD3501 3 1/2·digit DPM iln<l I\DD3701 
3 3/4·digit DPM) while the other two (ADC3511 31/2· 
digit AID and ADC3711 3 3/4·digit AID) hilve addres· 
sable BCD outputs. These last two devices allow easy 
interfilce to microprocessor and calculator·oriented 
(COPS) systems. 

Single or multiple channel monitoring of physical 
variables can be achieved with high accuracy despite 
the lack of complexity and low overall cost. 

l:E-+ l11VOC 

'cc 

ANAlllGVCC 

~22 
ADC3S11CC 

National Semiconductor 
Application Note 200 
Jake Buurma 

AID CONVERSION 

All AID converters in this family operate from a single 
5V supply and convert inputs from 0 to ±2V. The con· 
verters use a pulse·width modulation technique which 
requires no precision components and exhibits low off· 
set, low drift, high linearity and no rollover error .. An 
~ddjtiQn8! advantaa~ ic; tha1: thp vnltrtgp. rp.fp.rp.nr.p. i~ of 

the same polarity as the supply. 

Two resolutions are offered: the 3 1/2·digit types divide 
the input into 2,000 counts plus sign, while the 3 3/4· 
digit types provide 4,000 counts plus sign which is 
roughly equivalent to the resolution of a 12·bit plus sign 
binary converter. The 3 1/2·digit converters require 
200 ms per conversion; 3 3/4·digit types require 400 ms, 

The converters handle negative inputs by internally 
switching the inputs and forcing the sign bit low. While 
this technique allows conversion of positive and negative 
inputs with only a single supply, the inputs must be 
floating with respect to the supply return. Without a 
floating supply, only positive voltages may be converted. 

The basic converter is shown in Figure 1. The actual 
conversion technique is described in Appendix A. 

i 
Vee 5V 

" ,'-
'ss 

'----,3 (ADel111CCI .,-
IIVE~FLOW 00-

CONVERSION 

'" COMPtfH 

START 
tOUT Ol.r COrvVEASION 

SIGN '" 
2S0pf 

71f- VfttTER VREf 

m 
SW1!---VINI[ VINH 

VINI" '" SW2~ VINI_) 

r'" ANALOG 
GROUND 

r 
lOOk 

~41"f 

FIG U R E 1. Basic AID Converter 
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BCD OUTPUT DESCRIPTION 

The ADC3511 and ADC3711 present the output data in 
BCD form on a single 4-line output port, plus a separate 
sign output. The desired digit is selected by a 2-bit 
address which is latched by a high level at the Digit 
Latch Enable input (DLE); a low level at DLE allows 
flow thru operation. Since the output is BCD, it is 
compatible with many standard instruments and can 
easily be converted into binary by the processor if this 
format should be desired. Overrange inputs are indicated 
by a hexidecimal "EEEE" plus an Overflow output. 

A new conversion is begun by a positive pulse or high 
level at the Start Conversion (SC) input. The analog 
section of the converter continuously tracks the analog 
input. The Start Conversion command controls only the 
transfer of new data to the output latches, consequently 
the delay from the SC pulse to the Conversion Complete 
(CC) signal may vary from several milliseconds to several 
hundred milliseconds. In interrupt driven systems the 
delay is no problem, since the processor does not exe­
cute delay instructions while waiting for the data. How­
ever, if in-line or program I/O is used where the program 
waits for the data to be ready, the maximum delay 
between SC and CC must be programmed into the wait 
routine. This type of I/O is therefore not as efficient as 
interrupt I/O. 

The CC output goes low immediately after the SC pulse. 
At the end of a conversion, CC goes high and remains 
high until a new conversion is initiated. Continuous 
conversion operation is obtained by tying the SC input 
toVCC· 

REFERENCE VOLTAGE 

The 2.000V reference is derived from the LM336, 
a recently announced monolithic reference which 
provides 2.5V with low drift at low cost. This active 
reference is adjusted for minimum thermal drift of about 
20 ppmtC by using a third terminal on the device to 
adjust its output to 2.490V. 

Total reference current consumption is low, as the 
LM336 requires only 1 mA of bias current, and the 
resistor divider ·about 2 mAo The reference circuit is 

Vee 

2.49V 
*R1= (2N+l)mA N=1,2 ... 8 

FI GU R E 2. A/D Converter Reference. The 10k Pot is 
Adjusted to a Voltage of 2.49V on the Output; at this 
Voltage Minimum Drift Occurs. The Reference can 
Supply up to 8 A/D Converters. 
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shown in Figure 2. One reference can be used for many 
A/D's. The value of the upper series resistor R 1 depends 
on the number of converters used. 

A SINGLE CHANNEL CONVERTER 

A complete A/D port is seen in Figures 3 and 4. Figure 3 
shows a Dual Polarity converter and Figure 4 a Posi"tive 
Only Polarity converter. Each port contains an A/D 
converter, TRI-STATE® bus driver, and 2 gates to con­
trol I/O. This A/D port is easily used in single or multi­
channel systems. I n multichannel systems a converter 
is used on every channel allowing digital multiplexing 
of the outputs. 

Data from the A/D converter in a single channel system 
is easily processed using an OUT command to start a 
conversion and I N commands to read the data after 
the microprocessor has been interrupted by a Conver­
sion Complete. 

As seen in Figure 5, a single channel A/D port uses a 
6-bit bus comparator to decode its assigned peripheral 
address from the lower address bits of the 8080A 
address bus. 

When an interrupt is received, the present status of the 
processor is stored on the stack memory by a series of 
push commands. The interrupt is serviced by reading 
digit 4 (MSD) into the processor and checkin~ the 
overflow bit. If the overflow bit is high, the converter 
input has exceeded its range and an error signal i:. 
generated, indicating that scaling must be done to 
attenuate the input signal. If the OF L is low, the sign 
bit is then checked to determine the polarity of the 
conversion. If the· sign bit is low, a "1" is added to 
the MSB of digit 4. Since this bit would normally be 
low, (maximum converter range allows MSB ::; 3 or 
0011) a "1" in this position is used to denote a negative 
input voltage. The 4 bits of digit 4 which now include 
the sign are shifted into the upper half of the first 
byte and the 4 bits of digit 3 are packed into the lower 
half. Similarly, digits 2 and 1 are packed into the second 
byte and both bytes stored in memory. 

Figure 6 and routine 1 are the flow chart and assembly 
language routine used to implement this action. 

8·CHANNEL A/D WITH SOFTWARE PRIORITY 

The basic A/D port can easily be expanded to multiple 
channel systems. An 8·channel system is seen in Figure 7. 
This system interrupts the processor when one of the 
Conversion Complete outputs goes high. The processor 
saves the current status and reads the status word of 
the AiD system. The status word is then compared to a 
priority table. Each level in the table corresponds to a 
priority level with high priority converters which are 
first in the table. If 2 or more converters have the same 
priority and are ready at the same time, the converter 
with the highest number gets serviced first. 

The program determines which service routine to use by 
the bit position of "1 's" in the status word. The routine 
loads the address pointer to digit 4 of the selected 
converter. The program then calls a subroutine which 



goes through the process of checking overflow, sign and 
packs 4 BCD digits into 2 bytes. These 2 bytes are then 
stored in a table in the memory directly above the 
converter addresses. After a channel is serviced, the 

2.49V 232 20 lk 

A/DREF~ 
• FUll-SCALE 

ADJUST 

+ AVec 
7.Sk 

FOUT 

F'N 

m 
AOC3S1t 

VIN(+' VIN(+} (AOC3711) 

51k 
VINH VINH 

VHr 

SW' 

O.41.uF SWI 

V" 

ANALOG AGNO 
GROUND 

original processor status is restored and the interrupt 
enabled. If additional channels need service, they 
immediately interrupt so the new status word is then 
read and a new priority established. 

OFL 

SIGN 

" 
" 
,I 

" 
OLE 

START 

CC 

D1 

DO 

D. GND 

OM80lS95 

CC 

D1 

DO 

DIGITAL -= GROUND 

OB7 

OBS 

OBJ 

OB2 

OBI 

OBO 

ilE 

All 

so 

FIGURE 3. Dual Polarity AID Requires that Inputs are Floating with 
Respect to the Supply. Input Range is ±1.999V. 

2.49V 232 20 lk 
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FIGURE 4. Positive Polarity AID Operating from 5V Supply. Input 
Range is +1.999V. 
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AID PORT 
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Sf 
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V.N 
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I 
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FIGURE 5. Single Channel AID Interface with P~ripheral Mapped 1/0 

FIGURE 6. Flow Chart for Single Channel AID Converter 

8-51 



LABEL OPCODE OPERAND COMMENT LABEL OPCODE OPERAND COMMENT 
ADIS: PUSH PSW ; AID interrupt IN ADD 2 ; delay 

service RAL ; rotate 
PUSH H ; save RAL : into 
PUSH B ; current status RAL ; upper 
IN ADD4 ; input A/D digit 4 RAL ; 4 bits 
IN ADD4 ; delay ANI FO ; mask lower bits 
ORA ; reset carry MOV C,A ; save in C 
RAL ; rotate OF L thru IN ADD 1 ; in digit 1 

carry IN ADD 1 ; delay 
JC OFL ; overflow condition ANI OF ; mask upper bits 
RAL ; rotate sign thru OR C ; pack 

carry MOV e,A ; save in C 
Je PLUS ; positive input LXI H, ADMS ; load ptr to AID 
ORI 20H ; OR 1 into MSB, Mem, space 

neg input MOV M,e ; save C in memory 
PLUS: RAL ; shift INX H ; point next 

RAL ; into position MOV M, B ; save B in memory 
ANI FO ; mask lower bits OUT ADD 1 ; start new conver-
MOV BA ; save in 8 sian 
IN ADD 3 ; input digit 3 POP B ; restore 
IN ADD 3 ; delay POP H ; previous 

ANI OF ; mask higher bits POP PSW ; status 
OR B ; pack into B,,· EI ; enable interrupts 
MOV B,A ; save in B RET ; return to main 
IN ADD 2 ; input digit 2 program 

Routine 1. Single Channel Interrupt Service Routine 

08228 
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'" 0 ~ r-<J:- AS 
AiO '--<l 0 AO , r-

VREf 

~' AD4~ !!r--:<J- A. 
• MM74C4Z B 
• ADJ <r:- AJ 1 

A , A02 <J- A. 
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FIGURE 7. S-Channel A/D System with Maskable Priority Interrupt Using Memory Mapped I/O 
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INITIALIZATION 

INTERRUPT SERVICE 

FIGURE 8. Flow Charts of AID Routines 
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FIGURE S. Flow Charts of AID Routines (Continued) 

LABEL OPCODE OPERAND COMMENT LABEL OPCODE OPERAND COMMENT 

lAD: PUSH PSW ; interrupt from AID XCGH ; exchange DE, H L 
PUSH H ; save H & Lon PCHL ; jump to input 

stack routine 
PUSH B ; save B & C on INAD1: LXI H.AD1 ; pickup pointer to 

stack AID 1 
PUSH D ; save D & Eon CALL ADIN ; call common input 

stack routine 
LXI H, ADWD ; pickup AID status MOV M,A ; start new conversion 

word JMP DONE ; all done 
MOV 6,M ; move word into B INAD2: LXI H,AD2 ; pickup pointer to 
LXI H, PRTBL ; pickup priority tbl AID 2 

pointer CALL ADIN ; call input routine 
TEST: MOV A, B ; place status word MOV M,A ; start new conver~ 

in accum. sian 
ANA M ; mask with priority JMP DONE ; all done 

table 
JNZ FIND ; match jump to 

Find 
INX H ; point to lower DONE: POP D ; restore D 

priority POP B ; restore B 
JMP TEST ; try again POP H . ; restore H 

FIND: LXI H,RTBL ; pickup routine tbl POP PSW ; restore PSW 
pointer EI ; enable interrupts 

ORA A ; reset carry RET ; return to main 
GTBIT: RAR ; rotate thru carry program 

JC GTAD ; bit was found PRTBL: DB 04H ; 0000C100 AD3 
INX H ; point to highest priority 
INX H ; next routine DB 03H ; 00000011 AD2 & 
JMP GTBIT ; try again AD 1 next priority 

GTAD: MOV E,M ; move first byte 
into E 

INX H ; point to next byte 
MOV D,M ; Il)ove second byte 

into D 

Routine 2. S-Channel Interrupt Service Routine with Software Priority 
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LABEL OPCODE OPERAND COMMENT LABEL OPCODE OPERAND COMMENT 

PRTBL: DB 10H ; 00010000 ADS MOV B,A ; save in B 
lowest priority OCR H ; point to LSD + 1 

RTBL: DW 1000H ; routine for AID 1 MOV A,M ; input LSD + 1 
DW 100CH ; routine for AID 2 MOV A,M ; delay 

RAL ; rotate 
RAL ; into 
RAL ; upper 

DW 1060H ; routine for AID 8 RAL ; 4 bits 
ADIN: MOV A,M ; input MSD plus ANI FO ; mask lower bits 

OFL& SIGN MOV C,A ; save in C 
MOV A,M ; delay DCR H ; point to LSD 
ORA A ; reset carry MOV A,M ; input LSD 
RAL ; rotate left thru MOV A,M ; delay 

carrY,OFL ANI OF ; mask upper bits 
JC OFL ; jump to overflow OR C ; pack 

if set MOV C,A ; save in C 
RAL ; rotate left thru SHLD TEMP ; stor,e H L in temp 

carry, sign MOV A, L ; move L in accum. 
JC PLUS ; jump to plus if set ACI 64 ; generate lower 
ORl 20H ; ORl into BCD, address 

MSB for minus MOV L,A ; above memory 
PLUS: RAL mapped 

RAL MOV A,H ; converter addresses 
ANI FO ; mask lower order ACI 0 ; include carry 

bits MOV H,A ; to upper bits 
MOV B,A ; save in B MOV M,C ; store C 
DCR H ; point to MSD-l INX' H ; then 
MOV A,M ; input MSD-l MOV M,B ; store B 
MOV A,M ; delay LHLD TEMP ; retrieve H L 
ANI OF ; mask higher 4 bits RET ; return 
OR B ; pack MSD and MSD-l 

Routine 2. S-Channel I nterrupt Service Routine with Software Priority (Continued) 

ADJUSTMENT AND TESTING 

Adjustment and testing of a single channel AID is done 
by monitoring the memory space where the interrupt 
routine stores the data word, The microprocessor is 
forced to loop around a section of program with inter­
rupts enabled, As the input voltage of the converter is 
changed, this data word should also change as the con­
verter updates it, A precision voltage reference is con­
nected to the input of the AID and incremental voltage 
steps are applied, The AID data word should also change 
according to the voltage steps, 

At full-scale input voltage, the data word should be at its 
maximum value, If not, check the full-scale adjust on 
the AID by adjusting it so the OFL bit goes high when 
the input is exactly 2,000V, 

Multichannel systems are more difficult to check_ Start 
by individually checking the full-scale adjustments so 
the converters overflow at 2,000V, Check the software 
priority routine by forcing all status bits of the status 
word high, This corresponds to all converters being 
ready at the same time, a very unlikely worst-case 
condition, The microprocessor should respond by out­
putting the address of all 4 digits of the AID port with 
the highest priority along with the mem R strobes, 
then with a memW strobe to start a new conversion. 
The next highest priority converter should then receive 
its addresses and mem R strobes and so on down the 
line. 

Once the priority routine has been debugged, each data 
word is monitored as the input to its converter is adjusted. 
Since a common input routine is used, once 1 channel 
operates, all the other channels should also. 
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Debugging may most easily be done by single stepping 
through the program at these critical areas_ No timing 
problems. should be encountered since the AID port 
appears to be a standard peripheral or memory. In the 
ADC3511 and ADC3711 the desired output is merely 
addressed the same as a memory location. 

The memory requirements of the interface depends, 
of course, on the complexity of the system. The single 
channel converter requires approximately 60 bytes of 
program storage plus 2 bytes for data storage and 4 
peripheral addresses. 

The multichannel system requires about 40 bytes for 
the priority routine and 10 bytes of program for each 
converter routine. The common input routine requires 
about 50 bytes of program and is used by all the con­
verter routines in the form of a subroutine. 

Memory mapped lID causes 64 memory locations to be 
used to input an a-channel system. The data space is 
located directly above the address space for the con­
verters and 16 memory locations are used to store the 
data for a converters. 

CONCLUSION 

The ADC3511 and ADC3711 microprocessor compatible 
AID converters eliminate the difficulties previously 
encountered in applying DPM chips to microprocessor 
systems. The low parts count and low cost per channel 
make distributed or remote AID conversion practical 
for a variety of data acquisition applications. 
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APPENDIX A 

THEORY OF OPERATION 

A schematic for the analog loop is shown in Figure A 1. 
The output of SW l.is either at VREF or OV, depending 
on the state of the D flip·flop. If Q is at a high level, 
VOUT = VREF and if Q is at a low level VOUT = OV. 
This voltage is then applied to the low pass filter com· 
prised of R 1 and Cl. The output of this filter, VFB, 
is connected to the negative input of the comparator, 
where it is compared to the analog input voltage, VIN. 
The output of the comparator is connected to the D 
input of the D flip·flop. Information is then transferred 
from the D input to the Q and 6 outputs on the positive 
edge of clock. This loop forms an oscillator whose duty 
cycle is precisely related to the analog input voltage, 
VIN· 

An example will demonstrate this relationship. Assume 
the input voltage is equal to 0.500V. Ifthe Q output of 
the D flip-flop is high, then VOUT will equal VREF 
(2.000V) and VFB will charge toward 2V with a time 
constant equal to R1Cl. At some time VFB will exceed 
0.500V and the comparator output will switch to OV. 
At the next clock rising edge, the Q output of the D 
flip-flop will switch to ground, causing VOUT to switch 
to OV. At this time, VFB will start discharging toward 
OV with a time constant R1Cl. When VFB is less than 
0.5V, the comparator output will switch high. On the 
rising edge of the next clock, the Q output of the D 
flip-flop will switch high and the process wiil repeat. 
There exists at the output of SW 1 a square wave pulse 
train with positive amplitude VREF and negative ampli­
tude OV. 

v,. 

c, 

V'Bt--9-' ., 

f'N6--+-~1 

VIN = VFB = VREF x (duty cycle) 

f = (duty cycle) x fiN 

The DC value of this pulse train is: 

tON 
VOUT = VREF = VREF (duty cycle) 

tON +tOFF 

The low pass filter will pass the DC value and then: 

VFB = VREF (duty cycle) 

Since the closed loop system will always force VFB to 
equal VIN, we can then say that: 

or 

VIN = VFB = VREF (duty cycle) 

VIN 
--= (duty cycle) 
VREF 

The duty cycle is logically ANDed with the input 
frequency fl N. The resultant frequency f equals': 

f = (duty cycle) x (fiN) 

Frequency f is accumulated by counter no. 1 for a time 
determined by counter no. 2. The count contained in· 
cou nter no. 1 is then: 

(duty cycle) x (fiN) VIN 
count = ---= = --x N 

(fIN)/N (fIN)/N VREF 

For the ADC35ll N = 2000. 
For the ADC37ll N = 4000. 

RESET 

COUNTER NO. Z (':-2NI 

f (duty cycle) x fiN VIN 
Count in Counter No.1 = flN/N = flN/N = VREF x N 

FIGURE Al_ Analog Loop Schematic Pulse Modulation AID Converter 
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ELECTRICAL CHARACTERISTICS 

ADC3511CC, ADC3711CC 4.75 s:; VCC s:; 5.25V; _40°C s:; TA +85°C, fc = 5 conv./sec 
(ADC3511 CCI: 2.5 conv./sec (ADC3711 CCI; unless otherwise specified. 

PARAMETER CONDITIONS MIN 
TYP 

MAX UNITS 
(Note 21 

Non-Linearity (Note 31 

VIN = 0-2V Full·Scale -0.05 ±O.02S 0.05 % of Full·Scale 

VIN = 0-200 mV Full·Scale 

Organization Error -1 0 Counts 

Offset Error VIN = OV, (Note 41 -0.5 1.0 3.0 mV 

Rollover Error -0 0 Counts 

VIN+, VIN_ Analog I nput Current TA= 25°C -5 5 nA 

Note 1: "Absolute Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. Except for 
"Operating Range" they are not meant to imply that the devices should be operated at these limits. The table of "Electrical Characteris­
tics" provides conditions for actual device operation. 

Note 2: All typicals are given for T A = 25°C. 
Note 3: For the ADC3511CC: full·scale = 1999 counts: therefore, 0.025% of full .. cale = 1/2 counts and 0.05% of full·scale = 1 count. 
For the ADC3711CC: full-scale = 3999 counts; therefore, 0.025% of full-scale = 1 count and 0.05% of full-scale = 2 counts. 
Note 4: For full-scale = 2.000V: 1 mV = 1 count for the ADC3511CC; 1 mV = 2 counts for the ADC3711CC. 

START CONY 

FREGIN 

FRED OUT 

GND to-Vss 

+ 

DIGITAL TIMING 
AND CONTROL 

COMPARATOR 
TIMING ,...--,. 

DIGITAL Vcc..-.-+--I----~ 

100 

ANALOG Vec ..-.-+--1-----+ 
VFILTER--t--+--, 

102 

10' 

104 

OVERflOW 
"OM 

22 

2' 

00 

01 

OLE 

'--------------_OVERFlOW 
'----------------+CONV COMPLETE 

'------------------+SIGN 

I-+----_-----!~.V"E~ 
I=iJ.....SWI 

OW2 

t4-~~--+---------------------~~~-V"EF 

v" ....... --___ --' 

FIGURE A2. ADC3511 31/2-Digit AID (*ADC3711 3 3/4-Digit AID) Block Diagram 

8-57 



~ 
I 

Z 
<C 

I 
en 
o 
:E 
o 
c 
w 
z w 
c 
a: 
<C 
:::I: 
Z 
o 
!:i: c 
<C a: 

Radiation Hardened CMOS 

For many years, military, aerospace and satellite 
programs have depended on bipolar transistor and 
integrated circuit technology in the fabrication of 
airborne systems. Development of bipolar tech­
nology is an outgrowth, in part, of avionics and space 
applications needs. Despite their relatively high 
immunity or resistance to high levels of both 
constant and burst radiation in the form of gamma 
rays, x-rays, cosmic rays, and so on, bipolar devices 
have one drawback: high power. consumption, which 
adds to the payload of spacecraft and missiles. 

In recent years, development of sophisticated space, 
satellite and military systems, and mission require· 
ments has fostered an active search for a radiation 
hardened circuit technology that consumes less 
power and offers a higher degree of circuit Integra­
tion on a single silicon chip. Development of metal 
oxide semiconductor (MOS) devices, particularly the 
complementary MOS (CMOS) type, seemed to 
promise just such an alternative. But standard CMOS 
devices, even those qualified to MIL-STD-38510 or 
JAN standards, are sensitive to relatively low 
radiation levels. To date, mass producible radiation 
hardened or resistant CMOS devices have been able 
to withstand only 105 rads (81), while many space, 
satellite and missile systems require circuitry resis­
tance levels at least ten times higher, about 106 rads 
(Si), at a minimum. Now, the problem appears to be 

National Semiconductor 
Application Note 208 
A. London 
D. Matteucci 
R. Wang 

solved. A complete line of one megarad (106) CMOS 
logic products using a mass producible radiation 
hardening fabrication process has been developed, 
the result of a two·year research effort. Devices 
ranging in complexity from simple gates to large 
scale integrated (LSI) random access memories have 
been hardened to radiation doses of more than 106 

rads of constant level gamma radiation (table 1). 
There are 47 circuits presently available with at least 
21 more to be qualified by the end of 1978. To achieve 
this level of radiation resistance in a mass produc· 
tion CMOS process, major modifications were made 
in the basic commercial process, relating to gate 
oxidation, substrate and P-tub surface concentra­
tions, and metallization. 

