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l __ 
DATA HANDBOOK SYSTEM 

Our Data Handbook System comprises more than 60 books with specifications on electronic compo­
nents, subassemblies and materials. It is made up of four series of handbooks: 

ELECTRON TUBES BLUE 

SEM !CONDUCTORS RED 

INTEGRATED CIRCUITS PURPLE 

COMPONENTS AND MATERIALS GREEN 

The contents of each series are listed on pages iv to viii. 

The data handbooks contain all pertinent data available at the time of publication, and each is revised 
and reissued periodically. 

When ratings or specifications differ from those published in the preceding edition they are indicated 
with arrows in the page margin. Where application information is given it is advisory and does not 
form part of the product specification. 

Condensed data on the preferred products of Philips Electronic Components and Materials Division is 
given in our Preferred Type Range catalogue (issued annually). 

Information on current Data Handbooks and on how to obtain a subscription for future issues is 
available from any of the Organifations listed on the back cover. 
Product specialists are at your service and enquiries will be answered promptly. 

February 1984 iii 
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ELECTRON TUBES (BLUE SERIES) 

The blue series of data handbooks comprises: 

T1 Tubes for r.f. heating 

T2a Transmitting tubes for communications, glass types 

T2b Transmitting tubes for communications, ceramic types 

T3 Klystrons 

T4 Magnetrons for microwave heating 

TS Cathode-ray tubes 
Instrument tubes, monitor and display tubes, C.R. tubes for special applications 

T6 Geiger-Muller tubes 

TB Colour display systems 
Colour TV picture tubes, colour data graphic display tube assemblies, deflection units 

T9 Photo and electron multipliers 

T10 Plumbicon camera tubes and accessories 

T11 Microwave semiconductors and components 

T12 Vidicon and Newvicon camera tubes 

T13 Image intensifiers and infrared detectors 

T15 Dry reed switches 

T16 Monochrome tubes and deflection units 
Black and white TV picture tubes, monochrome data graphic display tubes, deflection units 

iv 



l __ 
SEMICONDUCTORS (RED SERIES) 

The red series of data handbooks comprises: 

Sl Diodes 
Small-signal silicon diodes, voltage regulator diodes(< 1,5 W), voltage reference diodes, 
tuner diodes, rectifier diodes 

S2a Power diodes 

S2b Thyristors and triacs 

S3 Small-signal transistors 

S4a Low-frequency power transistors and hybrid modules 

S4b High-voltage and switching power transistors 

S5 Field-effect transistors 

S6 R.F. power transistors and modules 

S7 Surface mounted semiconductors 

SS Devices for optoelectronics 
Photosensitive diodes and transistors, light-emitting diodes, displays, photocouplers, infrared 
sensitive devices, photoconductive devices. 

S9 Power MOS transistors 

S10 Wideband transistors and wideband hybrid IC modules 

S 11 Microwave transistors 

S12 Surface acoustic wave devices 

S13 Semiconductor sensors 

( Ootob" 1985 v 
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vi 

INTEGRATED CIRCUITS (PURPLE SERIES) 

The purple series of data handbooks comprises: 

EXISTING SERIES 

IC1 Bipolar ICs for radio and audio equipment 

IC2 Bipolar ICs for video equipment 

IC3 ICs for digital systems in radio, audio and video equipment 

IC4 Digital integrated circuits 
CMOS HE4000B family 

IC5 Digital integrated circuits - ECL 

Superseded by: 

IC01N 

IC02Na and IC02Nb 

IC01 N, IC02Na and IC02Nb 

ICOBN 
ECL10000 (GX family), ECL100000 (HX family). dedicated designs 

IC6 Professional analogue integrated circuits 

IC7 Signetics bipolar memories 

ICB Signetics analogue circuits IC11N 

IC9 Signetics TTL logic IC09N and IC15N 

IC10 Signetics Integrated Fuse Logic (I FL) IC13N 

IC11 Microprocessors, microcomputers and peripheral circuitry IC14N 

J""' 1985 l 



NEW SERIES 

IC01N Radio, audio and associated systems 
Bipolar, MOS 

IC02Na Video and associated systems 
Bipolar, MOS 
Types MAB8031AH to TDA1524A 

IC02Nb Video and associated systems 
Bipolar, MOS 
Types TDA2501 to TEA 1002 

IC03N Integrated circuits for telephony 

IC04N HE4000B logic family 
CMOS 

IC05N HE4000B logic family - uncased ICs 
CMOS 

IC06N* High-speed CMOS; PC74HC/HCT/HCU 
Logic family 

IC07N 

ICOSN 

IC09N 

IC10N 

IC11N 

IC12N 

IC13N 

IC14N 

IC15N 

Note 

High-speed CMOS; PC74HC/HCT/HCU - uncased ICs 
Logic family 

ECL 10K and 100K logic families 

TTL logic series 

Memories 
MOS, TTL, ECL 

Linear LSI 

Semi-custom gate arrays & cell libraries 
ISL, ECL, CMOS 

Semi-custom 
Integrated Fuse Logic 

Microprocessors, microcontrollers & peripherals 
Bipolar, MOS 

FAST TTL logic series 

Books available in the new series are shown with their date of publication. 

l __ 
(published 1985) 

(published 1985) 

(published 1985) 

(published 1985) 

(published 1984) 

(published 1986) 

(published 1984) 

(published 1984) 

(published 1985) 

(published 1985) 

(published 1985) 

(published 1984) 

*Supersedes the IC06N 1985 edition and the Supplement to IC06N issued Autumn 1985. 

January 1986 vii 



__ j 
COMPONENTS AND MATERIALS (GREEN SERIES) 

The green series of data handbooks comprises: 

C1 Programmable controller modules 
PLC modules, PC20 modules 

C2 Television tuners, coaxial aerial input assemblies, surface acoustic wave filters 

C3 Loudspeakers 

C4 Ferroxcube potcores, square cores and cross cores 

C5 Ferroxcube for power, audio/video and accelerators 

C6 Synchronous motors and gearboxes 

C7 Variable capacitors 

CB Variable mains transformers 

C9 Piezoelectric quartz devices 

C10 Connectors 

C11 Non-linear resistors 

C12 Potentiometers, encoders and switches 

Cl 3 Fixed resistors 

C14 Electrolytic and solid capacitors 

C15 Ceramic capacitors 

C 16 Permanent magnet materials 

C17 Stepping motors and associated electronics 

C18 Direct current motors 

C19 Piezoelectric ceramics 

C20 Wire-wound components for TVs and monitors 

C21 * Assemblies for industrial use 
HNI L FZ/30 series, NOR bits 60-, 61-, 90-series, input devices 

C22 Film capacitors 

*To be issued shortly 

viii October 1985 
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74HC/HCT/HCU HIGH-SPEED CMOS (HCMOS) 
LOGIC IC FAMILY 

The HCMOS family of logic ICs is manufactured using a 
self-aligning 3µm polycrystalline silicon-gate CMOS process 
combined with local oxidation of silicon (LOCOS). HCMOS 
ICs have the low power consumption, high immunity to 
input noise and wide operating temperature range of earlier 
silicon-gate CMOS circuits together with the high-speed and 
drive capability of bipolar, low-power Schottky TTL 
(LSTTL). They are also immune to latch-up and all types 
are available in DI L packages and in space-saving SO 
packages. 

Many HCMOS circuits are pin-compatible with existing 
54/74 LSTTL and HE4000B CMOS logic ICs. HCT types 
are ideal replacements for LSTTL. HCT types can also 
interface between TTL and CMOS ICs. 

Three types of HCMOS ICs are available: 

74HC: CMOS input switching levels 30%Vcc and 
70%V CC (typical switching threshold 50%V eel. 
supply voltage 2 V to 6 V 

74HCT: TTL input switching levels 0.8 V and 2 V 
(typical switching threshold 28%V eel. supply 
voltage 4.5 V to 5.5 V 

74HCU: CMOS input switching levels 20%Vcc and 
80%V CC (typical switching threshold 50%V eel. 
supply voltage 2 V to 6 V; unbuffered to ailow 
operation in the linear mode 

The HCMOS family also includes several complex circuits 
for switching or multiplexing analog signals. These circuits 
have low crosstalk and feedthrough, and a very large 
frequency bandwidth. 
There are also two FIFOs and three PLLs in the HCMOS 
range, of which one (HC/HCT297) is a fully digital type, 

INTRODUCTION 

HCMOS FEATURES 

• Very low power dissipation 

• The switching levels of 74HC types are 30% and 70% of 

Vee 

• DC noise margin of 74HC types three times that of TTL 
I Cs 

• Logic output levels 0.1 V and V CC - 0.1 V 

• All types, except 74HCU are fully buffered 

• Typical gate propagation delay of 8 ns 

• Can operate up to 60 MHz (typical) 

• Fanout capability of 10 LSTTL loads (4 mA); this is 
increased to 15 LSTTL loads (6 mA) for types with 
bus-driver outputs 

• Wide supply voltage range 

• Latch-up free 

• Inputs protected against electrostatic discharge 

• Functions and pinning identical to most popular LSTTL 
and CMOS HE4000B families 

• Analog switching types operating up to 10 V 

• Symmetrical output sourcing and sinking currents and 
equal output rise and fall times 

• All types available in plastic SO packages for surface 
mounting and plastic DIL packages 

• Choice of operating temperature range: 
-40 to+ 85 °c or -40 to+ 125 oc 

• Meet JEDEC standard No. 7 

(J'"""" 1986 
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FUNCTIONAL INDEX 

HCMOS74HC/HCT/HCU FAMILY 

Type numbers have a suffix which signifies the type of package: 
P =plastic DI L; T =plastic SO mini-pack 

type no. description pins classification page 

NANO/NOR gates/EXCLUSIVE-NOR gates 

HC/HCTOO quad 2-input NAND gate 14 SSI 167 
HC/HCT02 quad 2-input NOR gate 14 SSI 171 
HC/HCT03 quad 2-input NAND gate (with open drain outputs) 14 SSI 175 
HC/HCT10 triple 3-input NAND gate 14 SSI 193 
HC/HCT20 dual 4-input NAND gate 14 SSI 206 

HC/HCT27 triple 3-input NOR gate 14 SSI 211 
HC/HCT30 8-input NAND gate 14 SSI 215 
HC7266 quad 2-input EXCLUSIVE-NOR gate 14 SSI 511 
HC/HCT4002 dual 4-input NOR gate 14 SSI 677 

AND/OR/EXCLUSIVE-OR gates 

HC/HCTOB quad 2-input AND gate 14 SSI 190 
HC/HCT11 triple 3-input AND gate 14 SSI 196 
HC/HCT21 dual 4-input AND gate 14 SSI 209 
HC/HCT32 quad 2-input OR gate 14 SSI 219 
HC58 dual AND-OR gate 14 SSI 225 

HC/HCT86 quad 2-input EXCLUSIVE-OR gate 14 SSI 247 
HC/HCT4075 triple 3-input OR gate 14 SSI 812 

Inverters/buffers/line drivers/level shifters 

HC/HCT04 hex inverter 14 SSI 181 
HCU04 hex inverter (unbuffered) 14 SSI 185 
HC/HCT125* quad buffer/line driver; 3-state output enable active LOW 14 MSI 281 
HC/HCT126* quad buffer/line driver; 3-state output enable active HIGH 14 MSI 286 
HC/HCT240* octal buffer/line driver; 3-state inverting 20 MSI 456 

HC/HCT241* octal buffer/line driver; 3-state; output enable active LOW or HIGH 20 MSI 461 
HC/HCT244* octal buffer/line driver; 3-state; output enable active LOW 20 MSI 478 
HC/HCT365* hex buffer/line driver; 3-state 16 MSI 549 
HC/HCT366* hex buffer/line driver; 3-state; inverting 16 MSI 553 
HC/HCT367* hex buffer/line driver; 3-state 16 MSI 557 

HC/HCT368* hex buffer/line driver; 3-state; inverting 16 MSI 561 
HC/HCT540* octal buffer/line driver; 3-state; inverting 20 MSI 611 
HC/HCT541* octal buffer/line driver; 3-state 20 MSI 612 
HC4049 hex inverting HIGH-to-LOW level shifter 16 SSI 747 
HC4050 hex HIGH-to-LOW level shifter 16 SSI 753 

* Types with a bus-driver output stage. 

7 



FUNCTIONAL INDEX 

Type numbers have a suffix which signifies the type of package: 
P = plastic DI L; T = plastic SO mini-pack 

type no. description pins classification page 

Flip-flops/latches/registers 

HC/HCT73 dual JK flip-flop with reset; negative-edge trigger; supply on centre pins 14 FF 226 
HC/HCT74 dual D-type flip-flop with set and reset; positive-edge trigger 14 FF 231 
HC/HCT75 quad bistable transparent latch 16 FF 236 
HC/HCT107 dual JK flip-flop with reset; negative-edge trigger 14 MSI 257 
HC/HCT109 dual JK flip-flop with set and reset; positive-edge trigger 16 FF 262 

HC/HCT112 dual JK flip-flop with set and reset; negative-edge trigger 16 FF 267 
HC/HCT173* quad D-type flip-flop; positive-edge trigger; 3-state 16 MSI 381 
HC/HCT174 hex D·type flip-flop with reset; positive-edge trigger 16 MSI 386 
HC/HCT175 quad D-type flip-flop with reset; positive-edge trigger 16 MSI 391 
HC/HCT259 8-bit addressable latch 16 MSI 505 

HC/HCT273 octal D-type flip-flop with reset; positive-edge trigger 20 MSI 514 
HC/HCT373* octal D-type transparent latch; 3·state 20 MSI 565 
HC/HCT374* octal D·type flip-flop; positive-edge trigger; 3-state 20 MSI 570 
HC/HCT377 octal D-type flip-flop with data enable; positive-edge trigger 20 MSI 575 
HC/HCT533* octal D-type transparent latch; 3-state; inverting 20 MSI 601 

HC/HCT534* octal D-type flip.flop; positive-edge trigger; 3·state; inverting 20 MSI 606 
HC/HCT563* octal D-type transparent latch; 3-state; inverting; bus oriented pin-out 20 MSI 613 
HC/HCT564* octal D-type flip-flop; positive-edge trigger; 3-state; inverting; 

bus oriented pin-out 20 MSI 618 
HC/HCT573* octal D-type transparent latch; 3-state; bus oriented pin-out 20 MSI 623 
HC/HCT574* octal D-type flip-flop; positive-edge trigger; 3-state; bus oriented pin-out 20 MSI 628 

HC/HCT670* 4 x 4 register file; 3-state 16 MSI 665 
HC/HCT7030 9-bit x 64-word FIFO register; 3-state 28 MSI 925 
HC/HCT40105 4-bit x 16-word FIFO register 16 MSI 973 

Shift registers 

HC/HCT164 8-bit serial-in/parallel-out shift register 14 MSI 363 
HC/HCT165 8-bit parallel-in/serial-out shift register 16 MSI 369 
HC/HCT166 8-bit parallel-in/serial-out shift register; with reset 16 MSI 375 
HC/HCT194 4-bit bidirectional universal shift register 16 MSI 435 
HC/HCT195 4-bit parallel access shift register 16 MSI 443 

HC/HCT299* 8-bit universal shift register; 3-state 20 MSI 537 
HC/HCT597 8-bit shift register with input flip-flops 16 MSI 634 
HC/HCT7597 8-bit shift register with input latches 16 MSI 635 
HC/HCT4015 dual 4-bit serial-in/parallel-out shift register 16 MSI 681 
HC/HCT4094 8-stage shift-and-store bus register 16 MSI 815 

HC/HCT40104* 4-bit bidirectional universal shift register; 3-state 16 MSI 967 

* Types with a bus-driver output stage. 
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FUNCTIONAL INDEX 

Type numbers have a suffix which signifies the type of package: 
P ~plastic DI L; T ~ plastic SO mini-pack 

type no. description pins classification page 

Arithmetic circuits 

HC/HCT85 4-bit magnitude comparator 16 MSI 241 
HC/HCT181 4-bit arithmetic logic unit 24 MSI 396 
HC/HCT182 look-ahead carry generator 16 MSI 398 
HC/HCT280 9-bit odd/even parity generator/checker 14 MSI 519 
HC/HCT283 4-bit binary full adder with fast carry 16 MSI 523 

HC/HCT583 4-bit BCD full adder with fast carry 16 MSI 633 
HC/HCT688 8-bit magnitude comparator 20 MSI 671 

Counters 

HC/HCT93 4-bit binary ripple counter 14 MSI 251 
HC/HCT160 presettable synchronous BCD decade counter; asynchronous reset 16 MSI 337 
HC/HCT161 presettable synchronous 4-bit binary counter; asynchronous reset 16 MSI 345 
HC/HCT162 presettable synchronous BCD decade counter; synchronous reset 16 MSI 351 
HC/HCT163 presettable synchronous 4-bit binary counter; synchronous reset 16 MSI 357 

HC/HCT190 presettable synchronous BCD decade up/down counter 16 MSI 403 
HC/HCT191 presettable synchronous 4-bit binary up/down counter 16 MSI 413 
HC/HCT192 presettable synchronous BCD decade up/down counter 16 MSI 423 
HC/HCT193 presettable synchronous 4-bit binary up/down counter 16 MSI 429 
HC/HCT390 dual decade ripple counter 16 MSI 581 

HC/HCT393 dual 4-bit binary ripple counter 14 MSI 587 
HC/HCT4017 Johnson decade counter with 10 decoded outputs 16 MSI 695 
HC/HCT4020 14-stage binary ripple counter 16 MSI 703 
HC/HCT4024 7-stage binary ripple counter 14 MSI 709 
HC/HCT4040 12-stage binary ripple counter 16 MSI 715 

HC/HCT4059 programmable divide-by-n counter 24 MSI 797 
HC/HCT4060 14-stage binary ripple counter with oscillator 16 MSI 800 
HC/HCT4510 BCD up/down counter 16 MSI 877 
HC/HCT4516 binary up/down counter 16 MSI 899 
HC/HCT4518 dual synchronous BCD counter 16 MSI 900 

HC/HCT4520 dual synchronous 4-bit binary counter 16 MSI 905 
HC/HCT40102 8-stage synchronous BCD down counter 16 MSI 951 
HC/HCT40103 8-bit synchronous binary down counter 16 MSI 959 

Multiplexers 

HC/HCT151 8-input multiplexer 16 MSI 311 
HC/HCT153 dual 4-input multiplexer 16 MSI 316 
HC/HCT157 quad 2-input multiplexer 16 MSI 326 
HC/HCT158 quad 2-input multiplexer; inverting 16 MSI 331 
HC/HCT251 8-input multiplexer; 3-state 16 MSI 488 

. Types with a bus-driver output stage. 
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FUNCTIONAL INDEX 

Type numbers have a suffix which signifies the type of package: 
P = plastic DI L; T =plastic SO mini-pack 

type no. description pins classification page 

Multiplexers (continued) 

HCT/HCT253B* dual 4-input multiplexer; 3-state 16 MSI 494 
HC/HCT257* quad 2-input multiplexer; 3-state 16 MSI 499 
HC/HCT258 quad 2-input multiplexer; 3-state; inverting 16 MSI 504 
HC/HCT354* 8-input multiplexer/register with transparent latches; 3-state 20 MSI 545 
HC/HCT356* 8-input multiplexer/register; 3-state 20 MSI 547 

Decoders/demultiplexers 

HC/HCT42 BCD to decimal decoder ( 1-of-10) 16 MSI 223 
HC/HCT137 3-to-8 line decoder/demultiplexer with address latches 16 MSI 296 
HC/HCT138 3-to-8 line decoder/demultiplexer; inverting 16 MSI 297 
HC/HCT139 dual 2-to-4 line decoder/demultiplexer 16 MSI 302 
HC/HCT147 1 O-to-4 line priority encoder 16 MSI 307 

HC/HCT154 4-to-6 line decoder/demultiplexer 24 MSI 321 
HC/HCT237 3-to-8 line decoder/demultiplexer with address latches 16 MSI 450 
HC/HCT238 3-to-8 line decoder/demultiplexer 16 MSI 451 
HC/HCT4511 BCD to 7-segment latch/decoder/driver 16 MSI 879 
HC/HCT4514 4-to-16 line decoder/demultiplexer with input latches 24 MSI 887 

HC/HCT4515 4-to-16 line decoder/demultiplexer with input latches; inverting 24 MSI 893 
HC/HCT4543 BCD to 7-segment latch/decoder/driver for LCDs 16 MSI 915 

Switches/multiplexers/demultiplexers 

HC/HCT4016 quad bilateral switches (uncompensated switches) 14 SSI 683 
HC/HCT4051 8-channel analog multiplexer/demultiplexer 16 MSI 759 
HC/HCT4052 dual 4-channel analog multiplexer/demultiplexer 16 MSI 771 
HC/HCT4053 triple 2-channel analog multiplexer/demultiplexer 16 MSI 783 
HC/HCT4066 quad bilateral switches 14 SSI 809 

HC/HCT4067 16-channel analog multiplexer/demultiplexer 24 SSI 810 
HC/HCT4316 quad bilateral switches; with separate analog ground 16 MSI 821 
HC/HCT4351 8-channel analog multiplexer/demultiplexer with latch 20 MSI 835 
HC/HCT4352 dual 4-channel analog multiplexer/demultiplexer with latch 20 MSI 849 
HC/HCT4353 triple 2-channel analog multiplexer/demultiplexer with latch 20 MSI 863 

Bus transceivers 

HC/HCT242* quad bus transceiver; 3-state; inverting 14 MSI 467 
HC/HCT243* quad bus transceiver; 3-state 14 MSI 473 
HC/HCT245* octal bus transceiver; 3-state 20 MSI 483 
HC/HCT640* octal bus transceiver; 3-state; inverting 20 MSI 643 
HC/HCT643* octal bus transceiver; 3-state; true/inverting 20 MSI 648 

HC/HC/646* octal bus transceiver/register; 3-state 24 MSI 653 
HC/HCT648* octal bus transceiver/register; 3-state; inverting 24 MSI 659 

* Types with a bus-driver output stage. 

10 Jon""Y 19861 



FUNCTIONAL INDEX 

Type numbers have a suffix which signifies the type of package: 
P =plastic DI L; T =plastic SO mini-pack 

type no. description pins classification page 

Schmitt triggers 

HC/HCT14 hex inverting Schmitt trigger 14 SSI 201 
HC/HCT132 quad 2-input NANO Schmitt trigger 14 SSI 291 

One-shot multivibrators 

HC/HCT123 dual retriggerable monostable multivibrator with reset 16 MSI 273 
HC/HCT221 dual non-retriggerable monostable multivibrator with reset 16 MSI 448 
HC/HCT423 dual retriggerable monostable multivibrator with reset 16 MSI 593 
HC/HCT4538 dual retriggerable precision monostable multivibrator 14 MSI 910 

Miscellaneous 

HC/HCT297 digital phase-locked-loop filter 16 MSI 529 
HC/HCT4046A phase-locked-loop with VCO 16 MSI 721 
HC/HCT7046A phase-locked-loop with lock detector 16 MSI 927 

* Types with a bus-driver output stage. 

11 
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NUMERICAL INDEX 

HCMOS74HC/HCT/HCU FAMILY 

type no. 

HC/HCTOO 
HC/HCT02 
HC/HCT03 
HC/HCT04 
HCU04 

HC/HCT08 
HC/HCT10 
HC/HCT11 
HC/HCT14 
HC/HCT20 

HC/HCT21 
HC/HCT27 
HC/HCT30 
HC/HCT32 
HC/HCT42 

HC58 
HC/HCT73 
HC/HCT74 
HC/HCT75 
HC/HCT85 

HC/HCT86 
HC/HCT93 
HC/HCT107 
HC/HCT109 
HC/HCT112 

HC/HCT123 
HC/HCT125* 
HC/HCT126* 
HC/HCT132 
HC/HCT137 

HC/HCT138 
HC/HCT139 
HC/HCT147 
HC/HCT151 
HC/HCT153 

HC/HCT154 
HC/HCT157 
HC/HCT158 
HC/HCTl60 
HC/HCT161 

description 

quad 2-input NANO gate 
quad 2-input NOR gate 
quad 2-input NANO gate (with open drain outputs) 
hex inverter 
hex inverter (unbuffered) 

quad 2-input AND gate 
triple 3-input NANO gate 
triple 3-input AND gate 
hex inverting Schmitt trigger 
dual 4-input NANO gate 

dual 4-input AND gate 
triple 3-input NOR gate 
8-input NANO gate 
quad 2-input OR gate 
BCD to decimal decoder (1-of-10) 

dual AND-OR gate 
dual JK flip-flop with reset; negative-edge trigger; supply on centre pins 
dual 0-type flip-flop with set and reset; positive-edge trigger 
quad bistable transparent latch 
4-bit magnitude comparator 

quad 2-input EXCLUSIVE-OR gate 
4-bit binary ripple counter 
dual JK flip-flop with reset; negative-edge trigger 
dual JK flip-flop with set and reset; positive-edge trigger 
dual JK flip-flop with set and reset; negative-edge trigger 

dual retriggerable monostable multivibrator with reset 
quad buffer/line driver; 3-state; output enable active LOW 
quad buffer/line driver; 3-state; output enable active HIGH 
quad 2-input NANO Schmitt trigger 
3-to-8 line decoder/demultiplexer with address latches 

3-to-8 line decoder/demultiplexer; inverting 
dual 2-to-4 line decoder/demultiplexer 
10-to-4 line priority encoder 
8-input multiplexer 
dual 4-input multiplexer 

4-to-16 line decoder/demultiplexer 
quad 2-input multiplexer 
quad 2-input multiplexer; inverting 
presettable synchronous BCD decade counter; asynchronous reset 
presettable synchronous 4-bit binary counter; asynchronous reset 

* Types with a bus driver output stage. 
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NUMERICAL INDEX 

type no. description page 

HC/HCT162 presettable synchronous BCD decade counter; synchronous reset 351 
HC/HCT163 presettable synchronous 4-bit binary counter; synchronous reset 357 
HC/HCT164 8-bit serial-in/parallel-out shift register 363 
HC/HCT165 8-bit parallel-in/serial-out shift register 369 
HC/HCT166 8-bit parallel-in/serial-out shift register; with reset 375 

HC/HCT173* quad D-type flip-flop; positive-edge trigger; 3-state 381 
HC/HCT174 hex D-type flip-flop with reset; positive-edge trigger 386 
HC/HCT175 quad D-type flip-flop with reset; positive-edge trigger 391 
HC/HCT181 4-bit arithmetic logic unit 396 
HC/HCT182 look-ahead carry generator 398 

HC/HCT190 presettable synchronous BCD decade up/down counter 403 
HC/HCT191 presettable synchronous 4-bit binary up/down counter 413 
HC/HCT192 presettable synchronous BCD decade up/down counter 423 
HC/HCT193 presettable synchronous 4-bit binary up/down counter 429 
HC/HCT194 4-bit bidirectional universal shift register 435 

HC/HCT195 4-bit parallel access shift register 443 
HC/HCT221 dual non-retriggerable monostable multivibrator with reset 448 
HC/HCT237 3-to-8 line decoder/demultiplexer with address latches 450 
HC/HCT238 3-to-8 line decoder/demultiplexer 451 
HC/HCT240* octal buffer/line driver; 3-state; inverting 456 

HC/HCT241* octal buffer/line driver; 3-state; output enables active LOW or HIGH 461 
HC/HCT242* quad bus transceiver; 3-state; inverting 467 
HC/HCT243* quad bus transceiver; 3-state 473 
HC/HCT244* octal buffer/line driver; 3-state; output enable active LOW 478 
HC/HCT245* octal bus transceiver; 3-state 483 

HC/HCT251 8-input multiplexer; 3-state 488 
HC/HCT253B* dual 4-input multiplexer; 3-state 494 
HC/HCT257* quad 2-input multiplexer; 3-state 499 
HC/HCT258 quad 2-input multiplexer; 3-state; inverting 504 
HC/HCT259 8-bit addressable latch 505 

HC7266 quad 2-input EXCLUSIVE-NOR gate 511 
HC/HCT273 octal D-type flip-flop with reset; positive-edge trigger 514 
HC/HCT280 9-bit odd/even parity generator/checker 519 
HC/HCT283 4-bit binary fu II adder with fast carry 523 
HC/HCT297 digital phase-locked-loop filter 529 

HC/HCT299* 8-bit universal shift register; 3-state 537 
HC/HCT354* 8-input multiplexer/register with transparent latches; 3-state 545 
HC/HCT356* 8-input multiplexer/register; 3-state 547 
HC/HCT365* hex buffer/line driver; 3-state 549 
HC/HCT366* hex buffer/line driver; 3-state; inverting 553 

* Types with a bus driver output stage. 

(''"""V 1986 
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type no. 

HC/HCT367* 
HC/HCT368* 
HC/HCT373* 
HC/HCT374* 
HC/HCT377 

HC/HCT390 
HC/HCT393 
HC/HCT423 
HC/HCT533* 
HC/HCT534* 

HC/HCT540* 
HC/HCT541* 
HC/HCT563* 
HC/HCT564* 
HC/HCT573* 

HC/HCT574* 
HC/HCT583 
HC/HCT597 
HC/HCT7597 
HC/HCT640* 

HC/HCT643* 
HC/HCT646* 
HC/HCT648* 
HC/HCT670* 
HC/HCT688 

HC/HCT4002 
HC/HCT4015 
HC/HCT4016 
HC/HCT4017 
HC/HCT4020 

HC/HCT4024 
HC/HCT4040 
HC/HCT4046A 
HC4049 
HC4050 

HC/HCT4051 
HC/HCT4052 
HC/HCT4053 
HC/HCT4059 
HC/HCT4060 

description 

hex buffer/line driver; 3-state 
hex buffer/line driver; 3-state; inverting 
octal D-type transparent latch; 3-state 
octal D-type flip-flop; positive-edge trigger; 3-state 
octal D-type flip-flop with data enable; positive-edge trigger 

dual decade ripple counter 
dual 4-bit binary ripple counter 
dual retriggerable monostable multivibrator with reset 
octal D-type transparent latch; 3-state; inverting 
octal D·type flip-flop; positive-edge trigger; 3-state; inverting 

octal buffer/line driver; 3-state; inverting 
octal buffer/line driver; 3-state 
octal D-type transparent latch; 3-state; inverting; bus oriented pin-out 
octal D-type flip-flop; positive-edge trigger; 3-state; inverting; bus oriented pin-out 
octal D-type transparent latch; 3-state; bus oriented pin-out 

octal D-type flip-flop; positive-edge trigger; 3-state; bus oriented pin-out 
4-bit BCD full adder with fast carry 
8-bit shift register with input flip-flops 
8-bit shift register with input latches 
octal bus transceiver; 3-state; inverting 

octal bus transceiver; 3-state; true/inverting 
octal bus transceiver/register; 3-state 
octal bus transceiver/register; 3-state; inverting 
4 x 4 register tile; 3-state 
8-bit magnitude comparator 

dual 4-input NOR gate 
dual 4-bit serial-in/parallel-out shift register 
quad bilateral switches (uncompensated switches) 
Johnson decade counter with 10 decoded outputs 
14-stage binary ripple counter 

7-stage binary ripple counter 
12-stage binary ripple counter 
phase-locked-loop with VCO 
hex inverting HIGH-to-LOW level shifter 
hex HIGH-to-LOW level shifter 

8-channel analog multiplexer/demultiplexer 
dual 4-channel analog multiplexer/demultiplexer 
triple 2-channel analog multiplexer/demultiplexer 
programmable divide-by-n counter 
14-stage binary ripple counter with oscillator 

* Types with a bus driver output stage. 
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page 

557 
561 
565 
570 
575 

581 
587 
593 
601 
606 

611 
612 
613 
618 
623 

628 
633 
634 
635 
643 

648 
653 
659 
665 
671 

677 
681 
683 
695 
703 

704 
715 
721 
747 
753 

759 
771 
783 
797 
800 
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type no. description page 

HC/HCT4066 quad bilateral switches 809 
HC/HCT4067 16-channel analog multiplexer/demultiplexer 810 
HC/HCT4075 triple 3-input OR gate 812 
HC/HCT4094 8-stage shift-and-store bus register 815 
HC/HCT4316 quad bilateral switches; with separate analog ground 821 

HC/HCT4351 8-channel analog multiplexer/demultiplexer with latch 835 
HC/HCT4352 dual 4-channel analog multiplexer/demultiplexer with latch 849 
HC/HCT4353 triple 2-channel analog multiplexer/demultiplexer with latch 863 
HC/HCT4510 BCD up/down counter 877 
HC/HCT4511 BCD to 7-segment latch/decoder/driver 879 

HC/HCT4514 4-to-16 line decoder/demultiplexer with input latches 887 
HC/HCT4515 4-to-16 line decoder/demultiplexer with input latches; inverting 893 
HC/HCT4516 binary up/down counter 899 
HC/HCT4518 dual synchronous BCD counter 900 
HC/HCT4520 dual synchronous 4-bit binary counter 905 

HC/HCT4538 dual retriggerable precision monostable multivibrator 910 
HC/HCT4543 BCD to 7-segment latch/decoder/driver for LCDs 915 
HC/HCT7030 9-bit x 64-word FIFO register; 3-state 925 
HC/HCT7046A phase-locked-loop with lock detector 927 
HC/HCT40102 8-bit synchronous BCD down counter 951 

HC/HCT40103 8-bit synchronous binary down counter 959 
HC/HCT40104* 4-bit bidirectional universal shift register; 3-state 967 
HC/HCT40105 4-bit x 16-word FIFO register 973 

* Types with a bus driver output stage. 
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TYPE NUMBER DESIGNATIONS 

PC 74 XXX XXXXX X 

1-T~ 

terminal 1 
identification-

package code; P =plastic; T =plastic mini-pack (SO) 

device number (up to 5 digits; may include a suffix letter*) 

HG= CMOS input switching levels; supply voltage 
range 2 to 6 V; fully buffered 

HGT= TTL input switching levels; supply voltage 
range 4.5 V to 5.5 V, fully buffered 

HCU =CMOS input switching levels; supply voltage 
range 2 to 6 V; unbuffered (single-stage devices) 

74 =temperature range: -40 to +85 °C or -40 to +125 °C 

PC= family identification (high-speed CMOS) 

PC74XXXXXXXXX ~--+-- ~:~~~~t:~er 
xxxxxx ~ 

factory identification layout identification 

date code 

* Example suffix "B": this type has bus driver output capability in contrast with the plane version. 

ORDERING 

INFORMATION 
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RATING SYSTEMS 

The rating systems described are those recommended by the Interna­
tional Electrotechnical Commission (IEC) in its Publication 134. 

DEFINITIONS OF TERMS USED 
Electronlc device. 

An electronic tube or valve, transistor or other semiconductor device. 

Note: This definition excludes inductors, capacitors, resistors and 
similar components. 

Characteristic 

A characteristic is an inherent and measurable property of a device. 
Such a property may be electrical, mechanical, thermal, hydraulic, 
electro-magnetic, or nuclear, and can be expressed as a value tor 
stated or recognized conditions. A characteristic may also be a set of 
related values, usually shown in graphical form. 

Bogey electronic device 

An electronic device whose characteristics have the published nomi­
nal values for the type. A bogey electronic device for any particular 
application can be obtained by considering only those charactersistics 
which are directly related to the application. 

Rating 

A value which establishes either a limiting capability or a limiting 
condition for an electronic device. It is determined for specttied values 
of environment and operation, and may be stated in any suitable terms. 

Note: Limiting conditions may be either maxima or minima. 

Rating system 

The set of principles upon which ratings are established and which 
determine their interpretation. 

Note: The rating system indicates the division of responsibility 
between the device manufacturer and the circuit designer, with the 
object of ensuring that the working conditions do not exceed the 
ratings. 

ABSOLUTE MAXIMUM RATING SYSTEM 

Absolute maximum ratings are limiting values of operating and environ­
mental conditions applicable to any electronic device of a specified 
type as defined by its published data, which should not be exceeded 
under the worst probable conditions. 

These values are chosen by the device manufacturer to provide 
acceptable serviceability of the device, taking no responsibility for 
equipment variations, environmental variations, and the effects of 
changes in operating conditions due to variations in the characteristics 
of the device under consideration and of all other electronic devices in 
the equipment. 

The equipment manufacturer should design so that, initially and 
throughout life, no absolute maximum value for the intended service is 
exceeded with any device under the worst probable operating con­
ditions with respect to supply voltage variation, equipment component 
variation, equipment control adjustment, load variations, signal varia­
tion, environmental conditions, and variations in characteristics of the 
device under consideration and of all other electronic devices in the 
equipment. 

DESIGN MAXIMUM RATING SYSTEM 

RATING 

SYSTEMS 

Design maximum ratings are limiting values of operating and environ­
mental conditions applicable to a bogey electronic device of a speci­
fied type as defined by its published data, "and should not be exceeded 
under the worst probable conditions. 

These values are chosen by the device manufacturer to provide 
acceptable serviceability of the device, taking responsibility for the 
effects of changes in operating conditions due to variations in the 
characteristics of the electronic device under consideration. 

The equipment manufacturer should design so that, initially and 
throughout life, no design maximum value tor the intended service is 
exceeded with a bogey device under the worst probable operating 
conditions with respect to supply voltage variation, equipment com 
ponent variation, variation in characteristics of all other devices in the 
equipment, equipment control adjustment, load variation, signal varia 
tion and environmental conditions. 

DESIGN CENTRE RATING SYSTEM 

Design centre ratings are Hmiting values of operating and environ 
mental conditions applicable to a bogey electronic device of a speci 
tied type as defined by its published data, and should not be exceeded 
under normal conditions. 

These values are chosen by the device manufacturer to provide 
acceptable serviceability of the device in average applications, taking 
responsibility for normal changes in operating conditions due to rated 
supply voltage variation, equipment component variation, equipment 
control adjustment, load variation, signal variation, environmental 
conditions, and variations in characteristics of all electronic devices. 

The equipment manufacturer should design so that, initially, no design 
centre value for the intended service is exceeded with a bogey 
electronic device in equipment operating at the stated normal supply 
voltage. 
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11 

13 48 

FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 

L Quad 2-input NANO gate 

-----------~---~------------' 

------------------------------------------------------

HC/HCT02 

l-HC/HCT03 

5 2A 

6 28 

8 3A 

9 38 

11 4A 

12 48 

7Z87403. 1 

1 ~-r\,...1Y 
'LLr 

4 2A 

5 28 

9 3A 

10 38 

12 4A 

13 48 

~1 

7Z90977 

Quad 2-input NOR gate 

11 

Quad 2-input NANO gate 

(J'"""' 1986 
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:?OJA GRAMS 

HC/HCT04 

HCU04 

J'""'"' .... I 

7Z90947 

Hex inverter 

7Z90947 

Hex inverter (unbuffered) 



HC/HCT08 

IA 

18 

4 2A 

5 28 

9 3A 

10 38 

12 4A 

13 48 

7Z93603 

HC/HCT10 

7293368 

HC/HCT11 

7Z93801 

Quad 2-input AND gate 

& 

7293367 

Triple 3-input NANO gate 

& 

7293164 

Triple 3-input AND gate 

11 

12 

12 
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DIAGRAMS 

HC/HCT14 

11 

13 

HC/HCT20 

HC/HCT27 

10 

12 

7Z93767 

7287418.1 

J'"""" 19861 

J[ 

7293647 

Hex inverting Schmit trigger 

Dual 4-bit NANO gate 

2'::1 D 12 

7293113 

Triple 3-input NOR gate 



HC/HCT30 

y 8 

7l9JB17 

HC/HCT32 

4 2A 

5 28 

9 3A 

10 38 

12 4A 

13 48 

HC58 

2 2A 

3 28 

4 2C 

5 20 

7Z939-41 

8-input NANO gate 

Quad 2-input OR gate 

Dual AND-OR gate 

11 

12 

"' 

7290989 

!EC SYMBOL 

IN 
PROGRESS 

11 

FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 
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f:'OJiJCTIONAL/ 
ll:C LOGIC 
:O'ii&~AP.1s 

HC/HCT73 

14 

3 

2 

7 

5 

10 

6 

1J o 
1CP 

CP FF1 

1K 

1fi 

2J 

2CP 
CP FF2 

2K o 

2ii 

J'"""" .... I 

12 
Cl 

10 12 
13 

10 13 

Cl 

7Z931S8.1 

20 

20 

Dual JK flip-flop with reset; negative-edge trigger 

Dual D-type flip-flop with set and reset; positive-edge trigger 



HC/HCT75 

CP 

Quad bistable transparent latch 

HC/HCT85 

10 

7Z93224 

4-bit magnitude comparator 

COMP 

} 
o

3

}
0 

P<O 
P=Q 

P>O 

< 

> 
7Z93223 

FUNCJIQNALJ 
IEC LOGIC 

DIAGRAMS 
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HC/HCT86 

HC/HCT93 

1 1A 

2 18 

4 2A 

5 28 

9 3A 

10 38 

12 4A 

13 48 

3Y 8 

4Y 11 7287490 

Quad 2-input EXCLUSIVE-OR gate 

2 MR1 1 ~~. ~------~ 

12 

7Z93823 12 9 11 

7Z93922 

4-bit binary ripple counter 

HC/HCT107 

12 1CP 
C1 CP FF1 

1K 10 

13 1R 

C1 

2CP 7Z93220,1 
CP FF2 

11 2K 20 

10 2A 

Dual JK flip-flop with reset; negative-edge trigger 
7Z93195 

''"""V 19861 
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HC/HCT109 

180 

ICP 

1i< 

1 R0 

11 250 

14 2J 

12 2CP 

13 2i< 

HC/HCT112 

4 180 

3 IJ 

I 1CP 

2 IK 

15 

10 280 

11 2J 

13 2CP 

12 2K 

14 

IQ 6 

CP FF1 

10 7 

Ro 

So 
a 20 10 

CP FF2 

20 • 

Dual JK flip-flop with set and reset; positive-edge trigger 

a 
1Q 5 

CP FF1 

10 6 

•o 
a 20 9 

CP ·FF2 

o 20 7 

Ro 

7Z93652 

Dual JK flip-flop with set and reset; negative-edge trigger 

Cl 

Cl 

10 

FUNCTIONAL/ 

IEC l,.OGIC 

DIAGRAMS 

7Z93133.1 

Cl 

Cl 
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HC/HCT123 

HC/HCT125 

January 1986 

7Z93372 

'I 

1cexr 14 13 

15 

10 13 

1Q 4 

2Cexr 

12 
20 

T..ri_ 
2Q 12 

Q 
Ro 

7293288 

Dual retriggerable monostable multivibrator with reset 

11 

7Z93371 

Quad buffer/line driver; 3-state 



HC/HCT126 

HC/HCT132 

HC/HCT138 

2 At 3-to-8 
DECODER 

ENABLE 
EXITING 

Quad buffer/line driver; 3-state 

Quad 2-input NANO Schmitt trigger 

7Z93230 

3-to-8 line decoder/demultiplexer; inverting 

[> 

EN 

10 

12 
11 

13 

7Z93377 

~ 
~ 
~ 
~ 

7Z93335 

7Z93229.1 

FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 
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!EC LOGIC 

;QU~GAAMS 

HC/HCT139 

HC/HCT147 

HC/HCT151 

14 

13 

15 

1Ao 

1A1 

1E 

2Ao 

2A1 

,,-

14 

DECODER 

DECODER 

12 

11 

10 

7Z90957 

9 7Z93174 

14 

13 

15 

Dual 2-to-4 line decoder/demultiplexer 

10-to-4 line priority encoder 

4 3 2 1 15 14 13 12 

7Z93157 

8-input multiplexer 

January 1986 

o} ~x 
G-

1 3 

7Z90956 

7Z93173 

MUX 
EN 



HC/HCT153 

15 

Dual 4-input multiplexer 

HC/HCT154 

23 22 21 20 

DECODER 

2 5 6 8 10 11 113 14 15 16 17 

7287434 

4-to-16 line decoder/demultiplexer 

HC/HCT157 

11 10 14 13 

1 s 
SELECTOR 

MULTIPLEXER OUTPUTS 

1Y 2Y 3Y 4Y 

12 

Quad 2-input multiplexer 

12 
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!J;C.LqGIC 

.OIAGf\AMS 

HC/HCT158 

1v 2v 4Y 
12 
7Z87437.1 

Quad 2-input multiplexer; inverting 

HC/HCT160 

PARALLEL LOAD CIRCUITRY 

INH D 

-'-F-----;CP DECADE COUNTER 

•o 

14 13 12 11 7293615 

Presettable synchronous BCD decade counter; asynchronous reset 

HC/HCT161 

PARALLEL LOAD CIRCUITRY 

-"-<~----<CP BINARY COUNTER 

•o 

14 13 12 11 7Z9311tl 

Presettable synchronous 4-bit binary counter; asynchronous reset 

J ..... .,, ... , 

7Z87494.1 

7Z93610 

CTR4 

7Zt3811 



HC/HCT162 

9 PE 

1 MR 

HC/HCT163 

e PE 

1 MR 

HC/HCT164 

o .. 