Bipolar vs CMOS 

The Inherently higher radiation resistance of bipolar 
over CMOS devices results from a basic difference in 
their structures. Bipolar devices are vertical struc­
tures. The basic .elements - emitter, collector, and 
base - are laid down vertically, layer upon layer, by 
diffusion. Current flows through the bulk silicon, 
some distance below the silicon·silicon dioxide inter­
face. Thus, there is some inherent protection from 
the interface effects of ionizing radiation in bipolar 
devices. 

RAD Hard CMOS 

Device Series Device Series Device Series Device Series Device 

CD4001 AlB CD4019 B CD4042 B D4075 B MM54C04 
CD4002 A CD4020 A CD4043 A CD4076 B MM54C14 
CD4006 A CD4021 A CD4044 A CD4081 B MM54C86 
CD4007 A CD4022 B CD4048 B CD4093 B MM54C173 
CD4008 B CD4023 AlB CD4049 A CD4099 B MM54C174 
CD4009 A CD4024 B CD4050 B CD40106 B MM54C192 
CD4010 A CD4025 AlB CD4051 B CD40174 B MM54C193 
CD4011 A CD4027 B CD4052 B CD40192 B MM54C200 
CD4012 A CD4028 B CD4053 B CD40193 B MM54C901 
CD4013 B CD4029 B CD4066 B CD4514 B MM54C902 
CD4014 A CD4030 A CD4069 A CD4515 B MM54C903 
CD4015 A CD4031 B CD4070 B CD4518 B MM54C904 
CD4016 A CD4035 B CD4073 B CD4520 B MM54C906 
CD4017 B CD4040 A CD4071 B CD4584 B MM54C907 
CD4018 B CD4041 A 

Table 1. Radiation Hardened CMOS . 
Devices, Hard to 108 Rads (SI) 
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CMOS devices are surface effect devices. The equI­
valent operating elements, gate, source and drain, 
are at the surface, and the flow of current occurs 
horizontally across the device, very close to the 
sillcon·silicon dioxide interface. Changes in inter­
face parameters created by gamma or x-radiation will 
have a first order effect on MOS transistor perfor­
mance, in contrast to a second order effect on a 
bipolar device. Thus the basic physics of CMOS tran· 
sistor structures need to be addressed to minimize 
Ionizing radiation effects without substantially 
impacting performance. 

CMOS Transistor Structure 

Complementary MOS, or CMOS, combines two types 
of MOS devices, P-channel and N-channel structures, 
as a functioning unit. The lower power dissipation 
and high stability resulting from this complementary 
combination is particularly attractive in the design of 
portable, battery powered, electronic units, or for 
applications where a battery provides standby 
power. . 

MOS structures, both N· and P-types, perform in two 
modes, enhancement and depletion. In a P-channel 
enhancement mode MOS device, for example, the 
gate controls the current flow between the source 
and drain. In this device, when a negative voltage is 
applied to the gate with respect to the source, a field 
is set up across the gate dielectric, producing a 
positively charged conductive path, a channel, 
between the source and the drain. This Is known as 
an enhancement mode device because zero gate to 
source voltage turns off the device. In the alternative 
mode, depletion, current flows despite the gate 
voltage being zero, because sufficient field is still 
present within the gate to induce a conductive path 
between the device source and drain regions. The 
N-channel MOS transistor is similar to the P-channel 
alternative, except that positive voltage applied to 
the gate with respect to source induces a negatively 
charged conductive path between source and drain 
to turn the device on. 

Conventional CMOS logic circuits are produced with 
only enhancement mode N- and P·channel devices. 
The process Is designed to give turn on (threshold) 
voltage values for both types of devices which insure 
proper circuit performance. Figure 1 illustrates the 
cross section of a CMOS structure connected in a 
simple inverter configuration. To form the standard 
metai gate CMOS structure, a lightiy doped P-tub is 
formed by diffusion into an N-type substrate with the 
tub becoming the substrate for the N-channei tran­
sistor. The N + and P+ impurities are diffused into 

INPUT 

N-CHANNEL MDSS DEVICE P-CHANNEL MOS DEVICE 

n-SUBSTRATE 

SILlCDN 
WAFER 

Figure 1_ Cross Section 01 a CMOS Transistor 
Structure Connected In a Simple Inverter Conllguratlon 

the P-tub and N-substrate to become the N- and 
P-channel transistors, source and drain regions, 
respectively. These diffusions also serve as 
contacting regions to the positively biased 
N·substrate and the normally grounded P-tub regions 
(Voo and Vss respectively). 

A gate oxide is grown such that a thin film of dielec­
tric oxide material bridges the source/drain regions 
over the entire circuit. Finally, contact apertures are 
etched to the source/drain regions and an aluminum 
film evaporated and etched to form gate electrodes, 
contacts to device terminals, and interconnection 
conductor lines. 

Effects of Ionizing Radiation 
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A CMOS transistor's radiation resistance is primarily 
determined by formation of the gate structures in 
both P-channel and N-channel devices. The gate 
structures are used to turn the MOS devices on or off; 
that is, to .start or stop a flow of current from the 
source to the drain. Ionizing radiation Induces 
unwanted positive charge into the gate oxide struc­
ture, resulting in lowering the threshold voltage of 
actual circuit devices and parasitic field oxide' 
devices by values of as much as 30V or more. In 
establishing a radiation hardened CMOS process, it 
is necessary to incorporate processing steps which 
minimize these radiation induced shifts in critical 
locations of the IC structure. 

The impact of radiation induced oxide charge on 
operating CMOS devices is to decrease both the 
N-channel threshold voltage, VTN, and the P-channel 
threshold voltage, VTP. The most serious problem 
occurs when sufficient reduction in VTN occurs to 
cause the N-channel device to go from enhancement 
to depletion mode operation. This results in exces-
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sive power supply current drain and loss of circuit 
functiomility. The most severe stress on an 
N-channel device occurs when Its gate is positively 
biased during irradiation. This causes positive 
charge in the oxide to be driven closer to the Si-Si02 
interface where it is more effective in causing the 
P-type substrate surface to become inverted to 
N-type. 

In normal operation, positive bias does not appear 
between the gate and substrate of P-channel devices 
since the substrate is already at the most positive 
circuit potential, VDD. The most severe effect on 
P-channel devices during irradiation often occurs 
with zero gate to substrate bias. This stress creates· 
Si-Si02 interface states which are capable of holding 
a positive charge with negative voltage applied to the 
gate. This increases the absolute value of VTP, but is 
a much less deleterious effect on the circuit than the 
VTN shift. 

CMOS Process Modification 

Gate Oxidation: To minimize both the radiation in­
duced positive oxide charge and formation of Si-Si02 
interface states, a dry rather than wet oxidation step 
is used. The gate oxide is thermally grown in a pure 
oxygen ambient, rather than in a water ambient, as is 
the case in some metal gate fabrication processes. 
Moreover, the gate oxide is thermally grown at 
1000·C, followed by a nitrogen anneal at 850·C. This 
cycle has been empirically found to produce oxides 
having a high degree of resistance to ionizing 
radiation effects as well as excellent pre-radiation 
MOS characteristics. * Why this is so is not known 
exactly, and is still being studied. The need for 
thermally growing gate oxides at 1000·C in dry 
oxygen for optimal radiation hardness is one of the 
more intriguing aspects of this experimentally 
deduced cycle. 

Metallization: A by·product of the E-beam aluminum 
evaporation process commonly used in commercial 
IC fabrication is soft x-radiation. This radiation 

2.5 r 

2.0 I-

ii)1.5~-_ '-"" -
~ r-- _ -r- - --!.:.: 
~ 1.0 I- - -~ __ x-':::: 
> 0.5 f- v'o (INITIAL) ~ 1.65 VOLTS x:-~ 

O~----_~I--~I~I~~I~~I~II 
10' 2 3 4 5 6 7 8 9 10' 

DOSE (RADS Si) 

Figure 2. VTN vs Dose 

·w.A. Dawes, Jr.. G.F. Derbenwlch and B.L. Gregory, "Process 
Technology for Radiation Hardened CMOS Integrated Circuits," 
IEEE Journal of Solid State Circuits, Sc·11, No.4, p. 459, August 
1976. 
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produces the same type of positive charge in the 
gate oxide and interface states which a radiation 
hardened oxide should resist. Although these harm­
ful effects in the gate oxide can be removed by a high 
temperature anneal cycle, subsequent exposure of 
the oxide to ionizing radiation results in a drastically 
less radiation resistant structure. Use of a non­
E·beam metallization technique circumvents the 
problem of high threshold shifts due to irradiation 
under zero and negative gate bias associated with 
soft x-ray damage. For this reason, induction heated 
evaporation of aluminum is used to fabricate radia­
tion hardened CMOS products. 

Substrate and P-tub Surface Concentration: The im­
pact of ionizing radiation on VTN and VTP values in a 
CMOS device is resolved through process modifica­
tion. In anticipation of these threshold voltage shifts, 
radiation hardened CMOS devices are designed with 
the initial value of VTN as high as possible and VTP as 
close to zero as possible without sacrificing pre­
radiation circuit performance. Both the substrate 
resistivity and the P-tub surface concentration have 
been modified with the initial value of VTN being 
increased to 1.8 volts from the standard value of 1.3 
volts and VTP being changed from the standard -1.7 
volts to - 1.3 volts. 

Performance Characteristics 

Figures 2 and 3 illustrate the variation of post radia­
tion VTN and VTP with dose. The distribution of the 
VTN and VTP data is found normal both before and 
after irradiation. The solid line shows the mean value 
of VTN (or VTP), and the dashed lines indicate the one 
standard deViation, a, value on either side of the 
mean. This value, for both N· and P-channel devices, 
remains fairly constant with dose from the unir­
radiated case through 106 rad (Si). The values shown 
remain well above the 300mV VTN lower limit, which, 
if penetrated, would lead toward N·channel depletion 
mode behavior and risk of losing circuit functionality 
and excessive supply current drain. 

-2.5 r 
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Figure 3. VTP vs Dose 



Figure 4 illustrates the supply quiescent current, Iss, 
variation as a function of dose. Since Iss is a function 
of die size, curves have been plotted for three levels 
of integration, 551, MSI and LSI. In all cases, the 
leakage level at 106 rad (Si) does not increase by 
more than an order of magnitude from the initial 
value. The end point at 106 rad (Si) for LSI of 30l'A is 
far below the high temperature (125°C) specification 
of 600I'A. The same conclusion can be drawn for MSI 
and 551. 

Figure 5 illustrates circuit propagation delay, tpD, as 
a function of dose. The plot, similar to figure 4, is 
divided into three categories (LSI, MSI, 551). The 
propagation delay value at 106 rads (Si) for all three 
categories increased roughly 20·25% from the initial 
value, well within desirable operating tolerances. In 

10' 
LSI 

10' 

INITIAL c 2.5 IJ.A AVG. 

~ 10' 
~ 

..J. 10' 
MSI 

10' 4 

DOSE (RADS S,) 

Figure 4. Iss vs Dose 
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figures 2 through 5, the biasing conditions during 
irradiation were: Voo = 10V, VIN = 10V, and Vss = OV. 

Hardness Assurance and Reliability 

A sampling plan has been established to ensure 
radiation hardness to 105 and 106 rads, since ionizing 
radiation degrades IC performance and cannot be 
used for 100% screening. In addition, an intensfve 
program to evaluate the reliability characteristics of 
radiation hardened CMOS circuits is underway. 476 
devices of the CD4001 AD/RH, CD4011 AD/RH, and 
MM54C200D/RH types have been tested and have 
operated for over 800,000 hours without a failure. 
This corresponds to a failure rate less than or eq\lal 
to 0.125%/1000 hours at 125°C with a 60% 
confidence level. 

Cl ~ 50 pF 
250 LSI 

200 

" 150 
INITIAL .~ 160 ns AVG. 

.s 
~ 100 

SSI 

50 INITIAL ~ 65 ns AVG. 

0 
10' 4 5 

DOSE (RADS SI) 

Figure 5. tpo vs Dose 
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Using the ADC0808/ADC0809 
8-Bit p.P Compatible AID 
Converters with 8-Channel 
Analog Multiplexer 

INTRODUCTION 

The ADC0808/ADC0809 Data Acquisition Devices (DAD) 
implement on a single chip most of the elements of the 
standard data acquisition system. They contain an 8-bit 
AiD converter, 8-channel multiplexer with an address input 
latch, and associated control logic. These devices provide 
most of the logic to interface to a variety of microproces­
sors with the addition of a minimum number of parts. 

These circuits are implemented using a standard metal­
gate CMOS process. This process is particularly suitable 
to applications where both analog and digital functions 
must be implemented on the same chip. 

These two converters, the ADC0808 and ADC0809, are 
functionally identical except that the ADC0808 has a total 
unadjusted error of ± 1/2 LSB and the ADC0809 has an 
unadjusted errQr of ± 1 LSB. They are also related to their 
big brothers, the ADC0816 and ADC0817 expandable 16 
channel converters. All four converters will typically do a 
conversion in -100 "s when using a 640 kHz clock, but can 
convert a single input in as little as - 50 "s. 

1.0 FUNCTIONAL DESCRIPTION 

The ADC0808/ADC0809, shown in Figure 1, can be func­
tibnally divided into 2 basic subcircuits. These two subcir­
cuits are an analog multiplexer and an AiD converter. The 
multiplexer uses 8 standard CMOS analog switches to 
provide for up to 8 analog inputs. The switches are selec· 
tively turned on, depending on the data latched into a 3-bit 
multiplexer address register. 

ALE 

National Semiconductor 
Application Note 247 
Larry Wakeman 
September 1980 

The second function block, the successive approximation 
AiD converter, transforms the analog output of the 
multiplexer to an 8-bit digital word. The output of the 
multiplexer goes to one of two comparator inputs. The 
other input Is derived from a 256R resistor ladder, which is 
tapped by a MOSFET transistor switch tree. The converter 
control logic controls the switch tree, funneling a particu­
lar tap voltage to the comparator. Based on the result of 
this comparison, the control logic and the successive ap­
proximation register (SAR) will decide whether th.e next 
tap to be selected should be higher or lower than the pres­
ent tap on the resistor ladder. This algorithm is executed 8 
limes per conversion, once every 8 clock periods, yielding 
a total conv~rsion time of 64 clock periods. 

When the conversion cycle Is complete the resulting data 
is loaded into the TRI-STATE'" output latch. The data in 
the output latch can then be read by the host system any 
time before the end of the next conversion. The TRI·STATE 
capability of the latch allows easy interface to bus 
oriented systems. 

The operation of these converters by a microprocessor or 
some control logic is very simple. The controlling device 
first selects the desired input channel. To do this, a 3-bit 
channel address Is placed on the A, B, C input pins; and 
the ALE input Is pulsed positively, clocking the address in­
to the multiplexer address register. To begin the conver­
Sion, the START pin is pulsed. On the rising edge of this 
pulse the Internal registers are cleared and on the falling 
edge the start conversion is initiated. 

CLOCK 

A ..... CONTROL ~ START 

B 

C 

INO 

INI 

IN2 

IN3 

IN6 

IN7 

1.0GIC 

TRANSISTOR 
SWITCH TREE 

FIGURE 1. ADC0808JADC0809 Functional Block Diagr~m 

TRI·STATE~ is a registered trademark of National Semiconductor Corp. 
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, As mentioned earlier, there are 8 clock periods per approxi­
mation. Even though there is no conversion in progress 
the ADG0808/ADG0809 is still internally cycling through 
these8 clock periods. A start pulse can occur any time dur­
ing this cycle but the conversion will not actually begin 
until the converter internally cycles tothe beginning of the 
next 8 clock period sequence. As long as the start pin is 
held high no conversion begins, but when the start pin is 
taken low the conversion will start within 8 clock periods. 

The EOG output is triggered on the rising edge of the start 
pulse. It, too, is controlled by the 8 clock period cycle, so it 
will go low within 8 clock periods of the rising edge of the 
start pulse. One can see that it is entirely possible for EOG 
to go low before the conversion starts internally, but this is 
not important, since the positive transition of EOG, which 
occurs at the end of a conversion, is what the control logic 
is looking for. 

Once EOG does go high this signals the interface logic 
that the data·resulting from the conversion is ready to be 
read. The output enable (OE) is then raised high. This 
enables the TRI-STATE outputs, allowing the data to ,be 
read. Figure 2 shows the timing diagram. 

2.0 ANALOG INPUTS 

2_1 Ratiometric Inputs 

The arrangement of the REF( +) and REF( - ) inputs is in­
tended to enable easy design of ratiometric converter 
systems. The REF inputs are located at either end of the 
256R resistor ladder and by proper choice of the input 
voltages several applications can be easily implemented. 

Figure 3 shows a typical input connection for ratiometric 
transducers. A ratiometric transducer is a conversion 
device whose output is proportional to some arbitrary full­
scale value. In other words, the tranducer's absolute out­
put value is of no particular concern but the ratio of the 
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output to the full-scale is of great importance. For exam­
ple, the potentiometric displacement transducers of 
Figure 3 have this feature. When the wiper is at midscale, 
the output voltage is Va = VF x (Wiper Displacement) = VF 
x 0.5. This enables the use of much less accurate and 
less expensive references. The important consideration 
for this reference is noise. The refereoce must be "glitch 
free'\ because a voltage spike during a conversion cycle 
could cause conversion inaccuracies. 
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Since highly accurate references aren't required it is 
possible to use the system power supply as a reference, 
as shown in Figure 4. If the power supply is to be used In 
this manner supply noise must be kept to a minimum to 
preserve conversion accuracy. If possible the supply 
should be well bypassed and separate reference and 
supply PC board traces, originating as close as possible 
to the power supply or regulator, should be used. This is 
illustrated in Figure 4. 

External accessibility of both ends of the resistor ladder 
enables several variations on these basic connections, 
and are shown in Figures 5 and 6. The magnitude of the 
reference voltage, VREF = REF( + )-REF( -), can be varied 
from about -O.5V to Vee, but the center voltage must be 
maintained within ± D.1V of Vecl2. This constraint is due 
to the design of the transistor switch tree, which could 
malfunction if the offset from center scale becomes ex­
cessive. Variation of the reference voltage can sometimes 
eliminate the need for external gain blocks to scale the 
input voltage to a full-scale range of 5V. 
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FIGURE 4. Ratiometric Converter with Power Supply Reference 

5V 
POWER--1~----------~""'''-_+ 

SUPPLY 

Rl 
VCC 

REF (+1 CK 

EOC 
$10k~"""'I--+ ___ -1 INO OE 

START 

INI 

07 

IN2 

IN3 

IN4 
AOCOSOS! 
ADC0809 

OTHER 
ANALOG IN5 

INPUTS 

IN6 
DO 

IN7 ALE 

..... -1~---------IREF H A 

R2= Rl 
GND 

TO OTHER 
CIRCUITS 

TO CPU OR 
CONTROL LOGIC 

FIGURE 5. Mid·Supply Centered Reference using LM336 2.5V Reference 

8-64 



5V TO OTHER 
POWER CIRCUITS 
SUPPLY 

1 pF 
VCC 

REF 1+) CK 

INO DE 
RZ ':' ':' 

EOC 

INI 

07 

INZ 06 
RJ= Rl 

OS 

FROM INJ 04 

':' ANALOG OJ 
TRANSDUCERS AOC08U81 TO CPU OR IN4 02 

AOCU809 CONTROL LOGIC 
01 

INS 00 

IN6 START 

SV IN7 ALE 

> .... _-----!REF I-l 

GNO 

FIGURE 6. Mid·Supply Centered Reference using Buffered Resistors 

Figure 5 shows a center referencing technique, using two 
equal resistors to symmetrically offset an LM336 2.5V ref· 
erence, from both supplies. The offset from either supply 
is: 

VCC-VREF 
VOFF = = 1.25V 

2 

These resistors should be chosen so that they limit cur· 
rent through the LM336 to a reasonable value, say 5 mAo 
The total resistor current is: 

IR= IREF+ I LADDER + IrRAN 

where ILADDER is the 256R ladder current, IrRAN is the cur· 
rent through all the transducers, and IREF is the current 
through the reference. R1 and R2 should be well matched 
and track each other over temperature. 

For odd values of reference voltage, the reference could 
be replaced by a resistor, but due to loading and 
temperature problems, these resistors should be buffered 
to the REF( +) and REF( -) inputs, Figure 6. The power 
supply must be well bypassed as supply glitches would 
otherwise be passed to the reference inputs. The refer· 
ence voltage magnitude is: 

VREF = VDD CR1R: R2) R3 = R1 

There are several op amps that can be used for buffering 
this ladder. Without adding another supply, an LM358 
could be used if the REF( +) input is not to be set above 
3.5V. The LM10 can swing closer to the positive supply and 
can be used if a higher, V REF( +) voltage is needed. 

As the REF( +) to REF( -) voltage decreases the in· 
cremental voltage step size decreases. At 5V one LSB 
represents - 20 mY, but at 1 V, one LSB represents - 4 mY. 
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As the reference voltage decreases, system noise will 
become more significant so greater precaution should be 
enforced at lower voltages to compensate for system 
noise; i.e., adequate supply and reference bypassing, and 
physical as well as electrical isolation of the inputs. 

2.2 Absolute Analog Inputs 

The ADC0808/ADC0809 may have been designed to easily 
utilize ratiometric transducers, but this does not preclude 
the use of non·ratiometric inputs. A second type of input is 
the absolute input. This is one which is independent of the 
reference. This implies that its absolute numerical voltage 
value is very critical, and to accurately measure this 
voltage the accuracy of the reference voltage becomes 
equally critical. The previous designs can be mOdified to 
accommodate absolute input signals by using a more ac· 
curate reference. In Figure 4 the power supply reference 
could be replaced by an LM336-5.0 reference. R1 and R2 of 
Figure 6, and R1 and R3 of Figure 7 may have to be made 
more accurately equal. 

In some small systems it is possible to use the precision 
reference as 'the power supply as shown in Figure 7. An 
unregulated supply voltage >5V is required, but the 
LM336-5.0 functions as both a regulator and reference. 
The dropping resistor R must be chosen so that, for the 
whole range of supply currents needed by the system, the 
LM336-5.0 will stay in regulation. As in Figure 4 separate 
supply and reference traces should be used to maintain a 
noiseless supply. 

If the system requires more power, an op amp can be used 
as shown in Figure 8 to isolate the reference and boost the 
supply current capabilities. Here again, a Single unregu· 
lated supply is required. . 
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2.3 Differential Inputs 

Differential measurements can be obtained by playing a 
littie software trick. This simply involves sequentially con· 
vertlng two channels then subtracting the two results. For 
example, if the difference voltage between channel 1 and 2 
Is required, merely convert channel 1 and read the result. 
Then convert channel 2, input the result, and subtract it 
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from the first result. (See Figure 9.) When using this pro· 
cedure, both input signals must be stable throughout both 
conversion times or the end result will be incorrect. One 
way to get around this is to use two sample/holds which 
are sampled at the same time. 
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A second method is to use two chips to convert a differen· 
tial channel, Figure 10. Typically each channel 1 would be 
connected to opposite sides of the differential input. Both 
converters are started simultaneously. When both con· 
verters' EOC outputs go high the output of the AND gate . 
will go high indicating that the data is ready to be read. 

The circuit in Figure 10 can be slightly modified to provide 
increased data throughput by using two converters in a 
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parallel data acquisition scheme. Figure 11 shows this cir­
cuit In which all the input channels are connected in pairs 
through LF398 monolithic sample/holds. Under normal 
operation a sample/hold is accessed through an 
MM74C42 which will pulse an MM74C221, generating a 
sample pulse. After a sample/hold is done sampling the 
signal, the appropriate channel is started. If this process 
Is alternated between two converters the sample rate can 
be doubled. 
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2.4 Analog Input Considerations 

Analog inputs into the ADC0808/ADC0809 can handle any 
input signal that is maintained within the supply limits, 
but some careful consideration must be given to the out· 

put impedance of the transducer or buffer. Using 
transducers with large source impedances can cause er· 
rors due to comparator input currents. 
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To understand the nature of these currents a short discus­
sion of comparator operation is required, Figure 12 shows 
a simplified model of the comparator and multiplexer, This 
comparator alternately samples the input voltage and the 
ladder voltage, As it samples the input, Cc and Cp are 
charged up to the input voltage. It then samples the ladder 
and discharges the capacitor. The net charge difference is 
determined by a modified inverter chain and results in a 1 
or 0 state at the output. 