2 Dw 

B CP 

e MR 

7Z93344 

PARALLEL LOAD CIRCUITRY 

14 13 12 11 
7Z93617 

Presettable synchronous BCD decade counter; synchronous reset 

PARALLEL LOAD Cl RCUITRY 

14 13 12 11 
7Z93618 

Presettable synchronous 4-bit binary counter; synchronous reset 

8-BIT SERIAL· IN /PARALLEL·OUT 

SHIFT REGISTER 

10 11 12 13 

8-bit serial-in/parallel-out shift register 

7Z93612 

CTA4 

1Z93613 

i=UNCTIO'NAL/ 

IECLOGIC 

<;biJftHf;ctMs 
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DIAGRAMS 

HC/HCT165 

HC/HCT166 

HC/HCT173 

11 12 13 14 3 

8- BIT SHIFT REGISTER 
PARALLEL-IN /SERIAL-OUT 

8- BIT PARALLEL/SERIAL-IN/ 

SERIAL-OUT SHIFT REGISTER 

7Z87440,1 

8-bit parallel-in/serial-out shift register 

7293180 

8-bit parallel-in/serial-out shift register 

7Z93636 

7Z93638 Quad D-type flip-flop; positive-edge trigger; 3-state 

January 1986 

13 



j I FUNCTIONAL/ 

I ~:~:OGIC 
~RAMS 

·--------

1--------------
i HC/HCT174 

I 

I 

I 
I 

-----·-------- --- --- -- -- - --- I 
~~-(I ___ ] 

~t~-=~~ 

//<JH"S 

L~-------- l-Jex D 

4~~~1 JI 
-r:1p-+lop with re~e~; poslt:\le-ecige 1ri9qe1 

----- --- ------------

HC/HCT175 

Quad D-tvpe fi1p-flop with ;2set; positive-ed9e trigger 

1~/KCT1;;--J~~-1~~~----------- ~t --
iJ r+ ~~'. ::k 

- G1 I l I ~CG2 

I: ::1 ~i c,., 6 _:_t:~3 ::: -._::- ___ JI ! Cn+y:-}J_1_ C02 

~~en I ~~ 
'---- ~ 7293771 

__J 

7293772 
Look-ahead carry gene, ator 

·------------------------------------------- ---L 
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F.UN.m',ONAL£ 
lECil.©GlC 
0'),~ 

HC/HCT190 

14 Cl' 

HC/HCT191 

14 CP 

HC/HCT192 

14 MR 

January 1986 

Presettable synchronous BCD decade up/down counter 

Presettable synchronous 4-bit binary up/down counter 

11 

Presettable synchronous BCD decade up/down counter 

CTAOIV10 

CTRDIV10 
C3 

7Z93715 

7Z93716 

7Z93717 



HC/HCT193 

14 MR 

HC/HCT194 

HC/HCT195 

9 PE 

10 CP 

1 MR 

11 

15 1 10 9 

FLIP FLOPS 

Presettable synchronous 4-bit binary up/down counter 

4-bit bidirectional universal shift register 

o, 03 

PARALLEL ENABLE CIRCUITRY 

o, 02 03 

4-BtT SHIFT REGISTER 

a, 
15 14 13 12 11 

7Z87443 

4-bit parallel access shift register 

CTR4 
C3 

SRG4 

15 

FUNCJ"IONAl/ 

I.EC.LOGIC 

D'IA'GRAMS 
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FUNCTJQNAL/ 

I EC.LOGIC 
DIAGRAMS 

HC/HCT238 

1 Ao 

2 Al 3-to-8 
DECODER 

HC/HCT240 

17 2Ao 

January 1986 

ENABLE 
EXITING 

3-to-8 line decoder/demultiplexer 

Octal butter/line driver; 3-state; inverting 

7293236.1 



HC/HCT241 

7287448 

Octal buffer/line driver; 3-state 

FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 
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FUNCTIONAL/ 

l-~B~P9~~ 
1?.~A.G ~,~1\4$ 
'"--;,,,,.,. il.-i"··,,· 

HC/HCT243 

....... ,., , ... , 

l __ ~___,._ 

Quad bus transceiver; 3-state; inverting 

Quad bus transceiver; 3-state 



HC/HCT244 

17 2Ao 

15 2A1 

7Z87460 

Octal buffer/line driver; 3-state 

, _: '·.,_,'er: 1, ~ ·.,i _,.- '> ·-" 
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HC/HCT245 

''"""V 19861 

Octal bus transceiver; 3-state 



HC/HCT251 

4 3 2 1 15 14 13 12 

MULTIPLEXER 

7 OE 

8-input multiplexer; 3-state 

HC/HCT253B 

Dual 4-input multiplexer; 3-state 

HC/HCT257 

14 13 11 10 

1 s 
SELECTOR 

3-STATE MULTIPLEXER OUTPUTS 

lY 2Y 3Y 4Y 

12 
7287432.1 

Quad 2-input multiplexer; 3-state 

MUX 

EN 

\/ 
\/ 

12 
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HC/HCT259 

HC7266 

IA 

1B 

2A 

2B 

3A 

JB 

12 4A 

13 48 

HC/HCT273 

7Z93389 

13 
15 

DX 

14 

o} 0 G-
2 7 

8-bit addressable latch 

=1 

10 

11 

7Z93390 

Quad 2-input EXCLUSIVE-NOR gate 

7Z93'258 

Octal D-type flip-flop with reset; positive-edge trigger L 7Z93259 

·-----~ 

''""'" 19861 



HC/HCT280 

HC/HCT283 

HC/HCT297 

7 C1N 

4 Kcp 

6 D/iJ 

3 ENcrn 

10 08 

9 10 11 12 13 1 

., ,, •2 

Ii 

14 15 

MODULO·K 

COUNTER 

FF 

7Z87457 

9-bit odd/even parity generator/checker 

14 15 12 11 ,, A3 83 A4 84 

CouT g 

I2 I3 I4 

13 10 

4-bit binary full adder with fast carry 

A 

l/0 CIRCUIT 
I/Dour 1 

XORPDour 11 

13 .0A2 ECPDour 12 
-+-----OIK 01----------~~t-

2k 

7287499 

, 'I 
i; 

3 1 

14 p 
2 

12 
3 

'l~ 
4 

1 

} 
13 

10 

15 

11 

Cl CO 9 

7Z93829 

IECSYMBOL 

IN 
PROGRESS 

Digital phase-locked-loop filter 
7Z96075 '-------------------
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DIAGRAMS 
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HC/HCT365 

19 

So s, 

8-BIT SHIFT REGISTER 

INPUT /3-STATE OUTPUT CIRCUITRY 

13 ,15 .4 J16 

8-bit universal shift register; 3-state 

-------------------------·-----] 

7Z93676 

Hex buffer/line driver; 3-state 

----------------··------------------- --------~--------1 

~--------------------·---·-· -------------- l 
HC/HCT366 

I 

Hex buffer/line driver; :J--state; inverting 

''"""' 198~ 



HC/HCT367 

Hex buffer/line driver; 3-state 
7Z93685 

HC/HCT368 

7Z93687 
Hex buffer/line driver; 3-state; inverting 

HC/HCT373 

Octal D-type transparent latch; 3-state 

) 

7Z93678 

FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 

-----------··----J 
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FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 

HC/HCT374 

HC/HCT377 

HC/HCT390 

1, 15 ncfio 

4, 12 nCP, 

2, 14 nMA 

7-2 
COUNTER 

+5 
COUNTER 

''"""' 19861 

Octal 0-type flip-flop; positive-edge trigger; 3-state 7290967.l 

Octal D-type flip-flop with data enable; positive-edge trigger 

7Z93778 

7Z83777 
Dual decade ripple counter 



HC/HCT393 

HC/HCT423 

3 1 R0 

11 2Ro 

100 3 
1CP 

4-BJT 101 4 
BINARY 
RIPPLE 10, 5 

2 1MR COUNTER 
103 6 

~--~200 11 

13 2CP 
4-BIT 20t 10 

BINARY 
RIPPLE 202 9 

12 2MR COUNTER 

lCEXT 

10 

16 

2Cexr 

7Z93297 

Dual 4-bit binary ripple counter 

14 

15 

13 

Dual retriggerable monostable multivibrator with reset 

CTA4 

CTeQ lo 
CT 

' 
3 

CTR4 

CT" O lO 
CT 

' 
3 

n ,, 

n 

12 

7Z93296 

FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 
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FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 

HC/HCT533 

HC/HCT534 

HC/HCT563 

J'"""'I 1986 J 

Octal D-type transparent latch; 3-state; inverting 

Octal D-type flip-flop; positive-edge trigger; 3-state; inverting 7287496.1 

Octal D-type transparent latch; 3-state; inverting 



FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 

-----------------------------~---- -----------------------------~ 

HC/HCT564 

Octal D-type flip-flop; positive-edge trigger; 3-state; inverting 
L_ ______________ -------·----~-

-----------------------------------------------------~ 

HC/HCT573 

3 o, o, 18 

Octal D-type transparent latch; 3-state 

HC/HCT574 

3 o, a, 18 

4 o, a, 17 

5 03 03 16 

FF1toFFB 3-STATE 
6 D4 OUTPUTS 04 15 

7 D5 05 14 

8 o, a, 13 

9 D7 a, 12 

7293867 Octal D-type flip-flop; positive-edge trigger; 3-state 

( J'""''Y 1986 59 
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FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 

HC/HCT7597 

1 o, 
2 o, 
3 D3 

4 D4 

5 D5 

6 D5 

INPUT 

LATCHES 

B·BIT 

SHIFT 

REGISTER 

8-bit shift register with input latches 



HC/HCT640 

Octal bus transceiver; 3-state; inverting 

FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 
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FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 

HC/HCT643 

19 OE 

2 Ao 

3 Al 

4 A2 

J'"""Y 19861 

18 

Bo 18 17 

16 

!4.-1 I~ 
?..+.-' 1.....--

I I 13 L.+-1 I~ 

81 17 

~ 1 

B2 16 

Octal bus transceiver; 3-state; true/inverting 



HC/HCT646 

HC/HCT648 

Octal bus transceiver/register; 3-state 

FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 

-7+-1 I~ 
........ I 1-+>;o 
-=++-1 I~ 
~I I~ 
~I I~ 

~ 
"''"0 Octal bus transceiver/register; 3-state; inverting 
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FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 

HC/HCT670 

HC/HCT688 

1 e 

15 

LATCHES AND 
WRITE ENABLE LOGIC 

SELECT AND 

READ ENABLE LOGIC 

10 

P=Q 19 

7Z87468.1 

J'"""" 19861 

14 

13 

4 x 4 register file; 3-state 

8-bit magnitude comparator 

RAM4x4 

O} lA Q 
1 3 

19 



HC/HCT4002 

Dual 4-input NOR gate 

HC/HCT4016 

12 # 

Quad bilateral switches 

HC/HCT4017 

14 CPo 
5- STAGE JOHNSON COUNTER 

15 MFI 

DECODING AND OUTPUT CIRCUITRY 

7293665 
7 10 1 

Johnson decade counter with 10 decoded outputs 

~· 

~· 

7293167 

7293302 

CTADIV10/ 
DEC 

7293664 

13 

FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 
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FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 

HC/HCT4020 

7l93387 

HC/HCT4024 

7293875 

HC/HCT4040 

7Z93880 

14-stage binary ripple counter 

7 -STAGE COUNTER 

12 11 

7-state binary ripple counter 

12-STAGE COUNTER 

6 13 12 14 15 

12-stage binary ripple counter 

J'"""' 19861 

10 

11 

10 

11 CT=O 

CT=O 

CT 

7293382 

CTR7 
12 

11 

CT"'O 

CT 3 

7Z93872 

CTR12 

CT"'O 

CT 

13 

12 

14 

15 



HC/HCT4046A 

R1 

HC4049 

C1 

DEMour INH 

10 

Rs 

11 

14 

10 

12 

15 

7293754 

PHASE 
COMPARATOR 

1 

PHASE R3 

COMPARATOR 
3 C2;;i;; 

PHASE 
COMPARATOR 

2 

7296026 

Phase-locked-loop with VCO 

Hex inverting HIGH-to-LOW level shifter 

14 

FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 

<I> 
PLL 

4046A PCOI 

PCOll 
13 

PCOlll 
15 

PP 

n 10 

vco #4 

7296025 

I> 

7293755 
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FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 

HC4050 

HC/HCT4051 

11 So 

9 •2 

•• 

11 

14 

16 

LOGIC 
LEVEL 

CONVERSION 

GND 

''""'"' 19861 

[> 

10 

7Z93759 

12 

15 

Hex HIGH-to-LOW level shifter 

11 

10 

GB 

7Z93210.1 

8-channel analog multiplexer/demultiplexer 



FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 

~--------------------------- ----------------------------, 

10 So 

9 s, 

, f 

LOGIC 

LEVEL 
CONVERSION 

GND 

HC/HCT4053 

11 So 

10 s, 

9 s, 

' i' 

16 

Vee 

LOGIC 
LEVEL 

CONVERSION 

GND 

1-of-4 
DECODER 

Dual 4-channel analog multiplexer/demultiplexer 

10 

13 

0 }4x.2. 
1 3 

G4 

MUXDX 

-----------------------------~ 

Triple 2-channel analog multiplexer/demultiplexer 
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FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 

HC/HCT4060 

10 

HC/HCT4075 

HC/HCT4094 

8-STAGE SHIFT 

REGISTER 

8-BIT STORAGE 

REGISTER 

3-STATE OUTPUTS 

J'"""' 19881 

CTR14 

CT 

14-stage binary ripple counter with oscillator 

10 

Triple 3-input OR gate 

8-stage shift-and-store bus register 



FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 

~-------------------------------- --~---------------~ 

HC/HCT4316 

15 lS 

5 2S 

16 

Vee 

LOGIC LEVEL 

CONVERSION 
6 JS AND CONTROL 

14 4S 

1 i' 

HC/HCT4351 

15 So 

13 s, 

11 LE 

LOGIC LEVEL 
CONVERSION 

& 

LATCHES 

GND 

10 

7Z93976 Quad bi lateral switches 

IEC SYMBOL 

IN 

PROGRESS 

8-channel analog multiplexer/demultiplexer with latch 
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FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 

HC/HCT4352 

13 5o 

12 s, 

11 LE 

8 E2 

HC/HCT4353 

15 So 

13 s, 

11 CE 

8 E2 

LOGIC LEVEL 
CONVERSION 

& 
LATCHES 

GND 

10 

1-of-8 
DECODER 

7Z96065 

IECSYMBOL 

IN 
PROGRESS 

Dual 4-channel analog multiplexer/demultiplexer with latch 

LOGIC LEVEL 
CONVERSION 

& 
LATCHES 

GND 

10 

1-of-8 
DECODER 

IECSYMBOL 

IN 
PROGRESS 

Triple 2-channel analog multiplexer/demultiplexer with latch 

J'"""" 19881 



HC/HCT4511 

BCD to 7-segment latch/decoder/driver 

HC/HCT4514 

21 22 

1 LE 
LATCHES 

21 

22 

23 

4-to-16 line decoder/demultiplexer with input latches 

HC/HCT4515 

21 22 

1 LE 
LATCHES 21 

22 

23 

4-to-16 line decoder/demultiplexer with input latches 

X/Y 

C9 

90,1 

90,2 

90,4 

90,8 

EN 

11 

7Z93898 

decoder 

X/Y 

C9 

90,1 

90,2 

90,4 

90,8 

EN 

11 

7Z93899 

decoder 

FUNCTIONAL/ 
IEC LOGIC 
DIAGRAMS 

BCD/7SEG (> 
IT] 

V11 [LT] 

GlO[BIJ 

C9 

90,t 

90,2 

90,4 

90,8 

al0,11 

c10,11 

d10,11 

el0,11 

f10,11 

g10,11 

21 

22 

23 

13 

12 

11 

10 

15 

14 

DX 

C4 

1 0 
'} 5 ~ 4D,G15 

EN 10 

11 

12 

7Z93937 

demultiplexer 

7Z93938 

demultiplexer 
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FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 

HC/HCT4518 

HC/HCT4520 

HC/HCT4538 1 lCTC 

2 1 RCrc 

4 tA1 

s tA0 

3 1Ao 

ts 2Crc 

14 2RCrc 

12 2 A1 

11 2A0 

13 2Ro 

January 1986 

1Q 7 

Dual synchronous BCD counter 

Dual synchronous 4-bit binary counter 

lo ' 

CT 

3 

j
o 11 

12 

CT 13 

14 
3 

'-----'-' 
7Z93799 

10 

7293890 

Dual retriggerable precision monostable multivibrator 



r--
HC/HCT4543 

HC/HCT7030 

5 Do 

6 D, 

7 D2 

8 03 
INPUT 

9 D4 
STAGE 

10 05 1 x9 BITS 

11 05 

12 D7 

13 Dg 

t 

DIR SI 

FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 

-~·-------·---~-----, 

BC0/7SEG 

C9 [> a10 
[T] 

90, 1 b10 

90, 2 c10 

90, 4 J iO 

90, 8 P.10 

N10 110 

EN g10 

7293264 

BCD to 7-segment latch/decoder/driver for LCDs 

MAIN FIFO 

REGISTER 

62x9 BITS 

t 
CONTROL LOGIC 

OUTPUT 

STAGE 

1 x 9 BITS 

t 

DOR so 
25 26 

-t;;>-
t 

OE 

Di' 
15 

o, 23 

a2 22 

03 21 

04 20 

05 19 

o, 18 

07 17 

Og 16 

·---~------------------~ 

IEC SYMBOL 

IN 

PROGRESS 

9-bit x 64-word FIFO register; 3-state_ 

( ''"""' 1986 75 
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FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 

HC/HCT7046A 

R1 

e1 

DEMour INH 

10 

HC/HCT40102 

,'""'"' .... I , , 

14 

R3 

15 

;J,;eeLD 

Phase-locked-loop with lock detector 

TC 14 

8-bit synchronous BCD down counter 

7Z98089 

IECSYMBOL 

IN 
PROGRESS 

<I> 
PLL 

7046 PCOJ 

SIGN PCOll 
13 

COMP e,o 15 

ex LO 

ex 

RX n 10 

RX 

veo #4 

7Z96088 



HC/HCT40103 

HC/HCT40104 

15 

HC/HCT40105 

INPUT BUFFERS 

2 DIR 

3 SI 

GP 

TC 14 

8-bit synchronous binary down counter 

D1 o, 

CONTROL LOGIC 

o1 o1 

4- BIT SHIFT REGISTER 

3-STATE OUTPUT 

G1 a, 
14 13 

4-bit bidirectional universal shift register; 3-state 

OUTPUT BUFFERS 

MR 

7Z93838 

4-bit x 16-word FIFO register 

IEC SYMBOL 

IN 

PROGRESS 

IECSYMBOL 

IN 

PROGRESS 

FUNCTIONAL/ 

IEC LOGIC 

DIAGRAMS 

(. J'""'"' 1986 77 
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SUMMARY OF IEC SYMBOLOGY 

80 

INTRODUCTION 

The logic symbology used in the HCMOS published data 
follows the system developed by the International Electro­
technical Commission (IEC). The representation is very 
effective in that it shows the exact relationship between 
every input and output of digital circuits without having to 
detail internal logic. Basic logic functions are represented 
by symbols; in the symbols for more complex functions, 
use is made of 'dependency notation' that specified inter­
relationships of the digital inputs/outputs. 

This summary describes the various elements used in symbol 
construction and the rules and definitions that apply. 

SYMBOL COMPOSITION 

A symbol comprises an outline or a combination of outlines together 
with one or more qualifying-symbols (Fig. 1 ). The purpose of a general 
qualifying-symbol is to accurately portray the logic function of the 
element and those used in this handbook are listed in Table 1. The 
preferred direction of signal flow through symbols and associated 
circuit is from left to right; inputs are on the left and outputs on the right. 
Exceptions to this convention are indicated by arrowheads in the signal 
lines showing the direction of signal flow, as shown in Fig. 12. 

All outputs of a single element of a symbol have internal logic states that 
are determined by the element's function, unless otherwise indicated 
by an associated qualifying- symbol. 

outline general 
qualifying symbol 

qualifying symbols 

input lines -( 

* 
>output lines 

Fig. 1 Symbol composition. 

Adjacent elements in a composite symbol may be joined by a common 
boundary line. When this boundary line is parallel to the direction of 
signal flow there is no logic connection between the elements, but 
when the line is perpendicular to the direction of signal flow then there 
is at least one logic connection between them. The number of logic 
connections between elements is shown by qualifying- symbols, but if 
there are no qualifying-symbols on either side of the common line then 
the elements have just one logic connection. 

When a composite symbol contains at least one input common to one 
or more of the elements, a common-control block can be used. In the 
example of Fig. 2 the common- control block provides an input to each 
of the elements below it, this can be otherwise qualified by dependency 
notation. 

''"""" .... , 

/common control block 

Fig. 2 Common-control block. 

An output that depends on all elements of a composite symbol can be 
shown as an output from a common- output element. This part of the 
symbol is distinguishable by a double boundary line as shown in Fig. 3. 
The common-output element may have other inputs. Its function must 
be indicated by a qualifying-symbol within the outline. 

a=sd-a 
b e = 

f b 

c g 

Fig. 3 Common-output element. 

QUALIFYING SYMBOLS 

General qualifying-symbols 

Table 1 shows the general qualifying-symbols used in this 
publication. These characters are usually placed nearthe top centre of 
a symbol element and define the logic function that is represented by 
the symbol or element. 



~~~-IE_C_s_y_m_b_o-lo-gy~~~~~~~~~~~~~~~~~~~~~ ~-~~~-SU~M-M_A_R_Y~~~~~ 
Table 1 Qualifying-symbols - General 

qualifying­
symbol 

& 

>m 

>1 

=m 

=1 

>n/2 

2k 

2k+1 

_ff 
X/Y 

MUX 

DX 

MUXDX 

definition 

AND element. If all inputs are at internal 
logic "1" then the output is at internal 
logic "1" 

Logic threshold element. If at least m inputs 
are at internal logic "1" then the output is 
at internal logic "1" 

OR element. If at least one input is at 
internal logic "1" then the output is at 
internal logic "1" 

m-out-of-n element. Given that m < n; if m 
inputs are at internal logic "1" then the 
output is at internal logic "1" 

EXCLUSIVE-OR element. If only one input is at 
internal logic "1" then the output is at 
internal logic "1" 

Logic identity element. If all inputs have 
the same logic state then the output is at 
internal logic "1" 

Majority element. If the majority of inputs 
are at internal logic "1" then the output is 
at internal logic "1" 

Even element. If an even number of inputs are 
at internal logic "1" then the output is at 
internal logic "1" 

Odd element. If an odd number of inputs are 
at internal logic "1" then the output is at 
internal logic "1" 

Buffer element without amplified output. If 
the input is at internal logic "1" then the 
output is at internal logic "1" 

Buffer element with amplified output. The 
triangle points in the direction of signal 
flow 

Bi-threshold detector. Schmitt-trigger 

Coder or code converter. X and Y may be 
replaced by appropriate indications of the 
codes used 

Multiplexer/ data selector 

Demultiplexer 

Bidirectional selector 

Adder 

qualifying­
symbol 

P-Q 

CPG 

II 

COMP 

ALU 

n 
1n 

G 

nn 
!G 

nn 
G! nn 

SGRm 

CT Rm 

definition 

Subtracter 

Look-ahead carry generator 

Multiplier 

Comparator 

Arithmetic logic unit 

Retriggerable monostable element 

Non-retriggerable monostable element 

Astable element 

Synchronous-starting astable element 

Synchronous-stopping astable element 

Shift register. "m" = number of bits 

Binary counter. "m" = number of bits or 
is an indication of the cycle length 2m 

CTRDIVm Counter with cycle length m 

R0Mm1xm2 Read only memory 

PR0Mm1xm2 Programmable read only 
memory 

RAMm1xm2 Random access memory 

CAMm1xm2 Associative memory 

m1 is the 
number of 
words 

FIFOm1xm2 First-in/first-out memory 

m2 is the 
number of 
bits per 
word 

l=O Initial logic "O" state. When power is 
switched ON. the element goes to 
internal logic "O" 

(''"""' 1986 
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qualifying­
symbol 

1=1 

NV 

definition 

Initial logic "1" state. When power is 
switched ON, the element goes to 
internal logic "1" 

Non-volatile. The internal logic state 
is maintained regardless of power ON 
or OFF 

Very complicated element. Depicted by 
a 'grey box' symbol. Within the 'grey 
box' outline, the <P qualifying-symbol 
is accompanied by a further qualifying 
expression, e.g. ERR - for error detector 

Qualifying-symbols for inputs and outputs 

Referring to Table 2, qualifying-symbols for inputs and outputs, the 
logic negation indicator is used in pure logic diagrams to indicate that 
an external logic "O" ("1") produces an internal logic "1" ("O") at the 
input, or that an internal logic "1" ( "O") produces an external logic "O" 
("1") at the output. 

The polarity indicator is used in detailed logic diagrams to indicate 
which logic level corresponds with the internal logic "1 ".The following 
may occur: 

an input or output with polarity indicator indicates 
that the logic level "L" (LOW) corresponds to an 
internal logic "1 ". 
an input or output without polarity indicator 
indicates that the logic level "H" (HIGH) corresponds 
to an internal logic "1 ". 

In an array of elements, if the same general qualifying- symbol and the 
same qualifying-symbols associated with inputs and outputs should 
appear inside each element of the array, then they are usually shown 
only in the first element. Similarly, for large identical elements with 
subdivisions, the subdivisions may be shown only in the first element. 
This is done to simplify the array and ease recognition. As an example, 
omissions of both repeating qualifying-symbols and subdividing lines 
can be seen in the HC/HCT242 symbol. 

Table 2 Qualifying-symbols - Inputs and Outputs 

qualifying­
symbol 

--}-

4--
--}-

--r-
-{--

-"-

definition of input or output 

Logic negation at an input. An external logic 
"O" ("1") produces an internal logic ''1" 
("0") 

Logic negation at an output. An internal 
logic "1" ("0") produces an external logic 
"O" ("1") 

Polarity indicator at an input. A logic "L" 
(LOW) level ("H" (HIGH) level) at an input 
produces an internal logic "1" at that input 

Polarity indicator at an output. An internal 
logic "1" ("0") at an output produces a logic 
"L" (LOW) level ("H" (HIGH) level) atthat output 

Polarity indicator at an input where the 
signal flow is from right to left 

Polarity indicator at an output where the 
signal flow is from right to left 

(a)-----.;<-- Indicator for direction of signal flow: 

t (a) from right to left; 
(b) from bottom to top. 

(b) With no indication of direction, flow is left 
to right or top to bottom 

~Bidirectional information flow (alternate) 

--{-- Non - logic connection 

Input for analogue signals 

Input for digital signals (used only to avoid 
confusion) 



~~~-IE_C_s_y_m_b-ol-o-gy~~~~~~~~~~~~~~~~~~~----~~-~~~S-U-M~M-A_R_Y~~~~~ 
Symbols inside the outline 
Table 3 shows some of the symbols used within the symbol- outlines. 
Other symbols used in this handbook but not shown here are self­
exptanatory. Generally these are associated with arithmetic operations 
but all are in accordance with the IEC system. When non-standard 
information is shown inside a symbol-outline, it is enclosed in square 
brackets. 

It can be seen in Table 3 that open-collector. open-emitter and 
three-state outputs have d1stmct1ve symbols. Note that an enable input 
(EN) affects all of the circuit outputs and has no effect on the inputs. 
When an enable input affects only certain outputs and/or one or more 
inputs, a form of dependency notation will indicate this (see 'Depen­
dency Notation, EN-dependancy'). 

Another important point is that a D-input is always the data input of a 
storage element. An internal logic "1" at the 0-input sets the storage 
element to its "1" state, and an internal logic "O" at the D-input resets 
the storage element to its "O" state. 

Grouping of inputs or outputs is indicated by the bit- grouping symbol. 
Binary-weighted inputs are arranged in order and the binary weights of 
the least-significant and the most-significant lines are indicated by 
numbers. The weights of input and output lines are represented by 
powers- of-two only when the bit-grouping symbol is used, otherwise 
decimal equivalents are used. Inputs grouped together by this symbol 
produce an internal number that is the sum of the individual input 
weights at logic "1 ". This number can be a number on which a 
mathematical function is performed, an identifying number used in 
dependency notation or a value that becomes the content (CT) of the 
element (see Fig. 29). A frequent use of the bit-grouping symbol is in 
memory addressing, see also 'Use of Bit-grouping to Produce Affec­
ting Inputs'. For outputs, usage of the bit-grouping symbol is similar to 
that of inputs; the number produced by the sum of the output weights 
is the internal number, or the content (CT) produced by the circuit. 

The symbols shown in Table 3 may be used to indicate the internal 
connections between logic elements 3butted together. Each logic 
connection may be shown by qualifying- symbols at one or both sides 
of the common line, however, if confusion could arise about the 
number of connections, one of the internal connection symbols may be 
used. 

The internal (virtual) input is an input originating somewhere within the 
circuit and not connected directly to a terminal, and similarly the 
internal (virtual) output is not connected directly to a terminal 

Table 3 Symbols inside the outline 

symbol inside 
outline explanation 

Solidus. Separator used in input and 
output labels. May be interpreted as an 
OR function 

Comma. Separator with no logic 
significance 

Delayed output symbol for pulse and data­
lock-out elements. The output change is 
delayed until the input that initiated 
the change (e.g. a "C" input) returns to 
its initial external state or level 

Bi-threshold inputs. Inputs with 
hysteresis 

Open output with low impedance "L" (LOW) 
level 

Passive pull-up output. Similar to open 
output with low-impedance "L" level but 
with a built-in passive pull- up 

Open output with low impedance "H" 
(HIGH) level 

(J'"""" 1986 
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QUALIFYING-SYMBOLS (continued) 

Table 3 Symbols inside the outline (continued) 

symbol inside 
outline 

R,S,C,T 

J, K, R, S, D 

-[~m 

-{-=-m 

explanation 

Passive pull-down output. Similar to 
open output with low-impedance "H" level 
but with a built-in passive pull-up 

Three-state output 

Enable input. When at internal logic 
"1", all outputs are enabled. When at 
internal logic "O": open outputs are 
OFF; three-state outputs retain their 
normal, defined internal logic state but 
give an external high -impedance state: 
all other outputs are at internal logic 
"O" 

Control inputs of bistable elements 

Information inputs of bistable elements 

Shift input. The direction of shift is 
to the right or down when the arrow 
points to the right, or to the left 
or up when the arrow points to the left. 
The number may be ommitted when "m" = 1 

Counting input. Count-up and count-down 
are indicated by + and - respectively. 
The number "m" is the count per command 
and may be ommitted when "m" = 1 

rfiif- - -Joh Bit-grouping symbol. "m" is the highest 
ifJ* *)mj-l power of 2 in the group 

_____r,- - Content input. The internal logic "1" 
-----t!~m sets the element to the value "m" 

Content output. "*" is the value of the 
element that sets the output to an 
internal logic "1" 
(e.g. CT = 0, CT ;;;> 5, CT ,o 4 ... 9) 

-i;------}- Line-grouping symbol. The inputs or 
~ G- outputs enclosed by this symbol form a 

------ single logic input or output 

Fixed-mode input. This input is 
permanently at internal logic "1" 

''""'"' 19861 

symbol inside 
outline 

a ... g 

--[~ 

explanation 

Fixed-state output. This output is 
permanently at internal logic "1" 

Seven segments of a display element 

Extension input. Input intended for 
connection to an extender output 

Extender output. Output to an extension input 

Operand input. This input represents one 
bit of an operand on which one or more 
mathematical functions are performed; 
"m" is the decimal equivalent of the 
weight of the bit. If the weights of 
all Pm inputs of the element are powers 
of 2 then "m" is the exponent of the 
power of 2 

Operand input. See Pm 

'Smaller-than' input to a magnitude 
comparator 

'Greater-than' input to a magnitude 
comparator 

'Equal' input to a magnitude comparator 

'Borrow-in' input to an arithmetic 
element 

'Borrow-generate' input to an arithmetic 
element 

'Borrow-generate' output from an 
arithmetic element 



symbol inside symbol inside 
outline explanation outline explanation 

~~o}-
'Borrow-out' output from an arithmetic 'I'm Clock phase. "m" is the clock phase 
element number 

----1!~ 
Connection for external capacitor(s) 

~~~ 
'Borrow-propagate' input to an 
arithmetic element 

--{R_~ 
Connection for external resistor(s) 

~s!}-
'Borrow-propagate' output from an 
arithmetic element 

-f- Dynamic input. A transition from 
logic "L" level to "H" level produces 

-{c~~ 
'Carry-in' input to an arithmetic a transitory internal logic "1" 
element 

'Carry-generate' input to an -+-- Dynamic input. A transition from 

-{c~~ logic "H" level to "L" level produces 
arithmetic element a transitory internal logic "1" 

-]-- Internal connection. A logic "1" at the 

~~~ 
'Carry-generate' output from an 

left-hand side produces a logic "1" at 

arithmetic element 
the right-hand side 

--r- Negated internal connection. A logic "1" 
at the left-hand side produces a logic 

~~~ 
'Carry-generate' output from an 

"O" atthe right-hand side 

arithmetic element --F- Dynamic internal connection. A 
transition from internal logic MO" to 
internal logic "1" at the left-hand side 

-{c!~ 
'Carry-propagate' input to an produces a transitory logic "1" at the 

arithmetic element right-hand side 

--~F- Negated dynamic internal connection. A 
transition from internal logic "1" to 

~~}-
'Carry-propagate' output from an internal logic "O" at the left-hand side 

arithmetic element produces a transitory internal logic "1" 
at the right-hand side 

r- Internal (virtual) input. This input is 
always at internal logic "1" state 

[] Result of a multiplication unless this is overridden or modified 

1: Result of an addition -] Internal (virtual) output. The effect on 
the internal input connected to this 

P-Q Result of a subtraction output must be indicated by dependency 
notation 

[·-] Added information 
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DEPENDENCY NOTATION 

General conventions of dependency notation 

Dependency notation is the powerful tool that makes IEC symbols 
compact and yet meaningful. With IEC symbols, the relationships 
between inputs and other inputs, between outputs and other outputs, 
and between inputs and outputs are clearly illustrated without the 
necessity to show all elements and interconnections involved. The 
information provided by dependency notation supplements that pro­
vided by the qualifying-symbols for an element's function. 

In dependency notation, the terms "affecting" and "affected" are used. 
In cases where it is not evident which inputs must be selected as being 
the affecting or the affected ones (e.g., if they stand in an AND 
relationship), the most convenient input has been chosen. 

The types of dependency described in this section are 
"G" (AND); "V" (OR); "N" (negate, or EXCLUSIVE-OR); 
"Z" (interconnection); "C" (control); "S" and "R" (set and reset); "EN" 
(enable); "M" (mode); and "A" (address). 

The general rules applied to dependency notation are: 

the input (or output) affecting other inputs or outputs is labelled 
with the letter symbol that indicates the relationship involved (e.g. 
G for AND) followed by an appropriately-chosen identifying num­
ber; and 
each input or output affected by that affecting input (or output) is 
labelled with that same number. 

If two affecting inputs or outputs have the same letter and the same 
identifying number, they are ORed together (see Fig. 4). 

·=t.,-b G1 
c 1 __ 

Fig. 4 ORed affecting inputs. 

If an input or output is affected by more than one affecting input, each 
identifying number separated by a comma will appear in the label of the 
aff"cted one. The normal reading order of these numbers is the same 
as the sequence of the affecting relationships (see Fig. 5). 

Fig. 5 Input affected by more than one input. 

If the labels denoting the function of affected inputs or outputs are 
numbers, (e.g., outputs of a coder), the identifying number of both 
affecting inputs and affected inputs or outputs is replaced by another 
character selected to avoid ambiguity, e.g., Greek letters (see Fig. 6). 

Fig. 6 Substitution for numbers. 

If it is the complement of the input's (or output's) 
internal logic state that does the affecting, then a bar 
is placed over the identifying numbers at the affected 
inputs or outputs (see Fig. 7). 

If the affected input or output has a label to denote its function (e.g. 
"D"), this label will have the identifying number of the affecting input as 
a prefix (see Fig. 13). 

G-dependency 

The traditional method of showing an AND relationship was to use an 
explicit drawing of an AND gate with the signals connected to the 
inputs of the gate. With IEC symbology (see Fig. 7), input "b" and input 
"a" are ANDed together and the complement of "b" is ANDed with "c". 
The letter G has been chosen to indicate AND relationships and is 
placed at input "b", within the outline. A number considered ap­
propriate by the designer ( 1 has been used here) is placed after the 
letter G and also at each affected input. Note the bar over the 1 at input 
"c". 
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·~ b ~1 
c 1 __ 

Fig. 7 G-dependency between inputs. 

In Fig. 8, output "b" affects input "a" with an AND relationship. The lower 
example shows it is the internal logic state of "b", unaffected by the 
negation sign, that is ANDed. 

·--[~l-· 0 m· 
·-1'.:3'-•o'~• 

Fig. 8 G -dependency between outputs and inputs. 

In Fig. 9, input "a" is ANDed with the dynamic input "b". 

a--{1r 
b--{?:1 

Fig. 9 G-dependency with a dynamic input. 

To summarize G-dependancy using input G and allotted number m: 
when a Gm-input (Gm-output) is at internal logic "1", all inputs and 
outputs affected by Gm will be at their normally defined internal logic 
states. When the Gm-input (Gm-output) is at internal logic "O", all 
inputs and outputs affected will be at internal logic "O". 

V-dependency 
When a Vm-input (Vm-output) is at internal logic "1", all inputs and 
outputs affected by Vm will be at internal logic "1 ".When the Vm-input 
(Vm-output) is at internal logic "O", all inputs and outputs affected by 
Vm will be at their normally defined internal logic states (see Fig. 10). 

·-EJ--b 

Fig. 10 V-dependency. 

N-dependency 
Each input or output affected by an Nm-input (or output) is EX­
CLUSIVE-ORed with the Nm-input (or output) (see Fig. 11). 

·-E]=~ []-ti=: 
Fig. 11 N-dependency. 

When an Nm-input (Nm-output) is at internal logic "1", the internal 
logic state of each input and each output affected by Nm will be 
complemented. When an Nm-input (Nm-output) is at internal logic "O", 
all inputs and outputs affected by Nm will be at their normally defined 
internal logic states. 

1986 87 



~~-----S-U_M_M_A_R_Y-------~ 

88 

DEPENDENCY NOTATION (continued) 

Z-dependency 

Interconnection dependency is used to indicate internal logic connec­
tions between inputs, outputs, internal inputs, and/or internal outputs. 

All inputs or outputs affected by a Zm-input (or output) will take on the 
same internal logic state as the Zm-input (or output), unless modified 
by additional dependency notation (see Fig. 12). 

w a 

1 

Fig. 12 Z-dependency. 

C-dependency 

Control inputs enable or disable the· data (D, J, K, R or S) inputs of 
storage elements (see Fig. 13). 

When a Cm-input is at internal logic" 1 ",the inputs affected by Cm have 
their normal effect on the function of the element, i.e. these inputs are 
enabled. When a Cm-input is at internal logic "O", the inputs affected 
by Cm are disabled and have no effect on the function of the element. 

a--1c1-
b-:b~-

·~,-b (2 

c 1.~~ 

•=t1 b 1,20 
c _g 

·~.fo-b 1,20 
c G1 
d C2 

·=t,- ·~& s--
b 1(2 = b & 
c 20 R 

-- c 

Fig. 13 C-dependency> 

EN-dependency 

An ENm-input has the same effect on outputs as an EN-input (see 
Table 1) but it affects both inputs and outputs that have the identifying 
number "m", whereas an EN-input affects all outputs and no inputs. 

The effect of an ENm- input on an affected input is identical to that of 
a Cm- input (see Fig. 14). 

Fig. 14 EN-dependency. 



When an ENm-input is at internal logic" 1', inputs and outputs affected 
by ENm are enabled. 

When an ENm - input is at internal logic "O": inputs and outputs affected 
by ENm are disabled; open outputs are turned OFF; passive pull-up 
outputs will be high-impedance "L" level; passive pull-down outputs 
will be high-impedance "H" level; 3-state outputs will have their 
normally defined internal logic states but externally exhibit high -
impedance; and all other outputs (e.g., totem-pole outputs) will be at 
internal logic "O~. 

Sand A-dependencies 

Set and reset dependencies are used if the effect of the combination 
R = S= 1 on a bistable element must be specified. Figure 1 5a does not 
use S or R - dependency (? = not specified). 

When an Sm - input is at internal logic ''1", outputs affected by the 
Sm - input will react, regardless of the state of an R - input, as they would 
normally react to the combination S= 1, R = 0 (see Fig. 15b). 

When an Rm - input is at internal logic "1 ", outputs affected by the 
Rm - input will react, regardless of the state of an S- input, as they would 
normally react to the combination S = 0, R = 1 (see Fig. 15c). 

The non-complementary output patterns in Figs 15d and 15e are only 
pseudo-stable. The simultaneous return of the inputs to S=R= O 
produces an unforeseeable stable and complementary output pattern. 

When an Sm or Rm input is an internal logic "O", it has no effect. 

·=0= b R d 

a b c d 

0 0 c d 

0 1 0 1 
1 0 1 0 

a 1 1 ? ? 

'=U=' b R 1 d 

a b c d 

0 0 c d 

0 1 0 1 
1 0 1 0 

b 1 1 1 0 

'=D=' b R1 1 d 

a b c d 
0 0 c d 

0 1 0 1 
1 0 1 0 
1 1 0 1 

•=t]:: 
b R2 2 d 

a b c d 

0 0 c d 

0 1 0 1 
1 0 1 0 

d 1 1 1 1 

'=t]::' b R2 1 d 

a b c d 

0 0 c d 

0 1 0 1 
1 0 1 0 

e 1 1 0 0 

Fig. 15 Sand A-dependencies. 

M-dependency 

Mode dependency indicates that the effects of particular inputs and 
outputs of an element depend on the mode in which the element is 
operating. 

If an input or output has the same affect in different modes of operation, 
the identifying numbers of the relevant affecting Mm - inputs will appear 
in parentheses, separated by solidi, in the label of that affecting input 
or output (see Fig 20) 

M-dependency affecting inputs 

When an Mm-input (Mm-output) is at internal logic "1", the inputs 
affected by this Mm-input (Mm-output) will be enabled. 

When an Mm-input (Mm-output) is at internal logic "O", the inputs 
affected by this Mm-input (Mm-output) will be dis- abled. When an 
affecting input has several sets of labels separated by solidi (e.g., 
C4!2-.!3 + I, any set in which the identifying number of the Mm-input 
(Mm-output) appears has no effect and is to be ignored. This re­
presents the disabling of some of the functions of a multi-function 
input 

The circuit in Fig. 16 has two inputs, "b" and "c", these control the one 
offourmodes (0, 1, 2or3) that will exist at anytime. Inputs "d", "e", and 
"f" are D-inputs subject to dynamic control (clocking) by the "a" input. 
The numbers 1 and 2 identify the operating modes, and so inputs 
"e"and "f" are only enabled in mode 1 (for parallel loading) and input "d" 
is only enabled in mode 2 (for serial loading). Input "a" has three 
functions: it is the clock for entering data; in mode 2 it causes 
right-shifting of data (shifts away from the control block); and in mode 
3, it causes the contents of the register to be incremented by one. 

All operations are synchronous. 

Mode 0 (b =O; c =0): 
The outputs remain at their existing states as 
the inputs have no effect 

Mode 1 (b=1,c=O): 
Parallel loading takes place through inputs 
"e" and "f". 

Mode2(b=O,c=1): 
Shifting down and serial loading takes place 
through input "d". 

Mode 3(b=c=1): 
Counting up takes place in increments of 1 per 
clock pulse. 

Fig. 16 M dependency affecting inputs. 
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DEPENDENCY NOTATION (continued) 

M-dependency affecting outputs 

When an Mm-input (Mm-output) is at internal logic "1'', the affected 
outputs will be enabled. 

When an Mm-input (Mm-output) is at internal logic "O", the affected 
oLltputs will be disabled. When an input or output has several different 
sets of labels separated by solidi (e.g., 2,4/3,5), any set in which the 
identifing number of the Mm-input (Mm-output) appears is to be 
ignored. 

a=U---1 b [1 11 d 
c 10 

Mode1 (a=1): 
The delayed output symbol is effective only in 
mode 1 and therefore the device functions as a 
pulse-triggered D-element. 

Mode2 (a=O): 
The delayed output symbol has no effect and 
therefore the device functions as a transparent 
latch. 

Fig. 17 Flip-flop type determined by mode. 

a~b 
I I 

? s 
I I 
I I 

Mode1 (a=1): 
Output "b" will be an internal logic "1" only 
when the register content equals 9. 

Mode 2 (a=O): 
Since output "b" is located in the common­
control block with no defined function outside 
of mode 1, this output will be an internal logic 
"O" when input "a" is an internal logic "O", 
regardless of the register content. 

Fig. 18 Disabling an output of the common-control block. 

a~b 
: 1cr = of-! 
I I 

? ~ 
I I 
I I 
I I 

Mode 1 (a=1): 
Output "b" will be an internal logic "1" only 
when the register content equals 15. 

Mode 2 (a=O): 
Input "a" is an internal logic "O", output "b" 
will be an internal logic "1" only when the 
register content equals 0. 

Fig. 19 Determining an output's function. 

Inputs "a" and "b" are binary weighted to generate the num­
bers 0, 1, 2 or 3 to determine which of the four modes exist. 

Mode O (a=O, b=O): 
Since no output label contains a "O", the 
outputs have their normally defined internal 
logic states. Output "f" carries a "O" in 
its label and this means that output "f" is 
effected by all modes except mode 0. 

Mode1 (a=1,b=O): 
Only output "f" is affected by mode 1 and is 
also affected by input "c" (N4). 

Mode2(a=O,b=1): 
The outputs "e" and "g" are affected in this 
mode. They are also affected by input "c" (N4) 
which means that the internal logic state of the 
output will be negated at N4 = 1. Output "f" is 
affected since MO stands at its internal "O" 
state. In addition, output "f" is affected by 
input "c" (N4). 

Mode 3(a=1, b= 1): 
All outputs shown are affected in this mode, 
with outputs "e" and "f" also affected by input 
"c" (N4) and input "d" also affecting output "g". 

Fig. 20 Dependent relationships affected by mode. 



A-dependency 

Using address-dependency gives a clear representation of elements, 
particularly memories, that use address contror inputs to select 
sections of a multi-dimensional array. Such a section of a memory array 
is usually called a word. Address-dependency allows a symbolic 
representation of an entire array. An array input at a particular element 
of a general section is common to the corresponding elements of ali 
selected sections of the array. An array output at a particular element 
of a general section is the result of ORing the outputs of the corre­
::ponding clements of se:ecieJ ~~ciions. Ii the iabei 01 an array output 
at a particular element of a general section indicates that this output is 
an open-circuit or a 3-state output, then this indication refers to the 
output of the array and not to those of the sections of the array. 

Inputs that are not affected by any input have their normal effect on al! 
sections of the array, whereas inputs affected by an address input only 
have their normal effect on the section selected by that address input 

An affecting address input t1as the label ··A" followed by an identifying 
number which corresponds to the address of the particular section of 
the array selected by this input. Within the general section represented 
by the symbol. inputs and outputs affected by an "Am" input have the 
label "A", which stands for the identifying numbers, i.e. the addresses 
of the particular sections. 

Fig. 21 A-dependency. 

~----------------------·--

Figure 21 shows a 3-word x 2-bit memory having a separate address 
line tor each word; EN-dependency is used to explain the operation.To 
select word 1, input "a" is forced to logic "'1 ".entering mode 1. Data can 
now be ciocked into the inputs marked" 1,40". Data cannot be clocked 
into the inputs marked ··2,40'· and "3,40" unless words 2 and 3 are 
selected. The outputs will be the OR function of the selected outputs. 
i.e. only those enabled by the active EN functions 

The identifying numbers of affecting inputs correspond to the addres­
ses of the sections selected by these inputs. They need not necessarily 
differ from those of other affecting dependency-inputs (e.g., 
G, V, N, .), because in the general section represented by the symbol 
they are replaced by the letter ··A". 

If there are several sets of affecting ''Am" inputs for the purpose ot 
independent and possibly simultaneous access to sections of the 
array. then the letter ,.A,. is modified to \A, 2A. .. These sets of ...... , 
inputs may have the same identifying numbers. 

Another illustration of the concept is shown in Fig. 22. 

Fig. 22 Array of 15 sections of four transparent latches with 
3-state outputs comprising a 16-word x 4-bit random­
access memory. 

Table 4 Summary of dependency notation 

type of letter-
dependency symbol' 

address A 

control c 

enable EN 

AND G 

mode M 

negate N 
(EXCLUSIVE 
OR) 

reset R 

set s 

affecting input at 
logic "1" 

permits action 
(address selected) 

permits action 

permits action 

permits action 

permits action 
(mode selected) 

affecting input at 
logic "O" 

prevents action 
(address not 
selected) 

prevents action 

prevents action of 
inputs; open outputs 
OFF; \7 outputs at 
external high 
impedance, no 
change 
in internal logic 
state; ~ outputs 
high impedance "H" 
level; f,7 outputs 
high impedance "L., 
level; other outputs 
at internal "O" 
state 

imposes "O'° state 

prevents action 
(mode not selected) 

complements state no effect 

affected output no effect 
reacts as it would 
toS = "O",R = "1" 

affected output no effect 
reacts as it would 
to S = "1'°, R = ··o" 
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DEPENDENCY NOTATION (continued) 

A-dependency (continued) 

type of lener · 
dependency symbol· 

OR 

inter­
connection 

v 

z 

affecting input at 
logic "1" 

affecting input at 
logic "O" 

imposes "1" state permits action 

imposes "1" state permits action 

• These letter symbols appear at the affecting input (or output) and 
are followed by a number. Each input (or output) affected by that input 
is labelled with that same number. The descriptions do not apply when 
the labels "EN", "R" and "S" appear at inputs without numbers 
following; the action of these inputs is described in 'Symbols inside the 
outline'. 

BISTABLE ELEMENTS 

The dynamic input symbol, the delayed output symbol and dependency 
notation allow the four main types of bistable elements to be shown and 
make synchronous and asynchronous inputs easily recognizable (see 
Fig. 23). A fifth type of bistable, the direct acting "SR" element, is 
mentioned in 'Sand A-dependencies'. 

r-- --, 

---icm ~ 
I I 
L----..1 

r----, 
' I 

--J>cm f--
' I L-----' 

,..----, 
I I 

--jcm -if--
' ' L----.J 

r----., 
I I 

-j> cmil--
' I ~----.J 

The left-hand column of drawings shows essential 
distinguishing features of the bi stables; the other columns 
show examples. 

Fig. 23 Four types of bistable circuits. 

Transparent latches have a level-operated control input. The D-input 
is active as long as the C-input is at internal logic "1". The outputs 
respond immediately. Edge-triggered elements accept data from "D", 
"J", "K", "R" or "S" inputs on the active transition of "C". Pulse­
triggered elements require the data to be set up before the start of the 
control pulse; the "C" input is considered static since the data must be 
maintained as long as "C" is at logic "1". The output is delayed until "C" 
returns to logic "O". The data- lock-out element is similar to the 
pulse-triggered version except that the "C" input is considered to be 
dynamic, in that shortly after "C" goes through its active transition, the 
data inputs are disabled and data does not have to be maintained. 
However the output is still delayed until the "C" input returns to its initial 
external level. 

Note that synchronous inputs can be recognized easily 
because of labels (10, 1J, 1K, 1S, 2R) unlike the asynchronous inputs 
"S", "R", which are not dependent on the "C" inputs. 
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CODERS 

The general symbol for a coder or code-converter is shown in Fig. 24. 
The labels "X" and "Y" may be replaced by appropriate indications of 
the code that is used to represent the information at the respective 
inputs and outputs. 

Fig. 24 Coder general symbol. 

Indication of code conversion is based on the following rule: 

Depending on the input code, the internal logic 
states of the inputs determine an internal value. 
This value is reproduced by the internal logic states 
of the outputs, depending on the output code. 

The relationship between the internal logic states of the inputs and the 
internal value is indicated by: 

Labelling the inputs with numbers so that the 
internal value equals the sum of the weights 
associated with those inputs that are at internal 
logic "1"; or by replacing "X" by an appropriate 
indication of the input code and labelling the inputs 
with characters that refer to this code. 

The relationship between the internal value and the 
internal logic states of the outputs is indicated by: 

labelling each output with a list of numbers 
representing those internal values that force that 
output to an internal logic "1 ". The numbers are 
separated by solidi (see Fig. 25). This labelling may 
also be applied when "Y" is replaced by a letter 
denoting a type of dependency (see 'Use of a coder to 
produce affecting inputs'). If a continuous range of 
internal values produces the internal logic "1" at an 
output, this is indicated by the numbers that begin 
and end the range, separated by three dots, e.g. 
"4 ... 9" equals "4151617!8/9"; or by replacing "Y" 
with an appropriate indication of the output code and 
labelling the outputs with characters that refer to 
this code (see Fig. 26). 

Alternatively the general symbol may be used together with an 
appropriate reference to a table detailing the relationship between the 
inputs and outputs. This is a recommended way to symbolize a ROM, 
or a PROM alter it has been programmed. 

TRUTH TABLE 

inputs outputs 

c b a g f e d 

0 0 0 0 0 0 0 
0 0 1 0 0 0 1 
0 1 0 0 0 1 0 
0 1 1 0 1 1 0 

1 0 0 0 1 0 1 
1 0 1 0 0 0 0 
1 1 0 0 0 0 0 
1 1 1 1 0 0 0 

Fig. 25 An X/Y code converter. 

TRUTH TABLE 

inputs 

c b a 

0 0 0 
0 0 1 
0 1 0 
0 1 1 

1 0 0 
1 0 1 
1 1 0 
1 1 1 

XIOCT 
1 

j i 

0 0 
0 0 
0 0 
0 0 

0 0 
0 0 
0 1 
1 0 

outputs 

h g f e 

0 0 0 0 
0 0 0 0 
0 0 0 1 
0 0 1 0 

0 1 0 0 
1 0 0 0 
0 0 0 0 
0 0 0 0 

Fig. 26 An X/octal code converter. 

d 

0 
1 
0 
0 

0 
0 
0 
0 
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USE OF A CODER TO PRODUCE AFFECTING 
INPUTS 

It often occurs that a set of affecting inputs for dependency notation is 
produced by decoding the signals on certain inputs to an element. In 
such a case the symbols for a coder can be used as an embedded 
symbol (see Fig. 27). 

XIY 
G1 
GZ 
V4 
NS 

Fig. 27 Producing various types of dependencies. 

If all affecting inputs produced by a coder are the same type and their 
identifying numbers correspond with the numbers shown at the coder 
outputs, "Y" (in the qualifying symbol X/Y) may be replaced by the letter 
denoting the type of dependency. In this case, affecting input in­
dications should be omitted (see Fig. 28). 

=CJ---
1 -
2 

X/Y 
MO 

-1 -z 1 M1 
~M2 

Fig. 28 Producing one type of dependency. 

USE OF BIT -GROUPING TO PRODUCE AFFECTING 
INPUTS 

If all affecting inputs produced by a coder are the same type and have 
consecutive identifying numbers (not necessarily corresponding to 
the numbers that would have been shown at the outputs of the coder) 
the bit-grouping symbol can be used (see Table 1). Effectively, "k" 
external lines generate 2' internal inputs. The bracket precedes the 
letter denoting the type of dependency which is followed by mt I rn2 . The 
"m1" is then replaced by the smallest identifying number and "m2" by 
the largest (see Fig. 29). 

=f---

=JI---
' ' I 

X/Y 

XIY 

0 AO 
A1 

AZ 
A3 
A4 
AS 
A6 
A7 

0 GS 
G6 
G7 
GB 

Fig. 29 Use of the bit-grouping symbol. 

SEQUENCE OF INPUT LABELS 

If an input having a single function is affected by other inputs, the 
qualifying-symbol (if there is one) for that function is preceded by the 
labels of the affecting inputs. The left-to- right order of these labels is 
the sequence in which the effects or modifications must be applied. 
The affected input has no effect on the element if the logic state of any 
of the affecting inputs (regardless of the logic states of other affecting 
inputs) would cause the affected input to have no effect. 

If an input has several functions or has several different sets of affecting 
inputs, depending on the mode of action, the input may be shown as 
often as required. However, there are cases in which this method of 
representation is undesirable. In these cases, the input may be shown 
once with the different sets of labels separated by solidi (see Fig. 30). 
No meaning is attached to the order of these sets of labels. If one of the 
functions of an input is as an unlabelled input to an element, a solidus 
will precede the first set of labels. 

·~1 b G2 

c 1Ri2·3~ 

a---JG2 
b--rc~--

·~1 b G2 
c 1R 

1,2f3. __ 

Fig. 30 Input labels. 
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If all inputs of a combinative element are disabled (have no effect on the 
function of the element), the internal logic states of the element 
outputs are not specified by the symbol. If all inputs of a sequential 
element are disabled, the content of this element 1s not changed and 
the outputs remain at their existing internal logic states. 

Labels may be factorized using algebraic techniques (see Fig. 31 ). 

Fig. 31 Factorizing input labels. 

When at latched inputs the algebraic factorizing technique is combined 
with the use of the bit-grouping symbol, the indication "mD" may be 
placed behind the bit-grouping symbol provided that the proper order 
of all the other labels is maintained (see Fig. 32). 

In "mD", the "m" stands for the identifying numbers of the affecting 
inputs. 

:~ca-----_ 
c BO,A 
d 2 

~~~}~--­
d~2 

:~B~ --~)---
' BO A 
d BO 1 

Fig. 32 Algebraic factorizing technique combined with the 
bit-grouping symbol at "D" inputs. 

SEQUENCE OF OUTPUT LABELS 

If an output has a number of different labels, regardless of whether or 
not they are identifying numbers of affecting inputs or outputs, these 
labels are shown in the following order (see Fig. 33): 

the delayed output symbol comes first (if to be shown) 
preceded if necessary by the indications of the inputs to 
which it must be applied: 

followed by the labels indicating modifications to the 
internal logic state of the output, such thatthe left-to­
right order of these labels is the sequence in which their 
effects must be applied: 

followed by the label indicating the effect of the 
output on the inputs and other outputs of the element. 

Symbols for open-circuit or 3-state outputs, where applicable, are 
placed just inside boundary of the element adjacent to the output line. 

r------, 
i 1,314,S'Vr---

=t~s------J 

Fig. 33 Placement of 3-state symbols and delayed output 
symbols. 

If an output needs several sets of labels to represent alternative 
functions, depending on the mode of action, these sets may be shown 
on different output lines connected together outside the outline. 
However, there are cases in which this representation is undesirable. 
In these cases the output may be shown once with the different sets of 
labels separated by solidi (see Fig. 34). 

M1 1CT-9 ---,-~:p-

1CT=15 

M1 1CT=9 -t---~--~ 

__ 2S..T.."25 

Fig. 34 Output labels. 
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SEQUENCE OF OUTPUT LABELS (continued) 

Adjacent identifying numbers of affecting inputs that are not separated 
by a non-numeric character are separated by a comma. 

If a set of labels of an output not containing a solidus contains the 
identifying number of an affecting "Mm" input at internal logic "O", this 
set of labels has no effect on the output. 

Labels may be factorized using algebraic techniques (see Fig. 35). 

= 

Fig. 35 Factorizing output labels. 

If the bit-grouping symbol for outputs is used and the sets of labels of 
all outputs grouped together differ only in the indications of the 
weights, the sets of labels may be shown only once between the 
symbol replacing"*" and the grouping symbol (see Table 3) provided 
that, except forthe grouping symbol and the weights, the proper order 
of the labels is maintained (see Fig. 36). These sets of labels, therefore, 
include the symbols for open-circuit, passive pull-down, passive 
pull-up and 3-state outputs but exclude the indications of weights . 

. =l;-------tE=' .~;---{oT4vJ==' b EN4 [3,4'7 1 d ;: b EN4 [ 1,3,4v d 
-------- e __ __ 3J~4_'V e 

Fig. 36 The bit-grouping symbol at outputs. 



RULES FOR SYMBOL 

SIMPLIFICATION 

INTRODUCTION 

RULES FOR SIMPLIFICATION OF SYMBOLS 

RULE2 
The IEC symbology can depict a complete integrated circuit but, in 
many applications, not all available functions are used. For these 
applications the complete symbol need not be shown and a consider­
able simplification can be made. To maintain clarity, rules for the 
simplification of symbols are described in this section. 

RULE 1 

For an integrated circuit where not all functions are used, the diagram 
may contain: 

a. the complete symbol with indications of which pins are connected 
to a certain voltage level; 

b. a simplified symbol where only the functions used are depicted; the 
unused pins are detailed in a table including information on whether 
these pins may remain open (floating) or are to be connected to a 
certain voltage level. 

1 01 
A ±:f&Lz 
H~ 

01 

B ~ 
A 

01 7410 14 01 7410 14,13 
ITEM TYPE H(SVJ L!OVJ ITEM TYPE H15VJ LIOVJ 

03 

When two or more pins are shown with a single line, then a comma 
between the pin numbers means that. these pins are connected 
together; when the pin numbers are separated bya solidus, this means 
they are separate functions. 

H~--

~ 

Fig. 38 Example of Rule 2. 

1 02 02 

CH~ 0 ~ H 13 -
0 

02 7410 14 02 7410 14,13,2 
ITEM TYPE H(5VI LIOVJ ITEM TYPE H!5VJ L(OVJ 

F 
14 

10 
G1 

2 
1+ - CT=O 

E F 
03 74LS160 16 03 74LS160 16,7,9 8,3,4,5,6 15 

ITEM TYPE H ISVJ L(OVJ ITEM TYPE HISVJ LIOVJ NU 

NU=NOT USED 

Fig. 37 Examples of Rule 1. 
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RULES FOR SYMBOL 

SIMPLIFICATION 

RULE3 
The rules for sets of labels at inputs and outputs using solidi to separate 
the various parts of a label may be applied when drawing two or more 
pins with a single line, so the labels must also be joined. 

Fig. 39 Example of Rule 3 showing "74151" 8-input mul­
tiplexer. 

RULE4 

An output can be connected to an input of equal polarity as shown in 
Fig. 40C. If the polarity is different this method does not give sufficient 
information and the methods of Fig.40A or Bare then adopted. 

A 

Fig. 40 Examples of Rule 4. 

''"""' 19861 

CTRDIV10 

23CT=O 121 
14 + 

6 7 "1" 20%"1" 11 

Fig. 41 Example of Rule 4 using TTL "? 490". 

ip 
CTRDIV10 

4018 

B 

Fig. 42 Example of Rule 4 using CMOS "4018"; the full sym­
bol shown in (A) can be reduced to that of (B) when no par­
allel loading is applied and the device is used as a divide-by-
10 circuit. 



RULES RULE6 

RULES FOR SYMBOL 

SIMPLIFICATION 

Combining elements together to form one element is allowed only If all 
pin numbers can be shown. 

A circuit consisting of a combination of two or more elements that 
appear repeatedly on a diagram, may be replaced by a single symbol. 
This symbol is used on the diagram, while the complete circuit is shown 
in an auxiliary diagram elsewhere on the drawing. 

= 

Fig. 43 Example of Rule 5; the pin numbers between 
parentheses indicate that these belong to another circuit. 

RULE7 

A multiple symbol may also be applied for logic symbols. 

01 

1 RAM 16x4 
15 }~ 14 
13 

2--l:> G1 

2t 1C2 
j_EN 

__[ 
4 A 20 A'Vp..._.2 
6 ' l=>---1 
10 l>---2 

11 12 p..__J1 

02 t/m 04 

12 

Fig. 44 Example of Rule 6. 

Fig. 45 Example of a multiple symbol showing five TIL 
"74189" 16x4-bit RAMs connected to enlarge the number of words. 

( ''"""' 1986 
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RULE 7 (continued) 

DO 

01 

02 

100 ''"""' 1986 ~. 

01 

1 
RAM256x1 
0 

2 
15 
7 
9 A 2~5 

10 
11 

't_} 4...r:,J G2 
5...r:,J 

12 2EN 

~1 _r 
6 13 A,10 AV 

02 

0111021/03 

1 RAM256x1 

1 
RAM256x1 

2 
15 
7 
9 A2~5 

10 

~ 

[:], 4_r-., G2 
5..bi 

12 2EN 

~1 __c: 
6 13 A,10 AV 

03 

T"~ 15 

7 0 
9 A 255 

10 

,__,_n.., 

lJ, 4..bi G2 
5..bi 

12 2EN 

~1 _r 
6 13 A,10 AV 

Fig. 46 Example of a multiple symbol showing three TTL "7 4201" 
256x1-bit RAMs connected to lengthen the word. 



RULES 
Every (P)ROM may be regarded as an X/Y-code-converter. 

X/Y PROM32x8 

0 'i7 
10 10 

1\7 
2 'i7 

AJT 3\7 

4 'i7 
5 'i7 
6\7 

7 'i7 15 
EN 

Fig. 47 Example of Rule 8 using Schottky TIL "748288" PROM. 

RULES FOR SYMBOL 

SIMPLIFICATION 
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APPLICATION 

DEPENDENCY 

EXAMPLES OF APPLICATION-DEPENDENCY OF SYMBOLS 

A symbol depicts the function of an element In the case of multi­
functlon elements, the functions are depicted separately. 

To demonstrate application-dependency of symbols, Fig. 48 shows 
the.basic symbol and eight applications of the "7 47 4" D- element with 
"S" and "R" inputs. 

(A) basic symbol 

(C) D-input ("L") 
(note change of "R" and "S") 

(B) as for (A) but with "R" and "S" dependency 

(D) as for (B) but with "S" and "R" dependency 

(E) divide-by-2 ("T") element 

(F) divide-by-2 as a limit case of CTR (GJ as for {F) with down-- counter 

(H) function at pin 2 = "L", or as indicated in a table (I) function at pin 2 = "H", or as indicated in a table 

Fig. 48 Example of application-dependent symols for edge- triggered 
D-element with "R" and "S" inputs. 
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INTRODUCTION 

The 74HC/HCT/HCU family is a comprehensive range of 
high-speed CMOS (HCMOS) integrated circuits. Whilst 
retaining all the advantages of CMOS technology - wide 
operating voltage range, very low power consumption, high 
input noise immunity and wide operating temperature 
range - these circuits have the high-speed and drive capa­
bilities of low-power Schottky TTL (LSTTL). An extensive 
product range (most TTL functions and some devices from 
the successful HE4000B series: analog multiplexers, long 
time-constant multivibrators, phase-locked loops) and the 
aforementioned performance open new avenues in system 
design. 

For comparison, the key performance parameters of 
HCMOS are shown with those of other technologies in 
Table 1. The propagation delay of metal-gate CMOS ruled 
out CMOS for many applications until the arrival of our 
HE4000B series. Now, our 3µm gate HCMOS technology 
has a speed comparable to LSTTL while retaining the 
important CMOS qualities, see Fig.1. 

Table 2 compares the operating characteristics of the 
74HC and 74HCT IC types with those of LSTTL in more 

Table 1 Comparison of CMOS and TTL technologies; 

detail. 74HC and 74HCT devices ·are ideal for use in new 
equipment designs and, as alternatives to TTL devices, in 
existing designs. The 74HCT circuits which are di•ect 
replacements for LSTTL circuits also enhance performance 
in many respects. 

7297000 

CMOSH~40~ 

sor-t--t--+--t:~-t"'L..--'+-'-+-t~--1 

vV 

o~~~~~-L~L-'-H~C~MO~S'---'--' 
0 50 100 

load capacitance (pF) 

Fig. 1 Propagation delay as a function of load capa· 
tance; Vee= 5 V, Tamb = 25 °C. 

supply voltage Vee= 5 V; ambient temperature Tamb = 25°C; load capacitance CL= 15 pF 

~""''o" 
HCMOS metal gate standard low-power Schottky advanced advanced Fairchild 

CMOS TTL Schottky TTL low-power Schottky advanced 
TTL Schottky TTL Schottky 

TTL TTL 
parameters 

.~mily 74HC 4000 74 74LS 74S 74ALS 74AS 74F 
CD HE 

Power dissipation, typ. (mW) 

static 0.0000025 0.001 10 2 19 1.2 8.5 5.5 
Gate 

dynamic@ 100 kHz 0.075 0.1 10 2 19 1.2 8.5 5.5 

static 0.000005 0.001 300 100 500 60 - 190 
Counter 

dynamic@ 100 kHz 0.125 0.120 300 100 500 60 - 190 

Propagation delay (ns) 
typical 8 94 40 10 9.5 3 4 1.5 3 

Gate 
maximum 14 190 80 20 15 5 7 2.5 4 

Delay/power product (pJ) 
Gate at 100 kHz 0.52 9 4 100 19 57 4.8 13 16.5 

Maximum clock frequency (MHz) 
typical 55 4 12 25 33 100 60 160 125 

D-type flip-flop 
minimum 30 2 6 15 25 75 40 - 100 

typical 45 2 6 32 32 70 45 - 125 
Counter 

minimum 25 1 3 25 25 40 - - 100 

Output drive (mA) 
standard outputs 4 0.51 0.8 16 8 20 8 20 20 
bus outputs 6 1.6 48 24 64 24 48 64 

Fan-out (LS-loads) 
standard outputs 10 1 2 40 20 50 20 50 50 
bus outputs 15 4 120 60 160 60 120 160 

''""'" ,. .. , 
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Table 2: Comparison of HCMOS and LSTTL circuits (Vee= 5 V unless stated otherwise; CL= 50 pF) 

::;;;~~~, .. ,;:-~'"m~~~" :-~,=-= ::::~;)"°" 11 _ • 1 :4LSXXX . 
per flip-flop (mW) 0.11 I 22 
per 4-stage counter (mW) 0.44 175 
per transceiver/buffer (mW) 0.055 I 60 

Max. dynamic power dissipation (CL= 50 pF) , 
at fi (MHz) 0.1 10 0.1 to 1 10 
per gate (mW) 0.25 2.25 22 6 22 
per.flip-flop (mW) 0.35 2.5 24 22 27 
per 4-stage counter (mW) 0.70 3 27 175 200 
per buffer/transceiver (mW) 0.30 2.5 24 60 90 

Operating supply voltage (V) 2 to 6 (HC) 4.75 to 5.25 
4.5 to 5.5 (HGT) 

Operating temperature range (°C) -40 to +85 

Max. noise margin (VNMH/VNML V; loHCMOS = 20µA; loLSTTL = 4 mA) 

Input switching voltage stability over temp. range 
Min. output drive current at Tamb max and Vccmin (mA) 

source current (VoH = 2.7 V; note 2) 
standard logic 
bus logic 

sink current 
standard logic (Vol= 0.4 V) 
standard logic (Vol= 0.5 V) 
bus logic (Vol= 0.4 V) 
bus logic (Vol= 0.5 V) 

Typ. output transition time (ns) (CL= 15 pF) 
standard logic 

tTLH 
tTHL 

bus logic 

tTLH 
tTHL 

Typ. propagation delay (ns) (CL= 15 pF; note 3) 

gate tPHL/tPLH 
flip-flop tp LH 

tPHL 
Typ. clock rate of a flip-flop; note 5 (MHz) 
Max. input current (µA) 

-40 to +125 
1.4/1.4 (HC) 

I 2.9/0.7 (HGT) 
I ±60 mV 

I 

I~:, 

1: 
I 6 

i6 
14 
14 

18/8 

0 to +70 

0.7 /0.4 

±200 mV 

-0.4 
-2.6 

4 
8 
12 
24 

15 
6 

15 
6 

8/11 
15 
22 
33 

Ill II r~ -1 -400 to -800 
l1H 

3-state output leakage current (±µA) 
Reliability (%/1000 hat 60% confidence level) 