Eight samples are made per conversion, resulting in eight 
spikes of varying magnitude on the input. 

If the source resistance is large, it adds to the RC time con­
stant of the switched capacitor which will inhibit the input 
from settling properly, causing errors. As one might ex­
pect, the maximum source resistance allowable for ac­
curate conversions is inversely proportional to clock fre­
quency. This resistance should be s 1 kO at 1.2 MHz and 
s 2 kO' at 640 kHz. If a potentiometer-type ratiometric 
transducer is used it should be s 5 kO at 1.2 MHz and 
s 10 kO at 640 kHz. 

If large source impedances are unavoidable (~2 kO at 
640 kHz), the transient errors can be reduced by placing a 
bypass capacitor ~ 0.1 p.F from the analog inputs to 
ground. This will reduce the spikes to a small average cur­
rent which will cause some error as well, but this can be 
much less than the error otherwise incurred. The max­
imum voltage error for a potentiometer input with a 
bypass capacitor added is: 

VERR ", -(iIN)--- V [ 
RpOT Ck ] 

5 640 kHz 

where RpOT = total potentiometer resistance; liN = max­
imum input current at 640 kHz, 2 p.A; and Ck = clock 
frequency. 

For standard buffer source impedance the maximum error 
is: 

VERR = [liN Rs (64~~HZ)] V 

where 'Rs = buffer source resistance; liN = the maximum 
input current at 640 kHz, 2 p.A; and Ck = clock frequency. 

3.0 MICROPROCESSOR INTERFACING 

The ADC0808/ADC0809 converters were designed to inter­
face to most standard microprocessors with very little 
external logic, but there are a few general requirements 
which must be considered to ensure proper converter 
operation. 

Most microprocessors are designed to be TTL compatible 
and, due to speed and drive requirements, incorporate 
many TTL circuits. The data outputs of the ADC0808/ 
ADC0809 are capable of driving one standard TTL load 
which is adequate for most small systems, but for larger 
systems extra buffering may be necessary. The EOC out­
put is not quite as powerful as the data outputs, but nor­
mally it is not bussed like the data outputs. 

The converter inputs are standard CMOS compatible in­
puts. When TTL outputs are connected to any of the digital 
inputs a pull-up resistor should be tied from the TTL output 
to Vcc, - 5 kO. This will ensure that the TTL will pull-up 
above 3.5V. 

Usually the converter clock will be derived from the 
microprocessor system clock. Some slower microproces­
sor clocks can be used directly, but at worst a few divider 
stages may be necessary to divide l1)icroprocessor clock 
frequencies above 1.2 MHz to a usable value. 

The timing of the START and ALE pulses relative to chan­
nel selection and signal stability can be critical. The 
simplest approach to microprocessor interfaces usually 
ties START and ALE together. When these lines are 
strobed the address is strobed into the address register 
and the conversion is started. The propagation delay from 
ALE to the comparator input of the selected input signal is 
about - 3.0 p.s (input source resistance «1 kO).lf the start 
pulse is very short the comparator can sample the analog 
input before it is stable. When using a slow clock s500 
kHz the sample period of the comparator input is long 
enough to allow this delay to settle out. 

If the ADC0808/ADC0809 clock is >500 kHz, a delay be­
tween the START and ALE pulses is required. There are 
three basic methods to accomplish this. The first 
possibility is to design the microprocessor interface so 
that the START and ALE inputs are separately accessible. 
This is simple if some extra address decoding is available. 
Separate accessibility of the START and ALE pins allows 
the microprocessor, via software, to set the delay time be­
tween the START and ALE pulses. 

If extra decoding is not available, then START and ALE 
could be tied together. To obtain the proper delay, the 
microprocessor would cause START/ALE to be strobed 
twice by executing the load and start instruction twice. 
The first time this instruction is executed, the new channel 
address is loaded and the conversion is started. The sec­
ond execution of this instruction will reload the same 
channel address and restart the conversion. But since the 
multiplexer address register contents are unchanged the 
selected analog input will have already settled by the time 
the second instruction is issued. Actual implementations 
of these ideas are shown in following sections. 

USER'S BUFFER 

---T~--T-----------l 
ANALOG MUX COMPARATOR FRONT END 

I I I 

~}TO I CONTROL 
LOGIC 

'------r-

CM I 

~Lf-+ 
FROM SWITCH ~ 

LADDER 
CONTROL LOGIC 

FIGURE 12. Analog Multiplexer and Comparator Input Model 
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A third possibility when ALE and START are tied together 
is to stretch the microprocessor derived ALE/START pulse 
by inserting a one-shot at these inputs and creating a 
positive pulse >3 p.s. Since ALE loads the multiplexer 
register on the positive going edge of the pulse and START 
begins the conversion on the falling edge, the width of the 
pulse sets the ALE to START delay time. 

Most microprocessor interfaces would be designed such 
that a START pulse is issued by a memory or I/O write in­
struction, although a memory or I/O read can be used. The 
ALE strobe on the other hand, requires a write by the CPU 
when A, B, and C are connected to the data bus, and could 
use a read instruction if A, B, and C are connected to the 
address bus, but the software could get confusing. The 
logic to derive the OE strobe must be connected to the 
microprocessor so that a memory or I/O read instruction 
will cause OE to be pulsed. A read is required 'since the 
ADC0808/ADC0809 data must be read. 

5V 

VCC 

3_1 Interfacing to the INS8080 

The simplest interface would contain no address 
decoding, 'which may seem unreasonable; but if the 
system ports are I/O mapped, up to 8 of them can be con­
nected to the CPU with no decoding. Each of the 8 I/O ad­
dress lines would serve as a simple port enable line which 
would be gated with read and write strobes to select a par­
ticular port. This scheme is shown in Figure 13. A7 is the 
address line used and, whenever it is zero and an I/O read 
or write is low, the port is accessed. This implementation 
shows A, B, C connected to DO, D1, D2 causing the infor­
mation on the data bus to select the channel, but A, S, and 
C could be connected to the address bus, with a loss of on­
ly 3 ports. Both decoding schemes are tabulated in Figure 
14. (Remember A, B, C inputs are only valid when selecting 
a channel to convert, and are not used to read data.) 

TO REFERENCE REF 1+) EOCr---------------------------- INT IBOBO) 

01 RESETTABLE INTERRUPT 
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TO REFERENCE REFH ALEL..~~··--' 

FIGURE 13_ Minimum INS8080llNS8224/1NS8228 Interface 

A7 AS AS A4 A3 A2 A1 AO 0201 DO 
Output Port 
Description 

1 1 1 1 1 /' 1 0 X X X Spare Port 
1 1 1 1 1 '1 0 1 X X X Spare Port 
1 1 1 1 1 0 1 1 X X X Spare Port 
1 1 1 1 0 1 1 1 X X X Spare Port 
1 1 1 0 1 1 1 1 X X X Spare Port 
1 1 0 1 1 1 1 1 X X X Spare Port 
1 0 1 1 1 1 1 1 X X X Spare Port 
0 1 1 1 1 1 1 1 0 0 '0 Channel 0 Port 
0 1 1 1 1 1 1 1 0 0 1 Channell Port 
0 1 1 1 1 1 1 1 0 1 0 Channel 2 Port 
0 1.1 1 1 1 1 1 0 1 1 Channel 3 Port 
0 1 1 1 1 1 1 1 1 0 0 Channel 4 Port 
0 1 1 1 1 1 1 1 1 0 1 Channel 5 Port 
0 1 1 1 1 1 1 1 1 1 0 Channel 6 Port 
0 1 1 1 1 1 1 1 1 1 1 Channel 7 Port 

FIGURE 14a. Write Address Decoding for INS8080 Output 
. Ports (A, B, C Connected to DO, 01, 02) 
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A7 A6 AS A4 A3 A2 A1 AO 
Output Port 
DeSCription 

0 1 1 1 1 0 0 0 Channel 0 Port 
0 1 1 1 1 0 0 1 Channel 1 Port 
0 1 1 1 1 0 1 0 Channel 2 Port 
0 1 1 1 1 0 1 1 Channel 3 Port 
0 1 1 1 1 1 0 0 Channel 4 Port 
0 1 1 1 1 1 0 1 Channel SPort 
0 1 1 1 1 1 1 0 Channel 6 Port 
0 1 1 1 1 1 1 1 Channel 7 Port 
1 1 1 1 O· X X X Spare Port 
1 1 1 0 1 X X X Spare Port 
1 1 0 1 1 X X X Spare Port 
1 0 1 1 1 X X X Spare Port 

X = don't care 

FIGURE 14b. Modified Write Address Decoding for 
INS8080 Output Ports (A, B, C Connected to AG, A1, A2) 



Two LSTTL NOR gates are used to generate to the 
ADC0808/ADC0809 read/write strobes. When the INS8080 
writes to the ADC0808/ADC0809 the ALE and START in· 
puts are strobed, loading and starting the conversion. 
When the CPU reads the ADC0808/ADC0809 the DE input 
is taken high, and the data outputs are enabled. 

Figure 13 implements a simple interrupt concept where 
EOC is tied directly to the INS8080 interrupt Input. When 
the I NS8228 is used and the INTA pin is tied high through a 
1 kO resistor, the interrupt will cause a restart, RST, instruc· 
tion to be executed, which will then cause a jump to a 
restart vector and execution of the interrupt routine. If a 
very simple multi·interrupt system is desired, a wire OR'ed 
configuration employing resettable latches as shown in 
Figure 13's inset can be used. In this simple design 
the MM74C74 is reset when the ADC0808/ADC0809 data is 
read. If more complicated interrupt structures are 
required, then an interrupt controller is usually the best 
solution. 
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The I/O port address structure for Figure 13's implementa· 
tion is shown in Figure 14a. If the A, B, C inputs are tied to 
AO, A1, A2 inputs the port structure is as shown in Figure 
14b. The later method makes each channel look like a 
separate port address whereas, if A, B, C are tied to the 
data bus the ADC0808/ADC0809 looks like one start con· 
version port address, whose channel is selected by the 
3·bit status word written to it on the data bus. 

Figure 15 shows a slightly more complex interface, where 
the address is partially decoded by a DM74LS139, dual 2·4 
line decoder which creates the read and write strobes to 
operate the converter. This design interfaces to the proc· 
essor in a polled type of interface. An MM80C97 TRI· 
STATE\!) buffer is used to buffer the EOC line to the data 
bus, as well as provide the correct level tor the START, 
ALE, and DE pulses. The converter clock is a divided 
INS8080 system clock. -
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o 1 X X X a 1 a Channel 3 Sele ct 
CLR 

ct MM74C73 a 1 x x X a 1 I Channel 4 Sele 
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FIGURE 15. INS8080/1NS822411NS8228 Interface using Partial Decoding 
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Typically, the software to use Figure 15 would first select 
the desired channel by writing the channel address to the 
ALE port address, 01XXXCBA, where X = don't care, and 
CBA is the channel address. Next the conversion is 
started by writing to the START address, OOXXXXXX. Now 
the processor must wait a few instruction cycles to allow 
EOC to fall. Once EOC falls, its status can be checked by 
reading the EOC line, address 01XXXXXX. When the EOC 
line is detected high again (a low on DO), the data can be 
read by accessing the OE port, address OOXXXXXX. As in 
the previous example the A, B, C inputs can be tied to DO, 
01, 02 rather than AO, A1, A2, so that the Information on 

; START CONVERSION (A, B, C CONNECTED TO DO, 01, 02) 

CHANN1 EQU 7 
START1 EQU 7FH 
DATA EQU 7FH 

START: LOA CHANN1 
OUT START1 
OUT START1 

EI 

; INTERRUPT HANDLER ROUTINE 

INTRP: IN DATA 

EI 
RET 

the data bus selects the channel to be converted. Figure 
15 can be connected in an Interrupt mode by Incorporating 
the interrupt flip-flop of Figure 13. 

A few typical utility routines to operate the ADC08081 
ADC0809 application in Figure 13 are shown in Figure 16a. 
These routines assume that the resettable interrupt flip­
flop is used. Figure 16b illustrates some typical polled I/O 
routines for Figure 15. Notice that in Figure 16a the OUT 
START1 instruction is executed twice to allow the analog 
input signal to settle as discussed earlier. 

\ 

; LOAD CHANNEL ADDRESS INTO ACE 
; STORE IT TO ADC0808/ADC0809 AND START 
; RESTART ADC0808/ADC0809 TO ACCOUNT FOR 
; MULTIPLEXER DELAY 
; ENABLE INTERRUPTS IF NOT ALREADY 
; PROCESS PROGRAM 

; READ DATA AND RESET INTERRUPT 
; PROCESS DATA . 
; ENABLE INTERRUPTS IF DESIRED 
; RETURN TO MAIN PROGRAM 

FIGURE 16a. Typical 8080 Resettable Interrupt 110 Routines 

; START CONVERSION (A, B, C CONNECTED TO AO, A2, A3) AND POLL EOC 
; (FIGURE 15) 

SELECT 
START 
EOCIN 
DATA 
START: 

; READ AND TEST EOC 

STATUS: 

OR 

EQU 
EQU 
EQU 
EQU 
OUT 
OUT 
NOP 

·NOP 
NOP 
NOP 
NOP 

IN 
ANI 
JZ 

40H 
OOH 
40H 
{)OH 
SELECT 
START 

EOCIN 
P1H 
READY 

; SELECT CHANNEL 0 
; START CONVERTER 
; READ EOC. 
; READ DATA 
; SELECT CHANNEL 
; START CONVERSION 
; INSERT INSTRUCTIONS TO WAIT 0-8 
; CLOCK PERIODS OF ADCOB08/ADC0809 CLOCK 
; FOR EOC TO DROP (8 NOPs MINIMUM) 

; INPUT EOC BIT 
; MASK OUT OTHER BITS 
; IF INPUT BIT IS ZERO JUMP READY 
; ELSE CONTINUE EXECUTING PROGRAM 

CONTINUOUS POLLING ROUTINE 

STAT 2: IN EOCIN ; INPUT EOC STATUS BIT 
ANI 01H ; MASK OUT ALL BITS BUT DO 
JNZ STAT 2 ; JUMP TO TRY AGAIN IF NOT READY 

READY: IN DATA ; IF READY INPUT DATA 
; CONTINUE EXECUTING PROGRAM 

FIGURE 16b. Typlcal.8080 Polled 110 Routines for ADC0808lADC0809 
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The application in Figure 17 uses a 6·bit bus comparator 
and a few gates to decode a read and write strobe. Viewed 
from the CPU this interface looks like a bidirectional data 
port whose address is set by the logic levels on the Tn in· 
puts of the DM8131 comparator. When data is written to 
the ADC0808/ADC0809 the 3 least significant bits on the 
address bus define the channel to be converted. The rest 
of the bits are decoded to provide the START and ALE 
strobes. When the conversion is completed EOC sets the 
interrupt flip·flop, and when the data is read the interrupt 
is reset. 

Both the decoder and the bus comparator methods of ad· 
dress decoding have their own advantages. Bus com· 
parators will more completely decode addresses but are 
capable of only a limited number of port strobes. 
Decoders, on the other hand, provide less decoding but 
more port strobes. There is a trade off for minimum parts 
systems as far as which route to go, and it will depend on 
the CPU and type of system. 

3.2 Interfacing to the 6800 

The ADC0808/ADC0809 easily interface to more than one 
microprocessor. The 6800 can also be used to control the 
converter. The 6800 has no separate 110 address space so 
all I/O transfers must be memory mapped. In general more 
address decoding logic is required to ensure that the I/O 
ports don't overlap existing memory. For small systems a 
partial address decoding scheme is shown in Figure 18. 
Generally, if several ports are desired, a small block of 

TO 
REF 1+1 REFERENCE 

5V 

5k 

memory would be set aside, as is accomplished by the 
DM8131. Figure 18 also illustrates a typical 6800 interrupt 
scheme using a flip·flop and open collector transistor. The 
interrupt is reset when the data is read. If more ports are 
needed, a decoder could be added as shown in Figure 19. 
Figure 19 also illustrates a polled I/O mode using TRI· 
STATE@ blJffer to gate EOC onto the data bus. As with the 
INS8080 the A, B, C inputs of the ADC0808/ADC0809 can 
be connected to the address bus or the data bus. 

The 6800 differs from the INS8080 in that the 6800 has a 
single read/write (RIW) strobe and a valid memory address 
(VMA), whereas the INS8080 has separate read and write 
strobes (IIOR and I/OW). Normally, to obtain a read pulse, 
VMA, RfJii and "'2 are gated together and, for a write, 
RJW is inverted. <1>2 Is the 6800 phase 2 system clock. Also 
notice that the 6800 INT Interrupt input is active low. This 
enables a standard wired·OR open collector design to be 
implemented. 

Figure 20 Illustrates some typical 6800 software utility 
routines for either polled or interrupt interfaces. Again 
notice double start instructions. 

3.3 Z80 Interface 

Interfacing theZ80 to the ADC0808 is much the same as in· 
terfacing to an INS8080JlNS8224/1NS8228 CPU group. 
CPU instruction timing is very similar, except the 
read/write control signals are slightly different. Instead of 
the I/OW write strobe there is the 10REQ and WR and in· 
stead of IIOR, 10REQ and RD are supplied. 
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FIGURE 17. Interrupt·Type INS8080/lNS8224/1NS8228 Interface using 6·Bit Bus Comparator 
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TO 
REFERENCE 

FROM 
TRANSDUCERS 

TO 
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ALEISTART Port - DOOOH-DOO7H 

Data Read Port - DOOOH 

5Y 

FIGURE 18. Typical 6800 Interface with Partial Address Decoding 
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'UTILITY ROUTINES FOR ADC0808/ADC0809 INTERFACE 

'LOAD AND START CONVERSION (FIGURE 18) 

STATUS 
DATA 

START 

EQU 
EQU 

STA 
STA 
LDX 
STX 

CLI 

WAI 

'INTERRUPT HANDLER (FIGURE 18) 

VECTOR LDAA 
CLI 

RTI 

$D800 
$D800 

STATUS 
STATUS 
#VECTOR 
$FFF8 

DATA 

'START AND TEST CONVERSION POLLED MODE (FIGURE 19) 

DATA2 EQU $F800 
CHANN2 EQU 02 
EOCIN EQU $F900 
START 2 LDAA CHANN 2 

STAA STATUS 
NOP 
STAA STATUS 
NOP 

LDAA EOCIN 
ANDA 01 
BEQ READY 

• CONTINUOUS POLLING OF EOC (FIGURE 19) . 
POl.LlT 

READY 

LDAA 
ANDA 
BNE 
LDAA 

EOCIN 
CHANN 2 
POLL IT 
DATA 

START ADDRESS FOR CHANNELO 
CONVERTER DATA ADDRESS 

SELECT CHANNEL 0 AND START 
DO AGAIN TO LET INPUTS SETTLE 
LOAD INTERRUPT VECTOR ADDRESS 
STORE IT 
EXECUTE MISC PROGRAM 

ENABLE INTERRUPT IF NOT ALREADY 
EXECUTE MISC PROGRAM 
WAIT FOR INTERRUPT 

LOAD DATA RESET INTERRUPT 
ENABLE INTERRUPTS (OPTION) 
EXECUTE PROGRAM 
RETURN TO MAIN PROGRAM 

CONVERTER DATA ADDRESS 
CHANNEL 2 ADDRESS 
EOC INPUT PORT 
LOAD A ACCUMULATOR 
LOAD ADDRESS AND START 
WAIT 
RESTART TO LET MUX SETTLE 
8 NOPS TO WAIT FOR EOC 
TO GO LOW 
LOAD EOC STATUS BIT 
MASK BITS 1-7 
IF A = 0 THEN CONVERTER DONE 

EXECUTE MISC PROGRAM 

LOAD EOC STATUS 
MASK MSBs 
IT ACC", 0 NOT READY, LOOP 
ELSE READ DATA 
CONTINUE PROGRAM 

FIGURE 20. Typical 110 Routines for ADC0808/ADC0809 and 6800 Interface 
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Figure 21 shows a very simple Z80 interface, which is 
similar to the INS8080 interface of Figure 13, except that 
the interrupt flip-flop design is closer to the 6800 designs. 
This is becausetheZ80 INT is active low as is the 6800, but 
the INS8080 INT is active high. 

Figure 22 shows a fully decoded bus comparator design 
where the DM8131 decodes 5 address bits and the IOREQ 
I/O request strobe. Two NOR gates gate the RD and WR 
strobes for ALE, START and OE inputs. 

4.0 CONCLUSION 

Both the ADC0808 and the ADC0809 can be easily used in 
microprocessor controlled environments. Many sophisti· 
cated medium throughput applications can be handled 
with a minimum of extra hardware, but additional hard· 
ware can increase flexibility and simplify software. Put· 
ting both the multiplexer and AID on the same chip frees 
the designer from matching multiplexers and AIDs to 
implement a 7 or 8-bit accurate system. Design time and 
overall system cost can be reduced by using these low 
cost converters. 
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Electrostatic Discharge 
Prevention -Input Protection 
Circuits and Handling Guide 
for CMOS Devices 
Introduction 
During the past few years, there have been significant 
increase in the usage of low·power CMOS devices in 
system designs. This has resulted in more stringent at· 
tention to handling techniques of these devices, due to 
their static sensitivity, than ever before. 

AI/ CMOS devices, which are composed of complemen· 
tary pairs of n· and p·channel MOSFET's, are susceptible 
to damage by the discharge of electrostatic energy be· 
tween any two pins. This sensitivity to static charge is 
due to the fact that gate input capaCitance (5 picafarads 
typical) in parallel with an extremely high input resis· 
tance (1012 ohms typical) lends itself to a high input im· 
pedance and hence readily builds up the electrostatic 
charges, unless proper precautionary measures are 
taken. This voltage build·up on the gate can easily break· 
down the thin (1000A) gate oxide insulator beneath the 
gate metal. Local defects such as pinholes or lattice 
defects of gate oxide can substantially reduce the dielec· 
tric strength from a breakdown field of 8·10 x 106 V/cm 
to 3·4 x 106 V/cm. This then becomes the limiting factor 
on how much voltage can be applied safely to the gates 
of CMOS devices. 

When a higher voltage, resulting from a static discharge, 
is applied to the device, permanent damage like a short 
to substrate, VDD pin, Vss pin, or output can occur. Now 
static electricity is always present in any manufacturing 
environment. It is generated whenever two different 
materials are rubbed together. A person walking across 
a production floor can generate a charge of thousands 
of volts. A person working at a bench, sliding around on 
a stool or rubbing his arms on the work bench can devel· 
op a high static potential. Table 1 shows the results of 
work done by Speakman 1 on various static potentials 
developed in a common environment. The ambient rela· 
tive humidity, of course, has a great effect on the amount 
of static charge developed, as moisture tends to provide 
a leakage path to ground and helps reduce the static 
charge accumulation. 

Table 1. Various Voltages Generated in 15%·30% 
Relative Humidity (aller Speakman 1) 

Condition 

Person walking across 
carpet 

Person walking across 
vinyl floor 

Person working at bench 

16·lead DIPs in plastic 
box 

16·lead DIPs in plastic 
shipping tube 

Most Common 
Reading 
(Volts) 

12,000 

4,000 

500 

3,500 

500 

Highest 
Reading 
(Volts) 

39,000 

13,000 

3,000 

12,000 

3,000 

National Semiconductor 
Application Note 248 
Vivek Kulkarni 
June 1980 

Standard Input Protection Networks 
In order to protect the gate oxide against moderate levels 
of electrostatic discharge, protective networks are pro· 
vided on all National CMOS devices, as described below. 

Figure 1 shows the standard protection circuit used on 
all A, B, and 74C series CMOS devices. The series resis· 
tance of 200 ohms using a P+ diffusion helps limit the 
current when the input is subjected to a high·voltage 
zap. Associated with this resistance is a distributed 
diode network to VDD which protects against positive 
transients. An additi6nal diode to Vss helps to shunt 
negative surges by forward conduction. Development 
work is currently being done at National on various 
other input protection schemes. 