1 40 

~.0005 ~~008 (note 4) 
~~~~~~~~~~~--~~~~~-~~~~~~~~~ ~~~~-~~~~~~~-

Notes 

1. Data valid for HCMOS between -40 °C and +85 °C. 

2. VoH for a few LSTTL bus outputs is specified as 2.4 V. 
3. Refer to data sheets for the effect of capacitive loading. 

4. RADC report. 
5. Measured with a 50% duty factor for HCMOS. For LSTTL, per industry convention, the maximum clock frequency is 

specified with no constraints on rise and fall times, pulse width or duty factor. 

I ( J'"""'I , ... '°' 
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CONSTRUCTION 

Our HCMOS family is a result of a continuing development 
programme to enhance the proven polysilicon-gate CMOS 
process. Figure 2 shows the construction of a basic inverter 
from the HE4000B series and its HCMOS successor. 

The polysilicon gate of a HCMOS transistor is deposited 
over a thin gate oxide before the source and drain dif­
fusions are defined. Source and drain regions are formed 
using ion implantation, with the polysilicon gates acting as 
masks for the implantation. The source and drain are 
automatically aligned to the gate, minimizing gate-to-source 
and gate-to-drain capacitances. In addition, the junction 
capacitances, which are proportional to the junction area, 
are reduced because of the shallower diffusions. Figure 3(c) 
shows the parasitic capacitances in a CMOS inverter. 

In a metal-gate CMOS transistor, the source and drain 
are formed before the gate is deposited. Moreover, the 
metal gate must overlap the source and drain to allow for 
alignment tolerances. This is why a metal-gate CMOS 

n-channel 

- poly-Si 

~ Sl02 

110JI011 Aluminium 

LOCOS= local oxidation of silicon 

HE4000B 

p-channel 

interconnm:t 

n" substrate 

tr'ansistor has a higher overlap capacitance than an HCMOS 
transistor. Furthermore, the deeper diffusiohs of metal-gate 
CMOS make the junction capacitance larger. 

In a silicon-gate MOS transistor, there are three inter­
connect layers (diffusion, polysilicon and metal) instead of 
the two layers (diffusion and metal) in a metal-gate MOS 
transistor. This makes a silicon-gate MOS transistor more 
compact. The shorter gate length means higher drive 
capability, which in turn increases the speed at which a 
silicon-gate MOS transistor can charge or discharge junction 
capacitance. The drain current of a saturated MOS transis­
tor which determines the speed of the transistor is: 

-fl gate width 2 
IDS= - x x (gate voltage - threshold voltage) 

2 gate length 

where fl is the current gain factor which is proportional to 
the thick~ess of the oxide layer. 

The threshold voltage is typically 0.7 V for HCMOS. 

HCMOS 

n - channel p- chaonel 

gate drain interconnect drain gate 

substrate 

72'91930 

Fig. 2 Basic inverter (left) in HE4000B CMOS, 6µm gate, and (right) in HCMOS, 3µm gate. 

Vee~ 
source 

p-ohoon" 

. drain 
mpot f-ootpot 

n-channel 

Vee --.-----.-.--r--I I 
I I ,. I 

..L .l. 
T T 
I I 
I 

gate drain 
I 

output 

I I 
I I 

..L ..L 
T T 
I \ 
I I 

(a) (b) (c) 

Fig. 3 (a) Basic CMOS inverter; (b) electrical equivalent; (c) parasitic capacitances in a CMOS inverter. 
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AC CHARACTERISTICS 

Test conditions 

The propagation delays and transition times specified in the 
HCMOS data sheets are guaranteed when the circuits are 
tested according to the conditions stated in the chapter 
'Family Characteristics', section 'Family Specifications'. 
For some circuits such as counters and flip-flops, the test 
conditions are defined further by the a.c. set-up require­
ments specified in the data sheet. 

Values given in the data sheets are for the whole oper­
ating temperature range (-40 to +125 °C) and the supply 
voltages used are 2.0 V, 4.5 V and 6.0 V for 74HC devices, 
and 4.5 V for 74HCT devices. This is a much tougher speci· 
fication than that commonly used fo1· LSTTL, where the 
characteristics are usually only specified at 25 °C and for a 
5 V supply. Furthermore, the published a.c. characteristics 
of HCMOS are guaranteed for a capacitive test load of 
50 pF, a more realistic load than the ·15 pF specified for 
L.STTL and one that loads the device as the output switch­
es. The published values for HCMOS are therefore represen­
tative of those measured in actual systems. 

Comparing the speed of HCMOS and LSTTL 

A feature of a HCMOS circuit is its speed - in general, 
comparable to that of its LSTTL equivalent. Owing to the 
different (more informative) way of specifying data for 
HCMOS devices, it will be useful to indicate how to com­
pare the published data for HCMOS and LSTTL. 

For example, in an L.STTL specification, the use of a 
15pF load instead of a 50pF one means the maximum 
propagation delays and enable times published for the 
LSTTL device will be up to 2.5 ns (typ. 1.3 ns) shorter than 
those for the HCMOS equivalent. In addition, measuring 
at the nominal L.STTL supply voltage of 5 V instead of 
4.5 V (HCMOS) reduces propagation delays and enable 
times by a further 10%. So, a 30 ns propagation delay for a 
HCMOS device is equivalent to a (30 - 2 .5)0.9 = 25 ns 
delay for an LSTTL device measured at 4.5 V and with a 
15 pF load. 

Disable times are measured under different test con­
ditions too - for HCMOS with a 50 pF, 1 kQ load, for 
LSTTL with a 5 pF, 2 kQ load or for a 45 pF, 667 SI. load. 
To compare a HCMOS disable time with that for a LSTTL 
device with a 5 pF load, subtract 4 ns from the published 
HCMOS disable time and multiply by 0.9. To compare a 
value for a 45 pF load, subtract 2 ns and multiply by 0.9. 
For example, a 30 ns HCMOS disable time is equivalent to 
(30 - 4)0.9 = 23 ns for a 5 pF load and (30 - 2)0.9 ~ 25 ns 
for a 45 pF load. 

Set-up hold and removal times are not affected by 
output load, only by supply voltage. To compare a pub-

lished HCMOS value with an LSTTL. value, multiply the 
HCMOS value by 0.9. 

(bl Vee= 4.5 v 

(cl Vee= 2 v 

Fig. 4 Typical output transition times as a function J 
load capacitance; Tamb = 25 °C; fo1 74HCT cir-

s the data at Vee= 4.5 V only is valid. ___ _ 
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Operating frequency is also unaffected by output load, 

but is affected by supply voltage. To compare a published 
HCMOS value with an LSTTL value, multiply the value for 
HCM0Sat4.5V by 1.1. 

• In general, these guidelines apply both to 74HC and to 
74HCT devices. For 74HCT devices however, the propa­
gation delay is the time for the output to reach 1.4 V 
(compared with 50%Vcc for 74HC devices). so HIGH-to­
LOW output transition times are slightly more dependent 
on load and the LOW-to-HIGH transition times are slightly 
less dependent on load than the 74HC versions. 

Propagation delays and transition times 

The symmetrical push-pull output structure of both 74HC 
and 74HCT devices gives symmetrical rise/fall times and 
provides for a wel I-balanced system design. Table 3 shows 
the maximum output transition times for all standard and 
bus-driver HCMOS outputs. 

The influence of capacitive loading on output tran­
sitions is shown in Fig.4; A good approximation of the 
output transition times can be calculated using the data of 
Table 4. 

Table 3: Maximum output transition times (CL= 50 pF) 

V cc maximum output transition time (ns) 
(V) Tamb=25°C Tamb=85°C Tamb= 125°C 

-----
standard 2 75 95 110 

output 4.5* 15 19 22 

6 13 16 19 

bus-driver 2 60 75 90 

output 4.5* 12 15 18 

6 10 13 15 

* 74HC and 74HCT devices; all other data for 74HC 
devices only. 

Table 4: Typical output transition times for load capacitan­
ces greater than the standard 50 pF load, see Fig.4 

Vee 

2.0V 

4.5V 

6.0V 

tTHL or tTLH 
standard output bus-driver output 

18.5 ns + 0.32 ns/pF 

6.6 ns + 0.12 ns/pF 

5.6 ns + 0.10 ns/pF 

12.5 ns + 0.22 ns/pF 

4.5 ns + 0.077 ns/pF 

3.8 ns + 0.065 ns/p F 
---------~-

Note: values in pF are the load capacitance minus 50 pF. 
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in 16 C----+--+-+--+--
t pH L 

m 
tPLH 

(nsl 

mer ease 
m 

1PHL 

tpLH 

Ins) 

increase 

16 

12 

in 40 
1PHL 

m 
tPLH 

(ns) 30 

20 

10 

50 100 

(al Vee= 6 v 

!bl Vee= 4.5 v 

(cl Vee= 2 v 
expected maximum 
typical value 

200 

Fig. 5 Increase in propagation delay for 74HC de­
vices as a function of load capacitance; Tamb = 25 °C. 



A parameter specified for TTL devices is the output 
short-circuit current HIGH (losl- Originally intended to 
reassure the TTL user that the device would withstand 
accidental grounding, this parameter has become a measure 
of the ability of the circuit to charge the line capacitance 
and is used to calculate propagation delays. In CMOS 
devices however, there is no need to specify IQS because 
the purely capacitive loads allow extrapolation of the a.c. 
parameters over the whole loading range. Figure 5 (for 
74HC devices) and Fig.6 (for 74HCT devices) show the 
increase in propagation delay for loads greater than 50 pF. 
The additional delay can be calculated from the output 
saturation current (short-circuit current). Referring to the 
output characteristics (Figs.31 to 34). the propagation 
delay is the time taken for the output voltage to reach 50% 

m 
fPHL 

(ns) 12 

m 
lPLH 
(ns) 

50 100 

(a) HIGH-to-LOW transition 

(b) LOW-to-HIGH transition 

expected maximum 
typical value 

200 

Fig. 6 Increase in propagation delay for 74HCT 
devices as a function of load capacitance; the diffe­
rent values for tPHL and tPLH are due to the asym­
metrical reference level of 1.3 V at the outputs; 
Tamb = 25 cc; Vee= 4.5 v. 

·-----------~ 
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of Vee for 74HC devices, or 1.4 V for 74HCT devices. 
Since a saturated output transistor acts as a current source, 
the additional delay is flCV II, where flC is the load capaci­
tance minus 50 pF, V is the voltage swing at the output to 
the switching level of the next circuit, and I is the average 
source current of the saturated output. 

Supply voltage dependence of propagation delay 

The dynamic performance of a CMOS device depends on its 
drain characteristics. These are related to the switching 
thresholds and the gate-to-source voltage V GS which is 
equal to the supply voltage Vee. A reduction in Vee 
adversely affects the drain characteristics, increasing the 
propagation delays. 

Over the supply voltage range of 74HCT devices, 4.5 V 
to 5.5 V, the effects of different propagation delays on 
performance are minimal. Over the supply voltage range of 
74HC circuits, 2 to 6 V, the effects on performance are 
significant, see Figs.7 and 8. 
~--------------··------------~ 

normalized 
propagation I--- -f-- r\ 
delay time 

0 
0 4 Vee (V) 5 

Fig. 7 Propagation delay as a function of supply 
voltage; Tamb = 25 cC; CL= 50 pF. 

--- -----------------~ 

--------~---------~ 

Fig. 8 Operating frequency as a function of supply 
voltage; Tamb = 25 cC; CL= 50 pF. 
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Temperature dependence of propagation delay 

In TTL circuits, fl (current gain), internal resistances and 
forward-voltage drops are all temperature-dependent. In 
HCMOS circuits, essentially only the carrier mobility, 
which affects the propagation delay, is temperature depen­
dent. In general, propagation delay increases by about 
0.3% per °C above 25 °C. 

Between 25 °C and 125 °C, 

tp = tp' (1.003) T amb-25 

where: 
tp' is the propagation delay at 25 °C, 
Tamb is the ambient temperature in °C. 

Between -40 °C and +25 °C, 

25-T b tp = tp'(0,997) am 

Figure 9 shows the temperature dependence of a charac· 
teristic such as propagation delay. 
.----- ··---------·-·-·----------, 

Fig. 9 Typical influence of temperature on a.c. para· 
meters; Vee= 5 V. 

Derating system for a.c. characteristics 

Because HCMOS devices are a coherent family, manufac­
tured under strictly-controlled conditions, it is possible to 
have a common set of derating coefficients for temperature 
and supply voltage that is valid for all a.c. characteristics of 
all devices. Table 5 shows the derating coefficients which 
are derived from the published values of the a.c. characte­
ristics at 25 °C for Vee= 4.5 V, denoted by x in the Table. 
The coefficients have been established after extensive high­
temperature testing at many supply voltages. A temperature 
coefficient of -0.4%/°C was established after comparing 
the test results with worst-case calculations. The voltage 
derating given in Table 5 is conservative compared with 
that shown in Fig.7 for propagation delay. For operating 
frequencies (Fig.8), the reciprocal of the derating coef­
ficients shown should be used. 

110 January 1986 

Table 5: Derating coefficients for the a.c. characteristics 
of HCMOS devices 

supply ambient temperature 
voltage 25 °C 85 °C 125 °C 

----·-·· 

2V 5 (5x) 6.25 (5y) 7.5 (5z) 

4.5 v* 1 (x) 1.25 (y = 1.25x) 1.5 (z = 1.5x) 

6V 0.85 (0.85x) 1.0625 (0.85y) 1.275 (0.85z) 

All coefficients are derived from the value of the a.c. 
characteristic at V CC = 4.5 V and Tamb = 25 °C denoted 
in the table by x. 

* 74HC and 74HCT devic•es; all other data for 74HC 
devices only. 

Clock pulse requirements 

All HCMOS flip-flops and 1:ounters contain master-slaves 
with level-sensitive clock inputs. When the voltage at the 
clock input reaches the voltage threshold of the device, data 
in the master (input) section is transferred to the slave 
(output) section. The threshold for 74HC devices is 
typically 50% of Vee and that for 74HCT devices is 28% 
of Vee (1.4 V at V cc= 5 V). The thresholds are virtually 
independent of temperature. 

The use of voltage thresholds for clocking is an improve­
ment over a.c. coupled clock inputs, but it does not make 
the devices totally insensitive to clock-edge rates. When 
clocking occurs, the internal gates and output circuits of 
the device dump current to ground, producing a noise 
transient that is equal to the algebraic sum of the internal 
and external ground plane noise. When a number of loaded 
outputs change simultaneously, the device ground reference 
(and therefore the clock reference) can rise by as much as 
500 mV. If the clock input of a positive-edge triggered 
device is at or near to its threshold during a noise transient, 
multiple triggering can occur. To prevent this, the rise and 
fall times of the clock inputs should be less than the 
published maximum (500 ns at V CC= 4.5 V). 

In the HCMOS family, all the J-K flip·flops have a 
Schmitt-trigger circuit at the clock input, which eliminates 
the need to specify a maximum rise/fall time. The flip-flops 
74HC/HCT73, 74, 107, 109 and 112 have special Schmitt­
trigger circuits for increased tolerance to slow rise/fall times 
and ground noise. 

The published maximum input clock frequency ratings 
for clocked devices are for a 50% duty factor input clock. 
At these rated frequencies, the outputs will swing between· 
Vee and GND, assuming no d.c. load on the outputs. This 
is a very conservative and reliable method of rating the 



clock-input-frequency limits for HCMOS devices which are 
always at least as good as those for LSTLL even though 
they may appear to be inferior. This is because the maxi­
mum operating frequency of a TTL device is published, not 
for a 50% duty factor clock, but for a minimum clock 
pulse width. 

System (parallel) clocking 

In synchronously-clocked systems, spreads in the clock 
threshold levels of devices can cause logic errors if slow 
clock edges are used. For example, if data in one circuit 
changes before the clock threshold of the next sequential 
circuit is reached, a logic error will occur, see Fig.10. 

FF1 

I 
I 

FF2 

Q1 ========::.~J~~~~~~ 
I 

Q2 
l. _________ correct 

7Z96009 

Fig. 10 In synchronously-clocked systems, changing 
the data in one device before the clock switching 
threshold of the next has been reached can cause 
logic errors. VsT1 is the clock threshold of device 1; 
VsT2 is the clock threshold of device 2. 

To prevent this type of logic error, the maximum rise or 
fall time of the clock pulse should be less than twice the 
propagation delay of the flip-flop. 

For a HCMOS device, the rise/fall time must be limited 
to 1000, 500 or 400 ns for V CC = 2 V, 4.5 V and 6 V 
respectively. If these times are exceeded, noise on the input 
or power supply rails may cause the outputs to oscillate 
during transitions, causing logic errors and excessive power 
dissipation. 

Minimum a.c. characteristics 

Minimum values of a.c. characteristics are not specified in 
the data sheets. However, it is sometimes useful to know 
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them, for example when checking whether data set-up and 
hold times are obeyed. At 25 °C and 4.5 V supply voltage, 
the minimum values are one quarter of the published 
maximum values. To calculate the minimum values at other 
temperatures, derate by 0.27%/°C. 

Table 6 gives the derating coefficients for calculating the 
minimum propagation delays of HCMOS devices at various 
supply voltages and temperatures. 

Table 6: Derating coefficient for the expected minimum 
propagation delay of HCMOS devices 

supply ambient temperature 
voltage 25 °C 85 °C 125 °C 

2V 2 (2x) 2.34 (2y) 2.62 (2z) 

4.5 v* 1 (x) 1.17 (y = 1.17x) 1.31 (z = 1.31x) 

6V 0.8 (0.8x) 0.936 (0.8y) 1.048 (0.8z) 

All coefficients are derived from the value of the a.c. 
characteristic at V CC = 4.5 V and T amb = 25 °C denoted 
in the table by x. 

* 74HC and 74HCT devices; all other data for 74HC 
devices only. 

POWER DISSIPATION 

Static 

When a HCMOS device is not switching, the p-channel and 
n-channel transistors don't conduct at the same time, so 
leakage current flows between Vee and GND. Because this 
leakage current is typically a few nA, HCMOS power dissi­
pation is extremely low. 

Static power dissipation can be calculated for both 
74HC and 74HCT devices from the maximum quiescent 
current specified in the data sheets, see Table 7. 

Table 7: Maximum quiescent current of HCMOS devices 
at Vccmax * (V1 =Vee or GND; lo= O) 

device quiescent current 
complexity typical maximum 

at 25 °C 25 °C 85°C 125 °C 

SSI 2nA 2µA 20µA 40µA 

FF 4nA 4µA 40µA 80µA 

MSI 8 nA 8µA 80µA 160µA 

* 6 V for 74HC; 5.5 V for 74HCT. 
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Dynamic 

When a device is clocked, power is dissipated charging and 
discharging on-chip parasitic and load capacitances. Power 
is also dissipated at the moment the output switches when 
both the p-channel and the n-channel transistors are par­
tially conducting. However, this transient energy loss is 
typically only 10% of that due to parasitic capacitance. 

The total dynamic power dissipation per device (Po) is: 

Po= Cp0Vcc2 fi + L(CL Vcc2 fol (1 l 

where: 
Cpo is the power dissipation capacitance per package 
fi is the input frequency 
f0 is the output frequency 
CL is the total external load capacitance per output. 

The second term of equation (1) implies summing the 
product of the effective output load capacitance and 
frequency for each output. However, a good approxi­
mation of the total dynamic power dissipation of an HCMOS 
system can be obtained by summing the published Cpo 
values and load capacitance for the HCMOS devices used 
and, assuming an average frequency, using equation (1 ). 

For one-shot circuits, gates configured as oscillators, 
phase-locked loops and devices used in a linear mode, 
additional dissipation is caused by static supply currents 
(Ice) whose values are given in the device data sheets. 

Power dissipation capacitance 

Cpo is specified in the device data sheets, the published 
values being calculated from the results of tests described 
in this section. The test set-up is shown in Fig.11. The 
worst-case operating conditions for Cpo are always chosen 
and the maximum number of internal and output circuits 
are toggled simultaneously, within the constraints listed in 
the data sheet. Table 8 gives the pin status for HCMOS 
devices during a Cpo test. Devices which can be separated 
into independent sections are measured per section, the 
others are measured per device. 

January 1986 
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Fig. 11 Test set-up for determining Cp0 . The input 
pulse is a square wave between Vee and GND; 
t, = tf <;; 6 ns; , Tamb = 25 °C. All switching outputs 
are loaded with 50 pF (including test jig capacitance). 
Unused inputs are connected to Vee or GND. 

The recommended test frequency for determining Cpo is 
1 MHz, but this is best increased to 10 MHz when Ice is 
low and the device quiescent current influences lcc(AV)· 
Loading the switched outputs gives a more realistic value of 
Cpo. because it prevents transient 'through-currents' in the 
output stages. Furthermore, automatic testers often intro­
duce about 30 pF to 40 pF on each device pin. 

The values of Cpo in the data sheet have been calculated 
using: 

where: 

ldyn(device) 
Cpo= ---­

Vccfi 

ldyn(device) = lcc(AV) - ldyn(load) 
and 

ldyn(load) = L(CL Vccfo) 
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Table 8: Pin conditions for Cp0 tests. 

equiv- pin numbers 
74HC/ alent 
HCT load 

(pF) 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 

00 
02 
03 
04 
U04 

08 
10 
11 
14 
20 

21 
27 
30 
32 
42 

58 
73 
74 
75 
85 

86 
93 
107 
109 
112 

123 
125 
126 
132 
137 

138 
139 
147 
151 
153 

154 
157 
158 
160 
161 

50 
50 
0 
50 
50 

50 
50 
50 
50 
50 

50 
50 
50 
50 
100 

50 
50 
50 
50 
50 

50 
47 
50 
50 
50 

100 
50 
50 
50 
100 

100 
100 
50 
100 
50 

100 
50 
50 
55 
50 

P H C D D 0 G 0 D D 0 D D V -
C P L 0 D D G D D 0 D D 0 V 
P H B D D 0 G 0 D D 0 D D V -
P C D 0 D 0 G 0 D 0 D 0 D V - -
PCDODOGODO D 0 D V - - - -

P H C D D 0 G 0 D D 0 D D V -
P H D D D 0 G 0 D D D C H V -
P H D D D 0 G 0 D D D C H V - - -
P C D 0 D 0 G 0 D 0 D 0 D V -
P H 0 H H C G 0 D D 0 D D V -

P H 0 H H C G 0 D D 0 D D V -
P L D D D 0 G 0 D D D C L V -
P H H H H H G C 0 0 H 
P L C D D 0 G 0 D D 0 
C C 0 0 0 0 0 G 0 0 0 

H 0 V - -
D 0 V -
L L L P V -

P D D D D 0 G 0 L L L H 
P H H V D D D 0 0 D G C 

H V -
C H -

HOPHCCGOOD DD D V - - - - - - - - - - - -
CODDVDDOOO 0 GP 0 0 C - - - - - - - - - -
L H P H 0 C 0 G L L L L L L L V 

P L C D D 0 G 0 D D 0 D D V -
OLLDVDDCCG CC DP - - - -
HCCHOOGDDD DP H V 
H H L P H C C G 0 0 D D D D D V -
P H H H C C 0 G 0 D D D D D H V 

L H P C 0 0 0 G D D D 0 C 0 R V -
L P C D D 0 G 0 D D 0 D D V - - - - - -
HPCDDOGODDODDV- ------
p H C D D 0 G 0 D D 0 D D V - - - -
P L L L L H 0 G 0 0 0 0 0 C C V - - - -

PLLLLHOGOOOOOCCV---- ----
LPLCCOOGOO 0 0 DD D V - - - - - - - - - - -
HHHHHOOGCH PHH 0 0 V - - - - - - - - - -
D D L H C C L G L L P D D D D V - - - - - - - -
LLDDLHCGOD DD DP D V - - - - - -- - - -

C C 0 0 0 0 0 0 0 0 0 G 0 0 0 0 0 L L L L L P V 
P L H C L L 0 G 0 L L 
P L H C L L 0 G 0 L L 
H P D D D D H G H H C 
H P D D D D H G H H C 

0 L 
0 L 
c c 
c c 

L 
L 
c 
c 

L 
L 
c 
c 

v -
v -
v 
v -

(continued on next page) 
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Table 8 (continued) 

74HC/ 
HCT . 
162 
163 
164 
165 
166 

173 
174 
175 
181 
182 

190 
191 
192 
193 
194 

195 
221 
237 
238 
240 

241 
242 
243 
244 
245 

251 
2538 
257 
258 
259 

7266 
273 
280 
283 
297 

299 
354 
356 
365 
366 

equiv­
alent 
load 
(pF) 

55 
50 
200 
50 
25 

25 
25 
50 
250 
150 

60 
53 
60 
50 
100 

125 
100 
100 
100 
50 

50 
50 
50 
50 
50 

100 
50 
50 
50 
25 

50 
25 
100 
250 
12 

250 
100 
50 
50 
50 

pin numbers 

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 

H P D D D D H G H H C C C C C V - - -
HPDDDDHGHHCCCCCV -----­
OHCCCCGPHC CCCV - - - - - - - - - - - - -
HPDDDDCGCO DD DD L V - - - -
0 D D D D L P G H D D D C D H V 

LLCOOOPGLL DD D Q L V 
HCODODOGPO D 0 DD 0 V 
HCCODOOGPO 0 DD 0 0 V -
P H H L L H H L C C C G C B C C C L H L H L H V -
H L H L H L 0 G C 0 C C P H L V -

D C C L L C C G D D H C C P D V 
D C C L L C C G D D H C C P D V -
DCCHPCCGDD HCC 
D C C H P C C G D D H C C 
HODDDDDGHL PC C 

L D V -
L D V 
c c v -

H H L D D D D G H P C C C C C V - - - -
LHPCOOOGDD D 0 C 0 RV - - -
PL LL L HOGOO 0 0 0 CCV - - - -
P LLLLHOGOO 0 0 0 CCV - - - -
LPODODODOG D 0 D 0 D 0 DC D V 

LPODODODOG D 0 D 0 D 0 DC H V 
LOPDDDGOOO C 0 L V 
LOPDDDGOOO C 0 L V 
LPODODODOG D 0 D 0 D 0 DC D V 
HPDDDDDDDG 0 0 0 0 0 0 0 CL V 

DDLHCCLGLL PD DD D V 
LLDDLHCGOD DD DP D V 
P L H C D D 0 G 0 D D 0 D D L V -
P L H C D D 0 G 0 D D 0 D D L V 
LLLCOOOGOO 0 0 Q PH V 

P LCODDGDDO 0 DD V - - - -
HCODOODDOG P 0 DD 0 0 DD 0 V -
L L 0 L C C G P L L L L L V - - -
C H L C P H L G C C H L C L H V - - -
H H H P 0 L C G D D 0 0 D H H V -

H L L C C C C C H G Q P C C C C C D L V 
D D D D D D L H L G L L L P L L H C C V -
DDDDDDDOPG LL LL LL HCC V -
LPCDODOGOD 0 D 0 D L V -
LPCDODOGOD 0 D 0 D L V -

(continued on next page) 
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Table 8 (continued) 

equiv- pin numbers 
74HC/ alent 
HCT load 

(pF) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 

367 
368 
373 
374 
377 

390 
393 
423 
533 
534 

540 
541 
563 
564 
573 

574 
583 
597 
7597 
640 

643 
646 
648 
670 
688 

4002 
4015 
4016 
4017 

50 
50 
25 
25 
25 

5C 
47 
100 
25 
25 

50 
50 
25 
25 
25 

25 
250 
25 
25 
50 

50 
50 
50 
100 
50 

50 
100 
0 
55 

4020 48 

4024 48 
4040 48 
4046A 50 
4049 50 
4050 50 

4051 .0 
4052 0 
4053 0 
4059 17 
4060 106 

--------·· ---

LPCDODOGOD 0 D 0 D L V - - - - -- -- - - - - - -
L P C D 0 D 0 G 0 D 0 D 0 D L V - - - - - - - - - -
LCODOODDOG P 0 DD 0 0 DD 0 V - - - - - -
LCODOODDOG P 0 DD 0 0 DD 0 V - - - - - - - -
LCODOODDOG P 0 DD 0 0 DD 0 V - - - -

P LCOCCCGOO 0 D 0 DD V - - - - - - - - - - - -
PLCCCCGOOO 0 DD V - - - - - - - - - - - -
LPHCOOOGDD D 0 C 0 RV - - - - -- - -- -
LCODOODDOG P 0 DD 0 0 DD 0 V - - - - - - - -
LCODOODDOG P 0 DD 0 0 DD 0 V - - - - - - - -

LPDDDDDDDGOOOOOOOC LV-- -----­
LPDDDDDDDG 0 0 0 0 0 0 0 CL V - - - - - - - -
LODDDDDDDG P 0 0 0 0 0 0 0 CV 
LODDDDDDDG P 0 0 0 0 0 0 0 CV 
LPDDDDDDDG H 0 0 0 0 0 0 0 CV - - - - - - - -

LODDDDDDDG P 0 0 0 0 0 0 0 CV - -
H H H L L C C G C C C H P L L V - -
DDDDDDDGCH Pu HQ D V -
DDDDDDDGCH PD HQ D V 
HPDDDDDDDG 0 0 0 0 0 0 0 CL V - - - - - - - -

HPDDDDDDDG 0 0 0 0 0 0 0 CL V 
DLHPDDDDDD D G 0 0 0 0 0 0 0 CL DD V - -- - -
DLHPDDDDDD D G 0 0 0 0 0 0 0 CL DD V - -- - -
0 0 Q L P C C G C C L L L P 0 V -
L P L L L L L L L G L L L L L L L L C V -

CPLLLOGODD DD 0 V - - - - - - - - - - -
P C 0 0 0 D D G D 0 C C C 
OOOODDGOOO 0 DP 
C C C C C C C G C C C C L 

L 0 V -
v - - - -
p L v -

C C C C C C C G C P L C C C C V 

P L C C C C G 0 C 0 C C 0 V - - - - -
C C C C C C C G C P L C C C C V -
OCLOHOOGOO 0 0 0 P 0 V - - -
VCPODODGDO D 0 0 D 0 0 -
V C P 0 D 0 D G D 0 D 0 0 D 0 0 

OOOOOLGGLL P 0 0 0 0 V - -
OOOOOLGGLP 0 0 0 0 0 V - -
OOOOOLGGLL P 0 0 0 0 V - - - -
P D H L L L L L L L H G H H L L L L L L 
CCCCCCCGCC PLC CCV 

L L C V 

(continued on next page) 
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Table 8 (continued) 

equiv- pin numbers 
74HC/ alent 
HCT load 

(pF) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 

4066 0 OOOODDGOOO 0 DP V 
4067 0 OOOOOOOOOP LG LL L 0 0 0 0 0 0 0 0 V 

4075 50 P L D D D 0 G L C 0 D D D V 
4094 250 H Q P C C C C G C C C C C C H V 
4316 0 0 0 0 0 P D L G G 0 0 0 0 D D V 

4351 0 
4352 0 
4353 0 
4510 55 
4511 200 

4514 100 
4515 100 
4516 50 
4518 50 
4520 47 

4538 100 
4543 50 
7030 325 
7046A 50 
40102 5 

40103 3 
40104 100 
40105 200 

Key 

OOOOOOLHGG HP L 0 L 0 0 0 0 V -
OOOOOOLHGG HP L 0 0 0 0 0 0 V 
OOOOOOLHGG HP L 0 L 0 0 0 0 V 
L C D D L C C G L H C D D C P V 
L L H H L L P G C C 0 0 C 0 C V 

HP LOOOOOCO CG 0 0 0 0 0 0 0 0 L 
HP LOOOOOCO CG 0 0 0 0 0 0 0 0 L 
L C D D L C C G L H C D D C P V 
P H C C C C L G D D 0 0 0 0 D V 
P H C C C C L G D D 0 0 0 0 D V -

G R H P H C C G 0 0 D D L 0 G V 
H L L H L P L G C C C C C C C V 
GGCPOQQQQQQOOG LC CCC CC 
OCLOHOOGOO 0 0 0 P 0 V 
P H L L L L L G H L L L L C H V -

P H L L L L L G H L 
H Q D D D D D G H L 
L C P Q 0 Q Q G L C 

L L L C H V 
p c c c c v 
c c c c p v 

L L V 
L L V 

C C C C P H V 

v =Vee (+5Vl 
G =ground 

H = logic 1 (V eel - inputs at V CC for HC types; 3.5 V for 
Input pulses 

HCT types 
L = logic 0 (ground) 
D =don't care - either H or L but not switching 
C = a 50 pF load to ground 
0 =an open pin; 50 pF to ground is allowed 
P = input pulse (see illustration) 
0 = half frequency pulse (see illustration) 
R = 1 kH pull-up resistor to an additional 5 V supply other 

than the V cc supply 
B = both R and C 
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Conditions for Cpo tests 

Gates. All inputs except one are held at either Vee or 
GND, depending on which state causes the output to 
toggle. The remaining input is toggled at a known fre­
quency. CpD is specified per-gate. 

Decoders. One input is toggled, causing the outputs to 
toggle at the same rate (normally one of the address-select 
pins is switched while the decoder is enabled). All other 
inputs are tied to Vee or GND, whichever enables oper­
ation. CpD is specified per-independent-decoder. 

Multiplexers. One data input is tied HIGH and the other is 
tied LOW. The address-select and enable inputs are con­
figured such that toggling one address input selects the two 
data inputs alternately, causing the ')Utputs to toggle. With 
three-state multiplexers, CpD is specified per output 
function for enabled outputs. 

Bilateral switches. The switch inputs and outputs are open­
circuit. With the enable input active, one of the select 
inputs is toggled, the others are tied HIGH or LOW. CpD is 
specified per switch. 

Three-state buffers and transceivers. CpD is specified per 
buffer with the outputs enabled. Measurement is as for 
simple gates. 

Latches. The device is clocked and data is toggled on 
alternate clock pulses. Other preset or clear inputs are held 
so that output toggling is enabled. If the device has 
common-locking latches, one latch is toggled by the clock. 
Three-state latches are measured with their outputs 
enabled. CpD is specified per-latch. 

Flip-flops. Measurement is performed as for latches. The 
inputs to the device are toggled and any preset or clear 
inputs are held inactive. 

Shift registers. The register is clocked and the serial data 
input is toggled at alternate clock pulses (as described for 
latches). Clear and load inputs are held inactive and parallel 
data are held at Vee or GND. Three-state devices are 
measured with outputs enabled. If the device is for parallel 
loading only, it is loaded with 101010 ... , clocked to shift 
the data out and then reloaded. 

Counters. A signal is applied to the clock input but other 
clear or load inputs are held inactive. Separate values for 
CpD are given for each counter in the device. 
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Arithmetic circuits. Adders, magnitude comparators, en­
coders, parity generators, ALUs and miscellaneous circuits 
are exercised to obtain the maximum number of simulta­
neously toggling outputs when toggling only one or two 
inputs. 

Display drivers. CpD is not normally required for LED 
drivers because LEDs consume so much power as to make 
the effect of CpD negligible. Moreover, when blanked, the 
drivers are rarely driven at significant speeds. When it is 
needed, Cpo is measured with outputs enabled and disabled 
while toggling between lamp test and blank (if provided), or 
between a display of numbers 6 and 7. 

LCD drivers are tested by toggling the phase inputs that 
control the segment and backplane waveforms outputs. 

If either type of driver (LCD or LED) has latched inputs, 
then the latches are set to a flow-through mode. 

One-shot circuits. In some cases, when the device Ice is 
significant, CpD is not specified. When it is specified, CpD 
is measured by toggling one trigger input to make the 
output a squarewave. The timing resistor is tied to a sepa· 
rate supply (equal to Vccl to eliminate its power contri· 
bution. 

Additional power dissipation in 74HCT devices 

When the inputs of a 74HCT device are driven by a TTL 
device at the specified minimum HIGH output level of 
VoH = 2.4 V, the input stage p-channel transistor does not 
completely switch off and there is an additional quiescent 
supply current (Lilccl. This current has been considerably 
reduced by proprietary development of 74HCT input 
stages, see '74HCT inputs'. 

The value of Lilcc specified in the data sheets is per 
input and at the worst-case input voltage of V cc·2.1 V for 
Vee between 4.5 and 5.5 V. The value of 2.1 V is the 
maximum voltage drop across a TTL output HIGH (mini­
mum Vee and minimum VoHl. see Table 9. 

The additional power dissipation Pis: 

P =Vee x Lil cc x duty factor HIGH x unit load coefficient 

The unit load coefficient for an input is a factor by which 
the value of Alec given in the data sheet has to be multi· 
plied. A unit load coefficient is published for each 74HCT 
device. It is a function of the size of the input p-channel 
transistor. 
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Table 9: Worst-case additional quiescent supply current (LI.Ice) for 74HCT devices 

~----~~i:t~i-------- ---
r- 74HCT 

-·--=i:-EsT-CON-;;iTIQ;"=4 

~- +2~--1_:::-~~to-~5 -40to+125 UNIT 

ltyp. ~x1·- max. max. 

Vee Vi OTHER 
v 

[ CC"'"~;o<,;of;, . ·~~r-~~~-t-~50 l' 490 J µA 

nit lo~~ co~f~:e:~~~~~ t_ _ __ J___ ____ _ ----··- ------· 
4.5 -oth~~ inputs a~ 
to Vcc-2.1V VccorGND 5.5 10 = o 

* The additional quiescent supply current per input is determined by the LI.Ice unit load, which has to be multiplied by the 
unit load coefficient as given in the individual data sheets. For dual supply systems the theoretical worst-case (V 1 = 2.4 V; 
Vee= 5.5 V) specification is: LI.Ice= 0.65 mA (typical) and 1.8 mA (maximum) across temperature. 

Power dissipation due to slow input rise/fall times 

When an output stage switches, there is a brief period when 
both output transistors conduct. The resulting 'through­
current' is additional to the normal supply current and 
causes power dissipation to increase linearly with the input 
rise or fall time. 

As long as the input voltage is less than the n-channel 
transistor threshold voltage, or is higher than Vee minus 
the p-channel transistor threshold voltage, one of the input 
transistors is always off and there is no through-current. 

When the input voltage equals the n-channel transistor 
threshold voltage (typ. 0.7 V). the n-channel transistor 
starts to conduct and through-current flows, reaching a 
maximum at VI = 0.5 V CC for 74HC devices, and 
Vi = 28%V CC for 74HCT devices, the maximum current 
being determined by the geometry of the input transistors. 
The through-current is proportional to V cc11 where n is 
about 2.2. The supply current for a typical HCMOS input 
is shown as a function of input voltage transient in Fig.12. 

When Schmitt triggers are used to square pulses with 
long rise/fall times. through-current at the Schmitt-trigger 
inputs will increase the power dissipation, see Schmitt­
trigger data sheets. In the case of RC oscillators, or oscil­
lators constructed with Schmitt triggers this contribution 
to the power dissipation is frequency-dependent. 

Comparison with LSTTL power dissipation 

The dynamic power dissipation of a HCMOS device is 
frequency-dependent; above 1 MHz, that of an LSTTL 
device is too. Below 1 MHz, the dynamic component of 
power dissipation of an LSTTL device is negligible com­
pared to the static component. Figure 13 shows the average 
power dissipation of four HCMOS devices and their LSTTL 
equivalents. Because all functions in a multi-functional 
LSTTL device are biased when power is applied, for com­
parison, the dissipation of whole HCMOS devices besides 
individual functions are given. 

In Fig.13 it can be seen that: 
for SSI gate types, the HCMOS power dissipation is less 
than LSTTL power dissipation below about 1 MHz 
for more complex types such as a 74HC/HCT138 3-to-8 
line decoder HCMOS power dissipation is less than 
LSTTL power dissipation up to 10 MHz. 
In typical microcomputer systems, the operating frequ· 

ency or the data/address signal rates will usually vary, 
whereas Fig.13 is for continuous operation at a constant 
frequency. Average operating frequencies are usually far 
below the peak frequencies, particularly in the 100 kHz 
region where the power dissipation of HCMOS is several 
orders of magnitude less than that of LSTTL. 

For further information, see chapter 'Power dissipation'. 
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Fig. 12 Typical d.c. supply current as a function of input voltage for 74HC circuits; normalized curves for a unit load 
coefficient of 1. The Ice for a specific 74HC circuit can be calculated by multiplying the values of Ice shown by the 
unit load coefficient for the 74HCT type given in the data sheet. 
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Fig. 13 Typical power dissipation as a function of operating frequency for a variety of LSTTL and HCMOS circuits; 
(a) quad 2-input NANO gate, (b) dual D-type flip-flop, (c) 3-to-8 line decoder/demultiplexer; inverting, (d) quad 
3-state bus transceiver. 

SUPPLY VOLTAGE 

Range 

The supply voltage range of 74HC devices is 2 V to 6 V 
(Fig.14). This ensures continued use of HCMOS with future 
generations of memory and microcomputer requiring 
supply voltages of less than 5 V, simplifies the regulation 
requirements of power supplies, facilitates battery opera­
tion and allows lithium battery back-up. When 74HC 
devices are used in linear applications, for example when 
they are used as RC oscillators, a supply of at least 3 V is 
recommended to ensure sufficient margin for operation in 
the linear region. 

74HCT devices are pin-compatible with LSTTL circuits 
and are intended as power-saving replacements for them. 
The 74HeT devices will operate from the traditional 5 V 
LSTTL supply, but the voltage range is extended to ±10% 
for both LSTTL temperature ranges (-40 to +85 °e and 
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-40 to +125 °C). This allows extended temperature range· 
LSTTL devices to be replaced by 74HeT devices. 

The absolute maximum supply or ground current per 
pin is ±50 mA for devices with standard output drive, and 
±70 mA for devices with bus driver outputs. These currents 
are only drawn when the outputs of a device are heavily 
loaded. The average dynamic current at very high frequen­
cies can be calculated using epo. 

The maximum rated supply voltage of HeMOS devices 
is 7 V and any voltage above this may destroy the device, 
even though the on-chip parasitic diode break-down voltage 
is at least 20 V and the threshold voltage of parasitic thick­
field oxide transistors is 15 V. 

The Vee and GND potentials must never be reversed as 
this can cause excessive currents to flow through the input 
protection diodes. 



Vee 
IV) 

8 . ''l'"" ' 

fi]J_[]j 
LSTTL 74HC1 74HC 
74LS 

Fig. 14 Supply voltage ranges for LSTTL and 
HCMOS circuits. The supply voltage range for 74HCT 
circuits retain the LSTTL nominal supply of 5 V, but 
the range has been extended from ±5% to ± 10% for 
both the standard and the extended temperature 
range. 74HC circuits operate with a supply voltage as 
low as 2 V. 

Battery back-up 

A battery back-up for a 74HC system is extremely simple. 
Figure 15 shows an example. The minimum battery voltage 
required is only 2 V plus one diode drop. 

In the example, HIGH-to-LOW level shifters (74HC4049 
or 74HC4050) prevent positive input currents into the 
system due to input signals greater than one diode drop 
above Vee· If the circuit is such that input voltages can 
exceed Vee. external resistors should be included to limit 
the input current to 15 mA for one input (7 .5 mA per input 
for two inputs, 5 mA per input for three inputs, etc.). 

from power supply 

battery-recharge 
resistor 

-r 

I -{ 74HC/HCU signal 
inputs SYSTEM outputs 

I 74HC4049/ 74HC4050) 7Z97016.1 

Fig. 15 An HCMOS system with battery back-up. 
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External resistors may also be necessary in the output cir­
cuits to limit the current to 20 mA if the output can be 
pulled above V CC or below GN D .. These current limits are 
set by the parasitic Vcc/GND diodes present in all outputs, 
including three-state outputs. 

For further information, see chapter 'Battery back-up. 

Power supply regulation and decoupling 

The wide power supply range of 2 V to 6 V may suggest 
that voltage regulation is unnecessary. However, a changing 
supply voltage will affect system speed, noise immunity and 
power consumption. Noise immunity, and even the oper­
ation of the circuit, can be affected by spikes on the supply 
lines, so matched decoupling is always necessary in dynamic 
systems. 

Both 74HC and 74HCT devices have the same power 
supply regulation and decoupling requirements. The best 
method of minimizing spikes on the supply lines is simple 
enough - use a good power supply, provide good ground 
bussing and low a.c. impedances from the Vee and GND 
pins of each device. The minimum decoupling capacitance 
depends on the voltage spikes that .can be tolerated, which 
in general should be limited to 400 mV. A local voltage 
regulator on a printed circuit board can be decoupled using 
an electrolytic capacitor of 10 to 50 µF. Localized decoup­
ling of devices can be provided by 22 nF per every two to 
five packages and a 1 µF tantalum capacitor for every ten 
packages. The Vee line of bus driver circuits and level­
sensitive devices can be decoupled from instantaneous loads 
by a 22 nF ceramic capacitor connected as close to the 
package as possible. 

For further information, see chapter 'Power supply 
decoupling'. 

INPUT/OUTPUT PROTECTION 

The gate input of a MOS transistor acts as a capacitor 
(<1 pF) with very low leakage current (<1 pA). Without 
protection, such an input could be electrostatically charged 
to a high voltage that would breakdown the dielectric and 
permanently damage the device. 

The integration process of the HCMOS family allows 
polysilicon resistors to be formed at all inputs to slow down 
fast input transients caused by electrostatic discharge and 
to dissipate some of their energy. These resistors also ensure 
that the input impedance of an HCMOS device is typically 
100 n under all biasing conditions, even when V CC is short­
circuited to GND - an improvement over direct input 
diode clamps during power-up. 
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I ~i~.· 16 Standard input protection of 74HC/HCT /HCU 
~ts against electrostatic discharge. 

The standard input protection comprises a series poly­
silicon resistor and two stages of diode clamping (Fig.16). 
The typical forward voltage of the diodes is 0.9 V at 2 mA 
and the reverse breakdown voltage is 20 V. In some appli­
cations such as oscillators, the diodes conduct during 
normal operation, in which case the input current should be 
limited. The maximum positive input current +I 1 K per 
input is 20 mA. For devices with a standard output, the 
total positive input current is 50 mA; for devices with a bus­
driver output, the total input current is 70 mA. The maxi· 
mum negative input current-l1K per pin is: 
14 mA for one input 

9 mA for two inputs 
6 mA for three inputs 
5 mA for four inputs 
4 mA for five inputs 
3 mA for six to eight inputs. 

High·to-low level shifters 74HC4049 and 74HC4050 
have a single-sided input protection network (Fig.17) which 
protects against electrostatic input voltages. The diode 01 
is the parasitic drain-to-GND diode of the thick field oxide 
protection device. 

All input pins can withstand discharge voltages up to 
2.5 kV (typ.) when tested according to MI L-STD-8838, 
method 3015, see Fig.18. The output configurations of 
standard, bus driver, three·state, open drain and 1/0 ports 
can withstand >3.5 kV (typ.) because of the large diodes 
formed by the drain surfaces of the output transistors. 

Fig.19 shows the voltage pulse for the discharge test. 
The rise time tr prescribed by MIL-STD-8838 is ,;;;;15ns, 
but in practice it is helpful to adjust the test set-up to give 
a rise time of 13 ±2 ns to avoid correlation problems. 

~-·------------- -----·----, 

Fig. 17 Input protection of 74HC4049 and 74HC4050. 
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Although all inputs and outputs are protected against 
electrostatic discharge, the standard CMOS handling 
precautions should be observed (see chapter 'Handling 
precautions'). 

high-voltage 

r---'co=M::rn--Qrelay 1,5 kn 
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(a) Test circuit 
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Vee output 
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Vee GND 
GND Vee 

all other pins should be left open circuit 

(b) Test modes 

Fig. 18 Electrostatic discharge test. 

Fig. 19 Test voltage for electrostatic discharge test. 



INPUT CIRCUITS 

74HC inputs 

The 74HC input circuit (Fig.20) includes the resistor/diode 
network for electrostatic discharge protection and clamps 
input voltages greater than Vee or less than GNO. The 
circuit is intended for a.c. working and cannot handle heavy 
d.c. currents for long periods; the maximum input diode 
current is 20 mA. 

----,r-----~---- Vee 

02 

1oon 11on 
input -+--C:::J---'-{=J--+ 

polysilicon / 01 

diffused 
diode 

----~---~----GND 

Fig. 20 74HC input circuit. 

The 74HC input circuit has no active input current; the 
only current flowing is through the reversed-biased diodes 
01 and 02, typically a few nA reaching a maximum when 

Vi= Vee or GNO. 
The MOS transistors Pl (p-channel) and N 1 (n-channel) 

have the same conductance when switched on, giving a 
typical switching threshold of 50% Vee. see Fig.21. This 
threshold is almost independent of temperature, a ±60 mV 
variation of the switching point from -40 to +125 °C being 
typical. The temperature dependence of Vi Lis -0.6 mV /°C, 
that of VI H is +0.6 mV /°C. The only other factors that 
affect the switching threshold are the spreads of~ and VT 
of P1 and Nl between devices. 

Fig. 21 74HC input switching level as a function of 
supply voltage. 
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There is no current path from Vee to GNO when the 
input is lower than VTN· or higher than Vcc-VTP· 
However, when the input voltage is in the linear region, a 
static current path from Vee or GND flows in the input 
stage ( Fig.12). This current is negligible under normal 
operating conditions when the input rise time tr<::;; 15 ns, 
but the power dissipation should be taken into account 
for devices operating in the linear region. Owing to the 
voltage gain of the input stage, there is no static flow­
through current in the second and subsequent stages. 
Small currents do flow in these stages during operation 
when both n-channel and p-channel transistors conduct 
for brief periods and their effect is included in the Cpo 
value in the data sheets. 

74HCT inputs 

The 74HCT input stage is similar to that of a 74HC device. 
It has the same characteristics for LSTTL levels as a 74HC 
input has for CMOS levels, so there is no trade-off in speed 
or power dissipation. The switching threshold is lower, 
1.4 V at Vee=' 5 V. In addition, the 74HCT input circuit, 
shown in Fig.22, has an enlarged n-channel transistor (N 1) 
and a level-shift diode (03) has been added. The natural 
drain voltage of the p-channel transistor (Pl) is approxi­
mately V cc-0.6 V, but when the input voltage is LOW, an 
auxiliary pull-up transistor (P2) raises this to Vee. cutting 
off p-channel transistor P3 completely. The input stage is 
well matched to the load presented by the second stage so 
that symmetrical propagation delays are obtained. 

Fig. 22 74HCT input circuit. 
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Fig. 23 74HCT input switching level as a function of I 
supply voltage. __J 

Figure 23 shows the switching level as a function of 
supply voltage. 

A TTL HIGH level can be as low as 2.4 V. An input of 
this order to a HCMOS device would not cut off P1 com­
pletely, and additional supply current would flow through 
the input stage. A level-shift diode 03 and the influence of 
the back-gate (substrate) connection to P1 minimizes power 
dissipation caused by this through-current and gives an 
input switching level compatible with LSTTL. Figure 24 
shows the input stage through-current with and without 
the diode circuit. The peak in the curve occurs at the input 
switching threshold. 

The input stage through-current is virtually zero for a 
typical TTL HIGH level input of 3.5 V. Thus, this unique 
74HCT input structure gives true CMOS low power-con­
sumption when driven by TTL. Typical and maximum 
through-currents L:.lcc per input are given in the data 
sheets. 

In a system where 74HCT devices are only driven by 
LSTTL devices, VoH min can be 2.7 V except for some bus 
drivers. With VoH = 2.7 V, L:.lcc is half the published 
value. 

Maximum input rise/fall times 

All digital circuits can oscillate or trigger prematurely when 
input rise and fall times are very long. When the input signal 
to a device is at or near the switching threshold, noise on 
the line will be amplified and can cause oscillation which, 
if the frequency is low enough, can cause subsequent stages 
to switch and give erroneous results. For this reason, 
Schmitt-triggers are recommended if rise/fall times are 
likely to exceed 500 ns at V CC= 4.5 V. 

January 1986 

(a) 

(b) 

with no level-shift diode 
with standard input structure 

Fig. 24 Additional quiescent supply current L:.lcc 
(typ.) per input pin of a 74HCT device as a function 
of supply voltage (unit load coefficient is 1 ); 
(a) Vee= 4.5V, (bl Vee= 5.5V. 

The flip-flops 74HC/HCT73, 74, 107, 109 and 112 in­
corporate Schmitt-trigger input circuits and the 
74HC/HCT14 and 132 are dedicated Schmitt triggers with 
specified input levels. 

For further information, see chapter 'Schmitt trigger 
applications'. 



Termination of unused inputs 

To prevent any possibility of linear operation of the input 
circuitry of an LSTTL device, it is good practice to termin­
ate all unused LSTTL inputs to Vee via a 1.2 k!l resistor. 
Inputs should not be connected directly to GND or Vee. 
and they should not be left floating. 

Unlike LSTTL inputs, the impedance of 74HC and 
74HCT inputs is very high and unused inputs must be 
terminated to prevent the input circuitry floating into the 
linear mode of operation which would increase the power 
dissipation and could cause oscillation. Unused 74HC and 
74HCT inputs should be connected to V CC or GND, either 
directly (a distinct advantage over LSTTL), or via resistors 
of between 1 k!l and 1 M!l. Since the resistors used to 
terminate the inputs of LSTTL devicns are usually between 
220 n and 1.2 k!l, it is often possible to directly replace 
LSTTL circuits with their 74HCT counterparts. 

Some of the bidirectional (transceiver) logic devices in 
the HCMOS family have common 1/0 pins. These pins 
cannot be connected directly to Vee or GND. Instead, 
when defined as inputs, they should be connected via a 
10kS1 resistor to Vee orGND. 

Input current 

Figure 25 shows the typical input leakage current of a 
HCMOS device as a function of ambient temperature for a 
V CC of 6 V. Over the total operating temperature range, 
the input leakage current is well below the rating specified 
in the JED EC standard (100 nA between -55 °C and +25 °C 
and 1 µA at +85 °C and +125 °C. The reason for this differ­
ence between the measured performance and the rating is 
the high-speed testing limitations associated with test 
system resolution and the measurement of settling time. A 
secondary reason is that the rating is end-of-line, allowing 

-50 50 100 
Tarnb (DC) 

Fig. 25 Typical HCMOS input leakage current Ir as a 
function of ambient temperature Tamb· 
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some leakage current shift due to the ingress of moisture 
or foreign material. 

Input capacitance 

Since CMOS inputs present essentially no load, fan-out is 
limited only by the input capacitance. This is specified as 
3.5 pF (typ.) and comprises package, bonding pad/inter­
connecting track, input protection diode and transistor gate 
capacitances. Figs.26 and 27 show the typical input capaci­
tances for powered 74HC and 74HCT devices. The initial 
decrease in capacitance as Vi rises from zero or falls from 
5 V is due to increased reverse bias on the protection 
diodes. The peak is caused by internal Miller feedback capa­
citance when the inverter is in its linear mode. A conserva­
tive value for the maximum input capacitance is 10 pF 
(20 pF for 1/0 pins owing to the output drain capacitance). 
Input capacitance is measured with all other inputs tied to 
ground. 

4 5 
VT (V) 

Fig. 26 Typical input capacitance C1 of a 74HC 
device as a function of input voltage; Vee = 5 V; 
Tamb = 25 oC. 

Fig. 27 Typical input capacitance CJ of a 74HCT 
device as a function of input voltage; Vee= 5 V; 
Tamb = 25 oc. 
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Fig. 28 Cross-section of the input protection of an 
HCMOS device showing the parasitic pnp transistor 
between adjacent inputs. 

Fig. 29 12 V-to-5 V logic-level con­
version at HCMOS inputs using 
100 kn series resistors. 

Coupling of adjacent inputs 

Parasitic bipolar pnp transistors can be present between 
adjacent inputs, e.g. between an input protection diode to 
V CC and the same diode at the adjacent input, as shown in 
Fig.28. If the recommended operating input voltage is ex­
ceeded, perhaps by ringing of more than 0.7 V, current into 
the terminal o 1) can cause a current 12 in the parasitic 
transistor and in the adjacent input (Fig.29). Because 12 in 
the adjacent input has to be drained by the source driving 
that input, the source resistance (R) must be low. If R is 
not low enough, the parasitic current can lift the source 
voltage and cause unwanted switching. 

The ratio of the parasitic adjacent input current 02) to 
the forced input current 01) denoted a: 

12 
a~-. 

11 

a has been reduced to less than 0.05 (typically 0.001) in 
the HCMOS family by the use of deep guard rings and 
optimum bonding pad spacing. 

A low a permits proper logic operation in the presence 
of transients and also allows HIGH-to-LOW voltage trans­
lation simply by adding series input resistors. For example, 
in Fig.29, 12 V system logic is converted to 5 V system 
logic by adding a 100 kn resistor in each input. Since the 
logic signals are delayed by 1-2 µs, this arrangement is 
suitable for rather slow 12 V control logic such as that in 
automotive applications. When the input diodes are used as 
clamps for logic level translation, the total input current 
should be limited to 20 mA. 

Input voltage and forward diode input current 

As a general rule, CMOS logic devices with input clamp 
diodes (Fig.16) should be operated between the power 
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supply rails. Neglecting the input series polysilicon resistor 
shown in Fig.16, this means: -0.5 V.;;;; Vi .;;;; Vee+ 0.5 V. 

This rule is JEDEC Std. No. 7 and is intended to prevent 
users damaging devices similar to HCMOS that do not have 
the polysilicon resistor. HCMOS devices however meet the 
tougher rating: -1.5 V .;;;; VI .;;;; V CC+ 1.5 V. Furthermore, 
virtually all HCMOS devices can operate reliably up to the 
rating without logic errors. 

The maximum permissible continuous current forced 
into an input or output of a HCMOS device is ±20 mA 
(JEDEC rating). 

OUTPUT CIRCUITS 

Output drive 

There are three different output configurations in the 
HCMOS family: 

push-pull 
- three-state 
- open-drain n-channel transistor. 

Each is available with a standard output or a bus driver out­
put, the latter having 50% more drive capability. All 74HC 
and 74HCT outputs are buffered for consistent current 
drives and a.c. characteristics throughout the HCMOS 
family. Well-matched· output n-channel and p-channel 
transistors give symmetrical output rise and fall times. 

When comparing the output drive capabilities of HCMOS 
with those of LSTTL, note that LSTTL capability is usually 
expressed in unit loads (U Ls) where the load is specified to 
be an input of the same family. This guarantees that a 
system will operate correctly with worst-case LOW and 
HIGH input signals and that noise immunity margins will be 
preserved. HCMOS capability is expressed as the source or 
sink current at a specified output voltage. Since HCMOS 
requires virtually no input current, the unit load concept is 
not applicable. 



With a specified output drive of 4 mA (at 
VoLmax = 0.4 V), the HCMOScapabilityexceeds4000 Uls, 
and with a 20 µA (at Vol= 0.1 V) specification the 
HCMOS capability is 20 U Ls. A standard HCMOS output 
can drive ten LSTTL loads and maintain Vol~ 0.4 V over 
the full temperature range. A bus driver output can drive 
15 LSTTL loads under the same conditions. Table 10 shows 
the output drive capabilities of some HCMOS devices ex­
pressed in LSTTL unit loads. The output current may be 
increased for higher output voltages. For example, extra­
polating the 6 mA bus driver capability at Vol= 0.33 V 
and Tamb = 85 °C to a Vol of 0.5 V gives an output drive 
capability of 9 mA. 

Output current derating as a function of temperature is 
shown in Fig.30 and is valid for all types of output. Output 
source and sink drives at Vee= 2 V, 4.5 V and 6 V are 
given in Figs.31 to 34 which show the output current as a 
function of output voltage; these graphs indicate the typical 
output currents and the expected minimum output currents. 
They can serve as a design aid when calculating transmission 
line effects or when charging highly capacitive loads. 

The expected minimum curves are not guaranteed; they 
are tested only at the values given in the data sheets. 

Fig. 30 Derating curve for output drive currents 

loL and loH· 

Table 10: Comparison of the output drive capabilities of 
LSTTL and HCMOS (Vol~ 0.4 V) 

drive HCMOS 
LS device output capacity equiv. type 

drive 
output capacity 

74LSOO 4mA 10 UL 74HCOO standard 4 mA 10 UL 

74LS138 4mA 10 UL 75HC138 standard 4 mA 10 UL 

74LS245 12 mA 30 UL 74HC245 bus 6 mA 15 UL 

74LS374 12 mA 30 UL 74HC374 bus 6 mA 15 UL 
--------

,UL= unit load. 

l USER GUIDE 

Vo IV) 

(a) Vee= 2 v 

Vo IVI 

(bl Vee= 4.5 v 

Vo (VI 

(c) Vee= 6 v 

Fig. 31 Standard output n-channel sink current. 
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Fig. 32 Standard output p-channel source current. 
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Fig. 33 Bus-driver output n-channel sink current. 
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Fig. 34 Bus-driver output p-channel source current. 
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Push-pull outputs 

A typical push-pull output stage is shown in Fig.35. The 
bipolar parasitic transistor-drain diodes (D1 and 02) limit 
the output voltage Vo of all HCMOS devices in the case of 
externally-forced voltages such that -0.5 V..; Vo..; 
V CC + 0.5 V. For voltages outside this range, the diodes 
and parasitic bipolar elements start to conduct. Although 
the diode current rating is 20 mA d.c., line ringing and 
power supply spikes in normal high-speed systems cause 
current-peaks that exceed this rating. Careful chip-layout 
and adequate aluminium traces ensure that the current 
peaks produced will not damage the diodes or degrade the 
internal circuitry. 

Fig. 35 Basic CMOS output stage. 

The maximum rated d .c. current for a standard output is 
25 mA and that for a bus-driver output is 35 mA. These 
ratings are dictated by the current capability of on-chip 
metal traces and long-term aluminium migration, but it is 
expected that output currents during switching transients 
will, at times, exceed the maximum ratings. 

A shorted output will also cause the maximum d.c. 
current rating to be exceeded. However, for logic testing, 
one output may be shorted for up to five seconds without 
damaging the device. 
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Three-state outputs 

In the typical three-state output circuit shown in Fig.36, 
when EO is HIGH the output is enabled and transistors P4 
and N4 act as a transmission gate connecting the gates of 
the output transistors. A LOW at EO puts the output in the 
high-impedance OFF-state and transistors P3 and N3 act as 
pull-up and pull-down transistors respectively. The logic 
symbol for a three-state output and its function table is 
shown in Fig.37. 

I 
from ...._+---+_. 
logic 
circuit 

E0--+--------~7Z83560.1 

0 
output 

Fig. 36 Typical three-state output circuit. 

~------------------·---

1-{(-o 
E0~7Z83559.1 

(a) logic symbol 

inputs outputs 
EO 0 

x L z 
L H L 
H H H 

H ; HIGH voltage level 
L ; LOW voltage level 
x ; don't care 
z ; high impedance OFF-state 

(b) function table 

Fig. 37 Three-state output logic symbol and functions. 

Three-state outputs are designed to be tied together but 
are not intended to be active simultaneously. To minimize 
noise and to protect outputs from excessive power dissipa­
tion, only one three-state output should be active at any 
time. In general, this requires that the output enable signals 
shou Id not overlap. When decoders are used to enable three­
state outputs, the decoder should be disabled while the 
address is being changed. This avoids overlapping output­
enable signals caused by decoding spikes to which all deco­
der outputs are prone during address-changing. 

When designing with three-state outputs, note that 
disable propagation delays are measured for an RC load 
when the output voltage has changed by 10% of the voltage 
swing. This 10% level is adequate to ensure that a device 
output has turned off. Although this method provides a 
standard reference for measuring disable times, it implies 
that the output is< already off for 10% of the RC time. 
Because all disable times are measured with a load of 1 k.11. 
and 50 pF, subtract the 10% RC time (5 ns) from the values 
published in the data sheets to obtain the real internal 
disable propagation delay. 

Diodes D1 and D2 are parasitic diodes associated with 
output transistors P5 and N5 respectively. Diode D1 clamps 
the output at one VBE above Vee. of importance in large 
systems where sections of the system may be powered­
down (V CC; 0 V), in which case the output diode current 
has to be limited to 20 mA. 

All 1/0 ports and transceivers have a three-state output 
as shown in Fig.36. The 1/0 pin is defined as an input when 
the output is disabled, but this pin should be regarded as a 
real input and should not be left floating, because the input 
to an 1/0 port can cause Vee current. If necessary, ter­
minate the input with a 10 k.11. resistor, see 'Termination of 
unused inputs'. 

Open-drain outputs 

In TTL families, several functions are offered with open­
collector outputs to enhance logic functions by using OR­
tied logic. The advantage of OR-tied logic is the logic 
e le men ts saved and hence the lower power dissipation. 
However, this is counterlld by power loss and reliance on 
RC time propagation delays. These disadvantages are not 
encountered in CMOS and similar applications can be made 
using devices with 3-state outputs, or simply with the 
power-saving logic devices. However, the 74HC/HCT03 
(quad 2-input NANO gate) has an open-drain n-channel 
output, see Fig.38. The parasitic diode D1 is not present 
(there being no p-channel transistor); this allows the output 
voltage to be pulled above Vee to Vomax making both 
HIGH-to-LOW and LOW-to-HIGH level-shifting possible. 
For digital operation, a pull-up resistor is necessary to 
establish a logic HIGH level. 



The open-drain output is protected against electrostatic 
discharge. 

--------Yee =n °"'P"' from 
logic 

circurt ~ 02 

GND 
7Z97042 

Fig. 38 Open-drain output circuit. 

Increased drive capability of gates 

To increase output drive, the inputs and outputs of gates 
in the same package may be connected in parallel. It is 
advisable to restrict parallel connection to gates within one 
package to avoid large transient supply currents due to 
different gate-switching times. 

For further information, see chapter 'Interfacing and 
protection of circuit board inputs'. 

Output capacitance 

For push-pul I outputs, no output capacitance is specified 
because either the n-channel transistor or the p-channel 
transistor creates a low-impedance path to the supply rails. 

Three-state outputs ~an be switched to the high imre­
dance OFF- state, and because many of them can be 
connected to a bus line, the output capacitance is needed 
to calculate the total capacitive load. For bus-driven 3-state 
outputs in a DI L package, the output capacitance is 6 pF 
(typ.) and 20 pF (max.). 

STATIC NOISE IMMUNITY 

The static noise immunity can be divided into: 
the static noise margin LOW. This is the voltage differ­
ence between v1 Lmax of the driven device and VoLmax 
of the driver. 
the static noise margin HIGH. This is the difference 
between VoHmin of the driver and V1Hmin of the 
driven device. 
For 74HC devices, both the LOW level noise margin and 

the HIGH-level noise margin is 28% of Vee· This is a con­
siderable improvement over LSTTL where the LOW-level 
noise margin is only 8% of V CC and the HIGH level noise 
margin is just 14% of Vee· The margins are even greater for 
HCMOS at higher supply voltages as shown in Fig.39. As 
74HCT devices have the same switching levels as LSTTL, 
their noise margins are also the same. 

The superior noise immunity of the 74HC input can be 
clearly seen from the voltage levels of the input-to-output 
transfer characteristics shown in Figs.40 and 41. 

input 

level 

c:::::J HCMOS 

~LSTTL 

l USERGUIDE 

Fig. 39 Worst-case input and output voltages over an 
operating supply range of 4.5 V to 5.5 V. 

Vo 
IVI 

4 t---- ·---~ =Ftif~-.. 2 -9,"·"-' c---t---t---t-t-+- + ' 11-
'--+-+-·+-+----+ ----t- : ' -

74HC : I 

T 

t---t---t-+t---t---+--t I - 13 
--.,.-- .j. 

O'--'--~~~--+~-~+-~~ 

0 
4 V1 (VJ 5 

Fig. 40 Typical input-to-output transfer character­
istic for 74HC and 74HCT devices. 

Fig. 41 Input-to-output transfer characteristics for 
TTL devices. 
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Table 11 shows the input noise margin of HCMOS 

devices where I ike devices are interfaced. Output voltages 

are also given. 

"fable 11: Noise immunity and noise margin for HCMOS 

devices (Vee= 4.5 V) 
---------------------~ 

74HC 74HCT 74HCU 

VILmax (V) 1.35 0.8 0.9 

VIHmin (V) 3.15 2 3.6 

VoLmax (V) 0.1 0.1 0.5 

VoHmin (V) 4.4 4.4 4 

Noise margin low 

VNML (V) 1.25 0.7 0.4 

Noise margin high 

VNMH (V) 1.25 2.4 0.4 

Table 12 shows the input noise margin of 74HCT devices 
interfacing with LSTTL devices; the 74HCT or LSTTL 

output is fully-loaded, V cc= 4.5 V and Tamb is 0 °C to 
+70°C (the only convenient temperature range when using 
LSTTL characteristics). 

Table 12: Noise immunity and noise margin for 74HCT 
and LSTTL device interfacing 

74HCT LSTTL 

VILmax (V) 0.8 0.8 

V1Hmin (V) 2 2 

VoLmax (V) 0.33 (note 1) 0.4 

0.1 (note 2) 

VoHmin (V) 3.84 (note 1) 2.7 

4.4 (note 2) 

Noise margins (V): 
from 74HCT to LS VNML 0.47 

VNMH 1.84 

from LS to 74HCT VNML 0.4 

VNMH 0.7 

from LS to LS VNML 0.4 

VNMH 0.7 

from 74HCT VNML 0.7 
to 74HCT vNMH 2.4 

Notes 

1. 4 mA load (i.e. 10 LSTTL inputs). 
2. 20 µA load (Le. 20 74HCT inputs). 
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Whenever a 74HCT output drives either an LSTTL or a 
74HCT input, the noise margin is better than when an 
LSTTL device drives an LSTTL or 74HCT input. This 

improvement is larger for VNMH owing to the superior 
output sourcing current of the rail-to-rail HCMOS output 
swing compared with the limited totem-pole pull-up output 
voltage of LSTTL. 

DYNAMIC NOISE IMMUNITY 

As for static noise immunity, dynamic noise immunity can 
be divided into two parts: 

a dynamic noise margin LOW 
- a dynamic noise margin HIGH. 

For 74HC devices, both margins are similar; for 74HCT 
devices, the dynamic noise margin LOW is the smaller of 

the two. To plot it, a pulse of known magnitude, Vp, is 
applied to the input of a device and its width, tw, is in­

creased until the device just begins to switch. The input 
level on which V p is based is equal to the switching voltage 
minus the worst-case static noise margin LOW. The pulse 
width is measured at half pulse height, Vp/2. The rise and 

fall times, tr and tf are 0.6 ns. 
Vp is then reduced in increments and tw for each new 

value is ascertained. 
The test is repeated for different supply voltages - for 

74HC devices between 2 V and 6 V, and at 5 V for 74HCT 
devices. A range of output currents, 10 , are also used. 
Increasing the d.c. load reduces the dynamic noise immunity. 

Figure 42 shows the amplitude of positive-going pulses 
that can be withstood in the LOW state for 74HC and 
74HCT devices. The curves are worst-case ones with fully­
loaded drivers, so a system using only 74HC or 74HCT 
devices will have 0.23 V more noise margin for all tw. 

For typical input switching thresholds of 1.4 V and 
2.25V for 74HCT (Vcc=5V) and 74HC (Vcc=4.5V) 
respectively, the noise margins will be 0.83 V [(1.4-0.8) + 
0.23V] larger for 74HCT and 1.13V [(2.25-1.35) + 
0.23 VJ larger for 74HC devices. 

The main causes of unwanted input pulses are spikes due 
to outputs switching, which dumps large currents on the 
GND lines, or reflections when long lines (longer than 
about 32 cm) are driven. For more information on the 
latter, see chapter 'Replacing LSTTL and driving trans­
mission lines'. 

The best example of an unwanted pulse generator is an 

octal device with bus outputs of which seven are switching 
simultaneously and the eighth, most remote, output is LOW. 
Figure 43(a) shows the maximum pulse voltage measured 
on the unswitched output of a 74HC/HCT374 as a function 

of Vee· Figures 43(b) and 43(c) show this maximum volt-
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age and the pulse width as functions of the number of out­
puts that are switching. It should be emphasised that any 
pulses produced by switching outputs won't cause other 
devices to respond even in worst-case conditions. This is 
because Fig.42 is based on a worst-case Vol and the 

maximum expected pulse height of Fig.43 occurs for a 
best-case Vol- So, even when a pulse of the maximum 
expected height shown in Fig.43 occurs, there is still a 
noise margin. This can be verified by plotting the pulse 
heights of Fig.43 on the curves of Figs.42(a) and 42(b). 
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(a) 
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Fig. 42 Amplitude of the positive-going pulses that 
can be withstood in the LOW state (worst-case, fully­
loaded driver) for (a) 74HC devices and (b) 74HCT 
devices. 
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Fig. 43 (a) Amplitude of the voltage pulse (on pin 2, the most remote) due to switching seven of the bus-driver outputs 
of a 74HC/HCT374 octal flip-flop; CL= 150pF, Tamb = 25°C. (b) Amplitude of the voltage pulse (on pin 2) as a 
function of the number of outputs switched; Vee= 5 V, CL= 150 pF. (c) Pulse width as a function of the number of 
outputs switched; Vee= 4.5 to 6 V, CL= 150 pF. For Vee= 2 V, the maximum expected pulse width is about 10ns. 
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BUFFERED DEVICES 

Definition 

Often the terms 'buffer devices', 'buffered inputs' or 
'buffered outputs' are used without qualification and 
originate from the very first unbuffered CMOS logic family 
consisting of one-stage logic elements, usually gates. In 
these devices, both input switching levels and output 
impedances were not constant, so neither were output 
rise/fall times or propagation delay times. The Jedec JC40.2 
committee define a buffered device to be at least two active 
stages with the output independent of the input logic 
voltage level and independent of the number of inputs that 
are HIGH or LOW. 

A buffer meeting this definition is the AND-function 
circuit of Fig.44. The gain between input and output is high 
enough to consider the output impedance to be independent 
of the logic level at the input, and the output impedance is 
not affected by the state of the logic inputs. 

PJ iJ Vee 

I J-°"''"' 
iop"i 2 +-+-----+--__J[NJl N]_3 
input 1 

GND 
7Z97045 

Fig. 44 The minimum numberofstagesforabuffered 
device is two. This 2-stage example is an AND function. 

All 74HC and 74HCT devices comprise at least two 
stages to minimize any pattern sensitivity of propagation 
delay time. Buffering also improves static noise immunity 
due to increased voltage gain, giving almost ideal transfer 
characteristics. 

The designation 74HCU is used to denote single-stage 
devices. These have the same specification as 74HC devices 
but their input and output voltage parameters are relaxed. 
74HCU devices don't have the high gain of 74HC/HCT 
versions, which makes them more suitable for use in RC or 
crystal oscillators and other feedback circuits operating in 
the linear mode. 
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Output buffering 

All 74HC and 74HCT devices have buffered outputs for 
optimum performance. To demonstrate the benefits of 
output buffering, consider what would happen without it. 
In the single-stage device shown in Fig.45, the output 
impedance depends on the d.c. input voltage. Consequently, 
the noise margins at the output become a function of the 
input voltage, even when VI is a legal HIGH or LOW level. 

" J 11id '' :" - - -1 

=,,!~~.::· 
7297046 J 

Fig. 45 Unbuffered NANO gate. 

·~ 

The steady-state impedance of the circuit of Fig.45 is 
also affected by the state of the inputs. Given that Pl and 
P2 have identical performances (same size), there are two 
values of impedance for output HIGH; one when either 
input is LOW and Pl or P2 conducts, and another when 
both inputs are LOW and both Pl and P2 conduct. There­
fore, without output buffering, the state of output con­
duction depends on the number of inputs that are HIGH 
or LOW. 

Input buffering 

An input is considered to be buffered when its switching 
threshold is unaffected by the logic states of other inputs. 
In the example of Fig.45 that has unbuffered inputs, the 
switching threshold of input 1 varies with a HIGH level at 
input 2, and vice versa. This is because the series impedance 
of transistors Nl and N2 determines the switching threshold 
of the device. The result can be seen in Fig.46 where curve 
1 + 2 occurs when the two inputs are tied together, and 
curve 1 or 2 is the switching threshold when the accom­
panying input is at V CC· 

For true input buffering, an input must have an inverter 
stage with sufficient gain to ensure that logic levels give 
independent on-chip levels. Some gates in the 74HC series 
(usually AND or OR gates) have unbuffered inputs, however 
all devices meet the family logic level requirements. All 
74HCT devices have buffered inputs. 
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Fig. 46 Example of different switching levels in un­
buffered inputs. 

PERFORMANCE OF OSCILLATORS 

When HCMOS devices are used in RC, crystal or Schmitt 
trigger oscillators or in analog amplifiers: 

a supply voltage of at least 3 V is required. Below this 
value, the transconductance of crystal oscillators is too 
low to start oscillations. In analog circuits, insufficient 
output current is available to drive external components; 
slow input rise and fall times cause the input stage of a 
HCMOS device to draw current. This additional quiescent 
supply current Lilcc is given in the data sheets for 
74HCT devices since these can be used as LSTTL re­
placements and may be driving a significant load. The 
total lcc for 74HC devices can be calculated by multi­
plying the value of Ice read from Fig.12 by the unit 
load coefficient given in the data sheet for the 74HCT 
device; 
in general, frequency stability won't be affected by 
supply voltage, so long as the permissible output cur­
rents of the devices are not exceeded. 
For further information, see chapters 'Crystal oscillators' 

and' Astable multivibrators'. 

LATCH-UP FREE 

Latch-up is the creation of a low-impedance path between 
the power supply rails caused by the triggering of parasitic 
bipolar structures (SCRs) by input, output or supply over­
voltages. These overvoltages induce currents that can 
exceed maximum device ratings. When the low-impedance 
path remains after removal of the triggering voltage, the 
device is said to have latch-up. 

The JEDEC standard test being developed for latch-up 
specifies that the input/output current should be equal to 
the maximum rating (±20 mA), and that Vee should also 
be not more than twice Vccmax (14 V) for testing latch-up 
immunity with excess supply voltage. HCMOS ICs have 
been extensively subjected to the previously described tests 
with test parameters far exceeding those quoted by JEDEC. 
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In no case did latch-up occur. For example, it has been 
determined that an HCMOS input can typically withstand 
continuous current (5 s on, 15 s off) of 100 mA to 120 mA, 
or 1 µs pulses of 300 mA with a duty factor of 0.001. An 
input can also withstand a discharge from a 200 pF capaci­
tor charged to 330 V. An HCMOS output can withstand 
continuous current (5 son, 15 s off) of 200 mA to 300 mA, 
or 1 µs pulses of 400 m.A. with a duty factor of 0.001 . 
However, because there is an internal polysilicon 100 Q 
resistor in series with all HCMOS inputs, the input voltages 
required to achieve these current levels are so high 
(V1~Vee+0.7 V + 10011) that it is unlikely that they 
could occur in practice, even in a 6 V system with severe 
glitches. Moreover, beyond these current levels, excessive 
heating occurs or aluminium tracks or bond wires break­
down. It is therefore reasonable to conclude that HCMOS 
logic ICs are completely latch-up free. 

For further information, see chapter 'Standardizing 
latch-up immunity tests'. 

DROP-IN REPLACEMENTS FOR LSTTL 

74HCT devices are power-saving, drop-in replacements for 
LSTTL devices. Because most systems are operated at 
frequencies far below the maximum possible, 74HCT 
devices can also be used to good effect in systems using 
ALS, AS, S, and FAST devices. 

Fan-out should be considered when replacing a TTL 
device by a 74HCT device. TTL fan-out is usually expressed 
in unit loads (U Ls) and the load is specified to be an input 
of the same family. In fact, TTL fan-out is determined by 
the ability of the outputs to sink current (a TTL input 
usually sources current). Table 13 shows the fan-out of 
74HCT to the different TTL families. 

The fan-outs given in Table 13 are derived at a voltage 
drop of max. 0.4 V (Vol). In the "74" TTL series, an 
extended Vol figure is often seen, e.g. 8 mA at 0.5 V 
voltage drop for LSTTL. If this figure is used to determine 
the fan-out of the TTL device it can result in a higher fan­
out than is possible with 74HCT. This can be resolved by 
replacing as many of the driven TTL parts as possible by 
74HCT devices to reduce the sink current requirement (the 
74HCT input current is negligible). In addition, power 
dissipation is reduced significantly by using 74HCT. 

Table 13: Fan-out of 74HCT to TTL circuits 

74HCT TTL LS ALS FAST S&AS 

standard 2 10 20 6 2 
output 

bus-driver 3 15 30 10 3 
output 
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BUS SYSTEMS 

CMOS is being used to an increasing extent in micro­
processor bus systems following the introduction of 
versions of the popular NMOS processors. 

There are several constraints imposed on microprocessor 
systems in industrial applications, such as electrically-noisy 
environments,· battery-standby requirements and sealed, 
gaHight enclosures. HCMOS bus systems, e.g. the CMOS 
STD bus (a non-proprietary CMOS bus standard) provides a 
solution to all these problems. It offers superior noise 
immunity, equal operating speed, lower power dissipation, 
wider supply voltage range, extended temperature range, 
and enhanced reliabi I ity. 

For optimum results, use only 74HC devices in circuits 
which communicate directly with the bus. This allows a 
new bus termination to be introduced (see Fig.47 (b)) 
which, unlike the conventional TTL bus termination, draws 
no heavy d.c. current and is more suited to HCMOSoutputs. 

7Z97051.1 GND 

(a) (b) 

Fig. 47 Bus terminations. (a) Conventional termina­
tion for TTL buses. (b) Proposed termination for 
CMOS STD bus equivalents. 

The wider supply voltage range of HCMOS together with 
its lower power dissipation virtually eliminates problems 
caused by voltage drops along power buses between cards 
in a system. It is possible for a circuit to pick up severe 
noise spikes or differential voltages via an edge connector. 
Such pick-up can exceed the CMOS maximum ratings if 
not limited by a 10 kn series resistor in the HCMOS logic 
line. This will limit current to ±20 mA for external voltages 
of up to ±200 V, however, for correct functioning, the d.c. 
input current should be kept below those values stated in 
'Input/output protection'. The recommended board edge 
input protection is shown in Fig.48. 

In the circuit of Fig.48, if the input diode current 
exceeds the maximum input current, a HIGH-to-LOW level 
shifter should be used (e.g. 74HC4049 or 74HC4050). 
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Fig. 48 Example of the board edge input protection 
circuit. 

For further information, see chapter 'Interfacing and 
protection of circuit board inputs'. 

Since HCMOS bus-drivers do not have built-in hysteresis, 
slowly-rising pulses should be avoided or devices with 
Schmitt-trigger action should be used, such as the flip-flop 
series 74HC/HCT73, 74, 107, 109, 112, or the dedicated 
Schmitt triggers 74HC/HCT14 and 132. The rise and fall 
times can be derived from the information given in the 
section 'Propagation delays and transition times' of this 
User Guide. 

PACKAGE PIN CAPACITANCE 

In purely digital circuits, the input capacitance or three­
state output capacitance is sufficient to determine the 
dynamic characteristics. However, when a HCMOS device 
is used in the linear region, it is necessary to take pin 
capacitance into account, e.g. to prevent crosstalk in 
analog switches or peaks in the frequency response of PL Ls. 

The use of SO packages with their low pin capacitances 
is recommended for HCMOS analog designs. Table 14 gives 
the pin-to-pin capacitances for the plastic DI L and SO 
packages used for HCMOS. Measurements were made 
using a dummy package with all unused pins connected to 
ground. 



Table 14: Typical pin capacitances (pf) of SO and DIL packages 

capacitance to ground of: 
corner pins 
all other pins 

any end two pins 
all other pins 

any end three pins 
all other pins 

capacitance between adjacent pins: 

S0-14 & S0-16 

0.41 
0.21 

including a corner pin 0.15 
all other pins 0.04 

any end three pins 
all other pins 

any end three pins 
all other pins 

DIL-16 

0.97 
0.37 

0.40 
0.13 

S0-20 

0.65 
0.25 

0.28 
0.14 

l USER GUIDE 

DIL·20 S0-24 DIL-24 

1.12 
0.40 

0.65 1.64 
0.33 0.65 

0.49 
0.22 

0.30 0.70 
0.12 0.28 
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QUALITY - HCMOS LOGIC ICs 

QUALITY ASSURANCE 

Our Quality Department is fully involved in all stages of the 
production cycle of our HCMOS family of logic ICs: 

design and development 

wafer fabrication 

assembly 

inspection and testing 

batch release 

customer liaison. 

This results in continuous feedback of data which enables 

us to refine production conditions, test methods and 

designs to yield optimum quality in the final application. 

Design and development 

Layout rules and design parameters for our HCMOS family 

of ICs are specified in our Design Manual which reflects 
more than ten years' experience in CMOS silicon-gate 

production. 
During the CAD generation of new circuit designs, 

layouts are automatically checked against the rules laid 

down in the Design Manual. Each layout is further checked 
by the Quality Department against not only the Design 

Manual requirements, but also the capabilities of the 

assembly process and product specifications. 

Wafer fabrication 

To realize the full performance potential of our HCMOS 

technology we have developed a new organizational struc­
ture for the wafer fabrication process. Production flow is 

now divided between technology-oriented Control Groups 
that are responsible for 

process control 

equipment engineering 

calibration 

contamination control 

training. 

QUALITY 

HCMOS 

Activities of these Groups are coordinated by Process Engi­
neering and supported by extensive data-processing facilities. 

Figure 1 shows the flow of wafers through the various 
fabrications stages and the associated process controls. 

Overall wafer fabrication activity, Fig.2, is monitored by 
frequent audits by the Quality Department. 

Assembly 

Quality control is fully integrated with the assembly 
process, as shown in Fig.3. 

Dice are assembled into packages on highly automated 

assembly lines. Fully automatic die attach and wire bonding 
ensure a high and consistent assembly quality. Tube to tube 

handling after moulding ensures excellent mechanical and 
visual quality. 

Quality improvement programme 

To develop quality awareness in all areas of our Integrated 

Circuit Group, we have instituted a 14-step Quality Im­

provement Programme. This programme, with its regular 
Quality College courses, is designed to improve all aspects 
of our IC-business by: 

• Monitoring the quality of 

R&D 

wafer fabrication 

assembly 

marketing and sales 

support services 

stores and shipping. 

• Extending responsibility for error-cause removal to 

everyone in the operation. 

• Making everyone aware of performance indicators. 

Improving response to customers' problems and im­
proving resultant cause tracing. 

• Continuous analysis of product performance to enable 

continual specification improvement. 

• Regular quality audits and analysis. 

We are totally committed to quality improvement and 
invite our customers to share in achieving it. 

(''"""" 1986 
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Fig.1 Wafer fabrication flow chart for our HCMOS ICs 
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Fig.2 Quality control during wafer fabrication is the respon­
sibility of Control Groups centred around specific process 
areas. Control-Group activities are monitored by frequent 
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Fig.3 Flow chart of the assembly of our HCMOS I Cs, showing 
the integration of quality control and inspection activities 
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NEW PRODUCT RELEASE 

The Quality Department is involved not only in the design 
and development phases of new products, but also in the 
qualification and approval of new diffusion processes, 
packages and assembly methods. Improvements or changes 
in either product or process must be fully specified, qualified 
and approved before entering production. As an example, 
Table 1 lists the qualification tests for a new wafer fabrica­
tion process. 

TABLE 1 
Wafer fabrication process qualification tests 

test conditions duration 

electrical endu ranee 150°C,6 V 2000 h 

electrical endurance 175°C, 6 V 2000 h 

THB 85 °C, 85% RH, 6 V 2000 h 

autoclave 132°C, 85% RH, 6 V 150 h 

temperature cycling -65°C to 150°C 1000 cycl. 

storage -

low temperature -65°C 1000 h 

storage -
high temperature +150°C 1000 h 

electrostatic discharge 1,5 kD., 100 pF, >2 kV 

ACCEPTANCE AND PERIODIC TESTING 

Following the 100% final electrical test, each lot of our 
HCMOS ICs is sampled by the Quality Department for 
Acceptance testing. In Group A, a full inspection over the 
rated temperature range is performed on each device to the 
following AQLs: 

functional +electrical parameters 

visual + mechanical 

AOL 
(combined) 
(%) 

0,1 

0,1 

inspection 

level 

II 

II 

Electrical parameters include all those quoted in the device 
Data Sheet; visual and mechanical inspection includes 
marking legibility, straightness of pins, plating and appear­
ance. 

A further sample is drawn weekly from each structurally­
similar group of I Cs and subjected to Group B testing: 

dimensions 

solderability 

temperature cycling (10 cycles) 

electrical endurance ( 168 h at 125 °C). 
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To explore quality in further depth, each structurally­
similar group is further sampled quarterly and subjected to 
Group C Tests (see Table 8). Some THB tests and endurance 
tests of longer than 1000 h are also performed to examine 
long-term effects. 

Every reject, found by us or returned by a customer, is 
subjected to in-depth failure analysis using the most com­
prehensive and up-to-date equipment. The results obtained 
provide valuable data that is used for continual product 
improvement. 

ELECTROSTATIC DISCHARGE {ESD) 
PROTECTION 

The improved CMOS technology used for our HCMOS 
family allows poly.silicon resistors to be used at all inputs 
to slow down fast input transients due to electrostatic 
discharges and dissipate some of their energy. Despite the 
improved protection provided by these resistors, and the 
use of two stages of diode clamping, Fig.4, the usual CMOS 
handling precautions should still be observed. (See the 
section Handling Precautions.) 

Vee 

from 10on i 11on '° '"'"'''"~"'''"" poly.silicon / I 
resistor diffused 

diode 
resistor ~ 7297017.1 

Fig.4 Input network used to protect our HCMOS ICs 
from electrostatic discharge 

ESD resistance of our HCMOS is measured for both 
positive and negative discharge from a 100 pF capacitor 
through a 1,5 kD resistor. Pulse rise time is 13±2 ns. Results 
obtained from Acceptance testing are given in Table 2. 

TABLE 2 
ESD resistance of our HCMOS I Cs (cumulative results) 

polarity 1% fail 50% fail 

inputs positive 2050 v 2700 v 
negative 2300 v >3000 v 

outputs >3000 v >3000 v 
supply >3000 v >3000 v 
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Fig.5 Process average rejects level (in ppm) for (a) electrical parameters and functions combined; (b) function only; 
(c) mechanical and visual defects. Target Quality levels are also indicated 

OUTGOING QUALITY 

The results from Quality Department Acceptance testing 
provide a good indication of the outgoing quality of our 
HCMOS ICs. Figure 5 shows, in terms of 'electrical para­
meters and functions' and 'mechanical and visual', the 
reject levels recorded in ppm (parts per million) for 1983, 
1984 and the first half of 1985, together with the pro­
jected levels for 1985 and 1986. 

ENDURANCE AND ENVIRONMENTAL TEST 
RESULTS 

Temperature-humidity-bias 

THB testing measures the moisture resistance of plastic DIL 
and SO packages. It is performed at 85 °C and 85% relative 
humidity with Vee= 6 V. Electrical measurements {against 
the Device Specification) are madeafter 168 h, 500 h, 1000 h 
and every 1000h thereafter. Functional failures are sub­
jected to failure analysis. 

Results from tests done from 1983 to September 1985, 
Table 3, show the excellent moisture resistance of our 
packages, even after extended test durations. 

Results of THB testing confirm that there is no signifi­
cant difference between the results of tests on I Cs in DI L 
and SO packages. 

TABLE 3 
Temperature-humidity-bias (85 °C/85% RH/6 V) 

OIL package 

test time sample 
failures (cum) 

cumulative 
(h) N param. function % failure 

1000 1685 3 3 0,36 

2000 1018 3 6 0,88 

3000 420 5 8 3,10 

4000 360 6 5 3,06 

6000 120 3 3 5,00 

SO package 

test time sample 
failure (cum) 

cumulative 
(h) N param. function % failure 

1000 350 0 0 0 

2000 100 0 0 0 

3000 40 0 0 0 

Failure analysis of rejects: 
Parameter: Ice leakage. 
Function: mostly corrosion, some Ice leakage. 
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Autoclave with bias 

This is essentially an accelerated THB test with an accelera­
tion factor of 30. This means that 120 hours' autoclave is 
comparable with 3600 hours' THB. We have extended the 
conventional autoclave test to include 6 V bias at a tempe­
rature of 132 °C in unsaturated steam at a relative humidity 
of 85% and a pressure of 250 kPa (2,5 atmospheres). The 
results given in Table 4 attest to the excellence of the 
silicon-nitride/polysilicon-gate protection layer and the 
workmanship of the package. 

TABLE4 
Autoclave with bias (132 °C/85% RH/6 V) 

OIL package 

test time sample 
failures (cum) 

cumulative 
(h) N param. function % failure 

120 700 6 '3 1,29 

180 530 6 1,32 

240 530 5 13 3,40 

300 530 3 23 4,91 

360 480 3 31 7,08 

SO package 

test time sample 
failures (cum) 

cumulative 
(h) N param. function % failure 

120 355 5 3 2,25 

180 210 0 3 1,43 

240 150 0 2 1,33 

300 150 0 2 1,33 

360 60 0 0 0 

Failure analysis of rejects: 
Parameter: Ice leakage. 
Function: mostly corrosion, some lee leakage. 

Accelerated life testing 

To obtain data for failure rate predictions quickly, some life 
tests are done at raised temperatures. ICs are powered by 
their maximum supply voltage; ambient temperatures are up 
to 150°C for ICs in plastic packages, and 225 °C for ICs in 
special/ceramic evaluation packages. ICs are tested for 
function and electrical parameters before the test starts, and 
then after48h, 168h, 1000h, and then every 1000h. Every 
failure found is analysed. The results from such testing of 
many types of 74HC and 74HCT ICs in plastic DIL and SO 
packages are summarized in Tables 5 and 6. No significant 
difference between te results obtained from different 
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packages has been detected. In Table 6 the results given in 
Table 5 are derated to 50 °C operating temperature, using 
an activation energy EA of 0,7 eV. Figure 6 gives the derate 
failure rates for various activation energies. 

TABLE 5 
Life test results: HCMOS, 1983/Sept. '85 (cumulative) 

T 
(oC) 

Plastic DIL 
125 

150 

175 

1000 

0/77 

9/3600 

2/320 

225 0/48 

test duration (h) 

2000 4000 

(failures/sample) 

8/1289 

3/320 

2/568 

3/80 

6 x parameter (Ice>. 6 x function !Ice. gate oxide) 

so 
150 2/692 1/176 1/80 

1 x parameter Occ>. 1 x function (gate oxide) 

TABLE 6 
Failure rates (from test data of Table 5) 

test 50°C 
temp. T device hours device hours 
(oC) (106 ) (106 ) 

Plastic DIL 
125 0,077 8,8 

150 6,465 2463,1 

175 0,800 892,6 

225 0,048 330,7 

Total: 3695,2 

so 
150 1,188 452 

Extrapolated failure rate at 50 °C for EA= 0,7 eV 

Plastic DIL: I..= 3,2 FITS (3,2 x 10"9/h); 

8000 

2/160 

1/40 

failures 

0 

9 

3 

0 

12 

2 

/.. = 4,3 FITS (4,3 x 10.,/h) at 60% confidence 
SO: I..= 4,4 FITS (4,4 x 10"9/h); 

/.. = 6,8 FITS (6,8 x 10_,/h) at 60% confidence 
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Fig.6 Projected failure rates for our HCMOS ICs as a function 
of temperature, with activation energy as parameter 

Temperature cycling 

Cycling between -65 °C and +150 °C generates stresses that 
test the structural integrity of dice and packages. We 
perform this test according to the requirements of MIL­
STD-883C, Method 1010, Condition C. Samples are checked 
before and after the test for function and electrical para­
meters against the published values. Two failures have been 

observed in 1200 cycles, as reported in Table 7. 

TABLE 7 
Temperature cycling: -65 °C to +150 °C in dry air 

OIL so 
no. of samples failures samples failures 

cycles (cum) (cum) 

200 1686 0 1016 0 

400 1492 0 1016 0 

800 997 0 1016 1 

1200 360 0 594 2 

1600 195 0 288 0 

2000 195 0 288 

2400 195 0 l failures: 2 x die crack. 

RELIABILITY TEST PROGRAM 

Conditions for the endurance tests performed regularly on 
structurally-similar groups of our HCMOS products are 

derived from IEC68 and MIL-STD-883C specifications. 
These are listed in Table 8, together with results obtained 
during 1983 and 1984. 

CECC RELEASE 

The CECC (CENELEC Electronic Components Committee) 
Quality System, which dates from the early 1970s, harmo­
nizes quality standards throughout Europe; fifteen countries 
now participate. Electronic components released under 
CECC must have satisfied the inspection requirements of 
the appropriate CECC Specification. The inspection and the 
application of the CECC System by suppliers are monitored 
by independent National Supervising Inspectorates, such as 
the British Standards Institute in the UK. 

The component specification, which describes the com­
ponent in sufficient detail to enable a customer to select it 
for a particular application, includes 

electrical values and their tolerances and I imits 

behav;our under defined climatic, mechanical and 

endurance conditions 

acceptance criteria for batches of the component. 

To qualify for the CECC Mark or Certificate of Conformity 

e component manufacturer must satisfy the National 
Supervising Inspectorate that: 

his Quality Department runs strictly according to CECC 
rules, and especially that it is independent of Production 
Management 

his production departments run according to CECC rules 
for each component inspected. 

Our HCMOS products received official CECC approval in 
the second half of 1985. 
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TABLE 8 
Periodic reliability test program: 1983/1984 results 

---------
derived from 

sub· description IEC 68 MI L-STD-883C 
group method no. 

C1 dimensions 2016 

C2 marking permanence 2015 

C3 robustness of termination 68-2-21 2004 

tensile Test Ua cond. A 

- bending Test Ub cond. 81 

- lead fatigue Test Ub cond.82 

C4 temperature treatments (sequential) 

resistance to soldering heat (10 sat 300°C) 

thermal shock (10 x 0°C to 100°C) 68-2-27 Test Ne 1011 cond. A 

temperature cycling (10 x -65 °C to +150 °C) 68-2-14 Test Na 1011 cond. c 

storage to 85 °C and 85% AH for 21 days 

C6 THB* 85°C/85% RH/6 V/1000 h 68-2-3 Test Ca 1004 

C8 electrical endurance 1000 h at 125 °C 1005 

C10 temperature cycling 

200 x -65 °c to +150 °c 68-2-14 Test B 1010 cond. C 

C11 storage endurance 68-2-2 Test Ba 1008 cond. C 

1000 hat Ta= 150°C 

C12 storage endurance 68-2-1 Test Ab 

1000 hat Ta= -65 °C 

C13 transient energy 3015 

C15 salt mist 68-2-11 Test Ka 1009 cond. A 

solderability 68-2-20 Test T 2003 

autoclave 

121 °C/100% RH/60 h 

plastic DIL so 
N "F N "F 

324 0 36 0 

440 0 72 0 

234 0 108 0 

1739 0 157 0 

(see Table 3) 

(see Tables 5 and 6) 

1686 0 1016 0 

863 0 105 0 

625 0 105 0 

960 384 0 

548 0 160 0 

-------·-----·---------------------------------------
*Temperature-humidity-bias. N = sample size. 

"F = number failures. 
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HCMOS family characteristics 

GENERAL 
These family specifications cover the common electrical ratings 
and characteristics of the entire HCMOS 74HC/HCT /HCU family, 
unless otherwise specified in the individual device data sheet. 

INTRODUCTION 
The 74HC/HCT/HCU high-speed Si-gate CMOS logic family 
combines the low power advantages of the HE4000B family 
with the high speed and drive capability of the low power 
Schottkv TTL (LSTTL). 

The family will have the same pin-out as the 74 series and 
provide the same circuit functions. 

In these families are included several HE4000B family circuits 
which do not have TTL counterparts, and some special circuits. 

The basic family of buffered devices, designated as 
XX74HCXXXXX, will operate at CMOS input logic levels for 
high noise immunity, negligible typical quiescent supply and 
input current. It is operated from a power supply of 2 to 6 V. 

RECOMMENDED OPERATING CONDITIONS FOR 74HC/HCT 

74HC 
SYMBOL PARAMETER 

min. typ. 

Vee DC supply voltage 2.0 5.0 

V1 DC input voltage range 0 
-· 

Vo DC output voltage range 0 

lamb operating ambient temperature range -40 

lamb operating ambient temperature range -40 

input rise and fall times 
tr,tf except for Schmitt-trigger inputs 6.0 

Note 

FAMILY 

SPECIFICATIONS 

A subset of the family, designated as XX74HCTXXXXX, 
with the same features and functions as the "HC-types", will 
operate at standard TTL power supply voltage (5 V ± 10%) 
and logic input levels (0.8 to 2.0 VI for use as pin-to-pin 
compatible CMOS replacements to reduce power consumption 
without loss of speed. These types are also suitable for converted 
switching from TTL to CMOS. 

Another subset, the XX74HCUXXXXX, consists of single-stage 
unbuffered CMOS compatible devices for application in RC or 
crystal controlled oscillators and other types of feedback 
circuits which operate in the linear mode. 

HANDLING MOS DEVICES 
Inputs and outputs are protected against electrostatic effects in a 
wide variety of device-handling situations. 
However, to be totally safe, it is desirable to take handling 
precautions into account (see also chapter" HAND LI NG 
PRECAUTIONS"). 

74HCT 
UNIT CONDITIONS 

max. min. typ. max. 

6.0 4.5 5.0 5.5 v 

Vee 0 Vee v 

Vee 0 Vee v 

+85 -40 +85 "C see DC and AC 
CHAR. 

+125 -40 +125 "C per device 

1000 Vee= 2.0 v 
500 6.0 500 ns Vee= 4.5 v 
400 Vcc=6.0V 

For analog switches, e.g. "4016", "4051 series", "4351 series", "4066" and "4067", 10 Vis specified as the maximum 
operating voltage. 

RECOMMENDED OPERATING CONDITIONS FOR 74HCU 

74HCU 
SYMBOL PARAMETER UNIT CONDITIONS 

min. typ. max. 

Vee DC supply voltage 2.0 5.0 6.0 v 

V1 DC input voltage ran.ge 0 Vee v 

Vo DC output voltage range 0 Vee v 
-

lamb operating ambient temperature range -40 +85 "C see DC and AC 
CHAR. 

lamb operating ambient temperature range -40 +125 "C per device 
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FAMILY 

SPECIFICATIONS 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltages are referenced to GND (ground= 0 V) 

SYMBOL PARAMETER MIN. MAX. UNIT 

Vee DC supply voltage -0.5 +7 v 
-- -·· 

±l1K DC input diode current 20 mA 

±loK DC output diode current 20 mA 

±to DC output source or sink 
current 
- standard outputs 25 mA 
- bus driver outputs 35 mA 

±tee; DC Vee or GND current 
±IGND for types with: 

- standard outputs 50 mA 
- bus driver outputs 70 mA 

Tstg storage temperature range -65 +150 oc 

Ptot power dissipation per package 

plastic DI L 500 mW 

plastic mini-pack (SO) 400 mW 

Note 

CONDITIONS 

for Vt <-0.5 or Vi >Vee +0.5 V 

for Vo <-0.5 or Vo> Vee +0.5 v 

for -0.5 v <Vo< Vee +0.5 v 

for temperature range: -40 to +125 °C 
74HC/HCT/HCU 

above +70 °C: derate linearly with 8 mW/K 

above +70 °C: derate linearly with 6 mW/K 

For analog switches, e.g. "4016'', "4051 series", "4351 series", "4066" and "4067", 11 Vis specified as the maximum 
operating voltage. 
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HCMOS family characteristics 

DC CHARACTERISTICS FOR 74HC 

Voltages are referenced to GND (ground = 0 V) 

SYMBOL PARAMETER 

min. 

1.5 
V1H HIGH level input voltage 3.15 

4.2 

VIL LOW level input voltage 

HIGH level output voltage 1.9 
VoH all outputs 4.4 

5.9 

HIGH level output voltage 3.98 
VoH standard outputs 5.48 

HIGH level output voltage 3.98 
VoH bus driver outputs 5.48 

LOW level output voltage 
Vol all outputs 

LOW level output voltage 
Vol standard outputs 

LOW level output voltage 
Vol bus driver outputs 

±11 input leakage current 

±loz 3-state OFF-state current 

quiescent supply current 

Ice 
SSI 
flip-flops 
MSI 

+25 

typ. max. 

1.2 
2.4 
3.2 

0.8 0.5 
2.1 1.35 
2.8 1.8 

2.0 
4.5 
6.0 

4.32 
5.81 

4.32 
5.81 

0 0.1 
0 0.1 
0 0.1 

0.15 0.26 
0.16 0.26 

0.15 0.26 
0.16 0.26 

0.1 

0.5 

2.0 
4.0 
8.0 

Tamb (OC) 

74HC 

-40to+85 -40to+125 

min. max. min. max. 

1.5 1.5 
3.15 3.15 
4.2 4.2 

0.5 0.5 
1.35 1.35 
1.8 1.8 

1.9 1.9 
4.4 4.4 
5.9 5.9 

3.84 3.7 
5.34 5.2 

3.84 3.7 
5.34 5.2 

0.1 0.1 
0.1 0.1 
0.1 0.1 

0.33 0.4 
0.33 0.4 

0.33 0.4 
0.33 0.4 

1.0 1.0 

5.0 10.0 

20.0 40.0 
40.0 80.0 
80.0 160.0 

UNIT Vee 
v 

2.0 
v 4.5 

6.0 

2.0 
v 4.5 

6.0 

2.0 
v 4.5 

6.0 

4.5 v 6.0 

4.5 v 6.0 

2.0 
v 4.5 

6.0 

4.5 v 6.0 

4.5 v 6.0 

µA 6.0 

µA 6.0 

µA 6.0 
µA 6.0 
µA 6.0 

FAMll,.Y 

SPECIFICATIONS 

TEST CONDITIONS 

V1 OTHER 

V1H -lo=20µA 
or -lo=20µA 
V1L -lo =20µA 

V1H -lo =4.0 mA 
or -lo= 5.2 mA 
V1L 

V1H -lo =6.0 mA 
or -10 = 7.8 mA 
V1L 

V1H lo =20µA 
or lo =20µA 
V1L lo =20µA 

V1H 10 =4.0 mA 
or lo=5.2mA 
V1L 

V1H lo=6.0mA 
or lo=7.8mA 
V1L 

Vee 
or 
GND 

V1H Vo= Vee or orGND 
V1L 

Vee 10 =O 
or lo=O 
GND 10 =O 



FAMILY 

SPECI Fl CATIONS 

DC CHARACTERISTICS FOR 74HCT 

Voltages are referenced to GND (ground= 0 V) 

SYMBOL PARAMETER 

min. 

V1H HIGH level input voltage 2.0 

V1L LOW level input voltage 

HIGH level output voltage 
VoH 4.4 all outputs 

HIGH level output voltage 
VoH 3.98 standard outputs 

HIGH level output voltage 
VoH 3.98 bus driver outputs 

LOW level output voltage 
Vol all outputs 

LOW level output voltage 
Vol standard outputs 

LOW level output voltage 
VOL bus driver outputs 

±11 input leakage current 

±loz 3-state OFF-state current 

quiescent supply current 
SSI 

Ice flip·flops 
MSI 

additional quiescent supply 

alee 
current per input pin for 
unit load coefficient is 1 
(note 1) 

Note 

Tamb ("Cl 

74HCT 

+25 ~to+85 

typ. max. min. max. 

1.6 2.0 

1.2 0.8 0.8 

4.5 4.4 

4.32 3.84 

4.32 3.84 

0 0.1 0.1 

0.15 0.26 0.33 

0.16 0.26 0.33 

0.1 1.0 

0.5 5.0 

2.0 20.0 
4.0 40.0 
8.0 80.0 

100 360 
1450 

TEST CONDITIONS 

UNIT Vee V1 OTHER 
-40to+125 v 

min. max. 

4.5 
2.0 v to 

6.5 

4.6 
0.8 v to 

5.5 

V1H 
4.4 v 4.5 or -lo= 20µ.A 

V1L 

V1H 
3.7 v 4.5 or -lo=4.0mA 

V1L 

3.7 v 4.5 
V1H 
or -lo =6.0mA 
V1L 

V1H 
0.1 v 4.5 or lo =20µ.A 

V1L 

V1H 
0.4 v 4.6 or lo=4.0mA 

V1L 

V1H 
0.4 v 4.5 or lo=6.0mA 

V1L 

1.0 µA 5.6 
Vee 
or 
GND 

Vo=VccorGND 
V1H per input pin; 

10.0 µA 5.5 or other inputs at 
VIL VccorGND; 

lo=O 

40.0 µA 5.5 Vee lo=O 
80.0 µA 5.5 or lo=O 
160.0 µA 5.5 GND lo=O 

4.5 
Vee 

other inputs at 
490 µA to Vee or GND; 

5.5 
-2.1 v 

lo=O 

1. The additional quiescent supply current per input is determined by the .II.Ice unit load, which has to be multiplied by the unit load 
coefficient as given in the individual data sheets. For dual supply systems the theoretical worst-case !V1=2.4 V; Vee= 5.5 V) 
specification is: .II.Ice= 0.65 mA (typical) and 1.8 mA (maximum) across temperature. 
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HCMOS family characteristics 

DC CHARACTERISTICS FOR 74HCU 

Voltages are referenced to GND (ground = 0 V) 

SYMBOL PARAMETER 
+25 

min. typ. max. 

1.7 1.4 
V1H HIGH level input voltage 3.6 2.6 

4.8 3.4 

0.6 0.3 
VJL LOW level input voltage 1.9 0.9 

2.6 1.2 

1.8 2.0 
VoH HIGH level output voltage 4.0 4.5 

5.5 6.0 

3.98 4.32 
VoH HIGH level output voltage 5.48 5.81 

0 0.2 
Vol LOW level output voltage 0 0.5 

0 0.5 

0.15 0.26 
Vol LOW level output voltage 

0.16 0.26 

±11 input leakage current 0.1 

quiescent supply current 
Ice SSI 

2.0 

Tamb (oC) 

74HCU 

-40to+85 -40to+125 

min. max. min. max. 

1.7 1.7 
3.6 3.6 
4.8 4.8 

0.3 0.3 
0.9 0.9 
1.2 1.2 

1.8 1.8 
4.0 4.0 
5.5 5.5 

3.84 3.7 
5.34 5.2 

0.2 0.2 
0.5 0.5 
0.5 0.5 

0.33 0.4 
0.33 0.4 

1.0 1.0 

20.0 40.0 

UNIT 

v 

v 

v 

v 

v 

v 

µA 

µA 

Vee 
v 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

4.5 
6.0 

2.0 
4.5 
6.0 

4.5 
6.0 

6.0 

6.0 

FAMILY 

SPECIFICATIONS 

TEST CONDITIONS 

Vi OTHER 

V1H -lo= 20µA 
or -lo =20µA 
V1L -lo= 20µA 

Vee -lo =4.0mA 
or -10 =5.2 mA 
GND 

V1H lo =20µA 
or lo =20µA 
V1L lo =20µA 

Vee 10 =4.0 mA 
or lo =5.2 mA 
GND 

Vee 
or 
GND 

Vee 
or lo=O 
GND 
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FAMILY 
SPECIFICATIONS 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V;tr =tt = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tTHLI output transition time 
tTLH standard outputs 

tTHLI output transition time 

tTLH bus driver outputs 

AC CHARACTERISTICS FOR 74HCU 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tTHLI output transition time 
tTLH 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

trnLI output transition time 
tTLH standard outputs 

trnLI output transition time 
tTLH bus driver outputs 

,.. ''"""'·-I 

+25 

min. typ. max. 

19 75 
7 15 
6 13 

14 60 
5 12 
4 10 

+25 

min. typ. max. 

19 75 
7 15 
6 13 

+25 

min. typ. max. 

7 15 

5 12 

Tamb (°CI TEST CONDITIONS 

74HC 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 
min. max. min. max. 

95 110 2.0 
19 22 ns 4.5 Figs 3 and 4 
16 19 6.0 

75 90 2.0 
15 18 ns 4.5 Figs 3 and 4 
13 15 6.0 

Tamb (°CI TEST CONDITIONS 

74HCU 
UNIT Vee WAVEFORMS 

-40to+85 -40 to+125 v 
min. max. min. max. 

95 110 2.0 
19 22 ns 4.5 Fig. 1 
16 19 6.0 

Tamb (°CI TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 

min. max. min. max. 

19 22 ns 4.5 Figs 8 and 9 

15 18 ns 4.5 Figs 8 and 9 



HCMOS family characteristics 

HCUTYPES 

AC WAVEFORMS 74HCU 

Fig. 1 Input rise and fall times. transition times and propagation 
delays for combinatorial logic ICs. 

TEST CIRCUIT FOR 74HCU 

7Z87475 

Fig. 2 Test circuit. 

Definitions for Fig. 2: 

CL = load capacitance including jig and probe capacitance 
(see AC CHARACTERISTICS for values). 

Ar = termination resistance should be equal to the output 
impedance Z0 of the pulse generator. 

FAMILY 
SPECIFICATIONS 

HCTYPES 

AC WAVEFORMS 74HC 

Fig. 3 Input rise and fall times. transition times and propagation 
delays for combinatorial logic ICs. 

AC WAVEFORMS 74HC 

CLOCK 
INPUT 

DATA 
INPUT 

1-1/fmax --------
•tr__ _ __ tf ._ 

10% 

---- 1WH -- - twL ---·h-- 'h ·---
Vee 

'-~-----~~GND 

90% 

OUTPUT 50% 

SET. 
RESET, 

10% 

- tsu 
- 1THL 

Vee l '"m-· 

pl~~~~T ,50-%-----------------
- GND 

Fig. 4 Set-up times, hold times, removal times, propagation 
delays and the maximum clock pulse frequency for sequen­
tial logic ICs. 

Notes to Fig. 4 

1. In Fig. 4 the active transition of the clock is going from LOW­
to-HIGH and the active level of the forcing signals (SET, RESET 
and PRESET) is HIGH. The actual direction of the transition of 
the clock input and the actual active levels of the forcing signals 
are specified in the individual device data sheet. 

2. For AC measurements: tr= tf = 6 ns; when measuring fmax• 
there is no constraint on tr, tf with 50% duty factor. 
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HC TYPES (continued) 

TEST CIRCUIT FOR 74HC 

Fig. 5 Test circuit. 

Definitions for Fig. 5: 

c, = load capacitance including jig and probe capacitance 
(see AC CHARACTERISTICS for values). 

Rr = termination resistance should be equal to the output 
impedance Z0 of the pulse generator. 

J'"""' 19861 

AC WAVEFORMS 74HC (continued) 

OUTPUT 
ENABLE 

OUTPUT 
LOW-to-OFF 
OFF-to-LOW 

OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

-'' 
90% 

50% 

~----Vee 

~·-O~%------J~------GND 
- tpzL 

10% 
--+---~· 

-tPzH--

90% 

50% 

ootpot> _\_ ootpot> ----outputs 
enabled disabled enabled 

Fig. 6 Propagation delays of 3-state outputs. 

TEST CIRCUIT FOR 74HC 

CL 50pF l 
I 7Z8,.,, , 

Switch position 

TEST SWITCH 

tpzH GND 
tpzL Vee 
tPHZ GND 
tPLZ Vee 

Note to switch position table 

For open-drain N-channel outputs t,,2 and tPzL are applicable. 

Fig. 7 Test circuit for 3-state outputs. 

Definitions for Fig. 7: 

c, = load capacitance including jig and probe capacitance 
(see AC CHARACTERISTICS for values). 

Ar = termination resistance should be equal to the output 
impedance Z0 of the pulse generator. 



HCMOS family characteristics 

HCTTYPES 

AC WAVEFORMS 74HCT 

OUTPUT 

1THL-

Fig. 8 Input rise and fall times, transition times and propagation 
delays for combinatorial logic I Cs. 

AC WAVEFORMS 74HCT 

CLOCK 
INPUT 

DATA 
INPUT 

OUTPUT 

1,3V 

10% 

---- 1WH -- 1WL--------

--- 1h --

lsu --- lsu 

- 1TLH - 1THL 

90% 

l,3V 

10% 

1PLH 11rem-
SET, ------------------3V 

RESET, 