INPUT o..:=~;:.~~ 
DIODE BREAKDOWN 

0, =25 VOLTS 
0,=60 VOLTS 
0, = 100 VOLTS 

*THESE ARE INTRINSIC DIODES 

Vss 

0, 

OUTPUT 

Figure 1. Standard Input Protection Network 

Other Protective Networks 
Figure 2 shows the modified protective network for 
CD4049/4050 buffer. The input diode to Voo is deleted 
here so that level shifting can be achieved where inputs 
are higher than VOD' 

VDD 

INPUT·o-.JovVlr .... --I H~-+-oOUTPUT 
200Q 

DIODE BREAKDOWN P+ 
0, =25 VOLTS 
0,=60 VOLTS 
0, = 100 VOLTS 

·THESE ARE INTRINSIC DIODES 
Vss 

Figure 2. Protective Network for CD4049150 
and MM74C90112 

Figure 3 shows a transmission gate with the Intrinsic 
diode protection. No additional series resistors are used 
so the 'on resistance of the transmission gate Is not af· 
fected. 

All CMOS circuits from National's CD4000 Series and 
74C Series meet MIL-STD-38510 zap test requirements 
of 400 volts from a 100 pF charging capaCitor and 1.5 kQ 
series resistance. This human body simulated model of 
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Figure 3. Transmission Gate with Intrinsic Diodes to 
Protect Against Static Discharge 

100 pF capacitance in series with 1.5 kQ series resistance 
was proposed by Lenzlinger2 and has been widely ac­
cepted by the industry. The set-up used to perform the 
zap test is shown in Figure 4. 

VZAP is applied to OUT in the following modes by charging 
the 100pF capacitor to VZAP with the switch S, in posi· 
tion 1 and then switching to position 2, thus discharging 
the charge through 1.5kQ series resistance into the 
device under test. Table 2 shows the various modes 
used for testing.· 

Table 2. Modes 01 High·Voltage Tesl 

Mode + Terminal -Terminal 

1 Input Vss 

2 Voo Input 

3 Input Associated Output 

4 Associated Output Input 

Pre· and post-zap performance is monitored on the input 
leakage parameter at Voo = 18 Volts. It has been found 
that all National's CMOS devices of CD4000 and 74C 
families can withstand 400 volts zap testing with above 
mentioned conditions and still be under the pre· and 
post·zap input leakage conditions of ±10nA. 

Handling Guide for CMOS Devices 
From Table I, it is apparent that extremely high static 
voltages generated in a manufacturing environment can 
destroy even the optimally protected devices, by reach· 
ing their threshold failure energy levels. For preventing 
such catastrophies, simple precautions taken could save 
thousands of dollars for both the manufacturer and the 
user. 

In handling unmounted chips, care should be taken to 
avoid differences in voltage potential between pins. Con· 
ductive carriers such as conductive foams or conduc· 
tive rails should be used in transporting devices. The 
following simple precautions should also be observed. 

1. Soldering-iron tips, metal parts of fixtures and tools, 
and handling facilities should be grounded. 

2. Devices should not be inserted into or removed from 
circlllits with the power on because transient voltages 
may cause permanent damage. 

3. Table tops should be covered with grounded conduc­
tive tops. Also test areas should have conductive floor 
mats. 

10M 
5, 

1 2 R,=1.5k 
O--"NI,....----<l. ~ 

HIGH VOLTAGE 
SUPPLY 

1 -I'00PF 

5, = H; - WETTED "BOUNCElESS~'RELAY 

TO DEVICE 
UNDER TEST 
lOUT) 

Figure 4. Equivalent RC Network to Simulate Human 
Body Static Discharge (After Lenzlinger2) 

Above all, there should be static awareness amongst all 
personnel involved who handle CMOS devices or the 
sub·assembly boards. Automated feed mechanisms for 
testing of devices, for example, must be insulated from 
the device under test at the point where devices are 
connected to the test set. This is necessary as the trans· 
port path of devices can generate very high levels of 
static electricity due to continuous sliding of devices. 
Proper grounding of equipment or presence of ionized­
air blowers can eliminate all these problems. 

At National all CMOS devices are handled using all the 
precautions described above. The devices are also trans­
ported in anti-static rails or· conductive foams. Anti· 
static, by definition3 means a container which resists 
generation of triboelectric charge (frictionally generated) 
as the device is inserted into, removed from, or allowed 
to slide around in it. It must be emphasized here that 
packaging problems will not be solved merely by using 
anti·static rails or containers as they do not necessarily 
shield devices from ~xternal static fields, such as those 
generated by a charged person. Commercially available 
static shielding bags, such as 3M company's low resis­
tivity (~ 104 ohms/sq.) metallic coated polyester bags, 
will help prevent damages due to external stray fields. 
These bags work on the well-known Faraday cage 
principle. Other commercially available materials are 
Legge company's conductive wrist straps, conductive 
floor coating, and various other grounding straps which 
help prevent against the electrostatic damage by pro­
viding conductive paths for the generated charge and 
equipotential surfaces. 

It can be concluded that electrostatic discharge preven· 
tion is achievable with simple awareness and careful 
handling of CMOS devices. This will mean wide and 
useful applications of CMOS in system designs. 

Footnotes 
1. T.S. Speakman, "A Model for the Failure of Bipolar 

Silicon Integrated Circuits Subjected to ESD," 12th 
Annual Proc. of Reliability Physics, 1974. 

2. M. Lenzlinger, "Gate Protection of MIS Devices,'.' IEEE 
Transac. on Electron Devices, ED-18, No.4, April 1971. 

3. J.R. Huntsman, D.M. Yenni, G. Mueller, "Fundamental 
Requirements for Static Protective Containers." Pre­
sented at 1980 Nepcon/West Conference, Application 
Note - 3M Static Control Systems. 
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Simplified Multi-Digit LED 
Display Design Using 
MM74C911/MM74C912J 
MM74C917 Display 
Controllers 

I. Introduction 
The MM74C911, MM74C912 and MM74C9127 are CMOS 
display controllers that control multiplexing of 
8-segment LED displays. These devices each have an 
on-chip multiplex oscillator and associated logic to 
easily implement multi-digit displays with minimal addi­
tional hardware. These controllers were designed to be 
easily interfaced to a microprocessor as a small 4-or 
6-byte area of write-only memory (WOM), but they are 
not limited to this environment. 

The MM74C911 is the simplest of these devices. It has 
one data input for each of its eight segment outputs, 
allowing direct control of any LED segment. Both the 
MM74C912 and MM74C917 have five data inputs which 
accept either BCD (MM74C912) or hexidecimal 
(MM74C917) data, plus decimal point. The MM74C911 
can interface up to four 8-segment displays and the 
MM74C912/MM74C917 can control up to six 8-segment 
displays. 

~--------------~~~----~ 

Kl 

K2 

rr----..... --.J 

OP 

National Semiconductor 
Application Note 257 
Larry Wakeman 
January 1981 

II. Functional Description - MM74C911 
The functional block diagram for the MM74C911 is 
shown in Figure 1. The eight data inputs are buffered 
and bussed to the four dual-port latches. To write data 
into a particular latch, K1 and K2 address inputs are 
decoded and the proper latch is enabled when CE and 
WE are taken low. 

The latch outputs are controlled by the multiplexer 
(MUX) logic. All four latch data outputs are commonly 
bussed, and are sequentially read by the MUX logic. The 
bussed 8-segment outputs are then buffered by bipolar 
segment driver transistors, which are enabled when 
SOE is low, and are tri-stated when Segment Output 
Enable (SOE) is held high. This allows easy display 
blanking without loss of data. 

The multiplexer logic controls all of the timing for the 
MM74C911 and also generates the digit output strobes. 
The timing diagram is shown in Figure 2. 

04 

1 ... ------~-------01O 

Figure 1. MM74C911 Block Diagram 

8-80 



�-------TMUX ~ M1Sl------~·1 

~J ,--I ___ --'I 
II 

-11-t1B::'1D~S 

L 
Figure 2. Mux Timing for MM74C911 

By raising the Digit In·Out (010) input high, the internal 
oscillator .is disabled and the digit outputs become 
inputs which control reading of the 4·digit latches. This 
allows the MM74C911 to be slaved to other multiplex 
timing signals. If both SOE and 010 are held high, both 
the display and oscillator are disabled causing the 
MM74C911 to be in a low·power mode where it typically 
draws less than 1 "A. Figure, 3 shows the truth table for 
these control inputs. 

DID/DSE liDE MODE 
0 0 NORMAL DISPLAY MODE 

0 1 DISPLAY BLANKED 

1 0 WILL DISPLAY ONE DIGIT' 

1 1 LOW POWER MODE 

Figure 3. Operating Modes for the MM74C9111 
MM74C912/MM74C917 (-The 74C911 Digit 
Outputs become inputs.) 

III. Functional Description -
MM74C9121MM74C917 

The functional block diagram for the MM74C912 and 
MM74C917 is shown in Figure 4. These devices are very 

similar to the MM74C911. There are only five data inputs 
on the MM74C912 and MM74C917 which are buffered, 
then bussed to six 5·bit dual·port latches. The address 
present on K1, K2, and K3 will dictate which of the six 
latches will be loaded when both CE and WE ·are low. 
The outputs of all of the latches are commonly bussed 
and fed into a decoder ROM which converts BCD 
(MM74C912) or hexidecimal (MM74C917) code to seven 
segment. The fifth bit is the decimal pOint, which 
bypasses the ROM. The 8·segment bits are then 
buffered by eight NPN-segment drivers. Like the 
MM74C911, these outputs are tri-stateable and will 
blank the display when SOE is held high. 

All of the multiplexing is controlled by an internal oscil­
lator and control logic. The logic sequentially reads each 
latch and activates the digit outputs. The oscillator can be 
disabled by raising the Oscillator Enable (OSE) input high, 
but the digit outputs do not become inputs and thus the 
MM74C912, and MM74C917 can not be slaved. However, by 
raising both SOEand OSE high, these parts can be put into 
a low-power mode similar to the MM74C911. Figure 3 
shows the controller operating modes. 

The MM74C912 and the MM74C917 are identical except 
for the last seven ROM locations. The ROM outputs are 
shown in Figure 5 for both parts. 

IV. Display Interface Design 

A. Common Cathode LED's 

Since the MM74C9111MM74C912/MM74C917 contain all 
the multiplex circuitry necessary to operate a 4- or 
6-digit display, all the designer must do is choose apro­
priate segment resistors and digit drivers to properly 
illuminate the LEOs. A typical LED connection is shown 
in Figure 6. Based on the selected display, a certain 
segment current will be required. This current will 
determine the value of the segment resistor and the type 
of digit driver necessary. The design for the MM74C911 is 

Figure 4. MM74C912 and MM74C917 Display Controller 
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I-I , - ~ L/ L- L-
I L-' L-' L-' 

CI 
,- l-I L- I- I-

MM74C917 Hi·Z LI II~I _I ~I I~I LI _I II L I~ 1- 1-. 

rl 1 -I -I LI L- l- I l-I l-I L7 -
MM74C912 Hi·Z LI II~ _I 1 ~I 0 1 CI ~I I~I - - • 

Input A 20 X 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 1 
Data B 21 X 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 1 

C 22 X 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 1 
D 23 X 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 
DP X 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

Output Enable SOE 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

Figure 5. MM74C9121MM74C917 Character Fonts 

RSEG COMMON CATHODE DISPLAY 

OP , . 

- a Sg 

- WE SI • 
,;7;b II II II - II SI I I 

Sd I", L'. W. W. , ". W. - iiiiE S. dOP 
- SUE Sb 

S. 
MM74C912 

j ! ! ! ! ~ 
MM74C917 

I I I I 
- 0 06 

-C 05 ~-
-B 04 l....w.r- "::" 

-A 03 --'WI.---
- OP oi --'WI.----

01 

ROl6 (OPTIONAL) 

(I) 

~SEG COMMON CATHODE DISPLAY 

Of' - a Sg 

- WE SI 

SI " " " " Sd II II !..!. !..!. - m 
_. _. 

S. 
:-.- SUE Sb 

S. 

MM74C911 - OP 

- g 
-I 

- . 
_ d 

D4 - . 03 DIGIT DRIVE' 
_ b 

02 I.C. -. Dl 

, (b) 

Figure 6. Typical LED Connections for (a) MM74C9121MM74C917 (b) MM74C911 
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nearly the same as for the MM74C912/MM74C917 except 
that due to multiplexing the 6·digit controllers must be 
designed to a higher peak current value. 

As an example, suppose the the N8N781 (2·digit, 0.7" 
common catholde LED display) has been selected. 
These displays require an average current of 8mA per 
segment for good illumination. The MM74C911 multi· 
plexes four digits; thus, anyone digit is on % of the 
time. Each digit must have a peak current four times its 
average current to achieve the same brightness. The 
MM74C911 must supply about 32mA per segment, and 
the MM74C912/MM74C917 would have to supply a cur· 
rent six times the average current or about 48mA. 

The maximum digit driver current is the maximum num· 
ber of "on" segments multiplied by the segment cur· 
rent.- For the MM74C911 design, the digit current is 
"'260mA, and is "'380 mA for the MM74C9121MM74C917. 
Using this digit current value, the digit driver can be 
selected. Figure 7 shows possible digit driver ICs, but 
discrete transistors or Oarlingtons may also be used, 
and may be desireable in some higher current 
applications. It is also important to keep in mind that 
the output voltage of the driver at the designed current, 
as this voltage can affect the display controllers current 
drive. For most designs, an output voltage of <2V is 
reasonable. 

Pari 
Number Driver Type 

0875492 Darlington Driver 
0875494 Multiple Transistor Driver 
088646 Transistor Driver 
088658 Transistor Driver 
088870 Darlington Driver 
088871/2 Transistor Driver 
088877 Transistor Driver 
088920 Transistor Driver 
088963 Darlington Driver 
088978 Transistor Driver 
088692 Transistor Driver 

Once the digit driver has been chosen and the output 
voltage at the desired current is known, the segment 
resistor, RSEG can be calculated using: 

R VSEG - VLEO - Voo 
SEG ISEG 

where VLEO is the voltage across the LED, 1.8V; Voo is 
the digit driver output voltage at the chosen current; 
ISEG is the peak segment current; and VSEG is the 
MM74C911 or MM74C912 segment driver output voltage 
at the peak segment current, which can be determined 
from the curves in Figure B. 

In most cases, RSEG can be more quickly determined 
from Figure 9 which plots RSEG vs. average segment 
current. These curves are plotted for various digit driver 
output voltages using current values from Figure B. 
Thus, for the above example, if a 0875492 driver I.C. is 
used with the MM74C911 to interface to the N8B781 
LEOs RSEG = 38 Q assuming the drivers output voltage is 
1.0V. Note that Figure 7tabulates minimum output drive 
where the above Voo is an approximation of the 
08754925 typical Voo at 260 mAo 

,-
Number of Minimum 

Drivers Output Drive 
6 250mA@1.5V 
6 150mA@O.35V 
6 84mA@O.55V 
4 84mA@O.55V 
6 350mA@1.4V 

8/9 4DmA@0.5V 
6 35mA@0.5V 
9 40mA@0.5V 
8 500mA@1.5V 
9 100mA@O.7V 
8 350mA@1.0V 

Figure 7. Typical LED Digit Drivers and Their Characteristics 
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Figure 8. Typical Segment Driver Current vs. Output Voltage lor (a) MM74C911 (b) MM74C9121MM74C917 
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(a) 

100 rT'"1r-T"1rr---,---,---,--, 
90Hr~~~-~--~--~ 

80 I-+-Hl--H--b 

70 1-++1k--\--r!~ 

60 H---\11-\-'~--7 

50 Hrll-\-~r--7i' 

40 I-\-IIT-'~~rl~ 

30 1-4rl~~~~~~--~ 

20 l----'1b"""'l~..-I~~;;:_-l 

10 I-__lp....-I--"..-I"""'~~""'" 

5/20 10/40 15/60 20/80 25/100 

AVERAGE/PEAK SEGMENT CURRENT (mA) 

(b) 

100 ITT1CTT.--------,.--------,.------,----, 
90~~1---1-~r_~--~ 

80 1-H+Wr---+ 

70 

60 H-+\i\T,..-q.----." 

50 Hf-+lWh-i"-----" 

40 I-\-\t-T'\~~----b 

30 I-~~~~/~r_~--~ 

201-~~~~~1___l--__l 

101---~~~~~~--__l 

5/30 10/60 15/90 20/120 

AVERAGE/PEAK SEGMENT CURRENT (mA) 

Figure 9. Average LED Segment Current vs. Segment Resistor for (a) MM74C911 (b) MM74C9121MM74C917 

Figures 10 and 11 tabulate some typic~1 segment resis­
tor values for various National LED displays_ (See Opto­
electronics Databook for detailed specifications.) This 
table was compiled for a well lit room, but variation in 
ambient lighting may require some slight modification 
in the typical segment resistor values. 

If a transistor digit driver is being used, it is sometimes 
desireable to use a base current limiting resistor 
between the controller's output and the transistor's 
base. This will help limit the power dissipation of the 
display controller in critical situations. The digit resis­
tor, ROIG can be calculated using: 

R VOIG- VOl 
OIG= 101 

DISPLAY 

PART NO. HEIGHT (IN.) NO. OF DIGITS 

NSA1298 0.110 9 

NSA1558 0.140 8 

NSN381 0.3 2 

NS83881 0.5 .4 

NSN581 0.5 2 

NSB5881 0.5 4 

NSN781 0.7 2 

NSB7881 0.7 4 

where VOl is the digit driver input voltage, 0.7V for a 
transistor, 101 is the desired digit driver current and VOIG 
is the controller's digit output voltage for the chosen 
current which can be found from Figure 12. 

When the MM74C911 is to be used as a "master" to 
drive another MM74C911 or other logic, the digit outputs 
must have a high output voltage of 3.0V to driver ano­
ther MM74C911 or 3.5V to drive standard CMOS logic. 
The digit resistor should be> 300Q for VOH ~ 3.0V and 
ROIG > 350 for VOH ~ 3.5 V. 

A final design consideration is power dissipation. When 
designing a low-power system where the total current is 
to be minimized, the total system power consumption is 

. simply: 

PT ~Vcdloo + 1011 

TYPICAL RANGE OF DRIVER SEGMENT RESISTORS 

OS75492 300-1000Q 
300-2000Q* 

OS75492 200-800Q 
200-1800Q* 

OS75492 15-80Q 
2N3904 

,OS75492 15-80Q 
2N3904 

OS75492 10-60Q 
2N3904 

OS75492 10-60Q 
2N3904 

OS75492 10-50Q 
2N3904 

OS75492 10-50Q 
2N3904 

Figure 10. MM74C911 Segment Resistor Values for Various Displays (Vee = 5 V) (*Uslng Red LED Filter over 
Display) 
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DISPLAY DRIVER TYPICAL RANGE OF 
PART NO~ HEIGHT (IN.) NO. OF DIGITS (RO=O) SEGMENT RESISTORS 

NSA1298 0.110 9 OS75494 200-8002 
300-15002* 

NSA1558 0.140 8 OS75494 150-7002 
150-10002* 

NSN381 0.3 2 OS75492 5-502 

NSB581 0.5 2 OS75492 5-502 

NS5931 0.5 6 OS75492 5-402 
2N3904 

NSN781 0.7 2 OS75492 5-302 
2N3904 

Figure 11. MM74C9121MM74C917 Segment Resistor for Average Intensity for Various Displays (*Using Red LED 
Filter over Display) 
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TJ =2SoC co 20 / r 2S0r co 
'" I -- .~ 

40 2S 
0 1.0 2.0 3.0 4.0 S.O 0 1.0 2.0 3.0 4.0 S.O 

DIGIT OUTPUT VOLTAGE (V) OIGIT OUTPUT VOLTAGE (V) 

Figure 12. Typical Digit Driver Current vs. Output Voltage for (a) MM74C911 (b) MM74C9121MM74C917 

where 100 is the maximum digit driver output current, 
Vee is the power supply voltage, and 101 is the digit dri· 
ver input current. 

When a circuit deSign employs large segment currents, 
the maximum dissipation should be calculated to 
ensure that the power consumption of the controller or 
digit driver is within the maximum limits. The display 
controller power dissipation is: 

Pc = S(lsEG)(Vec - VSEG) 

where ISEG and VSEG are the peak segment current and 
segment voltage;as previously determined; and S is the 
maximum number of segments lit per digit. The maxi· 
mum package dissipation for the controllers vs. 
temperature is shown in Figure 13. 

To gain an understanding of how segment current 
affects the controllers power diSSipation, Figure 14 
plots average and peak LED segment current vs. pack· 
age dissipation for both the MM74C911 and the 
MM74C912/MM74C917. These typical curves are plotted 
using the typical segment driver output currents and 
voltages from Figure 8. 
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As the digit driver output voltage Voo becomes larger, 
the driver dissipates more power, thus the designer 
should also ensure that the driver's dissipation is not 
exceeded. Generally, the standard digit driver IC will 
dissipate around Yo watt. (See specific data sheets.) Dri· 
ver power dissipation can be calculated by: 

Po = (VOO)(lOlG) 

where Voo and IOIG are the digit driver output voltage 
and current. In a standard digit driver, one output will be 
active all the ti"me, but if discrete transistors are used, 
each transistor is turned on 25% of the time. The ave· 
rage power dissipation for each discrete transistor digit 
driver is % of the above equation. 

B. Common Anode LED Display 

AlthoughconnectingtheMM74C911/MM74C9121MM74C917 
to common anode displays is somewhat more difficult 
than to common cathode displays, it can be done. 
These controllers still provide all the necessary timing 
Signals, but some extra buffering must be added to 
ensure the correct logic levels and drive capability. 
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Figure 14. Typical Power Dissipation vs. Segment Current for (a) MM74C911 (b) MM74C9121MM74C917 

To drive common anode displays, the display 
controller's segment outputs must be inverted and the 
digit outputs must be current buffered. Figure 15 shows 
a simple circuit to Interface to most common anode dis­
plays. An 8-digit calculator digit driver IC, OS8871, is 
used to drive the display segments. Segment resistors on 
the controller's segment outputs are not necessary but 
may be necessary on the outputs of the OS8871 driver. 

For higher current displays, the choice of digit driver 
transistor is important as the digit current will depend 
on how high the digit driver output of the display con­
troller can pull up due to the emitter follower configura­
tion. For good display brightness, a high gain medium 
power transistor should be used. 
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c. Vacuum Florescent (VF) Displays 

The MM74C911/MM74C912/MM74C917 are not directly 
capable of driving VF displays, but serve as a major 
fimctional block to ease driving 4- or 6-dlglt displays. 
The controllers provide the multiplex timing for this dis­
play, but the segment and digit outputs must be level 
shifted, and a filament voltage must be applied. . 

In Figure 16, a OS8654 or similar device is used to trans· 
late the segment and digit voltages to 30V to drive the 
segment plates and digit grids. The AC filament voltage 
is derived from a separate low-voltage transformer 
which is biased by a zener. Since there is no pull-down 
in the OS8654, pull-down resistors must be added. The 
exact anode and cathode voltages and the bias zener 
will depend on the display used, but the basic circuit is 
the same. 
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V. MM74C~11 Display Applications 
Of the three CMOS display controllers, the MM74C911 Is 
the simplest, but also the most versatile. Since the char­
acter font is not predetermined, many non-numerical 
characters can be displayed using standard 8-segment 
displays. In many cases, it may be desireable to enable 
a small microprocessor to display. prompt messages 
where the use of more complicated alpha-numeric dis­
plays is not justified. For these cases, the MM74C911 is 
ideal, because any combination of segments can be 
controlled. Figure 17 shows many of the possible letters 
and numbers that can be displayed along with their 
binary and hexidecimal values on 8-segment displays. 

There is no reason to restrict the MM74C911 to 
alpha-numeric displays, as the controller allows direct 
control of individual LEOs. The MM74C911 can be con· 
nected to a mixture of numerical and discrete LEOs as 
typified by Figure 18. Thus status and numerical data 
can be simultaneously controlled. 

I 

Taking this one step further, all the LEOs could be 
discrete as shown In Figure 19. This type of arrangement 
is multipurpose. The LEOs could be configured as a 4 x 8 
matrix or possible two-bar graphs of 16 LEOs, Figure 20, 
or maybe some sort of binary data display. There are 
many variations possible. 

VI. Slaving The MM74C911 
As mentioned, the MM74C911 has the unique feature of 
being able to be slaved to external multiplex logic or a 
"master" MM74C911. This feature is useful when the 
controller is to be synchronized with a master. Figure 21 
shows a typical application where two MM74C911s are 
used to drive a 16-segment alpha-numeric display. In 
order to drive this display, synchronization is required to 
ensure that both controllers are outputting the same 
digit information at the same time. 

CHARACTER HEX CPDE DISPLAY FOR 74C911 
0 FC 0 
1 60 , , 
2 DA 2 
3 F2 3 
4 66 _. '-I 
5 B6 5 
6 BE 5 
7 EO -, , 
8 FF B 
9 F6 '3 

A EE R 
B 3E b 
C 9C r 

L 

D 7A d 
E 9E c c 
F 8E F 
G BC ,-

u 
H 6E H 
H 2E h· 
I OC , , 
I 20 , 

A more subtle advantage to slaving MM74C911s occurs 
when trying to use multi-controllers to drive more digits. 
This case, illustrated in Figure 22, allows fewer, more 
powerful digit drivers to be used. This can be advanta­
geous when using smaller displays that require little 
power to begin with. . 

VII. MM74C9121MM74C917 
Display Applications 

Both the MM74C911/MM74C912 have predetermined 
character fonts and this limits their versatility, but 
greatly simplifies their application in hex and decimal 
display application. Still, there are a few small "tricks" 
that can be used to stretch the controller's capab!lities. 

In many applications, the decimal point segment is not 
needed, particularly when the MM74C917 is used, Gene­
rally, this part is used to display hexidecimal address 
and data Information where decimal pOints are rarely 
needed. These segments could be used for status infor­
mation. Figure 23 shows a typical implementation. The 
status LEOs could indicate power, run and halt status 
information of a host ,..p or could indicate the type of 
instruction being executed_ Although the MM74C912 
applications would tend to use the decimal point more 
often, it is equally capable of implementing Figure 23. 

Another pOSSibility, if all six digits are not required, is to 
use the unused digits for status indicators. A possible 
example using the MM74C917 is shown in Figure 24, 
an(l another possible implementation for the MM74C912 
is shown in Figure 25. In both of these applications, four 
bits of data is loaded into digits 1 and/or 2. Oepending 
on the data loaded, various combinations of discrete 
LEOs would be lit. The tables included in these figures. 
illustrate numerical combinations and their results. 

CHARACTER HEX CD DE DISPLAY FOil 74C911 
J 78 J 
L 1C , 

L 
-N 2A n 
0 FC 0 
0 3A 0 

P CE P 
R OA ,-
S B6 5 
T BC '= 
U 7C U 
U 38 u 
Y 76 '::J 
Y 4E /_1. 

(Blank) 00 
01 

- 02 -
= 12 . -
? CA ,:::t 

> D1 :::t -... 9B c 

Figure 17. Segment Codes for Various Char~cters Using a·Segment Displays (MSB of Hex Code Is segment a, 
LSB Is Decimal Point Ie for 0 (a =1, b =1, c=1, d =1, e =1, f =1, 9 =0, dp =0)= FC) 
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Figure 25. MM74C912 (a) 4 Digit Display with Discrete LEOs (b) 1/0 Data Table 

VIII. Interfacing To Microprocessors 
The CMOS LED display controllers can be easily Inter- the MM74C911 and the MM74C912/MM74C917, the only 
faced to most of the popular microprocessors with the other major microprocessor Interfacing differences are 
addition of only a few ICs. Most microprocessor data that the MM74C912/MM74C917 have an additional digit 
and address bus logic is specified to be TIL compatible. address bit which must be connected to the mlcro-
A standard TIL logic high, VOH is supposed to be ~ 2.4 at processors address bus, and the MM74C911 has eight 
full load which Is not compatible with a CMOS VIH ~ 3.5 V. data Inputs whereas the MM74C912/MM74C917 have 
Although microprocessor Inputs will typically pull-up only five. 
above 3.5 V, this is not guaranteed over the entire tem-
perature range. It Is recommended that pull-up resistors A. Interfacing To The INS8080 
be added to raise this level above 3.5 V. Under most con-

These controllers be connected the ditions, a 5-10 K resistor should suffice. can to 
INS8080llNS822411NS8238 CPU group with no external 

The write timing of the display controllers Is Illustrated logic if no more than a minimal amount of address 
in Figure 26. The minimum write access time is 430ns decoding is required. Since the INS8080 has a separate 
for the MM74C912/MM74C917 and 450ns for the memory and I/O port address spaces, one of the I/O port 
MM74C911. A write to the controller Is accomplished by address bits could be directly connected to the CE 
placing the desired data on the data inputs, lowering input. Figure 27 illustrates this using an MM74C911. 
the CE and WE Inputs, and the!!.!aising~m to com- Whenever an OUT instruction is executed causing the 
plete the write. Even though CE and WE are Inter- I/OW (INS8080 write enable signal) to go low and the 
changeable, CE is usually derived from the address address is such that A7 is low, AO A1 will select the digit 
decoding logic and WE Is connected to the CPU write to be written. If more decoding is required, some exter· 
strobe. Other than the slight timing differences between nal gating logic may be added to the CE input. 
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The MM74C912/MM74C917 would be interfaced by con· 
necting the A, B, C, D and DP to bit DO-D4 of the data 
bus and connecting K1-K3 to fvJ-A2' Writing data to these 
controllers would bethe same as writing tothe MM74C911 

B. Interfacing to the Z80™* 

To connect these display controllers to the Z80 micro· 
processor, only a minor modification to the INS 8080 
need be made. The Z80 control signals are slightly dif· 
ferent from the INS8080. Instead of the INS8080 1/0 
write strobe, the Z80 has an 1/0 request line (IOREa), 
which goes low to indicate an 1/0 port is to be accessed, 
and a write (WR) strobe which indicates that a memory 
or 1/0 write is to be done. By OR-ing, these together an 
equivalent IIOW signal is generated as shown in Figure 28. 

C. Interfacing to the NSC800 

The NSC800 has very different timing because the lower 
eight address bits and the data bus are multiplexed. But 
when connecting the display controllers as 1/0 ports, 
the interface is only slightly different from the INS8080 
design. When an 1/0 instruction is executed, the port 
address that appears on AO-A7 is duplicated on 
A8-A15, and this address can be used directly. The con·' 
troller WE input must be decoded from a WR (write 
enable) and 10iM (1/0 or memory enable) as shown in 
Figure'29. Note that since the NSC800 is a CMOS micro· 
processor, no pull-up resistors are needed. 

Figure 29 uses address bit A15 which is equivalent to bit 
A7 on the previous examples. As with the previous 
examples, if more address decoding is required, either 
gates or decoders could be connected to the CE input. 

D. Interfacing To The 6800 

When using the INS8080, Z80, or NSC800, these proces· 
sors have separate 1/0 and memory address spaces. 
This usually allows simpler interfaces to be designed. 
The 6800 has no separate 1/0 addressing so 1/0 ports 
are usually mapped into a small block of memory. This 
requires more address decoding to ensure that memory 
and 1/0 don't overlap. 

Figure 30 shows a DM8131 6-bit address bus compara· 
tor whose Bn inputs are a combination of A15-A12 
address bits, the <1>2 (6800 system clock) and the VMA 
(Valid Memory Access) control signal. When these 
inputs equal the corresponding Tn inputs, the output 
goes low. The 6800 RIW signal is connected to the WE. 

E. Interfacing To The INS8060/lNS8070 

Like the 6800, the INS8060/8070 series of microproces· 
sors don't have any separate 1/0 addressing, so the 
MM74C911/MM74C912/MM74C917 must be memory 
addressed, but unlike the 6800 both the INS8070 series 
and the INS8060 have separate readlwrite strobes, 
which can simplify interfacing the display controllers. 
Figure 31 illustrates a typical INS8060 interface. The 
NWDS (write enable) is directly connected to the 
MM74C912s WE inpu,t and the DM8131 provides the 
address decoding for the controller. The INS8060 has 
only 12 address bits (unless using paged addressing) so 
bits As-All are decoded by the comparator. 

The INS8070 series microprocessor has the identical 
NWDS signal but has 16 address bits. Thus Figure 31 
would connect the A10-A15 address bits to the DM8131. 

Figure 26. MM74C911/MM74C9121MM74C917 Timing Diagram (See data sheets for numbers) 

'Z-80 10 a Irademark of Zilog Inc, 8-95 



-I'-T""I.I) 
O)N 
0 1 
oc:rZ 
1'-« 

~I 
C)(I) 
c:::'"" ._ (I) 
(1)= ::;)E 
c:::-
C)C::: ._ 0 
(1)0 
(I)>> C ca 
»-caQ. 
-(I) 
Q.'-(l)C 
.- I'-
CT"" 
cO) 
wO 
...... j:! 
::::::E 
. 2>::E 
C-,N .- T"" ==0) 
i~ 
'01'-
(I)::E 
:E::E 
"S.. 
E en 

5V 5V 

I/ilW 

5V 

ADDRESS I 
BUS 

t I 
.WE VCC 

\ 
LED DISPLAY 

SEGMENT 
OUTPUTS 

/ i' II i' A7 
CE I I, ' " ' " Al 
K2 

AD 
Kl 

iffij a MM74C911 Sl!E 

INSB08ll 
DATA 
BUS 

07 
DP 

-\ 06 
9 

05 
I DIGIT DIGIT DRIVERS 

04 DUTPUTS vi • 03 
d 

D2 
c 

01 
b 

DD PORT ADDRESS = OXXX XXAB (BINARY) 

.1 • ~~~WE XDIG~O~~IiNfo~~~) AB 

VCC 
i1 J.. 

ALL INPUT RESISTORS 5-10KIl 

Figure 27. INS8080/1NS82241INS8238 Interface to MM74C911 

fUlIElI 
WR 
A7 

+5V 

A2 

Al 

AD 

04 

1f,,-DM74LS32 

===l -
t 

+5V +5V 

I 
WE vcc 

C£ 

SEGMENT 
OUTPUTS 

K3 

K2 

Kl 
IlSE 

Sl!E 
MM74C9121 
MM74C917 

OP 

LED DISPLAY 

\ II II II II 

_.-/ L!, ' " L!, U, 

1 

II 

' " 

II 
' " 

-\ ~ 

03 

02 

01 

DO 

+5V t 
ALL RESISTDRS 5-1DKIl 

0 

C 

B 

A 

DIGIT DIGIT DRIVERS 
OUTPUTS 

-V 
PORT AODRESS = DXXX XABC (BINARY) 
m:HERE x = DDN'T CARE AND ABC IS 

IGIT ADDRESS 

Figure 28. Z80 Interface to MM74C9121MM74C917 

8-96 

II 
L!. 



V, DM74LSOO 
SV 

101M ~ 
I 
I LED DISPLAY 

WE Vec 

\ ., 
NSC800 [ A15 

AODRESS A9 
BUS A8 

NSC800 
DATA BUS 

6800 
DATA 
BUS 

VMA 

A15 

A14 

A13 

A12 

01>2 

SV 

R/iiI 

06 

OS 

04 

03 

02 

01 

DO 

SV 

SV 

Al 

AU 

07 

. 06 

OS 

04 

03 

02 

01 

DO 

-
-
-
-
-
-
-~ 

~ 

~ 

~ 

~ 

~ 

-=-

SV 

I 

B6 

BS 

B4 

B3 

B2 

B1 
DM8131 

T7 

T6 

Ts 

T4 

T3 

T2 

Tl GNO 

-# 

SEGMENT " " OUTPUTS 

I W. L!. U. 
CE 
K2 

Kl 
DiD 

~ SDE 
MM74C911 

DP \ 9 
DIGIT I OUTPUTS DIGIT ORIVER 

• -V d 

c 

b PORT ADDRESS = OXXX XXAB (BINARY) 

a (WHERE X = OON'T CARE AND AB 
ARE DIGIT SELECT (00-11)) 

74C911 

Figure 29. NSC800 Interface to MM74C911 

VCC SV 

1 I \ LED DISPLAY 

Vcc 

\ 
OUT CE 

II II -SEGMENT I I 
OUTPUTS 

I W. I I. W. 

lC iJIlj 

~ SDE 
WE 

MM74C911 

DP 

\ 9 
I DIGIT OIGIT DRIVER 

OUTPUTS 

-V • 
d 

c 
b PORT ADDRESS = EXXA (HEX) 

• f~~mSX~X:~N\~~lRE AND 
"A" IS DIGIT SELECT (XXOO-XXll) 

K2 Kl GND 

~ 

~ 
Figure 30. MM74C911 to 6800 Microprocessor Interface 

8-97 

II 
U. 

II 
W. 



-...... ""it) 
o;~ 
0 1 

~z 
:iE<C 
:iE1 
aen 
c'" ._ CD 
en= 
~e 

5Y 

I 
B7 YCC 

c- Al0 

a C 
·08 A9 

AS 

~~ A7 

A6 
>0-ase. All _en 
e-c SV en .- ...... C,... 
cO) 
w O 
~i:! 
:t:::iE 
.~:iE 
C- NWOS 
.~ .-,... 

':0) 
A2 ~O 

:iE~ Al 

"0 ...... AD 

CD:;iE 
5:E SY 
Q. 
E 

U5 D3 

- B6 

- B5 

- B4 

- B3 

- B2 

- Bl 

T7 DMBl31 5V SV 

- T6 LL I r-- TS LED DISPLAY 

~ T4 OUT 

\ ~ T3 

~ T2 

~ Tl GND SEGMENT 
., 

" 
., ., ., II 

OUTPUTS 

I W. " W. i, W. U. 
"::" -:!:-

_. _. 
WE 

K3 

i 
II!E 

K2 SUE 
Kl MM74C!I12 

-\ 
DP DIGIT LED DIGIT DRIVER 

OUTPUTS 

-V 0 

D2 C 

Dl 

DD 

B 
PORT ADDRESS = 1110 11XX lABC (BINARY) 

A i~:~RM DI~~:~EE:~f (~~g.1011 .. 
5V ..!:. 

. Figure 31. MM74C9121MM74C917 to INS8060 (SC/MP) Interface 

8-98 



F. Multiple Display Controllers 

In systems where multiple display controllers are to be 
used, the simple addressing schemes of the previous 
examples may prove to be too costly in 1/0 capabilities, 
so some extra decoding is necessary to derive the CE 
signals. A typical method uses a 2-4 line decoder or a 
3-8 line decoder. WhWe the total time from a stable 
address to the write pulse goes inactive is ~ 1,,8, a 
CMOS decoder such as the MM74C42 or MM74C154 can 
be used, but if faster accessing is required, their L8 
equivalents should be employed. 

Figure 32 shows a typical implementation of a 16-digit 
display using half of a DM74L8139 decoder to provide 
the CE signals for each controller. 

G. Making The MM74C911/MM74C9121 
MM74C917 Look Like RAM 

80 far, the discussion of addressing the controllers has 
been to separate the devices from memory, but there 
are certain advantages to not dOing this. In many 
instances, microprocessor software requirements are 
such that data outputted to the controller also must be 
remembered by the microprocessor for later use. Since 
data cannot be read from the display controllers, the 
processor must also write the data in a spare register or 

a memory location. This extra writing and "book· 
keeping" software can be eliminated by addressing the 
MM74C911/MM74C912/MM74C917 over existing RAM. 
When data is written to the controller, it could also be 
stored in RAM simultaneously and can be read later by 
the CPU. 

Figure 31 shows a simple example of this using an 
MM74C912 controller and two MM2114 1 K x 4 memory 
chips. A DM74LS30 is used to detect when the last eight 
bytes of this memory is being accessed and enables the 
controller display. Thus, the last eight bytes of the RAM 
contains a duplicate copy of what the display controller 
is displaying. 

IX. Conclusion 
All three controllers provide simple and inexpensive 
interfaces to multiplexed multidigit displays. These 
devices are particularly well suited to microprocessor 
environments, but any type of CMOS compatible control 
hardware can be used. The MM74C911/MM74C9121 
MM74C917 can most easily drive common anode dis­
plays. By providing most of the multiplex circuitry into 
one low-cost integrated circuit, the burden of designing 
discrete multiplexing has been eliminated. 
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Data Acquisition Using the 
ADC0816 and ADC0817 8-Bit 
AID Converter with On-Chip 
16 Channel Multiplexer 

I. Introduction 
The ADC0816 and ADC0817, CMOS 16-Channel Data 
Acquisition devices are selectable multi-input 8-bit AID 
converters. In addition to a standard 8-bit successive 
approximation type AID converter, these devices 
contain a 16 channel analog multiplexer with 4-bit 
latched address inputs. They include much of the 
circuitry required to build an 8-bit accurate, medium 
through-put data acquisition system. 

These two converters are similar to the ADC08081 
ADC0809 AID converters except that the ADC08161 
ADC0817 have 16 analog inputs instead of 8, and the 
multiplexer output and the AID comparator input are 
externally available. (The ADC08081ADC0809 connect 
these internally.) This feature is useful when connecting 
signal processing circuitry to the AID. Also the 
ADC08161ADC0817 have an expansion control pin to 
allow addition of more multiplexers, hence more input 
channels. 

COMPARATOR IN (18) ---------, 
MULTlPL~~~ (15) _-----_--, 

A~ 
B 35 

~ 
~~ 

AODRESS~ 
LATCH ENABLE 

(ALE) 

EX~::~g~ J£!.. 
(EC) 

16 
CHANNEL 

MULTIPLEXER 

MUX 
ADDRESS 
REGISTER 

National Semiconductor 
Application Note 258 
Larry Wakeman 
January 1981 

The ADC0816 is identical to the ADC0817 except for 
accuracy. The ADC0816 is the more accurate part, having 
a total unadjusted error of ± V. LSB. The ADC0817 has a 
total unadjusted error ±1 LSB. In many applications 
where a slightly lower accuracy is tolerable, the ADC0817 
represents a more economical solution. 

II. Functional Description 
The ADC08161ADC0817 can be subdivided into two 
major functional blocks; a multiplexerllatch and an AID 
converter, Figure 1. The multiplexerllatch is composed 
of a 16 channel multiplexer, a 4 bit channel select regis­
ter, and some channel select decoding circuitry. 

The channel select address is loaded on the positive 
transition of the Address Latch Enable (ALE) Input. 

CONTROL LOGIC 
1_----i(;.;16f-) - START 

I-----+.~;~if~ .. END OF CONVERSION (EOC) 
I~.------';;;':"- CLOCK 

r-_---'(:..;21:...) _ ~~!:~~ 
t (OE) 

OUTPUT 
LATCH 

2-1(07) 
2-2(06) 

2-3(05) 
2-4(D4) 
2-5(D3) 
2-6(D2) 
2-7(Dl) 
2-B(DO) 

Figure 1. ADC08161ADC0817 Functional Block Diagram 
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Figure 2 shows this addressing scheme. A multiplexer 
enable pin called Expansion Control (EC) is also pro­
vided. Taking this pin low will disable the on chip 
multiplexer, allowing other multiplE;lxers to be used, 
thus expanding the number of inputs. 

ADDRESS EXPANSION SELECTED 
D C B A CONTROL CHANNEL 
o 0 0 0 I INO 
o 0 0 I I INI 
o 0 I 0 I IN2 
o 0 I I I IN3 
o I 0 0 I IN4 
o I 0 I I IN5 
o I I 0 I IN6 
o I I I I IN7 
I 0 0 0 I IN8 
I 0 0 I I IN9 
I 0 I 0 I INIO 
I 0 I I I INII 
I I 0 0 I ·INI2 
I I 0 I I INI3 
I I I 0 I INI4 
I I I I I INI5 
X X X X 0 NONE 

Figure 2. Analog Input Selection Table 

The output of the multiplexer usually feeds the input of 
the second major functional block, the AID converter. 
This converter is a successive approximation type con­
verter that is composed of a comparator, 256R type 
resistor ladder, successive approximation register 
(SAR), control logic, and output data latch. 

Under normal operation the control logic of the AID will 
first detect a positive going pulse on the START Input. 
On the rising edge of this pulse the internal registers 

ClK 

are cleared, and will remain clear as long as START is 
high. When the START input goes low, the conversion is 
initiated. The control logic will cycle to the beginning of 
the next approximatio.n cycle at which time End of Con­
version goes low and the conversion is started. During a 
conversion, the control logic will select a tap on the 
resistor ladder, and route the signal through a transistor 
switch tree to the input of the comparator. The 
comparator will decide whether this tap voltage is 
higher or lower than the input signal and indicate this to 
the control logic. The control logic then decides which 
tap is to be selected next. Meanwhile, the SAR main­
tains a record of the conversion's progress. This algo-

\ rlthm takes 8 clock periods per approximation and 
requires 8 aproximations to convert 8 bits_ Thus 64 
clock periods are required for a complete conversion. 

Once the entire conversion is completed the data in the 
SAR is loaded into the output register. This is a TRI­
STATEI!l register which requires that its outputs be 
enabled by raising the Output Enable (OE or TRI-STATE) 
input. The data can then be read by the controlling logic. 

During operation, the EOC output must be monitored to 
determine whether the device is actively converting or is 
ready to output data_ Once the channel address is 
loaded, a positive going pulse on START will start the 
conversion and cause EOC to fall. When EOC goes high 
again the .data is ready to be read, which, as was pre­
viously stated, is accomplished by raising the OE input. 
The data can be read any time prior to one clock period 
before the completion of the next conversion. The 
ADC0816/ADC0817 timing is shown in Figure 3. (See 
data sheet for exact specifications.) 

II ALEf • 

MULTI&~~~ij~ _"+I __________ AN .. ~il-LO-G-IN-PU-T-S-TA-8L-E-----------
I---tEOC'" 0-8 CLOCKS.-i'-------tc,--------i'l 

"-64 CLOCKS ~ __ _ 

\~ __ ~I~I----------~1 EDC 

OUTPUT n. 
ENABLED 

-------------------------tI~I--------------------

OUT~~~~ ______ ~~~~:. ________ _?I_---------------...r-\. 
OUTPUT~ 

DATA I 

VALID 
Figure 3. ADC0816/ADC0817 Timing Diagram 

TRI-STATE is a registered trademark of National Semiconductor Corp. 
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III. Analog Input Designs 

A. Ratiometric Conversion 
The external availability of both ends of the 256R 
resistor ladder makes this converter ideally suited to 
use with ratlometric transducers. A ratiometric trans­
ducer is a conversion device whose output is propor­
tional to some arbitrary full scale value. In other words, 
the actual value of the transducers output is of no great 
importance, but the ratio of this output to the full scale 
reference is valuable. For example, the potentiometric 
transducers of Figure 4 have this feature. 

The prime advantage of these transducers is that an 
accurate reference is not required. However, the 
reference should be noise free because voltage spikes 
during a conversion could cause inaccurate results. 

Perhaps the simplest method to obtain a reference 
would be to use a voltage already present in the system, 
the power supply. As shown in Figure 4 the 5V supply 
can be easily conected as the reference, but care must 
be taken to reduce power supply noise. The supply lines 
should be well bypassed with filter capacitors and it is 

REGULATOR 
ORroWER--~------------------~ 

SUPPLY 

RATIOMETRIC ~. ___ -! 
TRANSOUCER 

REGULATOR OR 
POWER SUPPLY 

TO OTHER 
RATIOMETRIC 

TRANSOUCERS 

+5V 

recommended that separate PC board traces be used to 
route the 5 V and ground to the reference inputs and to 
the supply pins. 

B. Absolute Conversion 
Absolute conversion refers to the use of transducers 
whose output value is not related to some other voltage. 
The "absolute" value of the transducer's output voltage 
is very important. This implies that the reference must 
be very accurately known to be able to accurately deter­
mine the value of the transducers output. Figure 5 
shows a typical grounded reference connection using 
the LM336-5, 5 V reference. Note that ratiometric trans­
ducers can also be used in this application along with 
absolute transducers. 