~~~~~T 1...1,3-V-----------------. GND 

Fig. 9 Set-up times, hold times, removal times, propagation 
delays and the maximum clock pulse frequency for sequen· 
tial logic !Cs. 

Notes to Fig. 9 

1. In Fig. 9 the active transition of the clock is going from LOW­
to-H IG H and the active level of the forcing signals (SET, RESET 
and PRESET) is HIGH. The actual direction of the transition of 
the clock input and the actual active levels of the forcing signals 
are specified in the individual device data sheet. 

2. For AC measurements: tr= If= 6 ns; when measuring fmax• 
there is no constraint on tr, If with 50% duty factor. 

FAMILY 
SPECIFICATIONS 

TEST CIRCUIT FOR 74HCT 

PULSE 
GENERATOR 

Definitions for Fig. 10: 

Fig. 10 Test circuit. 

7Z87475 

c, = load capacitance including jig and probe capacitance 
(see AC CHARACTERISTICS for values). 

Ar = termination resistance should be equal to the output 
impedance Z0 of the pulse generator. 
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HCT TYPES (continued) 

AC WAVEFORMS 74HCT (continued) 

OUTPUT 
ENABLE 

OUTPUT 

LOW-to-OFF 

OFF-to-LOW 

90% 

1.3 v 

10% 

--+----"'°% 
1

PHZ tzJ:~ 
OUTPUT 

HIGH-to-OFF 1.3 V 
OFF-to- HIGH 

°"''"" J __ outputs ___ outputs 
7Z96099 enabled disabled enabled 

Fig. 11 Propagation delays of 3-state outputs. 

TEST CIRCUIT FOR 74HCT 

PULSE 
GENERATOR 

Switch position 

TEST SWITCH 

tPZH GND 
tpzL Vee 
!pHz GND 

~LZ Vee 

Note to switch position table 

Vee 

Vo~ 
CL 50pF l 
I 7Z87489 .,, 

For open-drain N-channel outputs lecz and lpzc are applicable. 

Fig. 12 Test circuit for 3-state outputs. 

Definitions for Fig. 12: 

c, = load capacitance including jig and probe capacitance 
(see AC CHARACTERISTICS for values). 

Rr = termination resistance should be equal to the output 
impedance 20 of the pulse generator. 
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HCMOS family characteristics 

INTRODUCTION 

The 74HCMOS data sheets have been designed for ease-of­
use. A minimum of cross-referencing for more information 
is needed. 

TYPICAL PHOPAGATION DELAY AND FREQUENCY 

The typical propagation delays listed at the top of the data 
sheets are the average of tPLH and tpH L for the longest 
data path through the device with a 15 pF load. 

For clocked devices, the maximum frequency of operation 
is also given. The typical operating frequency is the maxi­
mum device operating frequency with a 50% duty factor 
and no constraints on tr and tf. 

LOGIC SYMBOLS 

Two logic symbols are given for each device - the conven­
tional one (Logic Symbol) which explicitly shows the 
internal logic (except for complex logic) and the IEC Logic 
Symbol as developed by the IEC (International Electro­
technical Commission). 

The IEC has been developing a very powerful symbolic 
language that can show the relationship of each input of a 
digital logic current to each output without explicitly 
showing the internal logic. Internationally, Working Group 
2 of IEC Technical Committee TC-3 has prepared a new 
document (Publication 617-12) which supersedes Publi­
cation 117-15, pub I ished in 1972. 

RATINGS 

The "RATINGS" table (Limiting values in accordance with 
the Absolute Maximum System - IEC134) lists the maxi­
mum limits to which the device can be subjected without 
damage. This doesn't imply that the device will function at 
these extreme conditions, only that, when these conditions 
are removed and the device operated within the Re­
commended Operating Conditions, it will still be functional 
and its useful life won't have been shortened. 

The maximum rated supply voltage of 7 Vis well below the 
typical breakdown voltage of 18 V. 

RECOMMENDED OPERATING CONDITIONS 

The "RECOMMENDED OPERATING CONDITIONS" 
table lists the operating ambient temperature and the 
conditions under which the limits in the "DC CHARAC· 
TERISTICS" and "AC CHARACTERISTICS" tables will 
be met. The table should not be seen as a set of limits 
guaranteed by the manufacturer, but as the conditions used 
to test the devices and guarantee that they will then meet 
the limits in the DC and AC CHARACTERISTICS tables. 

DC CHARACTERISTICS 

DATA SHEET 

SPECIFICATION 

GUIDE 

The "DC CHARACTERISTICS" table reflects the DC 
limits used during testing. The values published are 
guaranteed. 

The threshold values of VI H and VIL can be tested by the 
user. If V1H and VIL are applied to the inputs, the output 
voltages will be those published in the "DC CHARACTER­
ISTICS" table. There is a tendency, by some, to use the 
published V1H and VIL thresholds to test a device for 
functionality in a "function-table exercizer" mode. 
This frequently causes problems because of the noise 
present at the test head of automated test equipment with 
cables up to 1 metre. Parametric tests, such as those used 
for the output levels under the VI H and VIL conditions 
are done fairly slowly, in the order of milliseconds, so that 
there is no noise at the inputs when the outputs are 
measured. But in functionality testing, the outputs are 
measured much faster, so there can be noise on the inputs, 
before the device has assumed its final and correct output 
state. Thus, never use V IH and VIL to test the functionality 
of any HCMOS device type; instead, use input voltages of 
Vee (for the HIGH state) and OV (for the LOW state). In 
no way does this imply that the devices are noise-sensitive 
in the final system. 

In the data sheets, it may appear strange that the typical 
VIL is higher than the maximum VIL· However, this is 
because V1Lmax is the maximum v1L (guaranteed) for all 
devices that will be recognized as a logic LOW. However, 
typically a higher VIL will also be recognized as a logic 
LOW. Conversely, the typical V 1 H is lower than its 
minimum guaranteed level. 

For 74HCMOS, unlike TTL, no output HIGH short-circuit 
current is specified. The use of this current, for example, 
to calculate propagation delays with capacitive loads, is 
covered by the HCMOS graphs showing the output drive 
capability and those showing the dependence of propagation 
delay on load capacitance. 

The quiescent supply current Ice is the leakage current of 
all the reversed-biased diodes and the OFF-state MOS 
transistors. It is measured with the inputs at Vee or GND 
and is typically a few nA. 

AC CHARACTERISTICS 

The "AC CHARACTERISTICS" table lists the guaranteed 
limits when a device is tested under the conditions given in 
the AC Test Circuits and Waveforms section. 
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DATA SHEET 

SPECIFICATION 

GUIDE 

TEST CIRCUITS 

Good high-frequency wiring practices should be used in test 
circuits. Capacitor leads should be as short as possible to 
minimize ripples on the output waveform transitions and 
undershoot. Generous ground metal (preferably a ground­
plane) should be used for the same reasons. AV CC decoup­
ling capacitor should be provided at the test socket, also 
with short leads. Input signals should have rise and fall 
times of 6 ns, a signal swing of 0 V to V CC for 74HC and 
0 V to 3 V for 74HCT; a 1.0 MHz square wave is re­
commended for most propagation delay tests. The 
repetition rate must be increased for testing fmax· Two 
pulse generators are usually required for testing such 
parameters as set-up time, hold time and removal time. 
f max is also tested with 6ns input rise and fall times, with a 
50% duty factor, but for typical f max as high as 60 MHz, 
there are no constraints on rise and fall times. 
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HCMOS family characteristics 

DEFINITIONS OF SYMBOLS AND TERMS USED IN 
HCMOS DATA SHEETS 

Currents 

Positive current is defined as conventional current flow 
into a device. 
Negative current is defined as conventional current flow 
out of a device. 

Ice 

loz 

Quiescent power supply current; the current flowing into 
the V cc supply terminal. 

Additional quiescent supply current per input pin at a 
specified input voltage and V cc· 

Quiescent power supply current; the current flowing into 
the GND terminal. 

Input leakage current; the current flowing into a device at a 
specified input voltage and V cc· 

Input diode current; the current flowing into a device at a 
specified input voltage. 

Output source or sink current; the current flowing into a 
device at a specified output voltage. 

Output diode current; the current flowing into a device at a 
specified output voltage. 

OFF - state output current; the leakage current flowing into 
the output of a 3-state device in the OFF-state, when the 
output is connected to Vee or GND. 

Analog switch leakage current; the current flowing into an 
analog switch at a specified voltage across the switch and 

Vee· 

Voltages 

All voltages are referenced to GND (ground), which is typically 0 V. 

GND Supply voltage; for a device with a single negative power 
supply, the most negative power supply, used as the 
reference level for other voltages; typically ground. 

V cc Supply voltage; the most positive potential on the device. 

Supply voltage; one of two (GND and VEE) negative power 
supplies. 
Hysteresis voltage; difference between the trigger levels, 
when applying a positive and a negative- going input signal. 

HIGH level input voltage ; the range of input voltages that 
represents a logic HIGH level in the system. 

LOW level input voltage; the range of input voltages that 
represents a logic LOW level in the system. 

HIGH level output voltage ; the range of voltages at an 
output terminal with a specified output loading and supply 
voltage. Device inputs are conditioned to establish a HIGH 
level at the output. 

DEFINITIONS 
OF SYMBOLS 

LOW level output voltage; the range of voltages at an output 
terminal with a specified output loading and supply voltage. 
Device inputs are conditioned to establish a LOW level at 
the output. 

VT+ Trigger threshold voltage; positive-going signal. 

Trigger threshold voltage; negative-going signal. 

Analog terms 

RoN ON-resistance; the effective ON-state resistance of an 
analog switch, at a specified voltage across the switch and 
output load. 

ll.RoN fl.ON- resistance; the difference in ON- resistance between 
any two switches of an analog device at a specified voltage 
across the switch and output load. 

Capacitances 

c, Input capacitance; the capacitance measured at a terminal 
connected to an input of a device. 

Input/Output capacitance; the capacitance measured at a 
terminal connected to an 1/0-pin (e.g. a transceiver). 

Output load capacitance; the capacitance connected to an 
output terminal including jig and probe capacitance. 

Power dissipation capacitance; the capacitance used to 
determine the dynamic power dissipation per logic func­
tion, when no extrn load is provided to the device. 

Switch capacitance; the capacitance of a terminal to a 
switch of an analog device. 

AC switching parameters 

fmax 

t,, 
t, 

Input frequency; for combinatorial logic devices the maxi­
mum number of inputs and outputs switching in accordan­
ce with the device function table. For sequential logic 
devices the clock frequency using alternate HIGH and LOW 
tor data input or using the toggle mode, whichever is 
applicable. 

Output frequency; each output. 

Maximum clock frequency; clock input waveforms should 
have a 50% duty factor and be such as to cause the outputs 
to be switching from 100/oV cc to 900/oV cc in accordance with 
the device function table. 

Hold time; the interval immediately following the active 
transition of the timing pulse (usually the clock pulse) or 
following the transition of the control input to its latching 
level, during which interval the data to be recognized must 
be maintained at the input to ensure their continued recog­
nition. A negative hold time indicates that the correct logic 
level may be released prior to the timing pulse and still be 
recognized. 

Clock input rise and fall times; 10% and 90% values. 
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DEFINITIONS 

OF SYMBOLS 

AC switching parameters (continued) 

tPHL Propagation delay; the time between the specified 
reference points, normally the 50% points for 
74HC and 74HCU devices on the input and output 
waveforms and the 1.3 V points for the 74HCT 
devices, with the output changing from thedefined 
HIGH level to the defined LOW level. 

tp LH Propagation delay; the time between the specified 
reference points, normally the 50% points for 
74HC and 74HCU devices on the input and output 
waveforms and the 1.3 V point for the 74HCT 
devices, with the output changing from the defined 
LOW level to the defined HIGH level. 

tpHz 3-state output disable time; the time between the 
specified reference points, normally the 50% 
points for the 74HC and 74HCU devices and the 
1.3 V points for the 74HCT devices on the output 
enable input voltage waveform and a point re­
presenting 10% of the output swing on the output 
voltage waveform of a 3-state device, with the 
output changing from a HIGH level (VoHl to a 
high impedance OFF-state (Z). 

tpLz 3-state output disable time; the time between the 
specified reference points, normally the 50% 
points for the 74HC devices and the 1.3 V points 
for the 74HCT devices on the output enable input 
voltage waveform and a point representing 10% of 
the output swing on the output voltage waveform 
of a 3-state device, with the output changing from 
a LOW level (Vol) to a high impedance OFF-state 
(Z). 

tpzH 3-state output enable time; the time between the 
specified reference points, normally the 50% 
points for the 74HC devices and 1.3 V points for 
the 74HCT devices on the output enable input 
voltage waveform and the 50% point on the output 
voltage waveform of a 3-state device, with the 
output changing from a high impedance OFF-state 
(Z) to a HIGH level (VoH). 

tpzL 3-state output enable time; the time between the 
specified reference points, normally the 50% 
points for the 74HC devices and the 1.3 V points 
for the 74HCT devices on the output enable input 
voltage waveform and the 50% point on the output 
voltage waveform of a 3-state device, with the 
output changing from a high impedance OFF-state 
(Z) to a LOW level (VoLl-
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Removal time; the time between the end of an 
overriding asynchronous input, typically a clear or 
reset input, and the earliest permissible beginning 
of a synchronous control input, typically a clock 
input, normally measured at the 50% points for 
74HC devices and the 1.3 V points for the 74HCT 
devices on both input voltage waveforms. 

tsu Set-up time; the interval immediately preceding 
the active transition of the timing pulse (usually 
the clock pulse) or preceding the transition of the 
coltrol input to its latching level, during which 
interval the data to be recognized must be main­
tained at the input to ensure their recognition. 
A negative set-up time indicates that the correct 
logic level may be initiated sometime after the 
active transition of the timing pulse and still be 
recognized. 

trHL Output transition time; the time between two 
specified reference points on a waveform, normally 
90% and 10% points, that is changing from HIGH­
to-LOW. 

trHL Output transition time; the time between two 
specified reference points on a waveform, normally 
10% and 90% points, that is changing from LOW­
to-H IGH. 

tw Pulse width; the time between the 50% amplitude 
points on the leading and trailing edges of a pulse 
for 74HC and 74HCU devices and at the 1.3 V 
points for 74HCT devices. 



DEVICE DATA 





QUAD 2-INPUT NANO GATE 

FEATURES 

• Output capability: standard 
• Ice category: SSI 

GENERAL DESCRIPTION 
The 74HC/HCTOO are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JED EC standard no. 7. 

The 74HC/HCTOO provide the 
2-input NANO function. 

00 

Fig. 1 Pin configuration. 

PC74HC/HCTOO 

SSI 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

tiC HCT 

tPHLI propagation delay CL= 15 pF 7 8 ns 
tPLH nA, nB to nY Vee= 5 v 

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation notes 1 and 2 
capacitance per gate 

22 22 pF 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + ~ (CL x Vee' x f0 ) where: 

fi = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz Vee = supply voltage in V 
L (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HGT the condition is V1 = GND to Vcc-1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCTOOP: 14-lead DI L; plastic (SOT-27). 
PC74HC/HCTOOT: 14-lead mini-pack; plastic (S0-14; SOT-108A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 4, 9, 12 1A to 4A data inputs 

2, 5, 10, 13 18 to 48 data inputs 

3, 6, 8, 11 1Yto4Y data outputs 

7 GND ground (0 V) 

14 Vee positive supply voltage 

1 1A 
1Y 3 

2 1B 

4 2A 
2Y 6 

5 2B 

9 3A 

10 38 

12 4A 

13 4B 

7287401.1 

7Z87488.1 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCTOO 

SSI 

1 1A 

2 1B 

4 2A 

5 2B 

9 3A 

10 3B 

12 4A 

13 4B 

3Y 8 

4Y 11 

Fig. 4 Functional diagram. 

DC CHARACTERISTICS FOR 74HC 

Fig. 5 Logic diagram (one gate). 

FUNCTION TABLE 

INPUTS 

nA nB 

L L 
L H 
H L 
H H 

H =HIGH voltage level 
L = LOW voltage level 

OUTPUT 

nY 

H 
H 
H 
L 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: SSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHL/ propagation delay 
lPLH nA, nB to nY 

tTHL/ output transition time 
tTLH 

January 1986 

+25 

min. typ. max. 

25 90 
9 18 
7 15 

19 75 
7 15 
6 13 

Tamb (oC) TEST CONDITIONS 

74HC 
UNIT Vee WAVEFORMS 

-40to+85 -40 to +125 v 
min. max. min. max. 