In most of the following applications either absolute or 
ratiometric transducers can be used. The only differ­
ence being that when absolute transducers are 
employed, more accurate references should be used. 

GROUNO ~ ______________________ ...... 

Figure 4. Simple Ratiometric Converter Using Power Supply as Reference 
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REFERENCE 

REGULATOR DR 
POWER SUPPLY 
GROUND 

+V 

! R = ( +V - 5) (D.2RLADOER) 

+5V 

TO ABSOLUTE 
DR RATIO-

METRIC 
TRANSDUCER 

+5V 

VCC 
REF(+) MUX OUT 

EXPANSION COMP 

INO 
IN1 
IN2 
IN3 
IN4 
IN5 
IN6 AOCOB16 
IN7 AOCOB17 
INB 
IN9 
IN10 TO~ . 
IN11 INT RFACE 
IN12 
IN13 
IN14 0 
IN15 C 

B 
REF(-) A 

GNO CLK 

Figure 5. Simple Absolute Converter Using LM336·5.0 Converter 

C. Reference Manipulation 

In some small systems (particularly CMOS systems) 
where a reference is required, one can use the reference 
as a supply as shown in Figure 6. In this case the 
LM336-5 is used to generate the 5 V reference and also 
the 5 V supply. An unregulated supply greater than 5 V is 
required to allow the reference to operate. The series 
resistor, R, is chosen such that the maximum current 
needed by the system is supplied while keeping the 

. LM336-5 in regulation. The value of this resistor is simply: 

R 

where Vs = unregulated supply voltage; VREF = reference 
voltage; ILAD = VREF/1 KQ, resistor ladder current; 
ITR = transducer currents; Ip = system power supply 
requirements; and IR = minimum reference current. 

Figure 7 shows a simple method of buffering the refer­
ences to provide higher current capabilities. This elimi· 
nates the Ip term in the above equation. In Figures 5, 6, 
and 7, it is advisable to add some supply bypass capaci­
tors to reduce noise, typically 0.1 flF. 

D. Reference Voltage Variation 

In some cases it is possible to eliminate the need for gain 
adjustments on the analog input signals by varying the 
Ref( +) and Ref( -) voltages to achieve various full scale 
ranges. The reference voltage can be varied from 5 V to 
about 0.5 volts with the one restriction that 
[VRef(+)-VRef(_~/2=(Vcc-GND)/2±0.1· volts. In other 
words, the center of the reference voltage must be Within 
± 0.1 V of mid-supply. The reason for this is that the refer· 
ence ladder is taped by an n or p-channel MOSFET 
switch tree. Offsetting the voltage at the center of the 
switch tree from Vccl2 will cause the transistors to incor­
rectly turn off, resulting in inaccurate and erratic con-
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versions. However, If properly applied, this method can 
reduce parts counts as well as eliminate extra power 
supplies for the Input buffers. 

Figure 8 shows a simple supply centered reference where 
R1 and R2 offset Ref( +) and Ref( -) from Vce and 
Ground. An LM336, 2.5 V reference Is shown here, but any 
reference between 0.5 V and 5 V can be used. For odd 
reference values the simple op amp scheme shown in 
Figure 9 can be used. Single power supply op amps such 
as the LM324's or LM10's would work well. R1, R2, and R3 
form a resistor divider in which R1 and R3 center the 
reference at V ccl2 and R2 can be varied to obtain the 
proper reference magnitude. 

E. Analog Channel Expansion 

The ADC0816/ADC0817 have an expansion control (EC) 
pin which Is actually a multiplexer enable. When this 
signal is low, all the switches are inhibited so that ano­
ther signal can be applied to the comparator input. 
Additional channels can be implemented very simply, 
as shown in Figure 10. This design has expanded the 
number of channels from 16 to 32. To address the chan­
nels, 5 address lines are required. The lower 4 bits are 
directly applied to the AID's A, B, C, and D Inputs. All 5 
bits are also applied to an MM74C174 Hex "D" flip-flop 
which is used as an address latch for the two CD4051's. 
The 1Q, 2Q, and 30 outputs of the MM74C174 feed the 
CD4051 address Inputs 4Q and 5Q are gated to form 
enable signals for each CD4051. 50 is also routed to the 
EC input to properly enable the AID's multiplexer. 

The CD4051s are used with a 5 V supply, so their specifi· 
cations are very similar to the ADC8016JADC0817 multi­
plexer. Thus, anything that can be done with the 
ADC0816/ADC0817 multiplexer can be done with the 
CD4051's. This includes making use of the previously dis­
cussed input designs as well as others. 



10K!) 

+v 
TO OTHER 
CMOS CIRCUITS 

+v 

TO TRANSDUCERS 
+ SV 

TO RATIOMETRIC 
OR ABSOLUTE 

TRANSDUCERS 

REFI +) MUX OUT 

EXPANSION COMP 

INO EOC 
IN1 START 
IN2 ALE 
IN3 DE 
IN4 
INS 07 
IN6 AOC0816 06 
IN7 AOC0817 05 
IN8 04 
IN9 03 
IN10 02 
IN11 D1 
IN12 DO 
IN13 
IN14 D 
IN15 C 

B 
REFI-) A 

GNO CLK 

Figure 6. Reference Used as Power Supply 

+v 

t---+--------I REFI +) 

EXPANSION 

MUX OUT 

COMP 
TO TRANSDUCERS 

INa EOC 
IN1 START 
IN2 ALE 
IN3 OE 
IN4 
INS 07 
IN6 AOC0816 06 

TO RATIOMETRIC IN7 AOC0817 DS 
OR ABSOLUTE IN8 04 TRANSDUCERS 

IN9 03 
IN10 02 
IN11 D1 
IN12 00 
IN13 
IN14 
IN15 

REFI-) 
GNO CLK 

Figure 7. Buffered Reference Used as Power Supply 
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~R __ ------------__ TO OTHER 
SUPPLY CIRCUITS 

VCC 
t-----------I REF(+) 

lM336 

+5V 

TO 
TRANSDUCERS 

EXPANSION 

INO 
INl 
IN2 
IN3 
IN4 
IN5 
IN6 ADC0816 
IN7 ADC0817 
INB 
IN9 

IN1D T3~:FACE 
INll 
IN12 
IN13 
IN14 
IN15 

.... --------~REF(-) 

Figure 8. Supply Centered Reference Using LM336 2.SV Reference 

Pb~~R-... ------------__ TO OTHER 
SUPPLY CIRCUITS 

VCC 
> .... --1 REF( +) 

..... ----1+ 
V.lM324 

+5V EXPANSION 

INO 
INl 
IN2 
IN3 
IN4 
IN5 
IN6 ADC0816 
IN7 ADC0817 
INB 
IN9 
IN10 
INll 
IN12 
IN13 
IN14 
IN15 

> ...... --1 REF( -) 

V.lM324A 

TO ,..P 
INTERFACE 

Figure 9. Supply·Centered Reference Using Buffered "Resistor Divider 
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5V 

I 
VCC 

REFEREN~~ - REF( + ) 

COMP 1 
MUXOUT I-~------------..... 

+5 - EXPANSION EOC 1--------------_+- EOC 

- INO 
-IN1 
- IN2 
- IN3 
- IN4 
- IN5 

TO - IN6 

TRANSDUCERS = :~~ 
(CHANNELS 0·16) _ IN9 

- IN10 
-INll 
- IN12 
- IN13 
- IN14 
- IN15 

ADC0816 
AOC0817 

START START 
ALE ALE 
~ ~ 

071-------------_f_+- D7 
~ ~ 

00 00 
M M 
~ ~ 

~~ ~~ I~n:FAcE 
M M 
EC _ .-------------fo+- CLK 

E 
D 0 
Cr-t-+--------~r.-_f_+- C 
8 B 

REFEREN~~ - REF( - ) 
GNO CLK 

A A 

- 7 
- 6 

TO - 5 
TRANSDUCERS - 4 

(CHANNELS 16·24) = ~ 
-1 
-0 

- 7 
- 6 
-5 

TO TRANSDUCERS) '-_ 4 
(CHANNELS 24-32 3 

- 2 
-1 
- 0 

VCC 
- 60 60 r-

L--+---I50 50 f-
VCC ,...- 40 4D f--

~ I-t----++-I ~~ MM74C174 ~~ f---
A 10 10~---~ 

CLEAR I-- 5V 
CLK r--------' CD40518 

INHr-H+--. 

1/0I-H++-If++------------..1 
VEE VSS 

VEE VSS 1/0 ~---' 

Figure 10. Simple 32 Channel AID Converter 
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F. Differential Analog Inputs 

An easy, and sometimes overlooked method for imple­
menting a differential input scheme is shown in Figure 
11. This approach actually'implements the differential 
In software. All 16 channels are paired into positive and 
negative inputs. Then the controlling logic or micro­
processor will convert 'each channel of a differential 
pair, load each result, and then subtract the two results. 
This method requires two single ended conversions to 
do one differential conversion, hence the effective dif­
ferential conversion time is twice that of a single chan­
nel or a little over 2001's (Ck = 640 kHz). The differentJal 
inputs should be stable throughout both of the con­
versions to produce accurate results. 

VCC 
TO REF( +) MUX OUT 

REFERENCE 

COMP 

CHANNEL 11 
INO 
INl EOC 

CHANNEL '21 
IN2 START 
IN3 ALE 

CHANNEL 31 
IN4 DE 
INS 

CHANNEL 41 
IN6 07 
IN7 AOC0816 06 

CHANNEL 5\ 
INB AOCOB17 05 
IN9 04 

CHANNEL 61 
IN10 03 
INll 02 r3T~~FACE 

CHANNEL 7\ 
IN12 Dl 
IN13 DO 

CHANNEL 81 
IN14 
IN15 0 

C 
B 

TO REF(-) A 
REFERENCE 

Figure 11. Simple 8 Differential Channel Converter 

A 16 channel differential system can be realized by 
modifying Figure 10. This is accomplished by changing 
the C04051's addressing and adding a differential 
amplifier in between the multiplexer outputs and the 
comparator input. The select logic for the C04051's has 
been modified to enable the switches to be selected in 
parallel with the AOC0816/AOC0817. The outputs of the 
three multiplexers are connected to a differential ampli­
fier, composed of 2 inverting amplifiers with gain and 
offset trimmers. A dual op amp configuration of 
inverting amplifiers can more easily be trimmed and has 
less stringent feed-back resistor matching require­
ments, as compared to a single op amp design: The 
transfer equation for the dual op amp amplifier shown 
in Figure 12 is: 

'rR2R51 [R5] 
Vo = [R1 R3] V1 - [R4 V2 

Propagation delay through the op amps should be con­
sidered to provide sufficient time between the analog 
switch selection and start conversion to allow the ana-
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log signal at the comparator input to settle. Using the 
LF356 op amp, this delay should be about 51'S. 

G. Input Signal Buffering 

There are three basic ranges of input signal levels that 
can occur when interfacing the AOC0816/AOC0817 to 
the "real world". These are: a) signals which exceed Vcc 
and/or go below ground; b) signals whose input ranges 
are less than Vee and Ground, but are different than the 
reference range; c) and signals that have an input range 
that is equal to the reference range. Each of these situa­
tions require different buffering. 

The last situation, case "c" Is usually trivial. No buf­
fering is required unless the source impedance of the 
input signal is very high. If this is the case a buffer may 
be added between the multiplexer output and com­
parator input pins. If a high input impedance op amp is 
used, the input leakage looking from the multiplexer 
input can be greatly reduced. This circuit is shown in 
Figure 13. Using a buffer like this eliminates the neces­
sity for large capaCitors on the multiplexer inputs 
(explained later), but these buffers usually require two 
supplies and can contribute their own conversion errors. 

If the input signal is within the supply, but the reference 
cannot be manipulated to conform to the full input 
range, the unity gain buffer of Figure 13 can be replaced 
by another op amp as shown in the Figure 13 inset. This 
type of amplifier will provide gain and/or offset control 
to create a full scale range equal to the reference. 

The third case, c, where the input range exceeds Vee 
and/or goes below ground, the input signals must be 
level shifted before they can go to the multiplexer with 
the only exception being when the magnitude of the 
input voltage range is within 5 V, but outside the 0-5 V 
supply range. In this case the supply for the entire chip 
could be shifted to the analog input range, and the digi­
tal signals level shifted to the system's 5 V supply. 

A typic~1 example would be bipolar inputs from -2.5V 
to +2.5. If the AOC0816/AOC0817 have their supply and 
reference derived as shown in Figure 14, then the ±2.5 V 
logic outputs need only to be level shifted to 0 and 5 V 
logic levels, Figure 15. 

H. Digital Data Acquistion 

The AOC0816/AOC0817 make good analog data acquisi­
tion subsystems, but there are many instances where 
these converters are good digital data acquisition sys­
tems as well. If a system has unused channels, digital 
inputs can be connected to these channels instead of 
being separately buffered into the system. In the case 
of a microprocessor system this could eliminate an 110 
port and associated logic. The speed at which this input 
is accessed is one conversion cycle, but many times 
this will be fast enough. These inputs can be used <;IS 
input switches, power supply indicator devices, or other 
system status flags. The microprocessor converts the 
digital input channel and reads it. Software then 
decides whether ihe input is high enough or low enough 
to cause a particular action. 
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Figure 12. Differential 16 Channel AID Converter 

8-109 

~ -C 

g 
::l 

~ 
::J, 
CD 
~. 



+V 

-= 

TO 
TRANSDUCERS 

+5V 

VCC 
REF( +) 

-15V , ALTERNATE AMPLIFIER 

1 
FOR OFFSET AND GAIN ADJUST 

R2 R3 

M UL TIPLEXER 
OUTPUT 

MUX OUT 

COMPARATOR 
INPUT 

UNITY GAIN 
AMPLIFIER 

EXPANSION COMP 

INO EOC 
INI START 
IN2 ALE 
IN3 DE 
IN4 
IN5 07 
IN6 AOC0816 06 
IN7 ADC0817 D5 
IN8 D4 
IN9 D3 

TO~ IN10 D2 INT RFACE 
INll Dl 
IN12 DO 
IN13 
IN14 
IN15 

REF(-) 

Figure 13. Single Input Amplifier Buffering 
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Figure 14. ±2.SV Input Range Data Acquisition 
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Figure 15. Input/Output Level Shifters 

I. Input Considerations 

In most instances interfacing analog circuitry is very' 
straightforward, but there are some constraints that 
should be observed if a reliable accurate system design 
is to result. One major consideration, input source 
impedance is actually somewhat more complicated 
than it appears. One would expect that the input current 
would be a small D.C. current, but due to the nature of 
the comparator, it is not. The AID's comparator is a 
capacitor sampling comparator whose input current is a 
series of spikes. Figure 16 shows a simplified model of 
the comparator input. 

When determining a single bit value during a conver· 
sion, S1 will.close causing Cc and Cp to charge to the 
input voltage. Then S1 is opened and S2 is closed samp· 
ling the ladder. The input current is an RC transient 
charging current whose magnitude and duration is 
dependent on the values of Ce, Cp , Rs, Rm and RL. The 
duration of the transient must be shorter than the input 
sample period, and the sample period is dependent on 
the converter's clock frequency. Thus the maximum 
source impedance is dependent on the clock period. At 
a clock frequency of 1 MHz, Rs" 1 k; and at 640kHz, Rs" 
2k. The source impedance of potentiometric transdu· 
cers vary as a function of wiper position. Thus transdu· 
cers with a value of .. 10k at a frequency of 640kHz and 
.. 5k at 1 MHz are suitable. 

When a sample·and·hold or some other active device is 
inserted between the niultiplexer and comparator pins, 
the output impedance of the transducers are no longer 
as restricted and depend more on the particular Sample! 
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Hold or op amp chosen. The critical parameter now is 
the source impedance of the buffer which should be .. 
3k at a clock frequency of 1 MHz and .. 5kQ with the 
clock equal to 640 kHz. 

If higher impedances are unavoidable, RC charging 
errors can be reduced to an average current error by 
placing a capacitor = 1 flF, from the multiplexer input to 
ground. Adding this capacitor will average the transient 
current spikes and cause a small DC current error which 
for a potentiometric transducer is: 

Rp Ck 
VERR = a(IIN)640 kHz Volts 

where Rp = total potentiometer resistance; liN = 2flA 
(maximum input current at 640kHz); and Ck=clock fre­
quency. For a .standard buffer source impedance the 
voltage error is: . 

where Rs = buffer source impedance; liN = 2flA (maxi­
mum average input current. at 640 kHz); and Ck = clock 
frequency. 

In addition, whenever analog signals are present in a 
digital system, several precautions should be exercised 
to reduce noise on the analog inputs. The analog input 
signals and the reference input should be kept physi­
cally isolated from the digital signals and a single point 
analog ground should be employed. 



J. Protecting the Analog Inputs Against 
Over Voltages 

During normal operation, it is important to keep the ana· 
log input voltages to the multiplexer or comparator 

. between Vcc and Ground to ensure proper operation. 
There may be some occasions where over or under volt· 
ages cannot be avoided. Protecting the analog inputs, 
due to their unique nature, can be more difficult than 
digital inputs. The most effective method is to use exter· 
nal Schottky diodes as shown in Figure 17a. Since the 
Schottky knee voltage is 0.4 volts the IN5166 diodes of 
Figure 17a will safely shunt currents up to several milli· 
amps. To shunt possible currents larger than several 
milliamps some series resistance may be added to 

ANALOG 
SIGNAL SOURCE 

MULTIPLEXER 
"ON" CHANNEL 

RS 

Vs 

FROM MULTIPLEXER 
ADDRESS LOGIC 

limit these currents as shown in Figure 17b, but this 
value resistqr must be no greater than the values speci­
ied in the previous section. 

A less expensive solution would be to replace the 
Schottky diode with some standard switching diodes, 
Figure 17b, but since these diodes could only partially 
shunt the input current from the internal clamp diodes, 
some series resistor should be used as in Figure 17c. If 
the external diode must shunt a large amount of current 
the two series resistors of Figure 17d should be used. If 
the input design is such that the input can exceed only one 
supply the diode going to the other supply can be omitted. 

COMPARATOR INPUT 

TO 
Cc COMP 

'*" Cp 

FROM SWITCH FROM CONTROL 
TREE LOGIC 

Figure 16. Simplified Multiplexer/Comparator Equivalent Circuit 
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OUTPUT MULTIPLEXER MULTIPLEXER 
INPUT OUTPUT INPUT 
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-=- (a) -=- (b) 
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IN914 IN914 

BUFFER 
lKQ CONVERTER! 5002 5DDQ CONVERTER! BUFFER 

OUTPUT MULTIPLEXER OUTPUT MULTIPLEXER 
INPUT 'INPUT 

IN914 IN914 

-=- (e) -=- (d) 

Figure 17. Analog Input Protection Circuitry 
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IV. Signal Conditioning 
There are many applications where it is desirable to add 
some signal processing circuitry to improve circuit per· 
formance. Typical additions would be filter circuits, 
sample/holds, gain controlled amplifiers, and others. 
Here again the external accessibility of the multiplexer 
output and comparator input pins can greatly reduce 
the amount of circuitry required by enabling the use of 
only one circuit required by enabling the use of only one 
circuit all 16 outputs instead of 1 for each input. 

A. Gain Control 

Previous examples of gain manipulation have dealt with 
one fixed gain for all 16 channels, but there are occa· 

I sions where variable gain or selectable gain may 
improve accuracy and simplify hardware and/or software. 

Figure 18 shows a typical method for gain control. The 
CD4051, analog multiplexer, is placed in the feedback 
loop of a simple non·inverting op amp. The gain of this op 
amp is controlled by selecting one of the CD4051's ana· 
log switches. 

TO REF! +) REFERENCE 

INO 
INl EOC 
IN2 START 
IN3 ALE 
IN4 DE 
IN5 AOCOS16 
IN6 AOCOS17 07 

TO IN7 06 
TRANSDUCERS INS 05 

IN9 04 
IN10 03 
IN11 02 
IN12 01 
IN13 00 
IN14 
IN15 0 

C 
S 

TO REF! -) A 
REFERENCE 

This will switch a resistor in and out of the feedback loop. 
If these resistors, R2N, are of different values, different 
gains are realized. These gains are given by: 

A microprocessor or some control logic would select a 
gain by latching the channel address into a MM74C173. It 
is important to ensure the output of the LF356B does not 
exceed the power supply, so before a new channel is 
selected the gain of the op amp should be reduced to a 
safe value. The 1 k resistor on the output of the LF356 is 
to help protect the comparator inputs from accidental 
over or under voltages. Two back biased diodes placed 
from the input to Vee and Ground (lN914 or Schottky) will 
offer further protection. 

+5V +5 

TO pP 
INTERFACE 

TO pP 
INTERFACE 

Figure 18. Microprocessor Controlled Gain 
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B. Sample/Holds 

The only major data acquisition element not included on 
the ADC0816 Is a sample/hold circuit. If the Input signals 
are fast moving then a S/H should be used to quickly 
acquire the signal and then hold it while the 
ADC0816JADC0817 converts it. This circuit can be easily 
implemented by Inserting it between the multiplexer out· 
put and the comparator input. 

The simplest solution Is to tie a capacitor on the multi· 
plexer output and then tie this pin to the comparator 
input pin. The expansion control pin is used as a sample 
control. When this pin is high one switch is on and the 
capaCitor voltage will follow the input. However, when 
the expansion control pin is pulled low, all-switches are 
turned off and the capacitor holds its last value, almost. 
The Input bias to the comparator is about 2".A (worst 
case with Ck = 640 KHz). Thus the droop rate for a 
1000pF is approximately 2000 VIS or about 0.2 Vlcon· 
version. This is totally impractical. If a O.o1".F capacitor 
is used Instead then the droop rate is 20mV, which may 
be satisfactory. Unfortunately, the acquisition time is 
on the order 100".S, or about the length of a conversion. 

The problem is that the comparator input leakage is too 
high for this sample and hold. To eliminate this, the input 
can be buffered by using an LM356B. Figure 19. The 
leakage, now due mostly to multiplexer leakages, is 
reduced to approximately 100nA. The droop per con· 
version is typically less than 1.0 mV per conversion when 
using a 1000pF capacitor and the acquisition time is 
approximately 20".S. 

A more accurate solution would be to isolate the 
capaCitor from both the multiplexer comparator pins of 
the ADC0816/ADC0817. This is easily accomplished by 
using the LF398 monolithic sample/hold, as shown in 

+5V 

I 
Vcc 

Figure 20. The acquisition time for this part is typically 
4".S to 0.1%, and the droop rate is 20".V/conversion. This 
circuit has its own hold control thus the expansion con· 
trol is free to be used normally. 

The choice of the hold capaCitor is critical to the per· 
formance of the sample/hold circuit. Some capacitors 
are composed of dielectrics that will have an initial 
droop after the hold is strobed. This is due to dielectric 
absorption. Polypropylene and polystyrene dielectrics 
have very little dielectric absorption and thus make 
excellent sample/hold capaCitors. Such materials as 
mylar polyethylene have higher absorption properties 
and should not be used. 

C. Filtering Analog Inputs 

Under some conditions the analog input may have come 
from a noisy environment and to recapture the original 
Signal some filtering may be required. Typically high 
frequency noise must be filtered. The 
ADC0816/ADC0817 can easily accommodate the addi· 
tion of many standard low pass filters. Another useful 
filter is a 50 Hz or 60 Hz notch filter to eliminate the nose 
contributed to the circuit by A.C. power lines. 

It is particularly easy to place a Single passive filter 
between the multiplexer output and comparator input 
pins, but passive filters must be carefully desi3ned to 
reduce input loading. The filter capacitor will tend to 
average the comparator sampling current as mentioned 
in the Input Considerations section. To eliminate this, 
the passive filter can be buffered by an op amp or an 
active filter could be used. 

Lb:>--
T 

REFERENC ~- REF(+) 
U..I.. + 

MUX OUT * 1000 pF 

TO 
TRANSDUCERS 

l---------
~ ------

. REFEREN ~~-

IND 
INl 
IN2 
IN3 
IN4 
IN5 
IN6 
IN7 
INB 
IN9 
IN10 
INll 
IN12 
IN13 
IN14 
IN15 

REF(-) 

COMP 

EXPAND 

EOC 
START 

ALE 
DE 

AOCOB16 
AOCOB17 07 

06 
05 
04 
03 
02 
01 
DO 

0 
C 
B 
A 

GNO CK 

1-

Figure 19. Op Amp Sample Hold Circuit 

8-114 

SA MPlE/iiOIli 

T 0"," 
TERFACE IN 



+5V 

Vec 

lF398 
ANALOG 
INPUT 
lOGIC 
REFERENCE 

HOLD CAP 

OUTPUT 

LOGIC 

TO REFERENCE REF( +) MUX OUT 
SAMPLE 

TO ANALOG 
TRANSDUCERS 

TO REFERENCE 

EXPANSION 

INO 
IN1 
IN2 
IN3 
IN4 
IN5 
IN6 
IN7 AOC0816 
IN8 AOC0817 

IN9 
IN10 
IN11 
IN12 
IN13 
IN14 
IN15 

REF( -) 

COMP 

EOC 
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05 
04 
03 
02 
01 
DO 

0 
C 
B 
A 

TO ~P OR 
CONTROL lOGIC 

1kQ 

GNO ClK 

Figure 20. Sample/Hold Converter Using LF398 

V. Microprocessor Interface 
The interface requirements for the ADC0816/ADC0817 
interconnection to various microprocessors are essen· 
tially the same as the ADC0808/ADC0809 requirements. 
The devices can be connected to the CPU so that it 
looks either like a memory location or I/O port. The data 
transfers can be Initiated by either an interrupt to the 
CPU or the CPU can periodically interrogate the A/D. 
When trying to implement an absolute minimum compo· 
nents count system, the I/O port (as opposed to memory) 
addressing will usually require fewer components. 

There are several design considerations that apply to 
most microprocessor systems when interfacing the 
ADC0816/ADC0817. Even though the actual timing of CPU 
read and write cycles vary, in general, a microprocessor 
will output the address and data (if write operation) onto 
its busses. A certain time later the Read or Write strobes 
will go active for a specified time. The interface logic 
must detect the state of the address and data busses 
and initiate the specified action. For the 
ADC0816/ADC0817 these actions are; 1) load channel 
address, 2) start conversion, 3) detect end of conversion 
and 4) read resultant data. These actions are performed 
by decoding the read/write strobes, address, and data 
information to form the and ALE and START pulses, then 
detect EOC, and finally read the data. 

For the most part the decoding and strobe generation is 
straight forward. The START, ALE, and OE strobes will 
generally be of the same duration as the CPU read/write 
strobes and positive going (ALE can be negative going). 
One subtle choice is where to derive the A, B, C, and D 
channel select address. These lines can be connected to 
either the address bus or the data bus. The advantage of 
connecting them to the data bus is that in minimum sys· 
tems, more I/O address lines are available for simple 
decoding. When the A, B, C, and D inputs are connected 
to the address bus each analog channel becomes a 
separate I/O port. 
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In most designs it is very tempting to tie START and ALE 
together, enabling one pulse to both write the channel 
address and then start the conversion. However, it is 
very important that the signal on the comparator input 
be stable before the conversion starts, otherwise the 
first and most important successive approximation 
could be in error. Usually the START and ALE pulses are 
the same length as the CPU read and write strobes 
which are normally between 0.2 to 1.I'S long. Thus the 
conversion may start within 11'S of the address select 
latching. (Remember the channel is selected on the 
rising edge of ALE and the conversion begins within 8 
clock periods of the falling edge of START.) For con· 
verter clocks greater than 500 KHz, 11lS may not be 
enough time to allow the analog input Signal to propa· 
gate through the multiplexer and any additional signal 
conditioning circuitry such as buffers, S/H's, etc. There 
are, however, a couple of easy fixes that can correct this 
possible problem. First, the START/ALE pulse could be 
stretched to the proper length by using a one·shot 
(MM74C221 or similar) to generate a pulse as long as 
the total delay from multiplexer input to comparator 
input. Secondly, the problem can be circumvented by 
"double pulsing" the converter. This can be easily 
accomplished in software by writing to the START/ALE 
address twice. The first pulse latches the desired chan· 
nel address and starts the conversion. The second 
pulse must again load the same channel address, which 
will not change the multiplexer's state, and will then 
restart the conversion. Of course, the second pulse must 
occur after the comparator input has settled. 

Even though the, hardware to interface the 
ADC0816/ADC0817 to various microprocessors will dif· 
fer and the system software will vary, the basic routines 
to operate the ADC0816/ADC0817 are usually similar. 
There are many variations, but Figures 21 & 22 illustrate 
flow charts that typify these routines. These routines 



the ADC0816/ADCOB17 is tied directly to the address and 
data bus (as oppolled to using a peripheral controller). 
Generally, the hardware to create START and ALE pulses. 
This does not necessarily have to be true, but write 
instructions are conceptually easier and little is gained 
by designing the logic such that read Instructions inti ate 
these pulses. The OE pulse must be created by an 1/0 or 
memory read as the converter's data must be read. 

The major design· consideration is whether EOC should 
be polled by the microprocessor or whether EOC should 
cause an interrupt. This decision is system dependent, 
however the following applications illustrate both 
methods. 

,----.. ----., 
I POLL 110 DEVICES I 
I FIND INTERRUPTING I L. DEVICE ..I ----1----

.................... 
........ IS ........ NO SERVICE < IT AOC0816/AOCD817~ OTHER 
........ .......... DEVICES 

-............ .... 

OUTPUT ADDRESS 
TO A. B. C&D INPUTS 

AND 
PULSE ALE 

(LOAD ADDRESS) 

r----:-----, 
I WAIT FOR I 

L_!!l£~G~~!_J 
r----~- ... --, 
I ENABLE I 'L. INTERRUPTS ..I' ----1'----

EXECUTE PROGRAM 

IYES 

'---'RESET'---' I INTERRUPT I 
L.----·i----.J 
r----:::;----l 
I RE-ENABLE CPU I L. INTERRUPTS .J ----r----

·THESE BLOCKS USED ONLY WHEN EDC 
TIED DIRECTLY TO CPU INTERRUPT INPUT 

··THESE BLOCKS USED ONLY WHEN 
MULTIPLE INTERRUPTS ARE 
WlRE·DRED TOGETHER 

···THIS BLOCK USED WHEN INTERRUPT 
FUp·FLOP MUST BE RESET 
BY SOFTWARE 

····INTERRUPTS MAY BE ENABLED ANY 
TIME AF7ER DEVICE INTERRUPT IS RESET 

Figure 21. Flow Chart for Interrupt Control 
of ADC08161ADC0817 
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A. Interfacting to INS8080 

Interfacing the ADCOB16/ADCOB17 to an INS8080 
system is extremely simple, because the I NS80BOI 
INSB224f1NSB228 CPU group have separate 110 read 
(1I0R) and 110 write (1I0W) strobes which Imply that the 
INS8080 has separate 110 addressing. In small systems 
this means that very little or no address decoding is 
necessary. Figure 23 shows a very simple interface 
which uses two NOR gates to gate the 110 strobes with 
the most significant address bit A7. The INS80BO has 8 
bits of port address which will yield a maximum'pf 4110 
ports If inputs A, B, C, and D are connected ·to the 
address bus. A MM74C74 flip·flop is used as a divide-by-2 
to generate a converter clock of 1 MHz. If the INS80BO 
system clock Is .. 1 MHz this flip-flop is unnecessary. 

OUTPUT ADDRESS 
TO A. B. C. 0 INPUTS 

AND 
PULSE ALE 

(LOAD ADDRESS) 

Figure 22. FlowChart to Control ADC0816/ADC0817 
In a Polled 110 Mode 
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COMPATIBILITY 

Ii CK 

." 74C74 

<1>2 (SYSTEM CLOCK 0 .. <1> .. 2 MHz) 

Figure 23. Simple INS8080/8224/8228 to ADC0816/ADC0817 Interface 

Typical software would first write the channel address to 
the converter and start it. As mentioned before. two start 
pulses should be sent to the ADC0816/ADC0817 to allow 
the comparator input to settle. After the second start 
pulse the CPU could execute other program segments 
until It is interrupted by EOC going high. Depending on 
the Interrupt structure, program control would then be 
given to the interrupt handler which reads the converter's 
data. 

The second Interface circuit, Figure 24 utilizes a 
DM74LS139 dual 2-4 decoder in which one·half of the chip 
is used to create read pulses and the other half write 
pulses. The START and OE inputs are inverted to provide 
the correct pulse polarity. This interface partially 
decodes A6 and A7 to provide more I/O capabilities than 
before. This circuit also implements a simple polled I/O 
structure. The EOC output is placed on the data bus by a 
TRI·STATE@ inverter when the inverter is enabled by an 
INS8080 read. 

B. Interfacing to the Z80™ . 

The zaO™, even though architecturally similar to the 
INS8080, uses Slightly different control lines to perform 
I/O reads and writes. In Figure 25 a NOR gate approach 
similar to Figure 22 is shown to interface the Z80 to the 
ADC0816/ADC08l7. Instead of I/OR and I/OW strobes 
the Z80™ has RD (read) and WR (write) strobes which 
are gated with iOREQ (I/O request). In the Z80™ inter· 
face, to show a slight variation, START is connected to 
OE instead of ALE. This will cause a new conversion to' 
be started whenever the data is read which may seem 
zao Is a trademark of Zilog. 
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unusual, but can actually be useful if the converter is to 
be continually restarted upon completion of the pre· 
vious conversion. Address bit A6 is used to derive a 
strobe which will place EOC on the data bus to be read 
by the CPU. 

Figure 26 uses a 6 bit comparator to decode A4·A7 and 
iOREO. Two NOR gates are used to gate the ALE/START 
and OE pulses. This design functions the s,ame as Figure 
23 except that the DM8l31 provides much more 
decoding. 

C. Interfacing to the NSC800 

The NSC800 interface is actually very similar to the 
INS8080 I/O interface, even though their timing is very dif· 
ferent. The NSCOOO multiplexes the lower 8 address bits 
on the data bus at the beginning of each cycle. When 
accessing memory, AO·A7 must be latched out at the 
beginning of a read or write cycle, but for I/O accessing; , 
the NSC800 duplicates the 8 bit I/O addresses on A8·A15 
address lines and latches are not necessary since these 
lines aren't multiplexed. The I/O read and write strobes 
are derived from a RD (read) and WR (write) line and the 
101M signal. 

Figure 27 shows a design using a dual 2·4 line decoder 
which decodes A15, and A14 and is enabled by the 
read/write strobes. TRI·STATE@ inverters are used to 
implement a scheme similar to Figure 24. This scheme 
has START and ALE accessed separately so that "double 
pulsing" isn't required. 

:to -C 
o o 
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CD 
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CD ., 
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Figure 24. Partial Address Decoding INS80801822418228 to ADC08161ADC0817 
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Figure 25. Simple Z80 Interlace to ADC08161ADC0817 
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Figure 26. Decoded Z80 Interface 
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Figure 27. Partially Decoded NSC800 to ADC0816/ADC0817 Interface 
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The next design, Figure 28, uses the same simple NOR 
gating scheme as Figure 23, except the NSC800 control 
signals are slightly different. A simple interrupt scheme 
for EOC is employed using an MM74C74. When EOC 
goes high the flip·flop is set and INTR goes low. When 
the NSC800 acknowledges the interrupt by lowering 
INTA, the flip·flop will reset. If more than one interrupt can 
occur simultaneously either INTA should be gated with 
'EOC, or some other signal instead of INTA must be used. 
This is required since it is possible for the NSC800 to 
detect another interrupt and clear the ADC0816/ADC0817 
interrupt before it's detected. 

D. Interfacing to the 6800 

The 6800 has no separate I/O addressing capabilities, so 
the system I/O must be addressed as though it is memory. 
As mentioned before, memory mapping can require more 
address decoding in order to separate memory from I/O, 
but in small systems very minimal parts count is still 
attainable. 

Figure 29 illustrates an interface which uses a DM8131 
comparator to partially decode the A12, A13, A14, and A15 
address lines with the "'2 clock and Valid Memory Address 
(VMA), to provide an address decode pulse for the two 
NOR gates which in turn generate the START/ALE Pulse 
and the output enable signal. This design will locate the, 
AID in one 4k byte block. 

This design tied EOC to IREO interrupt through an inverter. 
This is only usable in single interrupt systems since the 
6800 has no' way of resetting this interrupt except by 

SIGNl~ I 
PRDCESSING 

TO 
REFERENCE 

COMP 

starting a new conversion. S,ince EOC is directly tied to the 
interrupt input, the controlling software must not re-enable 
interrupts until 8 converter clock periods after the START 
pulse when EOC is low. 

The memory control signals are very different from the 
INS8080 type CPU's. One line indicates whether the ope· 
ration is a read or write, RIW instead of separate read/write 
outputs on the INS80801Z801NSC800. This signal along 
with VMA indicate a valid read/write operation. 

Figure'30 is slightly more complex, but provides more I/O 
port strobes. A NAN D gate and inverter are used to decode 
the addresses, VMA and "'2 clock. The I/O addresses are 
located at 1110XXXXXAABBBB (Binary); where X=don't 
care; A = 00 (Binary) for ALE write or Data read and A = 01 
for START write or IREO reset/EOC read; and B = channel 
select address if A, B, C and D are connected to the 
address bus and ALE is accessed. A dual 2·4 line 
decoderis used to generate these strobes and inverters are 
used tocreate the correct logic levels. 

The 6800 supports only a wired·OR interrupt structure. In a 
multi·interrupt environment only one interrupt is received 
and the interrupt handler routine must determine which 
deveice has caused the interrupt and service that device. 
(Although the INS8080/ZSO/NSC800 can implement a 
similar structure, hardware interrupt controllers can also 
be used which will automatically vector the ",p to the 
correct service routine.) To do this EOC is brought out to 
the data bus so the CPU cah check it. 
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Figure 28. Minimal NSC800 to ADC0816/ADC0817 Interface 

8-120 



>O~---------------------IREO 

+5 

EXPANSION 

TO 
REFERENCE 

TO 
TRANSDUCERS 

TO 
REFERENCE 

COMP 

REF(+) 

INO' 
INI 
IN2 
IN3 
IN4 
IN5 
IN6 
IN7 
INB 
IN9 
IN10 
INll 
IN12 
IN13 
IN14 
IN15 

REF! -) 

EOC 

ALE 

START 

DE 

ADCDB16 07 
ADCOB17 06 

D5 
04 
D3 
D2 
Dl 
DO 

0 
C 
B 
A 

CLK 

NOTE: PULL-UP RESISTORS SHOULD BE 
ADDED TO CMOS INPUTS TO IMPROVE 
TTL COMPATIBILITY 

+5V 

VCC 

STROBE 

R/W 

....... -.r-----! OUT 
~;;,,;,;;=----D7 1-------- D6 

~=====:D5 
I-------~: 6BOO DATA BUS 
1-------D2 I------.;..Dl 1-------- DO 

'12 MM74C74 

1------- :~ 16800 
1------- Al ADDRESS BUS 
1---",..".,=::-:--- AD 

a CK 

1112 (68G1l CLOCK 0 '" III", 1 MHz) 

Figure 29. 6800 to ADC0816/ADC0817 Interlace 
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CLK y, MM74C74 
L------r~ 

NOTE: PULL-UP RESISTORS SHOULD BE 
ADDED TO CMOS INPUTS TO IMPROVE 
TTL COMPATIBILITY 

CK 1112 (6800 CLOCK 0 '" 111",1 MHz) 

Figure 30. Partially Decoded 6800 to ADC08161ADC0817 Interlace 

8-121 

R/W 
A5 
A4 

1-----cK: I-- All 



E. Interfacing to the INS8060 or INS8070 

Like the INS8080 type microprocessors the INS8060 
(SC/MP) and INS8070 have separate read (NRDS) and 
write (NWDS) strobes, but like the 6800 these micropro­
cessors have no separate 1/0 addressing thus all 1/0 
ports must be memory mapped. The INS8060 has 12 bits 
of direct addressihg (16 bits with paged addressing) and 
may require less decoding that a 16 bit uP when not 
using more than one page. The INS8070 has a 16 bit 
address bus and will have similar decoding require­
ments as the 6800, except tliat there are no equivalent 

_ «1>2 or VMA signals. 

Figure 31 shows an interface using the DM8131 bus 
comparator to decode A11-A6 address bits. The output 
of the DM8131 is gated with NRDS and NWDS to gene­
rate the START/ALE and OE strobes. START and ALE 
are tied together and should be pulsed twice to ensure a 
proper conversion. The EOC output is applied to the 
INS8060 SENSE A input. This input can be used as a 
polled input where its level can be determined by 
reading the,..p status flag register. If the CPU's interrupt 
enable is set, then the SENSE A input becomes an 
active high interrupt input which will transfer control to 
the user's handler routine. 

The I NS8070 timing is very Similar to the INS8060. Read 
(NRDS) and write (NWDS) enable lines are provided and 
since the INS8070 does not have separate 1/0-
addressing, all 1/0 is memory mapped. _ 

Figure 32 shows an interface where a DM74LS139 dual 
2-4 decoder and DM74LS30 are used for address 
decoding. When NWDS is low, CPU writes to memory 
and 1Y0.,..1Y3 outputs will be decoded depending on A4 
and A5 address lines. During a read operation NRDS 
will be low again enabling 1Y0-1Y3 outputs. The 
INS8070 also has SENSE inputs like the I NS8060, 

SIGN1~ I 
PROCESSING 

TO 
REFERENCE 

TO 
TRANSDUCERS 

+5V 

VCC EXPANSION 
MUX OUT 

COMP 

REF(+) ALE 

INO START IN1 
IN2 
IN3 OE 
IN4 
INS ADCOB16 07 
IN6 ADC0817 06 
IN7 05 
INB 04 
IN9 D3 
IN10 02 
IN11 01 
IN12 DO 
IN13 
IN14 0 

except that these inputs are falling edge triggered when 
used as an interrupt, and that the INS8070 has two 
inputs, SENSE A and SENSE B. 

F. Parallel Interface Circuits 

In some cases,..p support chips can be used to interface 
the ADC0816/ADC0817 to microprocessors. Most paral­
lel 1/0 chips can be used, and provide enough flexibility 
to enable all functions to be under software control. 
Typical parallel I/O chips that could be used are 
INS8255, 6820, Z80-P10 and others. Typically these sup­
port IC's would be connected directly to the data and 
control pins and the software would manipulate the 
START and ALE pins via the interface chip. In some 
cases the chips provide handshaking andlor interrupt 
capabilities which can ease the converter interface. In 
some cases, the interface circuits will not provide a 
clock, and therefore must be provided externally. 

While use of parallel 1/0 circuits simplify designs and 
increase versatility, they are more expensive than the 1 
or 2 SSI or MSI circuits that they would replace, and 
thus not always the best choice. 

VI. Conclusion 
The ADC0816/ADC0817 are easy to use general purpose 
AID converters with the additional benefit of a 16 chan­
nel analog multiplexer. The IC's can become a Simple 
standard 8-bit data acquisition circuit or the basis cif a 
more powerful data acquisition system. Both Integrated 
circuits provide features to enable easy microprocessor 
interface, yet also allow hardwired control logic to be 
used. In those applications which require less accuracy, 
the less expensive ADC0817 can be used to reduce 
overall system cost. 

tIRDS 

07 
06 
05 
04 
03 
02 
01 
DO 

5V 

VCC 

STROBE 

OUT 

':' 

DATA BUS 

PAGE 
SELECT 

IN15 C 1------- A2 OR 02 DATA DR ADDRESS 
A3 DR 03 \ 

TO 
REFERENCE 

NOTE: PULL-UP RESISTORS SHOULD BE 
ADDED TO CMOS INPUTS TO IMPROVE 
TTL COMPATIBILITY 

B 
A 
1------- A1 OR 01- BUS 1------- AD DR DO 

II ~ (SYSTEM CLOCK 0 " ~" 2 MHz) 

Figure 31_ Simple INS8060 (SC/MP) to ADC08161ADC081l 
I 

8-122 



SIGNI~ I 
PROCESSING 

TO 
REFERENCE 

TO 
TRANSDUCERS 

TO 
REFERENCE 

+5V 

COMP 

REF(+) 

INO 
INI 
IN2 
IN3 
IN4 
IN5 AOCOB16 
IN6 AOCOB17 
IN7 
INB 
IN9 
IN10 
IN11 
IN12 
IN13 
IN14 
IN15 

REF( -) 

ClK 

NOTE: PUll-UP RESISTORS SHOULD BE 
ADDED TO CMOS INPUTS TO IMPROVE 
TTL COMPATIBILITY 

07 
06 
05 
04 
03 
02 
01 
DO 

0 
C 
B 
A 

lY3 
lY4 

+5V 

VCC 
01 

'1.-0M74lS139 

1Y1 
lYO 

GNO 

lB 
lA 

~
07 
06 
05 
04 
03 
02 
01 
DO 

DATA BUS 

~~~~~~~~~~ A3 OR 031 
A2 DR 02 DATA OR 
Al OR 01 ADDRESS BUS 
AD OR DO 

'/Z-MM74C74 

OM74lS30 
A12 
A15 
A14 

--t--- AI3 

A5 
A4 

<I> (SYSTEM CLOCK 0 ... <I> ... 2 MHz) 

Figure 32_ Simple INS8070 Interlace to ADC0816JADC0817 

8-123 

l> -C 
o 
o 
j 
< 
CD 
:L 
CD ... 



Digital Weight 
Scales 

The application of digital systems to detect weight 
provides for low cost, accurate weight scales. 

A developed system using' the 3%·digit DVM IC, 
ADD3701, * shown in figure 1, allows for conversion of 
an analog voltage to digital information linearly related 
to the weight being sensed. 

Support circuitry for the DVM IC consists of a voltage 
regulator, a reference voltage, a weight sensing element, 
display drivers, and an LED display. Additional circuitry 
may be implemented for added features. 

The weight scale circuit of figure 1 employs a poten· 
tiometer as the weight sensing element and functions as 

r- ,r-
4 13 12 11 10 

RAD7 

National Semiconductor 
Carson Chen 
March 1978 

a variable voltage divider from ground to VREF, 2 volts. 
An object placed upon the scale displaces, the poten· 
tiometer wiper, which is connected to the scale 
mechanics, an amount proportional to its weight. Con· 
version of the wiper voltage to digital information is 
performed, decoded, and interfaced to the numeric 
display by the ADD3701. The LM340 regulates the VCC 
supply voltage and the RA07 resistor array is connected 
as a voltage divider to generate the ADD3701 2V 
reference voltage. The NSB7881 is driven by the 
ADD3701 segment drivers and the DS8976 digit drivers. 

'See ADD3701 data sheet for details of DVM operation. 

NSB7BBl , , 3 4 

l=t l=t CJ 0 
DoDol 7.l 70 i---~L I BECKMAN 

·1 ~l.." ~, RESISTOR PACK 
-=-9V S993-RIK :; -:;:- " 

* 
1 , 3 4 5 Vee 

GND I "- OSB97& " 
5 43 , " 

+ 
7.5k 

250PF! 

-"OJ 
.-------

""1,,1,,,, 
14 13 12 1i111D .r.-

I MM74CD2 151617 18 19 2526272B 
0.47 c n u...ZI-OI''''''''_CI ~ - . 
" z :,:~ClClClCI~ 

, L!.....3 4 5 6 , IOj.tF c 

:i AOO3701 

1~~~ 
IDO 
kn I;: 

> " 
R' Ir 

z u 

91Dkn ~ ~~~~~g~~ ~ .tl .,'" "Mn ..lE:- o ~ U ~ " > 

1* 
.. ---< --1"113 1" "lID • . " r 5 4 3 

, , 
IDOkn R' 

"'+ 
.on 

CI 

T ---f1'/lF f:VREF lOOkS! WEIGHT 
10TURN SENSING 

ELEMENT 

10l'F 

220n 

Notes: 

1. Rl, Cl defines POWER ON display blanking interval. R2, C2 defines display ON time. 

2. All VCC connections should use a single VCC point and all ground/analog ground connections should use a single ground/analog 
ground point. 

3. Display sequence for Rev A ckt implementation: 
t = 0 s~c • power ON 
t = 0 - 5 sec • display blanked 

• system converging 
t = 5 -+ 10 sec • conversion complete 

• display ENABLE 
t ;;> 10 sec • display blanked 

• wait for new POWER UP cycle 

Figur.l 
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02, the MM74C02 and surrounding circuitry generate 
the display sequence explained in Note 3 of figure 1. 

The ADD3701 3%·digit DVM displays a maximum of 
3999 counts, full scale, having a resolution of 500 J,lV 
per LSD. 

With the decimal point of digit 3 forced "ON" by 01 
the maximum displayed reading of figure 1 would 
equate to 399.9 units of weight. 

Figure 2 is a weight scale sensor similar to. that in figure 
1, differing only in the weight sensing element and its 
related support circuitry. 

\ 

C M LM340 12 
14Jii1R1iIl10 r 11 I ~ T 

BECKMAN 
RESISTOR PACK 
889·]·R1K 

-::b I!...J' J 4 , 

::·tl 'N914 ~" 

,,, 
-::b -W-~~ -=-

r 1 1 ~~ r .... I, 14131211 

~50PF :J..u: lAIN DA Do GND 
"N I MM14rO:3 

Il II Vee 

L,"~ 
, Z 4 

10 

I .' 
1 1 
1413 1211 , , 

'DO 

I I 
.n 

MM74C74 

0.41 ., 

The transformer of figure 2 is rectified to a DC voltage, 
proportional to a weight displacement, and then con· 
verted to its digital equivalent with the ADD3701. 

The purpose of setting analog ground two diode drops 
above digital ground is to help cancel the inherent air 
coupling offset voltage generated by the transformer. 

Figure 2 is also connected to display a maximum of 
399.9 units of weight. The accuracy of both systems 
without the transducer elements is ± 1 LSD at 25°C 
± 15°C. 

NSB5881 , , J 4 

l=t C] l=t l~ 
UoCloCI.L/o -

I I LL ~ ~~ 
r:J~20191817 "" 

Vee Va 

GNJ 

2k 
LOVOlT 058916 

INa 

f--J' 
, 4 J 

Z " 

I 
7.5k I 

L.:. -

,lIT. t:::::-J;]] 
1,5161718192 2526212 -- . Q N 

iii :±i~~~~~Q~ ~ iii :-!: ~ 
z 

"" ADD3101 

Ii: 22011 

> " z U 

~~~$~g§g ~ 8 . ~ u ~ "" > 

r , J 4' 'L ,--...........1"1"112 "I'" 1'1' r 1'1' , 
1 L..--

Notes: 

1. Excitation to the LVDT (j.e., outputs of the MM74C93 and MM74C74) may be altered to compensate for the varying frequency 
ranges of LVDTs. 