115 135 2.0 
23 27 ns 4.5 Fig. 6 
20 23 6.0 

95 110 2.0 
19 22 ns 4.5 Fig. 6 
16 19 6.0 



~~~~Q~ua-d~2--i-np_u_t_N~A-N-D~ga_t_e~~~~~~~~~~~~~~~~~~--~ 
DC CHARACTERISTICS FOR 74HCT 

PC74HC/HCTOO 

SSI 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: SSI 

Note to HCT types 

The value of additional quiescent supply current (Iii eel for a unit load of 1 is given in the family specifications. 
To determine iii cc per input, multiply this value by the unit load coefficient shown in the table below. 

input 

nA,nB 

unit load 
coefficient 

2.20 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nA, nB to nY 

tTHLI output transition time 
tTLH 

+25 

min. typ. max. 

10 19 

7 15 

Tamb (OC) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40 to +125 v 
min. max. min. max. 

24 29 ns 4.5 Fig. 6 

19 22 ns 4.5 Fig. 6 
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PC74HC/HCTOO 

SSI 

AC WAVEFORMS 

.. "' "~ -{~::,] __ L.t'TLH 
nY OUTPUT _vMtl) -

7Z96095 tTHL -. 

Fig. 6 Waveforms showing the input (nA, nB) to 
output (nY) propagation delays and the output 
transition times. 
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Note to AC waveforms 

(1) HC: VM=l?O%;V1=GNDtoVcc­
HCT: VM=1.3V;Vr=GNDto3V. 



QUAD 2-INPUT NOR GATE 

FEATURES 

• Output capability: standard 

• lcc category: SSI 

GENERAL DESCRIPTION 

The 74HC/HCT02 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL( LSTTL)_ They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT02 provide the 2-input 
NOR function. 

02 

3Y 

7287402, 1 

Fig. 1 Pin configuration. 

l 

Notes 

PC74HC/HCT02 

SSI 

1. Cpo is used to determine the dynamic power dissipation IPo in µWI: 

Po= Cpo x Vee' x li +:;; (CL x Vee' x f 0 ) where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
l: ICL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee -- 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT02P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT02T: 14-lead mini-pack; plastic (S0-14; SOT 108A). 

PIN DESCRIPTION 

NAME AND FUNCTION 

I 
2 1A 

1Y 1 
3 1B 

5 2A 

6 28 

B 3A 

9 3B 

11 4A 

12 4B 

Fig. 2 Logic symbol. 

7Z90977 J 
Fig. ~-I EC logic sym-bol. 

,_ ___ _ 
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PC74HC/HCT02 

SSI 

2 1A 

3 18 

5 2A 

6 28 

_!' 

11 4A 

12 48 

1Y 1 

2Y 4 

7287403.1 

Fig. 4 Functional diagram. 

DC CHARACTERISTICS FOR 74HC 

:~.: 

Fig. 5 Logic diagram (one gate). 

FUNCTION TABLE 

INPUTS 

nA nB 

L L 
L H 
H L 
H H 

H =HIGH voltage level 
L = LOW voltage level 

OUTPUT 

nY 

H 
L 
L 
L 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: SSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nA, nB to nY 

tTHLI output transition time 
lTLH 

January 1986 

+25 

min. typ. max. 

25 90 
9 18 
7 15 

19 75 
7 15 
6 13 

Tamb (°Cl TEST CONDITIONS 
r-----r--

74HC 
UNIT Vee WAVEFORMS 

-40 to +85 -40 to +125 v 

min. max. min. max. 

115 135 2.0 
23 27 ns 4.5 Fig. 6 
20 23 6.0 

95 110 2.0 
19 22 ns 4.5 Fig. 6 
16 19 6.0 



Quad 2-input NOR gate J 
---

DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: SSI 

Note to HCT types 

PC74HC/HCT02 

SSI 

The value of additional quiescent supply current (t-lcc) for a unit load of 1 is given in the family specifications. 
To determine t-lcc per input, multiply this value by the unit load coefficient shown in the table below. 

input 

nA, nB 

unit load 
coefficient 

1.50 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nA, nB to nY 

lTHLI output transition time 
tTLH 

+25 

min. typ. max. 

11 19 

7 15 

Tamb (°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40 to +85 -40 to +125 v 
min. max. min. max. 

24 29 ns 4.5 Fig. 6 

.. 

19 22 ns 4.5 Fig. 6 
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PC74HC/HCT02 J 
SSI 

-~· 

AC WAVEFORMS 

nA, nB INPUT 

nY OUTPUT 

'."·~-L" 
VMl11 

trHl_ - .._ .... trLH 

Fig. 6 Waveforms showing the input (nA, nB) to 
output (nY) propagation delays and the output 

L~si:1on_t:e~·-
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Note to AC waveforms. 

(1) HC : VM = 50%; v, = GND to Vcc­
HCT: VM = 1.3 V; Vt = GND to 3 V. 



QUAD 2-INPUT NANO GATE 

FEATURES 

• Level shift capability 
• Output capability: standard 

(open drain} 

• Ice category: SSI 

GENERAL DESCRIPTION 

The 74HC/HCT03 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTLl. They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT03 provide the 
2-input NANO function. 

The 74HC/HCT03 have open-drain N­
transistor outputs, which are not 
clamped by a diode connected to V CC· 
In the OFF-state, i.e. when one input 
is LOW, the output may be pulled to any 
voltage between GND and Vomax· This 
allows the device to be used as a 
LOW-to-HIGH or HIGH-to-LOW level 
shifter. For digital operation and 
OR-tied output applications, these 
devices must have a pull-up resistor 
to establish a logic HIGH level. 

03 

7Z93392 

Fig. 1 Pin configuration. 

SYMBOL PARAMETER 

tPZLI propagation delay 
tpLz 

C1 input capacitance 

Cpo 
power dissipation 
capacitance per gate 

GND = 0 V; Tamb = 25 'C; tr= tf = 6 ns 

Notes 

CONDITIONS 

CL=15pF 
RL = 1 kn 
Vee= 5 v 

notes 1, 2 
and 3 

PC74HC/HCT03 

SSI 

TYPICAL 
UNIT 

HC HCT 

8 10 ns 

3.5 3.5 pF 

4.0 4.0 pF 

1. Cpo is used to detemine the dynamic power dissipation (Po in µWl: 

Po= cp0 x Vee' x fi + z: (CL x Vee' x f 0 l + 

+ 2: (Vo'/RLl x duty factor LOW, where: 

fi = input frequency in MHz 
f0 =output frequency in MHz 
Vo= output voltage in V 

CL =output load capacitance in pF 
Vee =supply voltage in V 

2: (CL x Vee' x f0 l =sum of outputs 
2: (Vo' /R Ll = sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is Vi= GND to Vee - 1.5 V 

3. The given value of Cpo is obtained with: 
CL= 0 pF and R L = = 

RL =pull-up resistor in Mn 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT03P: 14-lead DIL; plastic (SOT-27l. 
PC74HC/HCT03T: 14-lead mini-pack; plastic (S0-14; SOT-108Al. 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 4, 9, 12 1A to 4A data inputs 

2, 5, 10, 13 1Bto48 data inputs 

3, 6, 8, 11 1Y to 4Y data outputs 

7 GND ground (0 Vl 

14 Vee positive supply voltage 

1 1A -'--
2 19 

2A 

28 

9 3A 

10 39 

12 4A 

13 49 

7Z93397 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 

(''"""' 1986 
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PC74HC/HCT03 J 
SS! 

-

A~- lj 
B~~L 

Fig. 5 Logic diagram 
(one gate). 

FUNCTION TABLE 

INPUTS 

nA nB 

L L 
L H 
H L 
H H 

H =HIGH voltage level 
L = LOW voltage level 

OUTPUT 

nY 

z 
z 
z 
L 

Z =high impedance OFF-state 

176 

Fig. 4 Functional diagram. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 
Voltages are referenced to G!'JD (ground= 0 V) 

SYMBOL PARAMETER MIN. MAX. UNIT 

Vee DC supply voltage -0.5 +7 v 

Vo DC output voltage -0.5 +7 v 

l1K DC input diode current 20 mA 

-loK DC output diode current 20 mA 

-10 DC output source or sink 25 mA 
current 

±Ice; DC VCC or GND current 50 mA 
±IGND 

Tstg storage temperature range -65 +150 oc 

Ptot power dissipation per package 

plastic DI L 500 mW 

plastic mini-pack (SO) 400 mW 

J'"""' 198~ 

CONDITIONS 

for Vi< -0.5 v or V1 >Vee+ 0.5 V 

for Vo< -0.5 v 
-~ 

for -0.5 v <Vo 

for temperature range; -40 to +125 °C 
74HC/HCT 

above +70 °C: derate linearly with 8 mW/K 

above +70 °C: derate linearly with 6 mW/K 



~~~~Q-u_a_d_2_-._in_p_u_t_N~A-N-D~g-a-te~~~~~~~~~~~~~~~~~~~~j PC74HC/HCT03 

SSI 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications", except that the VoH values 
are not valid for open drain. They are replaced by loH as given below. 

Output capability: standard (open drain), excepting VoH 
Ice category: SSI 

Voltages are referenced to GND (ground= 0 V) 

r--- -----

I 
Tamb (cC) TEST CONDITIONS 

74HC 
SYMBOL PARAMETER UNIT Vee v, OTHER 

+25 -40to+85 -40to +125 v 
min. typ. max. min. max. min. max. 

HIGH level output 2.0 
loH 0.5 5.0 10.0 µA to VrL 

. 
leakage current 

6.0 
- ----

*The maximum operating output voltage (Vomaxl is 6.0 V. 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= t1 = 6 ns; CL= 50 pf 

Tamb (°C) TEST CONDITIONS 

74HC 
SYMBOL PARAMETER UNIT Vee WAVEFORMS 

+25 -40to +85 -40to +125 v 
-.,---

min. typ. max. min. max. min. max. 

tpZL/ 
28 95 120 145 2.0 

propagation delay 10 19 24 29 ns 4.5 Fig. 6 
tPLZ nA, nB to nY 8 16 20 25 6.0 

19 75 95 110 2.0 
tTHL output transition time 7 15 19 22 ns 4.5 Fig. 6 

6 13 16 19 6.0 
-
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PC74HC/HCT03 

SSI 

DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter "HCMOS family characteristics'', section "Family specifications", except that the VoH values 
are not valid for open drain. They are replaced by loH as given below. 

Output capability: standard (open drain), excepting VoH 
loc category: SSI 

Voltages are referenced to GND (ground= 0 V) 

SYMBOL PARAMETER 
+25 

min. typ. max. 

HIGH level output 
IQH 0.5 leakage current 

*The maximum operating output voltage (Vomaxl is 6.0 V. 

Note to HCT types 

Tamb (°C) 

74HCT 

-40to+85 

min. max. 

5.0 

TEST CONDITIONS 

UNIT Vee Vi OTHER 
-40to+125 v 
min. max. 

4.5 
10.0 µA to V1L 

. 
5.5 

The value of additional quiescent supply current (Lllcc) for a unit load of 1 is given in the family specifications. 
To determine t.lcc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 

nA, nB 

UNIT LOAD 
COEFFICIENT 

1.0 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tpZL/ propagation delay 
tpLz nA, nB, to nY 

tTHL output transition time 

+25 

min. typ. max. 

12 24 

7 15 

Tamb (°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 

min. max. min. max. 

30 36 ns 4.5 Fig. 6 

19 22 ns 4.5 Fig. 6 



AC WAVEFORMS 

nY OUTPUT 

-----~10% 

Fig. 6 Waveforms showing the input (nA, nB) to 
output (nY) propagation delays and the output 
transition times. 

TEST CIRCUIT AND WAVEFORMS 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vcc­
HCT: VM = 1.3 V; V1 = GND to 3 V. 

r------------------------------------------·--·---- -----, 

PULSE 

GENERATOR 

v, 

Vee 

Fig. 7 Test circuit (open drain) 

Definitions for Figs. 7 and 8: 

CL = load capacitance including jig and 
probe capacitance 
(see AC CHARACTERISTICS for 
values). 

RT termination resistance should be equal 
to the output impedance Zo of the 
pulse generator. 

tr tf = 6 ns; when measuring fmax• there 
is no constraint on tr, tf with 50% 
duty factor. 

POSITIVE 
INPUT 
PULSE 

FAMILY 

74HC 

74HCT 

-~~~~·~_1-

- ov , _____ tw -- -

AMPLITUDE 

Fig. 8 Input pulse definitions. 

·~-- ---------, 
t,; tf 

AMPLITUDE VM ---fmax; 
OTHER 

PULSE WIDTH 

Vee 50% < 2 ns 6 ns 

3.0V 1.3 v < 2 ns 6 ns _ ____, 
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HEX INVERTER 

FEATURES 

• Output capability: standard 
• Ice category: SSI 

GENERAL DESCRIPTION 

The 74HC/HCT04 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL( LSTTLI. They are specified in 
compliance with JED EC standard no. 7. 

The 74HC/HCT04 provide six inverting 
buffers. 

Fig. 1 Pin configuration. 

PC74HC/HCT04 

SSI 

TYPICAL 
SYMBOL PARAMETER CONDITIONS r------,----j UNIT 

HG HGT 

tPHLI propagation delay CL=15pF 
7 8 ns 

tPLH nA to nY Vee= 5 v 

C1 input capacitance 3.5 3.5 pF 
-- -~---

~ power dissipation 
notes 1 and 2 21 24 pF 

capacitance per gate 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + L (CL x Vee' x f0 1 where: 

fi = input frequency in MHz CL . output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
2: (CL x Vee' x f0 1 =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT04P: 14-lead DIL; plastic (SOT-271. 
PC74HC/HCT04T: 14-lead mini-pack; plastic (S0-14; SOT-108AI. 

PIN DESCRIPTION 

PIN NO. SYMBOL 

1, 3, 5, 9, 11, 13 1A to 4A 

2, 4, 6, 8, 10, 12 1Yto6Y 

7 

14 

GND 

Vee 

1~2 

3~4 

5~6 

9~8 

11~10 

13~12 
7Z90946 

NAME AND FUNCTION 

data inputs 

data outputs 

ground (O VI 

positive supply voltage 

7Z90947 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCT04 

SSI 

7Z87406.1 

Fig. 4 Functional diagram. 

--------

DC CHARACTERISTICS FOR 74HC 

Fig. 5 Logic diagram (one inverter). 

FUNCTION TABLE 

INPUT 

nA 

L 
H 

H =HIGH voltage level 
L = LOW voltage level 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: SSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

OUTPUT 

nY 

H 
L 

-i--- L 
SYMBOL Ill PARAMETER .--~---------~--~~-~.T.-~a-;-:-H(-~e_l__ ----1 UNIT 

TEST CONDITIONS 

+25 -40 to +85 -40 to +125 
Vee 

v 

max. II r--i------t---·.---
min.1 typ. max. min. max. min. 

!---~---------- j---1-----1----- -+--+----t----+---+---+---
25 90 115 135 2.0 propagation delay 

nA to nY 

trt H LI 11 output transition time 
TLH 

9 18 23 27 ns 
7 15 20 23 

19 
7 
6 

75 
15 
13 

95 
19 
16 

110 
22 
19 

ns 

4.5 
6.0 

2.0 
4.5 
6.0 

WAVEFORMS 

Fig. 6 

Fig. 6 

__ L 
--~______J----~-~---~-~---~--~---~--~--~---------~ 



Hex inverter J 
---

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMDS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: SSI 

Note to HCT types 

PC74HC/HCT04 

SSI 

The value of additional quiescent supply current (L'.lcc) for a unit load of 1 is given in the family specifications. 
To determine 6 lcc per input, multiply this value by the unit load coefficient shown in the table below. 

input 

nA 

unit load 
coefficient 

1.20 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nA to nY 

tTHLI output transition time 
trLH 

+25 

min. typ. max. 

10 20 

7 15 

Tamb (CC) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40 to +85 -40 to +125 v 
min. max. min. max. 

24 29 ns 4.5 Fig. 6 

19 22 ns 4.5 Fig. 6 



PC74HC/HCT04 

SSI 

AC WAVEFORMS 

nY OUTPUT 

Fig. 6 Waveforms showing the data input (nA) 
to data output (nY) propagation delays and 
the output transition times. 
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Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee· 
HCT: VM = 1.3 V; VJ = GND to 3 V. 



HEX INVERTER 

FEATURES 

• Output capability: standard 

• Ice category: SSI 

GENERAL DESCRIPTION . 
The 74HCU04 is a high-speed 
Si-gate CMOS device and is pin 
compatible with low power Schottky 
TTL (LSTTLl. It is specified in 
compliance with JEDEC standard no. 7. 

The 74HCU04 is a general purpose 
hex inverter. Each of the six inverters is 
a single stage. 

FUNCTION TABLE 

INPUT OUTPUT 

nA nY 

L H 
H L 

H = HIGH voltage level 
L = LOW voltage level 

Fig. 1 Pin configuration. 

SYMBOL PARAMETER 

lPHLI propagation delay 

lPLH nA to nY 

C1 input capacitance 

Cpo 
power dissipation 

capacitance per inverter 
---

GND = 0 V; Tamb = 25 °C; tr= If= 6 ns 

Notes 

CONDITIONS 

CL= 15 pf 
Vee= 5 v 

notes 1 and 2 

-

PC74HCU04 

SSI 

TYPICAL UNIT 

5 ns 

3.5 pF 

10 pF 

1. Cpo is used to determine the dynamic power dissipation (Po in µWl: 

Po= Cpo x Vee' x fi + L (CL x Vee' x fol where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
l: (CL x Vee' x f0 l ~sum of outputs 

2. 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HCU04P: 14-lead DI L; plastic (SOT-27l. 
PC74HCU04T: 14-lead mini-pack; plastic (S0-14; SOT-108Al. 

PIN DESCRIPTION 

PIN NO. 

1, 3, 5, 9, 
11, 13 

2, 4, 6, 8, 
10, 12 

7 

14 

SYMBOL 

1A to 6A 

1Y to 6Y 

GND 

Vee 

1~2 

3~4 

5~6 

9~8 

11~10 

13~12 
7Z90946 

Fig. 2 Logic symbol. 

NAME AND FUNCTION 

data inputs 

data outputs 

ground (0 Vl 

positive supply voltage 

Fig. 3 IEC logic symbol. 
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PC74HCU04 

SSI 

r=ig. 4 Functional diagram. 

Vee Vee Vee 

.. ~Pr 
7283835 GND GND GNO 

Fig. 5 Schematic diagram 
(one inverter). 



Hex inverter J 
---

PC74HCU04 

SSI 

DC CHARACTERISTICS FOR 74HCU 

Voltages are referenced to GND (ground= 0 V) 

Tamb (oC) TEST CONDITIONS 

74HCU 
SYMBOL PARAMETER UNIT Vee V1 OTHER 

+25 -40 to +85 -40 to +125 v 

min. typ. max. min. max. min. max. 

1.7 1.4 1.7 1.7 2.0 
V1H HIGH level input voltage 3.6 2.6 3.6 3.6 v 4.5 

4.8 3.4 4.8 4.8 6.0 

0.6 0.3 0.3 0.3 2.0 
V1L LOW level input voltage 1.9 0.9 0.9 0.9 v 4.5 

2.6 1.2 1.2 1.2 6.0 

1.8 2.0 1.8 1.8 2.0 V1H -lo= 20µA 
VoH HIGH level output voltage 4.0 4.5 4.0 4.0 v 4.5 or -lo= 20µA 

5.5 6.0 5.5 5.5 6.0 VIL -lo= 20µA 

3.98 4.32 3.84 3.7 4.5 Vee -lo =4.0 mA 
VoH HIGH level output voltage 

5.48 5.81 5.34 5.2 v 6.0 
or 

-lo= 5.2mA GND 

0 0.2 0.2 0.2 2.0 V1H 10 = 2oµA 
VoL LOW level output voltage 0 0.5 0.5 0.5 v 4.5 or lo= 20µA 

0 0.5 0.5 0.5 6.0 VIL lo= 20µA 

0.15 0.26 0.33 0.4 4.5 Vee lo =4.0mA 
VoL LOW level output voltage 0.16 0.26 0.33 0.4 v 6.0 

or 
lo= 5.2 mA GND 

Vee 
±11 input leakage current 0.1 1.0 1.0 µA 6.0 or 

GND 

Vee 
Ice quiescent supply current 2.0 20.0 40.0 µA 6.0 or 10 =O 

GND 
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PC74HCU04 

SSI 

AC CHARACTERISTICS FOR 74HCU 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nA to nY 

tTHLI output transition time 
tTLH 

AC WAVEFORMS 

min. 

+25 

typ. max. 

19 75 
7 15 
6 13 

19 75 
7 15 
6 13 

Tamb (oC) TEST CONDITIONS 

74HCU 
UNIT Vee WAVEFORMS 

-40 to +85 -40 to +125 v 
min. max. min. max. 

95 110 2.0 
19 22 ns 4.5 Fig. 6 
16 19 6.0 

95 110 2.0 
19 22 ns 4.5 Fig. 6 
16 19 6.0 

Fig. 6 Waveforms showing the data input (nA) 
to data output (nY) propagation delays and the 
output transition ti mes. Note to AC waveforms 

(1) VM = 50%; V1 = GND to Vee· 

TYPICAL TRANSFER CHARACTERISTICS 

r--...::::-,---,-.-~n~"r"~'-.60 

Vo ~ 1o 
IV) 1-----t--+-_.,1.-+---1---1-----+ (mA) 

l-----t---+-...,__--1---1-----+40 

Fig. 7 

-- Vo; - - - - ID (drain current) 
10 =o;Vee=6.ov. 

''"""' , ... , 

Vo 
(VI 

7Z90951 

'o 
(mA) 

f----t--+---+--+--+-----+20 

f----1--+,~\-f----l--+-~12 

I 

I 
I 

7 
I 

\ 
\ 

~ OL__J'.___L_--1.::::::0.,.,,_~J___JO 

0 4 VI (V) 6 

Fig. 8 

--Vo;- - - - lo (drain current) 

10 =o;Vee=4.5V. 

Vo 
(VI 

2.0 

1.6 

1.2 

0.8 

0.4 

0 
0 

Fig. 9 

I 
I ., 

0.4 0.8 

7Z90952 

'o 
I mAl 
1.0 

0.8 

0.6 

I 
I I 
I \ 

0.4 

0.2 

\J,., 
1.2 1.6 2.0 

V1 (V) 

--Vo;- - - - lo (drain current) 

10 = o;vee = 2.ov. 



Hex inverter J 
---

PC74HCU04 

SSI 

Rbias 560kll 

0.4 7 µF input 
o--j 1-*---0---j 

{I= 1 kHl) 

Fig. 10 Test set·up for measuring forward 
transconductance 9fs = di 0 /dvj at 
v0 is constant (see also graph Fig. 11 ). 

APPLICATION INFORMATION 

Some applications for the "HCU04" are: 

• In crystal oscillator designs 

• Linear amplifier (see Fig. 12). 

R2 

Fig. 12 HCU04 used as a linear amplifier. 

Note to Fig. 12 

ZL > 10 k.11; AoL = 20 (typ.) 

Au= -
AOL 

1 + BJ ( 1 + Ao Li 
R2 

3 k.11 <;; R 1, R2 <;; 1 M.11 

Vo max (p·pl 
~ V CC -2 V cente· 
red at Y, Vee 

Typical unity gain bandwidth product is 5 MHz. 
C1 = 20 pF (typ.) 
AoL =open loop amplification 
Au =voltage amplification 

"';40 i ! 1 f l 
lmA/V) I ] l! ' 

30 I ·t··· .... ·. I I 
I .. I I ! ! 
! 11 I ' 

20

u··· 1 r o-i:H 
o tL 

Vee {v) 

Fig. 11 Typical forward transconductance gfs 
as a functio~ of the supply voltage V CC at 
Tamb = 25 oc. 
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PC74HC/HCT08 

SSI 

QUAD 2-INPUT AND GATE 

FEATURES 

• Output capability: standard 
• Ice category: SSI 

GENERAL DESCRIPTION 
The 74HC/HCT08 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCTOB provide the 2-input 
AND function. 

08 

7Z93800 

Fig. 1 Pin configuration. 

190 January 1986 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

tPHLI propagation delay CL=15pF 7 11 ns 
tPLH nA, n8 to nY Vee= 5 v 

C1 input capacitance 3.5 3.5 pf 

Cpo 
power dissipation notes 1 and 2 10 20 pf capacitance per gate 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + ~ (CL x Vee' x fol where: 

fi = input frequency in MHz CL = output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
l: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT08P: 14-lead DI L; plastic (SOT-27). 
PC74HC/HCT08T: 14-lead mini-pack; plastic (S0-14; SOT-108A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1,4, 9, 12 1Ato4A data inputs 

2, 5, 10, 13 18 to 48 data inputs 

3, 6, 8, 11 1Yto4Y data outputs 

7 GND ground (0 V) 

14 Vee positive supply voltage 

1A & 
1Y 3 

18 

4 2A 
2Y 8 

5 28 

9 3A 
3Y 8 

10 38 

12 4A 

13 48 
4Y 11 

7Z93601 
7Z93603 

11 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 



Quad 2-input AND gate J 
----

1 1A 

2 18 
1Y 3 

4 2A 
2Y 6 

5 28 

9 3A 
3Y 8 

10 38 

12 4A 

13 48 
4Y 11 

7Z93603 

PC74HC/HCT08 

SSI 

Fig. 4 Functional diagram. Fig. 5 HC logic diagram (one gate). 
Fig. 6 HCT logic diagram 
(one gate). 

FUNCTION TABLE 

INPUTS 

nA nB 

L L 
L H 
H L 
H H 

H =HIGH voltage level 
L = LOW voltage level 

OUTPUT 

nY 

L 
L 
L 
H 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: SSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

Tamb (°C) 

74HC 
SYMBOL PARAMETER UNIT Vee 

+25 -40to+85 -40 to +125 v 
min. typ. max. min. max. min. max. 

tPHLI propagation delay 
25 90 115 135 2.0 
9 18 23 27 ns 4.5 

tPLH nA, nB to nY 7 15 20 23 6.0 

tTHLI 
19 75 95 110 2.0 

output transition time 7 15 19 22 ns 4.5 
tTLH 6 13 16 19 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 7 

Fig. 7 
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PC74HC/HCT08 

SSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: SSI 

Note to HCT types 

The value of additional quiescent supply current (.<l.lccl for a unit load of 1 is given in the family specifications. 
To determine <lice per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 

nA, nB 

UNIT LOAD 
COEFFICIENT 

0.6 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nA, nB to nY 

tTHLI output transition time 
tTLH 

AC WAVEFORMS 

"'""- l:,_~ 
nY OUTPUT ~(1) 

7Z93602 tTHL..,. !.,_ 

+25 

min. typ. max. 

14 24 

7 15 

Fig. 7 Waveforms showing the input (nA, nB) 
to output (nY) propagation delays and the 
output transition times. 
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Tamb (°C) 

74HCT 

-40to+85 

min. max. 

30 

19 

TEST CONDITIONS 

UNIT Vee WAVEFORMS 
-40 to +125 v 

min. max. 

36 ns 4.5 Fig. 7 

22 ns 4.5 Fig. 7 

Note to AC waveforms 

(1) HC : VM = 50%; v, = GND to Vee· 
HCT: Villi= 1.3 V; V1 = GND to 3 V. 



TRIPLE 3-INPUT NANO GATE 

FEATURES 

• Output capability: standard 
• Ice category: SSI 

GENERAL DESCRIPTION 

The 74HC/HCT10 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JED EC standard no. 7. 

The 74HC/HCT10 provide the 3-input 
NAND function. 

10 

7Z93366 

Fig. 1 Pin configuration. 

PC74HC/HCT10 

SSI 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

tPHLI propagation delay CL= 15 pF 9 11 ns 
tPLH nA, nB, nC to nY Vee= 5 v 

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation 

notes 1 and 2 12 14 pF capacitance per gate 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µ.W): 

Po= Cpo x Vee' x fi + ~ (CL x Vee' x f0 ) where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
~(CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT10P: 14-lead DIL;plastic (SOT-27). 
PC74HC/HCT1 OT: 14-lead mini-pack; plastic (S0-14; SOT-1 OBA). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 3, 9 1A to 3A data inputs 

2, 4, 10 1B to 3B data inputs 

13, 5, 11 1C to JC data inputs 

12,6,8 1Y to 3Y data outputs 

7 GND ground (0 V) 

14 Vee positive supply voltage 

& 

7Z93367 

7Z93368 

12 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCT10 

SSI 

Fig. 4 Functional diagram. 

DC CHARACTERISTICS FOR 74HC 

A 

y 

Fig, 5 Logic diagram (one gate). 

FUNCTION TABLE 

INPUTS 

nA nB nC 

L L L 
L L H 
L H L 
L, H H 

H L L 
H L H 
H H L 
H H H 

H = HIGH voltage level 
L = LOW voltage level 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 
Output capability: standard 
Ice category: SSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

OUTPUT 

nY 

H 
H 
H 
H 

H 
H 
H 
L 

Tainb (oC) TEST CONDITIONS 

74HC 
SYMBOL PARAMETER UNIT Vee 

+25 -40to+85 -40to+125 v 

min. typ. max. min. max. min. max. 

30 95 120 145 2.0 
tPHLI propagation delay 11 19 24 29 ns 4.5 
tPLH nA, nB, nC to nY 9 16 20 25 6.0 

19 75 95 110 2.0 
tTHLI output transition time 7 15 19 22 ns 4.5 
tTLH 6 13 16 19 6.0 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 
Output capability: standard 
Ice category: SSI 

Note to HCT types 

WAVEFORMS 

Fig. 6 

Fig. 6 

The value of additional quiescent supply current (.<l.lcc) for a unit load of 1 is given in the family specifications. 
To determine .<l.lcc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 

nA, nB, nC 

UNIT LOAD 
COEFFICIENT 

1.5 
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Triple 3-input NANO gate J 
---

PC74HC/HCT10 

SSI 

AC CHARACTERISTICS FOR 74HCT 

GNO = 0 V; tr= t1=6 ns; Cl= 50 pF 

+25 I SVM"''I , .... ,,,. 
r----r--

min. typ. 

tPHLI propagation delay 
14 

tPLH nA, nB, nC to nY 

tTHLI output transition time 7 
tTLH 

AC WAVEFORMS 

nY OUTPUT 

7Z93115 

max. 

24 

15 

Fig. 6 Waveforms showing the input (nA, nB, 
nC) to output (nY) propagation delays and the 
output transition times. 

Tamb (oC) 

74HCT 

-40to+85 

min. max. 

30 

19 

TEST CONDITIONS 

UNIT Vee WAVEFORMS 
-40to+125 v 
min. max. 

36 ns 4.5 Fig. 6 

22 ns 4.5 Fig. 6 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee· 
HCT: VM = 1.3V; Vr = GND to JV. 



PC74HC/HCT11 

SSI 

TRIPLE 3-INPUT AND GATE 

FEATURES 

• Output capability: standard 
• Ice category: SSI 

GENERAL DESCRIPTION 

The 74HC/HCT11 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT11 provide the 
3-input AND function. 

11 

Fig. 1 Pin configuration. 
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TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

tPHLI propagation delay CL=15pF 10 13 ns 
tPLH nA, nB, nC to nY Vee= 5 v 

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation notes 1 and 2 26 28 pF 
capacitance per gate 

GND = 0 V; Tamb = 25 °C;tr = tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µ.W): 

Po= Cpo x Vee' x fi + ~ (CL x Vee' x fol where: 

fi = input frequency in MHz CL = output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
~ (CL x V cc' x f0 ) = sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT11P: 14-lead OIL; plastic (SOT-27). 
PC74HC/HCT11T: 14-lead mini-pack; plastic (S0-14; SOT-108A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 3, 9 1Ato3A data inputs 

2,4, 10 1B to 38 data inputs 

7 GND ground (0 V) 

12, 6, 8 1Yto3Y data outputs 

13, 5, 11 1C to 3C data outputs 

14 Vee positive supply voltage 

7287416.1 

& 
12 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 



Triple 3-input AND gate J 
---

PC7 4HC/HCT11 

SSI 

·r B o--{>-o-- y 

c 7Z93165 

Fig. 4 Functional diagram. Fig. 5 Logic diagram (one gate). 

DC CHARACTERISTICS FOR 74HC 

FUNCTION TABLE 

INPUTS 

nA nB nC 

L L L 
L L H 
L H L 
L H H 

H L L 
H L H 
H H L 
H H H 

H =HIGH voltage level 
L = LOW voltage level 

OUTPUT 

nY 

L 
L 
L 
L 

L 
L 
L 
H 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: SSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pf 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nA, nB, nC to nY 

tTHLI output transition times 
tTLH 

min. 

+25 

typ. max. 

32 100 
12 20 
10 17 

19 75 
7 15 
6 13 

Tamb (°C) TEST CONDITIONS 

74HC 
UNIT Vee WAVEFORMS 

-40to+85 -40 to +125 v 
min. max. min. max. 

125 150 2.0 
25 30 ns 4.5 Fig. 6 
21 26 6.0 

95 110 2.0 
19 22 ns 4.5 Fig. 6 
16 19 6.0 
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PC74HC/HCT11 

SSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: SSI 

Note to HCT types 

The value of additional quiescent supply current (t.lccl for a unit load of 1 is given in the family specifications. 
To determine t.lcc per input, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient 

nA, nB, nC 0.5 

AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; tr = tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nA, nB, nC to nY 

tTHLI output transition times 
tTLH 

198 J'"""' 19861 

+25 

min. typ. max. 

16 28 

7 15 

Tamb l°Cl TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40to +125 v 

min. max. min. max. 

35 42 ns 4.5 Fig. 6 

19 22 ns 4.5 Fig. 6 



Triple 3-input AND gate J 
---

AC WAVEFORMS 

nY OUTPUT 

7293166 

Fig. 6 Waveforms showing the input (nA, nB, 
nC) to output (n Y) propagation delays and the 
output transition times. 

Note to AC waveforms 

(1) HC : VM = 50%; Y1 = GND to Vee· 
HCT: VM,= 1.3V; V1 = GND to 3V. 

PC74HC/HCT11 

SSI 





PC74HC/HCT14 

SSI 

HEX INVERTING SCHMITT TRIGGER 

FEATURES 

• Output capability: standard 
• lcc category: SSI 

GENERAL DESCRIPTION 

The 74HC/HCT14 are high-speed Si-gate 
CMOS devices and are pin compatible 
with low power Schottky TTL (LSTTL). 
They are specified in compliance with 
JEDEC standard no. 7. 

The 74HC/HCT14 provide six inverting 
buffers with Schmitt-trigger action. 
They are capable of transforming slowly 
changing input signals into sharply 
defined, jitter-free output signals. 

14 

Fig. 1 Pin configuration. 

·---- ---,-----· 
TYPICAL 

SYMBOL PARAMETER CONDITIO N s --- --·--1 UNIT 
HC HCT 

tPHLI propagation delay CL= 15 pF 
tPLH nA to nY Vee= 5 v 11 15 ns 

--·· --+--·--j· 

C1 input capacitance 3.5 3.5 pf 

Cpo 
power dissipation J. notes 1 and capacitance per gate 2 7 8 

GND = 0 V; Tamb= 25 "C; tr= t1=6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + 1: (CL x Vee' x fol where: 

fi = input frequency in MHz CL output load capacitance in pf 
fo = output frequency in MHz Vee = supply voltage in V 
:!: (CL x Vcc2 x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HGT the condition is V1 = GND to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT14P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT14T: 14-lead mini-pack; plastic (S0-14; SOT-1 OBA). 

PIN DESCRIPTION 

PIN NO. SYMBOL 

1, 3, 5, 9, 11, 13 1A to 6A 

2, 4, 6, 8, 10, 12 1Y to 6Y 

7 

14 

GND 

Vee 

1~o.!-X2 

3~o3-Y4 

s~olls 

s~oi!'.-a 
11~o2110 

13~o£Y12 
7Z9364B 

NAME AND FUNCTION 

data inputs 

data outputs 

ground (O V) 

positive supply voltage 

ff 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCT14 

SSI 

11 

13 

10 

12 

7293646 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUT OUTPUT 

nA nY 

L H 
H L 

H = HIGH voltage level 
L = LOW voltage level 

APPLICATIONS 

• Wave and pulse shapers 
• Astable multivibrators 
• Monostable multivibrators 

202 January 1986 

A-0~y 
7Z93645 

Fig. 5 Logic diagram lone Schmitt trigger). 



Hex inverting Schmitt trigger 

DC CHARACTERISTICS FOR 74HC 

PC74HC/HCT14 

SSI 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications" Transfer character 
istics are given below. 

Output capability: standard 
I cc category: SS I 

Transfer characteristics for 74HC 

Voltages are referenced to GND (ground c 0 V) 

i==-=c.·~~J· = JJ~J:::,:,~:~~, ~ 
r-----r--------------~~~~;; ~: ~~ 1,J-- ---

positive-going threshold 1.7 3.15 1.7 3.15t1.7 i 3.15 IV 4.5 I Figs6and7 

SYMBOL PARAMETER 

2.1 4.2 2.1 4.2 2.1 4.2 T 6.0 I 

c-V-T----r--n-eg_a_t-iv-e--go-ing threshold H i~ H ~T- H·- iH:V ~:~1-~~~.-:-:~:-;·--
0.2 1.0 Jllo 2 1.0 0.2 1.0 --- 2.0 I 

VH hysteresis (VT+ - VT_) 0.4 1.4 1.4 0.4 1.4 V 4.5 I Figs 6 and 7 

~--~~----------'--0._6 _ __,_ _ _,__1_.6__ 1.6 o.6 I 1.6 _ 6.o_~--

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr =tf = 6 ns; Cl=· 50 pF 
~---~------------·~----r--------------·---------------·-------~-----~----··----------·-··---~ 

Tamb ("C) TEST CONDITIONS 
r----·--··---·-----------__, 

74HC 
SYMBOL PARAMETER UNIT 1-V~cr WAVEFO~-=----

r---·---t------------+-m-in_.+-ty_p_.+-m-a_x_._,__m_i_n~. _m_a_-:-_.-+--m-in_~-+---m-ax_.-+----+---+I __ 

+25 -40to +85 -40to +125 

39 125 155 I 190 2.0 
14 25 31 1 38 ns I 4.5 Fig. 8 J 

tTHLI JI 7~~ ~155.1 ~1:9 3
2
12
210 I ~sj -4:·~5---1 -F-1g. -s --- -_J----

output transition time 

Lt_T_L_H __ '-----------~--~6--+-1_3_-t--__ -t--1_6_~--~--19 6.0 -

propagation delay 
nA, nB to nY 
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PC74HC/HCT14 

SSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". Transfer character­
istics are given below. 

Output capability: standard 
Ice category: SSI 

Note to HCT types 
The value of additional quiescent supply current (ll lcc) for a unit load of 1 is given in the family specifications. 
To determine ll lcc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 

nA 

UNIT LOAD 
COEFFICIENT 

0.3 
~-~~~~-~~~~ 

Transfer characteristics for 74HCT 

Voltages are referenced to GND (ground = 0 V) 

SYMBOL PARAMETER f------

Vn positive-going threshold 

VT- negative-going threshold 

VH hysteresis IVT + - VT-1 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nA, nB to nY 

tTHL/ output transition time 
tTLH 

204 January 1986 

+25 

min. typ. 

1.2 
1.4 

0.5 
0.6 

0.4 
0.4 

+25 

min. typ. 

18 

7 

max. 

1.9 
2.1 

1.2 
1.4 

-
-

max. 

31 

15 

Tamb (°Cl TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 

min. max. min. max. 

1.2 1.9 1.2 1.9 v 4.5 
Figs 6 and 7 1.4 2.1 1.4 2.1 5.5 

0.5 1.2 0.5 1.2 v 4.5 
Figs 6 and 7 

0.6 1.4 0.6 1.4 5.5 

0.4 - 0.4 - v 4.5 
Figs 6 and 7 0.4 - 0.4 - 5.5 

Tamb (oC) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 
min. max. min. max. 

39 47 ns 4.5 Fig. 8 

19 22 ns 4.5 Fig. 8 



Hex inverting Schmitt trigger 

TRANSFER CHARACTERISTIC WAVEFORMS 1 ···· -tn__ 
I 

-1 VH 1- VI 

vr - Yr+ 

Fig. 6 Transfer characteristic. 

AC WAVEFORMS 

nA INPUT -t::i L._t 
nY OUTPUT yM{ll 

7293644 tTHL-- --

Fig. 8 Waveforms showing the input lnA, nB) to 
output lnY) propagation delays and the output 
transition times. 

PC74HC/HCT14 

SSI 

Vo~ r--
L__J 7293339 

Fig. 7 Waveforms showing the definition of 
VT+· VT- and VH; where VT+ and VT_ 
are between limits of 20% and 70%. 

Note to AC waveforms 

11) HC : VM = 50%; Vi= GND to Vcc­
HCT: VM = 1.3V; V1 = GND to 3V. 

(J'"""Y 1986 
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PC74HC/HCT20 

SSI 

DUAL 4-INPUT NANO GATE 

FEATURES 

• Output capability: standard 

• Ice category: SSI 

GENERAL DESCRIPTION 

The 74HC/HCT20 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL I LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT20 provide the 4-input 
NAND function. 

~-----------

20 

Fig. 1 Pin configuration. 
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SYMBOL PARAMETER 

tPHLi propagation delay 

tPLH nA, nB, nC, nD to nY 

C1 input capacitance 

Cpo 
power dissipation 
capacitance per package 

GND = 0 V; T amb = 25 °C; tr= tf = 6 ns 

Notes 

TYPICAL 
CONDITIONS 

HC HCT 

CL=15pF 8 13 
Vee= 5 v 

3.5 3.5 

notes 1 and 2 22 17 

1. Cpo is used to determine the dynamic power dissipation (PD in µWl: 

Po= Cpo x Vee' x fi + L (CL x Vee' x fol where: 

UNIT 

ns 

pF 

pF 

fi = input frequency in MHz CL output load capacitance in pF 
fo = output frequency in MHz Vee = supply voltage in V 
:!: (CL x Vee' x f0 l =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is Vi= GND to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT20P: 14-lead DI L; plastic (SOT-27). 
PC74HC/HCT20T: 14-lead mini-pack; plastic (S0-14; SOT-108A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 9 1A,2A data inputs 

2, 10 1B,2B data inputs 

3, 11 n.c. not connected 

4, 12 1C,2C data inputs 

5, 13 1D,2D data inputs 

6,8 1Y,2Y data outputs 

7 GND ground (0 V) 

14 Vee positive supply voltage 

& 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 



Dual 4-input NANO gate J 
---

A~ B 

y 
c 

D 7Z93765 

PC74HC/HCT20 

SSI 

Fig. 4 Functional diagram. Fig. 5 HC logic diagram (one gate). Fig. 6 HCT logic diagram (one gate). 

FUNCTION TABLE 

INPUTS 

nA nB nC 

L x x 
x L x 
x x L 
x x x 
H H H 

H = HIGH voltage level 
L = LOW voltage level 
X =don't care 

OUTPUT 

nD nY 

x H 
x H 
x H 
L H 
H L 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
I cc category: SS I 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nA, nB, nC, nD to nY 

tTHLI output transition time 
tTLH 

+25 

min. typ. max. 

28 90 
10 18 
8 15 

19 75 
7 15 
6 13 

Tamb (°C) 

74HC 
UNIT Vee 

-40 to +85 -40to+125 v 
min. max. min. max. 

115 135 2.0 
23 27 ns 4.5 
20 23 6.0 

95 110 2.0 
19 22 ns 4.5 
16 19 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 7 

Fig. 7 
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PC74HC/HCT20 

SSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: SSI 

Note to HGT types 

The value of additional quiescent supply current (6 lccl for a unit load of 1 is given in the family specifications. 
To determine 6lcc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT UNIT LOAD 
COEFFICIENT 

nA. nB, 0.3 
nC, nD 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; t, = tf = 6 ns; CL= 50 pF 

r-

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nA, nB, nC, nD to nY 

tTHL/ output transition time 
tTLH 

AC WAVEFORMS 

nC,nD M 

+25 

min. typ. max. 

16 28 

7 15 

nA,nCI INPUT~V 111 ~ 
_....tPHL--- ~~,P-LH ____ _ 

208 

Fig. 7 Waveforms showing the enable input (nA, nB, 
nC, nD) to output (nY) propagation delays and the 
output transition times. 

J'"""' 198611 

Tamb (OC) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40 to +85 -40to+125 v 
min. max. min. max. 

35 42 ns 4.5 Fig. 7 

19 22 ns 4.5 Fig. 7 

Note to AC waveforms 

(1) HC : VM = 50%; V1 = GND to Vee. 
HGT: VM= 1.3V;V1 = GND to3V. 



DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 

DUAL 4-INPUT AND GATE 

FEATURES 

PC74HC/HCT21 

SSI 

TYPICAL 
• Output capability: standard 
• lcc category: SSI 

GENERAL DESCRIPTION 

The 74HC/HCT21 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT21 provide the 4-input 
NAND function. 

FUNCTION TABLE 

INPUTS 

nA nB nC 

L x x 
x L x 
x x L 
x x x 

H H H 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 

21 

OUTPUT 

nD nY 

x L 
x L 
x L 
L L 

H H 

Fig. 1 Pin configuration. 

SYMBOL PARAMETER CONDITIONS 
HC 

tPHLI propagatior delay CL= 15 pF 
8 

tPLH nA, nB, nC, nD to nY Vee= 5 v 

C1 input capacitance 3.5 
----

GND = 0 V; lamb= 25 °C; tr= tf = 6 ns 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT21P: 14-lead DIL;plastic (SOT-27). 
PC74HC/HCT21T: 14-leacl mini-pack; plastic (50-14; SOT108A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 9 1A, 2A data inputs 

2, 10 1B,2B data inputs 

3, 11 n.c. not connected 

4, 12 1C,2C data inputs 

5, 13 1D, 2D data inputs 

6,8 1Y, 2Y data outputs 

7 GND ground (0 VJ 
14 Vee positive supply voltage 

UNIT 
HCT 

10 ns 

3.5 pF 
----~ 





TRIPLE 3-INPUT NOR GATE 

FEATURES 

• Output capability: standard 
• lcc category: SSI 

GENERAL DESCRIPTION 

The 74HC/HCT27 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT27 provide the 
3-input NOR function. 