2. All Vee connections should use a single Vee point and all ground/analog ground connections should use a single ground/analog 
ground point. 

Figure 2 
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Keyboard Programmable 
Divide-by-N Counter with 
Symmetrical Output 

A CMOS key encoder combines with a couple of Dual D 
flip-flops and an exclusive OR package to form a simple 
but versatile programmable divider. The input frequency 
can be divided by any number n between 1 and 16 by 
simply pressing the appropriate key. The counter output 
is symmetrical for both odd and even divisors. ' 

MM74C86 

MM74C,74 

47k 

lpF + 

~ 
O,lpF 

4x4ARRAY 
OF SPST 
SWITCHES 

10 

13 14 

11 

15 

National Semiconductor 
Digital Brief 5 
Gerald Buurma 

This circuit is useful for simple frequency synthesis or as 
an oscilloscope triggering unit where the displayed signal 
is applied to the counter input and the external trigger of 
the oscilloscope is connected to the counter output. The 
trigger signal is then sqme submultiple of displayed 
signal which often results in a more stable trace. Different 
divisors can be easily keyed in as the input signal varies. 

MM74C74 

C 0 

12 

16 

13 
OEt----OO 

I _lin 
D -­n 

1 .. n .. 16 

Simply press the key and the input frequency is divided by that number. The output frequency is symmetrical for odd 
and even divisors. Use it for simple frequency synthesis or as a keyboard controlled oscilloscope triggering unit. 
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The key encoder scans the key array which is set up so 
the key labeled "16" is in the matrix position which 
causes "0" to be encoded, the key labeled "15" causes 
"1" to be encoded, and so on until we find that the key 
position labeled "1" causes a binary "15," or all ones, at 
the output of the encoder. The key arrangement converts 
a key position so that any number n from 1 to 16 is 
encoded as 16 - n at the encoder output. For example, if 
the key labeled 5 is pressed the binary number 1011 = 11 
appears at the encoder output. The MM74C922 key 
encoder scans the keys, detects, debounces, and encodes 
any entry. An internal ,egister remembers the last key 
pressed and presents it to the Tri-State® outputs. 

The input to the exclusive OR is a "zero" when the 
respective encoder output is a "zero" or when the feed­
back signal from the last counter stage forces the encoder 
outputs into Tri-State. When in Tri-State the pull down 
resistors feed a "zero" into the exclusive OR inputs. 

When the output is an active "one," the clock signal from 
one flip-flop to the next is inverted by the exclusive ORs. 

8-127 

When the output is a "zero" or the encoder is in Tri·State, 
due to the feedback signal, the clock signal from one flip­
flop to the next is the same phase. For every n/2 input 
time period, the counter output and feedback change 
state. Whenever the feedback signal changes. state, all 
flip-flops programmed with a "one" by the encoder 
change their phases; this effectively adds a clock pulse to 
that stage of the counter. The addition of clock pulses to 
the 20, 21, 22 or 23 stages allows us to divide by any 
number between 1 and 16. Since the feedback changes 
state every n/2 input time period, the output frequency 
is symmetrical for any divisor. 

The unit operates over the standard CMOS supply range 
of 3 to 15 volts and has a typical upper frequency limit 
of one megacycle with a 10 volt supply. 

REFERENCE 

1. M. V. Subba' Rao, "Programmable Divide by n 
Counter Provides Symmetrical Outputs for all 
Divisors," Electronic Design, no. 2, January 19, 1976, 
p.82. 
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MM54C/MM74C Voltage 
Translation/Buffering 

INTRODUCTION 

A new series of MM54C/MM74C buffers has been designed 
to interface systems ,operating at different voltage levels. 
In addition to performing voltage translation, the 
MM54C901/MM74C901 through MM54C904/MM74C904 
hex buffers can drive two standard TTL loads at 
Vee = 5V. This is an increase of ten times over the two 
LpTTL loads that the standard MM54C/MM74C gate can 
drive. These new devices greatly increase the flexibil ity 
of the MM54C/MM74C family when interfacing to other 
logic systems. 

PMOS TO CMOS INTERFACE 

Since most PMOS outputs normally can pull more nega· 
tive than ground, the conventional CMOS input diode 
clamp from input to ground poses problems. The least 
of these is increased power consumption. Even though 
the output would be clamped at one diode drop (-o.6V). 
all the current that flows comes from the PMOS negative 
supply. For TTL compatible PMOS this is -12V. A PMOS 
output designed to drive one TTL load will typically sink 

(+5Vl 

v" 

FIGURE 1. 

-=-Vcc 

q 
NOTE: Vee + Veo::;; l1V 

Vcc ..:;15V 

PMOS 

VDD 

National Semiconductor 
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5 mAo The total power per TTL output is then 
5 mA x 12V = 60 mW. The second problem is more 
serious. Currents of 5 mA or greater from a CMOS 
input clamp diode can cause four·layer diode action on 
the CMOS device. This, at best, will totally disrupt 
normal circuit operation and, at worst, will cause 
catastrophic failure. 

To overcome this problem the MM74C903 and 
MM74C904 have been designed with a clamp diode from 
inputs to Vee only. This single diode provides adequate 
static discharge protection and, at the same time, allows 
voltages of up to -17V on any input. Since there is 
essentially no currert without the diode, both the high 
power dissipation and latch up problems are eliminated. 

To demonstrate the above characteristics, Figures 1, 2, 
and 3 show typical TTL compatible PMOS circuits 
driving standard CMOS with two clamp diodes, TTL 
compatible PMOS driving MM74C903/MM74C904, and 
the TTL compatible PMOS to CMOS system interface, 
respectively. 

v" 
(+5Vl 

o-j 1+ ~I ~'O'~A I 
TYPICALPMDSTIl ..., / I --D'~A I \ 
PUSH·PULL OUTPUT b I I 

Voo MM74C9D3/MM74C904 

iMMS4C903IMM74C903 or] 
MM54C904/MM74C9D4 

H2V) I 

FIGURE 2. 

CMOS 

GND 

FIGURE 3. PMOS to CMOS or TTL Interface 
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CMOS TO CMOS OR TTL INTERFACE 

When a CMOS system which is operating at Vee = 10V 
must provide signals to a CMOS system whose Vee = 5V, 
a problem similar to that found in PMOS·to·CMOS inter· 
face occurs. That is, current would flow through the 
upper input diode of the device operating at the lower 
Vee. This current could be in excess of 10 mA on a 
typical 74C device, as shown in Figure 4. Again, this will 
cause increased power as well as possible four layer diode 
action. 

v" 
[+IOV) 

FIGURE 4. 

J 
...... '" I,ou,,, J 
f1"'".~ 

CMOS 
@Vcc ~ IOV 

FIGURE 5. 

STD CMOS 
@Vcc=5V 

MM14C901/MM14C902 
@lVcc =5V 

Using the MM74C901 or MM74C902 will eliminate this 
problem. This occurs simply because these parts are 
designed with the upper diode removed, as shown in 
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Figure 5. With this diode removed the current being 
sourced goes from about 1 0 mA to the leakage current 
of the reverse biased input diode. 

Since the MM74C901 and MM74C902 are capable of 
driving two standard TTL loads with only normal input 
levels, the output can be used to directly drive TTL. With 
the example shown, the inputs of the MM74C901 are in 
excess of 5V. Therefore, they can drive more than two 
TTL loads. In this case the device would drive four loads 
with VIN = 10V.lf the MM74C902 were used, the output 
drive would not increase with increased input voltage. 
This is because the gate of the output n·channel device is 
always being driven by an internal inverter whose output 
equals that of Vee of the device. 

The example used was for systems of Vee = 10V on one 
system and Vee = 5V on the second, but the MM74C901 
and MM74C902 are capable of using any combination of 
supplies up to 15V and greater than 3V, as long as Vee1 
is greater than or equal to Vee2 and grounds are 
common. Figure 6 diagrams this configuration. 

v" v" 

TTL 
CMOS OR -CMOS 

GNO GNO 

-=- L[MM54C9DI/MM74C90! "J 
MMS4C9D2JMM14C902 

FIGURE 6. CMOS to TTL or CMOS at a Lower VCC 

The inputs on these devices are adequately protected 
with the single diode, but, as with all MOS devices, 
normal care in handling should be observed. 
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Section 9 

Ordering and Package 
Iriformation 



~ Ordering Information 

Order 
Number 

MM74CXXN 
MM74CXXJ 
MM54CXXJ 
MM54CXXD 
MM54CXXW 
MM80CXXN 
MM80CXXJ 
MM70CXXJ 
MM70CXXD 
MM70CXXW 

Order 
Number 

CD40XXCN 
CD40XXCJ 
CD40XXMJ 
CD40XXMD 
CD40XXMW 
CD40XXBCN 
CD40XXBCJ 
CD40XXBMJ 
CD40XXBMD 
CD40XXBMW 

'CD40XXCN 
'CD45XXCJ 
'CD45XXMJ 
• CD45XXM 0 
'CD45XXMW 

RCA 
Equivalent 
Designatlo~ 

CD40XXAE 
CD40XXAY 
CD40XXAF 
CD40XXAD 
CD40XXAK 
CD40XXBE 
CD40XXBY 
CD40XXBF 
CD40XXBD 
CD40XXBK 
CD45XXBE 
CD45XXBY 
CD45XXBF 
CD45XXBD 
CD45XXBK 

'Equivalent to Motorola MC145XX Series 

Dual,in·Line Packages 

MM74C Series 

Package 

Molded DIP (N) 
Cavity DIP (J) 
Cavity DIP (J) 
Cavity DIP (D) 
Cavity Flat Pack fY'I) 
Molded DIP (N) 
Cavity DIP (J) 
Cavity DIP (J) 
Cavity DIP (D) 
Cavity FI at Pack fY'I) 

CD4000 Series 

Motorola 
Equivalent 

Designation 

MC140XXCP 
MC140XXCL 
MC140XXAL 

MC140XXBCP 
MC110XXBCL 
MC140XXBAL 

MC145XXBCP 
MC145XXBCL 
MC145XXBCP 

Package 

Molded DIP (N) 
Cavity DIP (J) 
Cavity DIP (J) 
Cavity DIP (D) 
Cavity Flat Pack fY'I) 
Molded DIP (N) 
Cavity DIP (J) 
Cavity DIP (J) 
Cavity DIP (D) 
Cavity Flat Pack fY'I) 
Molded DIP (N) 
Cavity DIP (J) 
Cavity DIP (J) 
Cavity DIP (D) 
Cavity Flat Pack (W) 

Temperature 
Range 

-40·C to +85·C 
-40·C to +85·C 
-55·C to +125·C 
-55·C to +125·C 
-55·C to +125·C 
-40·C to +85·C 
-40·C to +85·C 
-55·C to +125·C 
-55·C to +125·C 
-55·C to +125·C 

Temperature 
Range 

-40·C to +85·C 
-40·C to +85·C 
-55·C to +125·C 
-55·C to +125·C 
-55·C to +125·C 
-40·C to +85·C 
-40·C to +85·C 
-55·C to +125·C 
-55·C to +125·C 
-55·C to +125·C 
-40·C to +85·C 
-40·C to +85·C 
-55·C to +125·C 
-55·C to +125·C 
-55·C to +125·C 

(N) Devices ordered with the uN" suffix are supplied in plastic molded dual-in-Iine packages. Molding 
material is a highly reliable compound suitable for military as well as commercial temperature 
range applications. Lead material is copper or alloy 42 with a hot solder dipped surface to allow 
ease of solderability. 

(J) Devices ordered with the "J" suffix are supplied in cer-dip packages (ceramic lid and base sealed 
with a high temperature vitreous glass). Lead material is solder dipped alloy 42. -

(D) Devices ordered with the "0" suffix are supplied in side braze, multi-layered ceramic dual-in-line 
packages. The leads are Kovar or alloy 42 and either tin-plated, gold-plated, or solder-plated. 
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CMOS Packages 
All dimensions expressed as inches 

millimeters 

1\l10 

"" iiilSl 

~tl!!"L--I!!"Ll!!f-I!1L-J!(2~!L:'.l!:I!L.(;-:!L.JI--li--'ilI~.l,~j .-
RAD 0298 

fi5691 IJ.4931 
.AX 

'irmiT"Ti"rTrrTinr;h;,..,."J------.L 
'PINN(J I _. MAX 

IDENT ..,.", rr.,rr.,h.,.rr..rr..crT".,1~~",J _1, 

~."._."21 ~ OJUO +IDZGl-O 3051 
__ 06500.010 t--17 &ZOI--1 1121D'OZS4I- 1-- JI REf . I 

,:.:: ::::, ' 1--

0020-0060 

I: ::::!::I--1I-- '~::~:I (0508-1.5241 
MIN 

l8-Lead Hermetic Dual-In-Line Package (D) 
NS Package Number D18A 

20-Lead Hermetic Dual-In-Line Package (D) 
NS Package Number D20A 

II 

0600 

un4) 
REF 

I­
I 
I" 

D 
---I 

I 
1615 1 

0530 
(13462) 

MAX 

~ 11045 ~ 
!...o (12065) ---1 -, --\11431 (5081 'I SQUARE 'TVI' MAX 

~
TYI"_' __ ~ 

~Jll.27D2S41 ______ J. 

I ---+--, 
. - j 

~ I .1 111000010 ~~ 012'5 
_ ~- I--(Z54D02S41 0.0180.002 i3.i1ii 

11210-0254) (B451 00511 MIN 

28-Lead Hermetic Dual-In-Line Package (D) 
NS Package Number D28A 

"" - -[51.3011----=,------
MAX 

----I 

..I --1 
'59' iisiiin 

Mr 
t,-,.n~~~~~~~~~~~~-~ 

40-Lead Hermetic Dual-In-Line -Package (D) 
NS Package Number D40C 
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11025 
iOffij 

,AD 

11.290-0.320 11.1611 
(7.3&&-1.12&1 14.0&4) GLASS 

~
AX SEALANT 

DDDI-4012J 
(02113-11.305) 

I-.~--l ~ Ij (9.1J9t0635) IZ.5401 I-" 
MAX IOTK ENDS 

l4-Lead Hermetic Dual-In-Line Package (J) 
NS Package Number J14A 

20-Lead Hermetic Dual-In-Line Package (J) 
NS Package Number J20A 

0025 
(06J5) RA. 

0.115 

lion 
(0635) 

RA' 

1
_-- (19939)---~ D.lll1 

MAX (11141 
& 1S 14 11 U II II I -tM" 

GLASS 

02!!1 
(13iif 
MAX 

'-r.nr.rr;TT.T-r.T1r.rr;"..,..-J----.L 

IIZ90-0.320 01611 GLASS (~:~) 

r"j-j""tl' '''''''"Fi~;;;;~~~a;;~ MAX OD20-DOlO 

}EtB[ ~ ~ ''''':''18' 
L038S,,,,,t'::::::::!~, J 

(9179'0.635) O.2MA"" L~--II-- 0lZ5 (04510051) (11751 

0100-0010 MIN 

(2.540'02541 

l6-Lead Hermetic Dual-In-Line Package (J) 
NS Package Number J16A 

22-Lead Hermetic Dual-In-Line Package (J) 
NS Package Number J22A 

"" 1 I 
OD 

-(J2.7661------I (152401 

f-'"""Ul!"Ul!"'-"'''J....I!!J....I!!"".A,,,',,-",!I.' .ll'''-' .ll'!J.' .J.'",' .J.'e!' -i-f ~~:ss 
I 

O.515~0525 
ftJD8I-1J.335J 

I 
~C'n7,nr.,nr..rr.,rr.'TTI,,","",CT.,".c,~,c,~,-J_--i 

I .~ ~ _II. "" DO" -~ --11--(04510051) 
{2540D2541 

0200 

(SOBO) 

a~" T"" 
0125 
(3115) .IN 

24-Lead Hermetic Dual-In-Line Package (J) 
NS Package Number J2~A 
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8-Lead Molded Mini Dual-In-Line Package (N) 
NS Package Number N08A 

0300-0320 

0.B711 

0.090 ~122.o\18)------i 
0092 ~O:61--- I-- MAX I rm IiD1 m I 

123311-.......... F.U '5 " 1J n 11 10 I 
DIANOM __ ~ -. 

'INND.IINDENT 18 I:~:~ :~::) 
1.F.;='F.FF.r=F.F'F.FF.r=F.FFoF --.l 

16-Lead Molded Dual-In-Line Package (N) 
NS Package Number N16A 

0092 
IU37) 

OIA NOM 

PINNO IIDENT 

12';~17,081'-----1 
MAX 

" " 

17620-8128) ~ OD40 1---
1 

IU.m) (I.o16) am OUCI!i Ft:-- T _,....".",.-,---'_Y_' -H ___ --,~'21I, 

"".",,\ I -10229-0254) 

~0345 I TYP I 01000010 I 
~ 0.0150605 (25400254)-
[~~Ii;I~- ~ _. 

20-Lead Molded Dual-In-Line Package (N) 
NS Package Number N20A 

9-5 

~DO]D 
(7620-8128) i0162i 
r--11~:X 0085 DUD 0005 

1~F=f iii5ii (3]020121) 

[:JF r =t..J 
(OU9-0311! ~aa) ~ +~ J 110211 

1 00750015 00I8DOD]~MIN ~ 11'05 03811 ~ L~ ~ltD457'D076JI~~~51 
0.325 +~ ~~ ~2:p401 

(8255~~~~J 

14-Lead Molded Dual-In-Line Package (N) 
NS Package Number N14A 

0030 
0300-0320 (0782) 

I ;";'.: '::' , MAX "" W- U.6511 ""':::r-----'-"-I+. 

~--:,~."" ~I ~ ----~-I0229-0J811 I 

1 ____ 1 00250015 I I 
D32S tU 025 I (0.63503811-- r-

on15 0100 

{82!i5~.~m 12~~ -

18-Lead Molded Dual-In-Line Package (N) 
NS Package Number N18A 

!---~-- - (21B~091 MAX --' I 
"I 

11.062 1 
RAD[U15'-' USD 0005 

PINNOI -

'DENy ................... 'rn, "ffi, "ffi, "ffi. "ffi.m.m,FFoFFoFffiffi,,::1°'271 

22-Lead Molded Dual-In-Line Package (Nl 
NS Package Number N22A 



1210 

------ tJ22S8) ... 
! Z4 Zl II 11 10 11 " 

---I 

i -r 
I 

05400005 

(131160121) 

I 
I 

~,T"n,~.~.~.T.,nrr.ffi.R.,T.~,,~,,~~ 

(01611 0015 oIMa 
0&00-0620 MAX 119M) _ 01600005 

rr--(15Z4-'51.q,--- -.! ..l...- (1~~~--1 1-- (4L064 om) 

f =?r ~~ 0009-0015; ~-+ao~ (0 229-0 J81!, 0015 

I-- 0525 0015 _I 00150015 1 1 I 1--°100 -1 1_ 0018 0003 (0.381) 
(15I1S<-lI6J5)-----' ~-, I- -- (2S40) r-~.!...!!:. MIN 

·OJII TV' (~11~5) 

24-Lead Molded Dual-In-Line Package (N) 
NS Package Number N24A 

11062 

~ 
RAD 

(139100121) 
PINNOllr-.lOENT I 

~~~~T.Tr.rr.n~~~""-~~~~ 

0030 
(0162) 0060 0050 

,,--~ -,,~, ~" .. ~ r--~ 1-1----1 TY' (l30201271 

r=w~ -- . L 
0009_'""J ~ 0625+0025 (0229-0l81) ---J. ~ 

I----~----J 00150015 .J oloa I 0018 (1003 11125(0508) (15815+:;~~) (190S 0381) r- I 1--(2540) -11--(04510011i) (3115) MIN 
TYP MIN 

11062 

(15151 
RA. 

PINNOIINOENT 

28-Lead Molded Dual-In-Line Package (N) 
NS Package Number N28A 

0030 
0060 (0.162) -f)0511 

e--~""'--j "r ':' ~ •• ". 

tlr"'~"""1Ef=4 - . . m L 
+0025 +(~~::=:.~~ I ~D 

I am 0015 100150015! I I DIDO II 00180003 0125(0508) 
--(15815+06J5)-~1 (19050381)- r-- -I r--(2540) """'-r--(0451 a01B) (]iJ5) MIN 

OlBI TVP MIN 

40-Lead Molded Dual-In-Line Package (N) 
NS Package Numb!!r N40A 
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~l~ 
(0311-6483) 

24-Lead Hermetic Flat Package (F) 
NS Package Number F24A 

I:::;=:::~I-+----I 
0010-0625 

{0254--l1.635) 11 

PIN NO. I 
IDENT 

0.015-0.619 II 
IOlBl-04131--H-­

TYP 

6.0511'0005 

~ 

14-Lead Hermetic Flat Package (W) 
NS Package Number W14A 

""""'1 --I I
~~::IMAX r-1~~1041 

MAX 
00500.oD5 

{127' "2711 

I 

O.otM-1 aM ~ 0.015-0019 I I 
TV' 10.102-1.1521-11-- TV' 10311-114131-11--

16-Lead Hermetic Flat Package (W) 
NS Package Number W16A 
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