27 

7Z87417.1 

Fig. 1 Pin configuration. 

PC74HC/HCT27 

SSI 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nA, nB, nC to nY 

YPICAL 

~ CONDITION 

CL= 15 pF 
Vee= 5 v I s 

--l---
. 3.5 

- ·---
HCT 

10 

3.5 

UNIT 

ns 

pF C1 input capacitance 
·-- -----

Cpo 
power dissipation 

notes 1 and 2 
capacitance per gate J_~~l~~ 

-- --

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation !Po in µW): 

Po= Cpo x Vee' x fi + L (CL x Vee' x fol where: 

fj = input frequency in MHz CL output load capacitance in pF 
f 0 = output frequency in MHz Vee = supply voltage in V 
L (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is VI = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT27P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT27T: 14-lead mini-pack; plastic (S0-14; SOT-108A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 3, 9 1A to 3A data inputs 

2, 4, 10 1B to 38 data inputs 

13, 5, 11 1C to 3C data inputs 

7 GND ground (0 V) 

12, 6, 8 1Y to 3Y data outputs 

14 Vee positive supply voltage 
-~-

~1 D 12 

7ZY3113 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT27 

SSI 

7Z874181 

Fig. 4 Functional diagram. 

DC CHARACTERISTICS FOR 74HC 

A?: B y 

C 7Z93114 

Fig. 5 Logic diagram (one gate). 

FUNCTION TABLE 

INPU'fS 

nA nB nC 

L L L 
x x H 
x H x 
H x x 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 

OUTPUT 

nY 

H 
L 
L 
L 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
I CC category: SS I 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

I 
SYMBOL I PARAMETER 

tPHLI propagation delay 
tPLH nA, nB, nC to nY 

tTHLI output transition time 
tTLH 

''°""" 19861 

+25 

min. typ. max. 

28 90 
10 18 
8 15 

19 75 
7 15 
6 13 

Tamb (°C) TEST CONDITIONS 
r---,---

74HC 
UNIT Vee WAVEFORMS 

-40to+85 -40 to +125 v 
min. max. min. max. 

115 135 2.0 
23 22 ns 4.5 Fig. 6 
20 23 6.0 

95 110 2.0 
19 22 ns 4.5 Fig. 6 
16 19 6.0 



~~~~-T-r-ip-le~3--i-n_p_u_t_N_O~R-g-a-te~~~~~~~~~~~~~~~~~~~~--~ 
DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
I cc category: SS I 

Note to HGT types 

PC74HC/HCT27 

SSI 

The value of additional quiescent supply current (ll Ice) for a unit load of 1 is given in the family specifications. 
To determine lllcc per input, multiply this value by the unit load coefficient shown in the table below. 

input 
unit load 
coefficient 

nA, nB, nC 1.50 

AC CHARACTERISTICS FOR 74HCT 

GND=O V;tr=tf=6ns;CL =50pF 

SYMBOL PARAMETER 

tPHLI propagation delay 

lPLH nA, nB, nC to nY 

lTHLI output transition time 
lTLH 

+25 

min. typ. max. 

12 21 

7 15 

Tamb (oC) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to +85 -40 to +125 v 
min. max. min. max. 

26 32 ns 4.5 Fig. 6 

19 22 ns 4.5 Fig. 6 
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PC74HC/HCT27 

SSI 

AC WAVEFORMS 

oA, oB, oC INPUT ~VM l'i 
1-tPHL-

nY OUTPUT 

'THLJ ~l~-M-'-"-----~ 
7293115 

Fig. 6 Waveforms showing the input (nA, nB, 
nC) to output (nY) propagation delays and the 
output transition times. 

214 J'°""Y 19861 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee· 
HGT: VM = 1.3 V; V1 = GND to 3 V. 



8-INPUT NANO GATE 

FEATURES 

• Output capabi I ity: standard 
• Ice category: SSI 

GENERAL DESCRIPTION 

The 74HC/HCT30 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL I LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT30 provide the 8-input 
NAND function. 

30 

7293814 

Fig. 1 Pin configuration. 

PC74HC/HCT30 

SSI 

SYMBOL PARAMETER 

tPHL/ propagation delay 
tPLH A, B, C, D, E, F, G, H to Y 

C1 input capacitance 

Cpo 
power dissipation 

capacitance per gate 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

TYPICAL 
CONDITIONS 

HC HCT 

CL= 15 pF 
11 15 

Vee= 5 v 
3.5 3.5 

notes 1 and 2 23 24 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + ~ ICL x Vee' x fol where: 

UNIT 

ns 

pF 

pF 

Ii = input frequency in MHz CL output load capacitance in pF 
10 = output frequency in MHz Vee = supply voltage in V 
~(CL x Vee' x 10 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT30P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT30T: 14-lead mini-pack; plastic (S0-14; SOT-108A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 A data input 

2 B data input 

3 c data input 

4 D data input 

5 E data input 

6 F data input 

7 GND ground (0 V) 

8 y data output 

9, 10, 13 n.c. not connected 

11 G data input 

12 H data input 

14 Vee positive supply voltage 

1 A 

2 B 

3 c 
4 D 

y B 
5 E 

6 F 
11 

11 G 
12 

12 H 

7293817 

7293815 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCT30 

SSI 

1 A 

2 B 

3 c 

4 D 

5 E 

6 F 

11 G 

12 H 

y 8 

7Z93817 

Fig. 4 Functional diagram; 
Y = ABCDEFGH. 

FUNCTION TABLE 

INPUTS OUTPUT 

A B c D E F 

L x x x x x 
x L x x x x 
x x L x x x 
x x x L x x 

x x x x L x 
x x x x x L 
x x x x x x 
x x x x x x 

H H H H H H 

H = HIGH voltage level 
L = LOW voltage level 
X =don't care 

G H 

x x 
x x 
x x 
x x 

x x 
x x 
L x 
x L 

H H 

216 ''"""'' 19861 

y 

H 
H 
H 
H 

H 
H 
H 
H 

L 

A 

Fig. 5 Logic diagram. 



8-input NANO gate J 
---

DC CHARACTERISTICS FOR 74 HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: SSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tpHLI propagation delay 
tPLH A, B, C, D, E, F, G, H to Y 

tTHLI output transition time 
ITLH 

DC CHARACTERISTICS FOR 74HCT 

+25 

min. typ. max. 

39 130 
14 26 
11 22 

19 75 
7 15 
6 13 

Tamb (oC) 

74HC 
UNIT Vee 

-40 to +85 -40to+125 v 
min. max. min. max. 

165 195 2.0 
33 39 ns 4.5 
28 33 6.0 

95 110 2.0 
19 22 ns 4.5 
16 19 6.0 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capabi I ity: standard 
Ice category: SSI 

Note to HCT types 

PC74HC/HCT30 

SSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 6 

The value of additional quiescent supply current (LI Ice) for a unit load of 1 is given in the family specifications. 
To determine LI Ice per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT UNIT LOAD 
COEFFICIENT 

A, B, C, D, 
0.60 E, F, G, H 

AC CHARACTERISTICS FOR 74HCT 

GND = OV; tr= If= 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 

tPLH A, B, C, D, E, F, G, H to Y 

tTHLI output transition time 
ITLH 

+25 

min. typ. 

18 

7 

Tamb (°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40 to +85 -40to+125 v 
max. min. max. min. max. 

31 39 47 ns 4.5 Fig. 6 

15 19 22 ns 4.5 Fig. 6 
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PC74HC/HCT30 

SSI 

AC WAVEFORMS 

A,B,C,D,E,F,G,H 

INPUT 

Y OUTPUT 

7Z93819 

-t:,i L.t. VM(l) 

tTHL-+- -. 

Fig. 6 Waveforms showing the input (A, B, C, D, E, F, 
G, H) to output (Y) propagation delays and the output 
transition times. 

218 ''""'"' , ... , 

Note to AC waveforms 

(1) HC : VM = 50%; V1 = GND to Vcc­
HCT: VM = 1.3V; V1 = GND to 3V. 



QUAD 2-INPUT OR GATE 

FEATURES 

• Output capability: standard 
• lcc category: SSI 

GENERAL DESCRIPTION 

The 74HC/HCT32 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL ( LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT32 provide the 
2-input OR function. 

32 

7Z87419.1 

Fig. 1 Pin configuration. 

PC74HC/HCT32 

SSI 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HGT 

tPHLI propagation delay CL=15pF 
6 9 ns 

tPLH nA, n8 to nY Vee= 5 v 

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation 

notes 1 and 2 16 28 pF capacitance per gate 

GND = 0 V; Tamb = 25 °C;tr = tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (PD in µW): 

Po= Cpo x Vee' x fi + :i: (CL x Vee' x fol where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
~(CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT32P: 14-lead DI L; plastic (SOT-27). 
PC74HC/HCT32T: 14-lead mini-pack; plastic (S0-14; SOT-108A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 4, 9, 12 1A to4A data inputs 

2, 5, 10, 13 18 to 48 data inputs 

3, 6, 8, 11 1Y to 4Y data outputs 

7 GND ground (0 V) 

14 Vee positive supply voltage 

4 2A 

"' 5 2B 

9 3A 

_10 3B 

12 4A 
4Y 11 

13 48 
11 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCT32 

SSI 

1 1A 

2 1 B 

4 2A 

5 2B 

9 3A 

10 36 

12 4A 

13 46 

Fig. 4 Functional diagram. 

~=Do-{>cr- y 

7Z90990 

Fig. 5 Logic diagram PC54/74HC 
(one gate). 

DC CHARACTERISTICS FOR 74HC 

FUNCTION TABLE 

INPUTS 

nA nB 

L L 
L H 
H L 
H H 

H =HIGH voltage level 
L = LOW voltage level 

OUTPUT 

nY 

L 
H 
H 
H 

Fig. 6 Logic diagram PC54/74HCT 
(one gate). 

For the DC characteristics see chapter "HCMOS family characteristics". section "Family specifications". 

Output capability: standard 
Ice category: SSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

!-----· 

tPHLI propagation delay 
tPLH nA, nB to nY 

tTHLI output transition time 
tTLH 

220 J'"""' 19861 

+25 

min. typ. max. 

22 90 
8 18 
6 15 

19 75 
7 15 
6 13 

Tamb (°C) 

74HC 1 
UNIT Vee 

-40to+85 -40to+125 v 

min. max. min. max. 

115 135 2.0 
23 27 ns 4.5 
20 23 6.0 

95 110 2.0 
·:9 22 ns 4.5 
16 19 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 7 

Fig. 7 



Quad 2-input OR gate J 
---

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: SSI 

Note to HCT types 

PC74HC/HCT32 

SSI 

The value of additional quiescent supply current l6lccl for a unit load of 1 is given in the family specifications. 
To determine 6lcc per input, multiply this value by the unit load coefficient shown in the table below. 

input 

nA, nB 

unit load 
coefficient 

1.20 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nA, nB to nY 

tTHLI output transition time 
tTLH 

+25 

min. typ. 

11 

7 

Tamb (°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40 to +85 -40 to +125 

max. min. max. min. max. 

24 30 36 ns 4.5 Fig. 7 

15 19 22 ns 4.5 Fig. 7 
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PC74HC/HCT32 

SSI 

AC WAVEFORMS 

nY OUTPUT 

7Z90991 

Fig. 7 Waveforms showing the input (nA, nB) to 
output (n Y) propagation delays and the output 
transition times. 
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Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee· 
HCT: VM = 1.3V; V1 = GND to 3V. 



DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. 

BCD TO DECIMAL DECODER (1-0F-10) 

PC74HC/HCT42 

MSI 

FEATURES 
TYPICAL 

• Mutually exclusive outputs 
• 1-of-8 demultiplexing capability 
• Outputs disabled for input codes 

'above nine 
• Output capability: standard 
• •cc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT42 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTIL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT42 decoders accept 
four active HIGH BCD inputs and provide 
10 mutually exclusive active LOW outputs. 
The active LOW outputs facilitate 
addressing other MSI circuits with active 
LOW input enables. 

The logic design of the "42" ensures that 
all outputs are HIGH when binary codes 
greater than nine are applied to the inputs. 

The most significant input (A3) produces 
a useful inhibit function when the "42" is 
used as a 1-of-8 decoder. The A3 input can 
also be used as the data input in an 
8-output demultiplexer application. 

42 

Fig. 1 Pin configuration. 

SYMBOL PARAMETER CONDITIONS 
HC 

tPHLI propagation delay CL= 15pF 14 
tPLH nA to nY Vee= 5 v 

C1 input capacitance 3.5 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT42P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT42T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL 

1, 2, 3, 4, 5, 6, 'Yo to v6 7, 9, 10, 11 

8 GND 

15, 14, 13, 12 Ao to A3 
16 Vee 

FUNCTION TABLE 

INPUTS 

AJ A2 A1 Ao 

L L L L 
L L L H 
L L H L 
L L H H 

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 

H H L L 
H H L H 
H H H L 
H H H H 

H = HIGH voltage level 
L = LOW voltage level 

Yo 

L 
H 
H 
H 

H 
H 
H 
H 

H 
H 
H 
H 

H 
H 
H 
H 

NAME AND FUNCTION 

multiplexer outputs 

ground (0 V) 

data inputs 

positive supply voltage 

OUTPUTS 

Y1 Y2 Y3 Y4 Y5 'i's 

H H H H H H 
L H H H H H 
H L H H H H 
H H L H H H 

H H H L H H 
H H H H L H 
H H H H H L 
H H H H H H 

H H H H H H 
H H H H H H 
H H H H H H 
H H H H H H 

H H H H H H 
H H H H H H 
H H H H H H 
H H H H H H 

UNIT 
HCT 

16 ns 

3.5 pF 

Y7 Vs Yg 

H H H 
H H H 
H H H 
H H H 

H H H 
H H H 
H H H 
L H H 

H L H 
H H L 
H H H 
H H H 

H H H 
H H H 
H H H 
H H H 





DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
PC74HC58 

SSI 

DUAL AND-OR GATE 

FEATURES 

• Output capability: standard 
• Ice category: SSI 

GENERAL DESCRIPTION 

The 74HC58 is a high·speed 
Si-gate CMOS device and is pin 
compatible with low power Schottky 
TTL (LSTTL). It is specified in 
compliance with JEDEC standard no. 7. 

The "58" provides two sections of 
AND-OR gates. One section contains 
a 2-wide, 3-input (1Ato1 Fl AND-OR 
gate and the second section contains 
a 2-wide, 2-input (2A to 2DI AND-OR 
gate. 

58 

7293940 

Fig. 1 Pin configuration. 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH 1n, 2n to nY 

C1 input capacitance 
.----·~---~ 

Cpo 
power dissipation 

capacitance per gate 

GND = 0 V; T amb = 25 'C; tr= tf = 6 ns 

Notes 

TYPICAL 
CONDITIONS 

HC 

CL= 15 pF 10 
Vee= 5 v 

3.5 

notes 1 and 2 18 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

PD= CPD x Vee' x fi + ~ (CL x Vee' x fol where: 

UNIT 

ns 

pF 

pF 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
L ICL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC58P: 14-lead DIL; plastic (SOT-271. 
PC74HC58T: 14-lead mini-pack; plastic (S0-14; SOT-108AI. 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 12, 13, 9, 
1A to 1F 10, 11 

2,3,4, 5 2A to 2D 

8,6 1Y, 2Y 

7 GND 

14 Vee 

2 2A 

3 2B 

4 2C 

5 2D 

Fig. 2 Logic symbol. 

data inputs 

data inputs 

data outputs 

ground (0 VI 

positive sypply voltage 

IN 
PROGRESS 

Fig. 3 IEC logic symbol. 
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PC74HC/HCT73 

flip-flops 

DUAL JK FLIP-FLOP WITH RESET; NEGATIVE-EDGE TRIGGER 

FEATURES 

• Output capability: standard 
• Ice, category: flip-flops 

GENERAL DESCRIPTION 

The 74HC/HCT73 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEOEC standard no. 7. 

The 74HC/HCT73 are dual negative­
edge triggered JK-type flip-flops 
featuring individual J, K, clock (nCP) 
and res~t (n R) inputs; also complementary 
Q and Q outputs. 

The J and K inputs must be stable one 
set-up time prior to the HIGH-to-LOW 
clock transition for predictable operation. 

The reset (nRJ is an asynchronous active 
LOW input. When LOW, it overrides the 
clock and data inputs, forcing the Q 
output LOW and the l1 output HIGH. 

Schmitt-trigger action in the clock input 
makes the circuit highly tolerant to 
slower clock rise and fall times. 

73 

Fig. 1 Pin configuration. 
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TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

pr~gation delay 
17 19 tPHLI nCP to nQ ns 

tPLH nCP to nO CL=15pF 15 18 ns 
nR to na, no Vee= 5 v 14 17 ns 

fmax maximum clock frequency 58 50 MHz 

c, input capacitance 3.5 3.5 pF 

Cpo 
power dissipation notes 1 and 2 30 30 pF 

capacitance per flip-flop 

GND =0 V;Tamb = 25 °C;tr =tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power-dissipation (Po in µW): 

Po= Cpo x Vee' x fi + :i: (CL x Vee' x fol where: 

fi = input frequency in MHz CL = output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
2: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is Vi= GNO to Vee 
For HCT the condition is Vi= GNO to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT73P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT73T: 14-lead mini-pack; plastic (S0-14; SOT-108A). 

PIN DESCRIPTION 

PINNO. SYMBOL NAME AND FUNCTION 

1, 5 1CP", 2CP" clock input (LOW-to-HIGH, edge-triggered) 
2, 6 1R,2R asynchronous reset inputs (active LOW) 
4 Vee positive supply voltage 
11 GNO ground (0 V) 
12, 9 1Q,2Q true flip-flop outputs 
13, 8 Hi, 2Cl complement flip-flop outputs 
14, 7, 3, 10 1J, 2J, 1 K, 2K synchronous inputs; flip-flops 1 and 2 

12 
C1 

13 

Cl 

7Z931BB.1 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 



Dual JK flip-flop with reset; negative-edge trigger PC74HC/HCT73 

flip-flops 

14 1J o 10 12 

1CP 
CP FF1 

1ii 

7 2J o 20 

5 2CP 
GP FF2 

10 2K a ia 

6 2R 

7Z93189 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS 
OPERATING MODE 

nR" nCP 

asynchronous reset L x 

toggle H • load "O" (reset) H • load "1" (set) H • hold "no change" H • 

J K 

x x 

h h 
I h 
h I 
I I 

OUTPUTS 

a a 
L H 

-
q q 
L H 
H L -
q q 

H = HIGH voltage level 
h = HIGH voltage level one set·up time prior 

to the LOW-to-HIGH CP transition 
L = LOW voltage level 
I = LOW voltage level one set-up ti me prior 

to the LOW-to-HIGH CP transition 
q = lower case letters indicate the state of the 

referenced output one set-up time prior 
to the LOW-to-HIGH CP transition 

X = don't care 
t = HIGH-to-LOW CP transition 

Fig. 5 Logic diagram (one flip-flop). 
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PC74HC/HCT73 

flip-flops 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: flip-flops 

AC CHARACTERISTICS FOR 74HC 

GND =O V; tr= tf = 6 ns; CL= 50 pf 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nCP to nO 

tPHL/ propagation delay 
tPLH nCP to nQ 

tPHLI propagation delay 
tPLH nR to nO, nQ 

trnLI output transition ti me 
tTLH 

tw 
clock pulse width 

HIGH or LOW 

tw 
reset pulse width 

HIGH or LOW 

trem 
removal time 

nR to nCP 

tsu 
set-up time _ 

nJ, nK to nCP 

th 
hold time 

nJ, nK to nCP 

maximum 

fmax 
maximum clock pulse 
frequency 
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+25 

min. typ. max. 

55 170 
20 34 
16 29 

50 160 
18 32 
14 27 

47 145 
17 29 
14 25 

19 75 
7 15 
6 13 

BO 25 
16 9 
14 7 

60 17 
12 6 
10 5 

80 22 
16 8 
14 6 

80 22 
16 8 
14 6 

4 -3 
4 -1 
4 -1 

6.0 18 
30 54 
35 64 

Tamb (°C) 

74HC 
UNIT Vee 

-40to+85 -40to+125 v 

min. max. min. max. 

215 255 2.0 
43 51 ns 4.5 
37 43 6.0 

200 240 2,0 
40 48 ns 4.5 
34 41 6.0 

180 220 2.0 
36 44 ns 4.5 
31 38 6.0 

95 110 2.0 
19 22 ns 4.5 
16 19 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

75 90 2.0 
15 18 ns 4.5 
13 15 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

4 4 2.0 
4 4 ns 4,5 
4 4 6.0 

4.8 4.0 2.0 
24 20 MHz 4.5 
28 24 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 6 

Fig. 7 

Fig. 6 

Fig. 6 

Fig. 7 

Fig. 6 

Fig. 6 

Fig. 6 



Dual JK flip-flop with reset; negative-edge trigger 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: flip-flops 

Note to HCT types 

PC74HC/HCT73 

flip-flops 

The value of additional quiescent supply current (l\lccl for a unit load of 1 is given in the family specifications_ 
To determine lllcc per input, multiply this value by the unit load coefficient shown in the table below_ 

input unit load 
coefficient 

nJ, nK 0.35 
nR 0.35 
nCP 0.35 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

lamb (°C) TEST CONDITIONS 

74 HGT 
SYMBOL PARAMETER f--------,--------,---------j UNIT Vee WAVEFORMS 

+25 -40 to +85 --40 to + 125 v 

min. typ. max. min. max. min. max. 

tpH L/ propagation delay 22 38 48 57 ns 4.5 Fig. 6 

e-tp~L~H __ +-_n_C_P_t_o_n_a _____ -+---+--t-----t---+---f-----t------+----+--r---------

tpHL/ propagation delay 21 36 45 54 
tPLH nCP to nQ 

tTHLI 

propagation delay 
nR to nQ, nO: 

20 34 

7 15 

43 51 

19 22 

ns 4.5 Fig. 6 

ns 4.5 Fig. 7 

ns 4.5 
tTLH 

f------t-------------t-----t----t---+-----+--+---+---t-----t---+--------

output transition ti rne Fig. 6 

tw 

tw 

trem 

clock pulse width 
HIGH or LOW 

reset pulse width 
HIGH or LOW 

removal time 
nRtonCP 

23 12 29 

18 9 23 

12 5 15 

35 ns 4.5 Fig. 6 

27 ns 4.5 Fig. 7 

18 ns 4.5 

t------+---------+--+--+--+--+--r----t-----+-----r-- - -------~ 

fmax 

set-up time 
nJ, nK to nCP 

hold time 
nJ, nK to nCP 

maximum clock pulse 
frequency 

12 5 15 

5 0 5 

27 46 22 

18 ns 4.5 Fig. 6 

5 ns 4.5 Fig. 6 

18 MHz 4.5 Fig. 6 
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PC74HC/HCT73 

flip-flops 

AC WAVEFORMS 

. 
nJ, nK INPUT 

nCP' INPUT 

no OUTPUT 

n0: OUTPUT 

7Z93191.1 

nR INPUT 

no OUTPUT 

nil OUTPUT 

-tw-
- tPHL 

-'PLHl{--­

__J' 7Z93192 

Fig. 7 Waveforms showing the reset (nR) input 
to output (nO, nO) propagation delays and the 
reset pulse width. 

230 January 1986 

Fig. 6 Waveforms showing the clock (nCPJ to 
output (nO, nO) propagation delays, the clock 
pulse width, the J and K to neP set-up and 
hold times, the output transition times and 
the maximum clock pulse frequency. 

Note to Fig. 6 

The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 

Note to AC waveforms 

(1) He : VM = 50%; V1 = GND to Vee· 
HCT: VM = 1.3V; V1 = GND to 3V. 



PC74HC/HCT74 

flip-flops 

DUAL D-TYPE FLIP-FLOP WITH SET AND RESET; POSITIVE-EDGE TRIGGER 

FEATURES 

• Output capability: standard 
• lcc category: flip-flops 

GENERAL DESCRIPTION 

The 74HC/HCT74 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL ( LSTTL). They are specified in 
compliance with JED EC standard no. 7. 

The 74HC/HCT74 are dual positive­
edge triggered, D-type flip-flops with 
individual data (D) inputs, clock (CP) 
inputs, set (Sol and reset (R°o) inputs; 
also complementary Q and a outputs. 

The set and reset are asynchronous 
active LOW inputs and operate 
independently of the clock input. 
Information on the data input is 
transferred to the Q output on the LOW­
to-H IGH transition of the clock pulse. 
The D inputs must be stable one set-up 
time prior to the LOW-to-HIGH clock 
transition for predictable operation. 

Schmitt-trigger action in the clock input 
makes the circuit highly tolerant to 
slower clock rise and fall times. 

74 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

propagation delay 
tPHLI nCP to nQ, nO 14 15 ns 
tPLH n~to nQ, nQ CL=15pF 15 18 ns 

nRo to nQ, nQ Vee= 5 v 16 18 ns 

fmax maximum clock frequency 76 59 MHz 

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissi pa ti on 

notes 1 and 2 24 29 pF capacitance per flip-flop 

GND = 0 V;Tamb = 25 °C;tr=tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (PD in µW): 

Po= Cpo x Vee' x fi + L (CL x Vee' x fol where: 

fi = input frequency in MHz CL output load capacitance in pF 
f 0 = output frequency in MHz Vee = supply voltage in V 
2: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is VJ= GND to Vee 
For HCT the condition is VJ = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT74P: 14-lead DI L; plastic (SOT-27). 
PC74HC/HCT74T: 14-lead mini-pack; plastic (S0-14; SOT-108A). 

PIN DESCRIPTION 

PIN NO. 

1, 13 

2, 12 
3, 11 
4, 10 

5,9 
6,8 
7 
14 

SYMBOL 

1Ff0 , 2Ff0 

10, 2D 
1CP,2CP 

1s0 ,2s0 

10, 2Q 
10, 20 
GND 

Vee 

CP FF 

a 
Ro 

16 6 

2Q 8 

Fig. 2 Logic symbol. 

NAME AND FUNCTION 

asynchronous reset-direct input (active LOW) 

data inputs 
clock input (LOW-to-HIGH, edge-triggered) 
asynchronous set-direct input (active LOW) 

true flip-flop outputs 
complement flip-flop outputs 
ground (O VI 
positive supply voltage 

7293118.1 

Fig. 3 I EC logic symbol. 
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PC74HC/HCT74 

flip-flops 

4 180 

2 10 

3 1CP 

10 250 

12 20 

11 2CP 

10 5 

CP FF1 

0 10: s 

20 9 

CP FF2 

0 20 a 

Fig. 4 Functional diagram. 
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FUNCTION TABLE 

INPUTS OUTPUTS 

so Ro CP 0 Q a 
L H x x H L 
H L x x L H 
L L x x H H 

INPUTS OUTPUTS 

so Ro CP 0 Cn+l On+l 

H H t L L H 
H H t H H L 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
t = LOW-to-HIGH CP transition 
On+ 1 = state after the next LOW-to-HIGH CP transition 

Q 

Fig. 5 Logic diagram (one flip-flop). 



Dual D-type flip-flop with set and reset; positive-edge trigger 

DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output ca pa bi I ity: standard 
Ice category: flip-flops 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nCPto nO, nQ 

tPHLI propagation delay 
tPLH nSo to no, na 

tPHLI pr'1'agation de~y 
tPLH nRo to nO, nO 

tTHLI output transition time 
tTLH 

clock pulse width 
tw HIGH or LOW 

tw 
set or reset pulse width 

HIGH or LOW 

removal time 
trem set or reset 

tsu 
set-up time 

nD to nCP 

th 
hold time 

nCP to nD 

fmax 
maximum clock pulse 
frequency 

+25 

min. typ. max. 

47 175 
17 35 
14 30 

50 200 
18 40 
14 34 

52 200 
19 40 
15 34 

19 75 
7 15 
6 13 

80 19 
16 7 
14 6 

80 19 
16 7 
14 6 

30 3 
6 1 
5 1 

60 6 
12 2 
10 2 

3 -6 
3 -·2 
3 -2 

6.0 23 
30 69 
35 82 

Tamb (OC) 

74HC 
UNIT Vee 

-40to+85 -40to+125 v 
min. max. min. max. 

220 265 2.0 
44 53 ns 4.5 
37 45 6.0 

250 300 2.0 
50 60 ns 4.5 
43 51 6.0 

250 300 2.0 
50 60 ns 4.5 
43 51 6.0 

95 110 2.0 
19 22 ns 4.5 
16 19 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

40 45 2.0 
8 9 ns 4.5 
7 8 6.0 

75 90 2.0 
15 18 ns 4.5 
13 15 6.0 

3 3 2.0 
3 3 ns 4.5 
3 3 6.0 

4.8 4.0 2.0 
24 20 MHz 4.5 
28 24 6.0 

PC74HC/HCT74 

flip-flops 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 7 

Fig. 7 

Fig. 6 

Fig. 6 

Fig. 7 

Fig. 6 

Fig. 6 

Fig. 6 
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PC74HC/HCT74 

flip-flops 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: flip-flops 

Note to HCT types 

The value of additional quiescent supply current (!llccl for a unit load of 1 is given in the family specifications. 
To determine /\Ice per input, multiply this value by the unit load coefficient shown in the table below. 

input 
unit load 
coefficient 

nD 0.70 

n_8o 0.70 
ns0 0.80 
nCP 0.80 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLi propagation delay 

tPLH nCP to nQ, nQ 

tPHLi propagation delay 

tPLH nSo to nQ, nO: 

tPHLi propagation delay 

lPLH nRo to nQ, nO: 

tTHLi output transition time 
tTLH 

tw 
clock pulse width 

HIGH or LOW 

tw 
set or reset pulse width 

HIGH or LOW 

trem 
removal time 
set or reset 

tsu 
set-up time 

nD to nCP 

lh 
hold time 

nCP to nD 

fmax 
maximum clock pulse 

frequency 
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+25 

min. typ. max. 

18 35 

21 35 

21 35 

7 15 

18 9 

16 9 

6 1 

12 5 

3 -3 

27 54 

Tamb (°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to +85 -40to+125 v 

min. max. min. max. 

44 53 ns 4.5 Fig. 6 

44 53 ns 4.5 Fig. 7 

44 53 ns 4.5 Fig. 7 

19 22 ns 4.5 Fig. 6 

23 27 ns 4.5 Fig. 6 

20 24 ns 4.5 Fig. 7 

8 9 ns 4.5 

15 18 ns 4.5 Fig. 6 

3 3 ns 4.5 Fig. 6 

22 18 MHz 4.5 Fig. 6 



Dual D-type flip-flop with set and reset; positive-edge trigger 

AC WAVEFORMS 

nD INPUT 

nCP INPUT 

no OUTPUT 

n0: OUTPUT 

n50 INPUT 

nRo INPUT 

no OUTPUT 
~-f 

n0 OUTPUT 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vcc­
HCT: VM = 1.3V; Vt= GND to 3V. 

'PLHJ _L_ 

PC74HC/HCT74 

flip-flops 

Fig. 6 Waveforms showing the clock (nCP) to 
output (nQ, nLi) propagation delays, the clock 
pulse width, the nD to nCP set-up, the nCP to nD 
hold times, the output transition times and the 
maximum clock pulse frequency. 

Note to Fig. 6 

The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 

Fig. 7 Waveforms showing the set and reset input 
to output (nQ, nQ) propagation delays and the 
set and reset pulse width. 
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PC74HC/HCT75 

MSI 

QUAD BISTABLE TRANSPARENT LATCH 

FEATURES 

• Complementary O and Ci outputs 
• Vee and GND on the centre pins 
• Output capability: standard 
• 'Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT75 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JED EC standard no. 7. 

The 74HC/HCT75 have four bistable 
latches. The two latches are simultaneously 
controlled by one of two active HIGH 
enable inputs (LE1-2 and LE3-4). 
When LEn-n is HIGH, the data enters the 
latches and appears at the nO outputs. 
The nO outputs follow the data inputs 
(nD) as long as LEn-n is HIGH 
(transparent). The data on the nD inputs 
one set-up time prior to the 
HIGH-to-LOW transition of the LEn-n 
will be stored in the latches. The latched 
outputs remain stable as long as the 
LEn-n is LOW. 

10 

20 

20 

LE1.2 
75 

GND 

Fig. 1 Pin configuration. 
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,------- ,------
TYPICAL 

SYMBOL PARAMETER CONDITIONS UNIT 
HC HCT 

1---------1 

tPHLI 
propagation delay CL=15pF 

Dn to On, Cln 11 12 ns 
tPLH LEn-n to On, On 

Vee= 5 v 11 11 ns 

c, input capacitance 3.5 3.5 pF 

Cpo 
power dissipation notes 1 and 2 42 42 pF 
capacitance per latch 

GND = 0 V; Tamb = 25 °C;tr =tf = 6 ns 

Notes 

1. CPD is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + L (CL x Vee' x fol where: 

fi = input frequency in MHz CL output load capacitance in pF 
fo = output frequency in MHz Vee = supply voltage in V 
:E (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is VJ= GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT75P: 16-lead DI L; plastic (SOT-38Z). 
PC74HC/HCT75T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 
,-----------,-----------------,-----· 

PINNO. SYMBOL NAME AND FUNCTION 

1, 14, 11, 8 10 to40 complementary latch outputs 

2, 3, 6, 7 1D to 40 data inputs 

4 LE3-4 latch enable input, latches 3 and 4 
(active HIGH) 

5 Vee positive supply voltage 

12 GND ground (0 V) 

13 LE1-2 latch enable input, latches 1 and 2 
(active HIGH) 

16, 15, 10, 9 1Q to 40 latch outputs 
~- ------· 

16 

15 
3-

14 

10 

11 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 

---------------



Quad bistable transparent latch 

CP 

Fig. 4 Functional diagram. 

LATCH 

Fig. 5 Logic diagram. 

FUNCTION TABLE 

INPUTS OUTPUTS 
OPERATING MODES 

data enabled 

data latched 

H = HIGH voltage level 
L = LOW voltage level 

LEn-n 

H 
H 

L 

nD nO 

L L 
H H 

x q 

q = lower case letters indicate the state of the 
referenced output one set-up time prior 
to the LOW-to-HIGH LEn-n transition 

X = don't care 

7293149.1 

no 

H 
L 

-
q 

PC74HC/HCT75 

MSI 
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PC74HC/HCT75 

MSI 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

Tamb (oC) TEST CONDITIONS 

SYMBOL PARAMETER 
74HC 

1-------~------,------i UNIT 
+25 -40to+85 --40to +125 

Vee WAVEFORMS 
v 

propagation delay 
nD to nQ 

min. typ. max. min. max. min. max. 

33 110 
12 22 
10 19 

140 
28 
24 

165 
33 ns 
28 

39 120 150 180 
tPHLI propagation delay 14 24 30 36 ns 
tPLH nD to nO 11 20 26 31 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

Fig. 6 

Fig. 7 

f----·--t--------·-·---1---+--+---+---r--+--i---t----t---r--------~ 

33 120 150 180 
tpH LI propagation delay 12 24 30 36 ns 
tPLH LEn-n to nQ 10 20 26 31 

tpH LI I propagation _9.elay 
tPLH L.En-n to nQ 

39 125 
14 25 
11 21 

155 190 
31 38 ns 
26 32 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

Fig. 8 

Fig. 8 

""" ~""'""_t_t-ra_n_s_it-io_n_t-im-e--+--+-~-9--1e--i~-+---+-~-~-+---t--~-~-O-t-n-s--+-~-:0-5-t-F-i-gs_6_a-nd_7 ___ -i 

tTLH 6 13 16 19 6.0 
r----

80 19 100 120 2.0 
enable pulse width 16 7 20 24 ns 4.5 Fig. 8 

tw HIGH 14 6 17 20 6.0 
r-----t-·--~~~~~~-+-~+-~t-~1--~1----i~~t-~t--~-+~-+~~~~~~--j 

tsu 
set-up time 

nD to LEn-n 

60 14 
12 5 
10 4 

75 
15 
13 

90 
18 
15 

ns 
2.0 
4.5 
6.0 

Fig. 9 

1--··~·--+-·~~~~~~~+--+~-+-~-t--~t--~t-~t-~t--~-t-~--t-~~~~~----1 

hold time 
nD to LEn-n 

238 January 1986 

3 
3 
3 

-8 
-3 
-2 

3 
3 
3 

3 
3 
3 

ns 
2.0 
4.5 
6.0 

Fig. 9 



Quad bistable transparent latch 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

PC74HC/HCT75 

MSI 

The value of additional quiescent supply current (Lilccl for a unit load of 1 is given in the family specifications. 
To determine Lilcc per input, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient 

nD 0.75 
LEn.n 1.00 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pf 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nD to nO 

tPHLI propagat~n delay 
tPLH nD to no 

tPHLI propagation delay 
tPLH LEn·n to nO 

tPHLI propagation delay 
tPLH LEn·n to nQ 

tTHLI output transition time 
tTLH 

tw 
enable pulse width 

HIGH 

tsu 
set·up time 

nD to LEn.n 

th 
hold time 

nD to LEn·n 

+25 

min. typ. 

15 

15 

13 

15 

7 

16 6 

12 4 

3 -2 

Tamb (OC) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 --40to+125 v 

max. min. max. min. max. 

28 35 42 ns 4.5 Fig. 6 

28 35 42 ns 4.5 Fig. 7 

28 35 42 ns 4.5 Fig. 8 

30 38 45 ns 4.5 Fig. 8 

15 19 22 ns 4.5 Figs 6 and 7 

20 24 ns 4.5 Fig. 8 

15 18 ns 4.5 Fig. 9 

3 3 ns 4.5 Fig. 9 
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PC74HC/HCT75 

MSI 

AC WAVEFORMS 

Fig. 6 Waveforms showing the data input (nD) to 
output (nQ) propagation delays and the output 
transition times. 

nD INPUT \_ 
LEn-n INPUT 

no OUTPUT 

n0: OUTPUT 

7293152 

Fig. 8 Waveforms showing the latch enable input 
(LEn-n) pulse width, the latch enable input to 
outputs (nQ, nCl) propagation delays and the 
output transition times. 

l 

'-----------~~-~~~--------------' 

240 

Note to AC waveforms 

(1) HC : VM = 50%; V1 = GND to Vee· 
HCT: VM = 1.3 V; V1 = GND to 3 V. 

''"""' , ... ,, 

L ... 
Ir-

n0 OUTPUT 

7293151 

Fig. 7 Waveforms showing the data input (nD) to 
output (nQ) propagation delays and the output 
transition times. 

oOOUTPUT. •-
Fig. 9 Waveforms showing the data set-up and 
hold times for nD input to LEn-n input. 

Note to Fig. 9 

The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 

7293153 



PC74HC/HCT85 

MSI 

4-BIT MAGNITUDE COMPARATOR 

FEATURES 

• Serial or parallel expansion without 
extra gating 

• Magnitude comparison of any binary 
words 

• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 
The 74HC/HCT85 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL)_ They are specified in 
compliance with JEOEC standard no. 7. 

The 74HC/HCT85 are 4-bit magnitude 
comparators that can be expanded to 
almost any length. They perform 
comparison of two 4-bit binary, BCD or 
other monotonic codes and present the 
three possible magnitude results at the 
outputs (OA>B. OA=B and OA<Bi­
The 4-bit inputs are weighted (Ao to A3 
and Bo to B31. where A3 and 83 are the 
most significant bits. 

The operation of the "B5" is described in 
the function table, showing al I possible 
logic conditions. The upper part of the 
table describes the normal operation 
under all conditions that will occur in a 
single device or in a series expansion 
scheme. In the upper part of the table 
the three outputs are mutually exclusive. 
In the lower part of the table, the outputs 
reflect the feed forward conditions that 
exist in the para! lei expansion scheme. 

For proper compare operation the 
expander inputs (IA>B. IA=B and IA<BI 
to the least significant position must be 
connected as follows: IA<B = IA>B = 
=LOW and IA=B =HIGH. 
For words greater than 4-bits, units can be 
cascaded by connecting outputs 0A<B, 
0A>B and OA=B to the corresponding 
inputs of the significant comparator. 

85 

Fig. 1 Pin configuration. 

SYMBOL PARAMETER CONDITIONS 

propagation delay 
An. Bn to 0A>B. 0A<B 
An. Bn to OA=B CL=15pF 

tPLH IA<B· IA=B, IA>B to Vee= 5 v 
I tPHLi 

0A<B. 0A>B _l_ IA=B to OA=B 

C1 input capacitance 

Cpo 
power dissipation 
capacitance per package 

GND=OV;Tamb=25°C; tr=t1=6ns 

Notes 

----

notes 1 and 2 

TYPICAL 
r------ --

HC HCT 

20 18 
15 20 

13 15 
10 14 

3.5 3.5 

18 20 

1. Cpo is used to determine the dynamic power dissipation (Po in µWl: 

Po= Cpo x Vee' x fi + i: (CL x Vee' x fol where: 

UNIT 

ns 
ns 

ns 
ns 

pF 

pF 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
i: (CL x Vee' x f0 l =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT85P: 16-lead OIL; plastic (SOT-38Z). 
PC74HC/HCT85T: 16-lead mini-pack; plastic IS0-16; SOT-109A). 

PIN DESCRIPTION 

r~--~YMBOL 
IA<B 
IA=B 
IA>B 

5 0A>B 
6 0A=B 
7 0A<B 
8 GND 
9, 11, 14, 1, Bo to B3 
10, 12, 13, 15 Ao to A3 
16 Vee 

10 Ao 

Bo 

12 Al 

11 a, 
QA< B 

13 A2 

14 
QA=B 

15 

QA>B 

1A <B 

1A= B 

1A> B 

7Z93222 

NAME AND FUNCTION 

A< B expansion input 
A= B expansion input 
A > B expansion input 
A> B output 
A= B output 
A< B output 
ground ID Vl 
word B inputs 
word A inputs 
positive supply voltage 

P<O _.}_ 

p = Q 6 

P>O S 

7293223 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCT85 

MSI l ___ _ 

7Z93224 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

COMPARING INPUTS 

A3,B3 A2, B2 Ai, B1 AQ.Bo 

AJ>B3 x x x 
A3<B3 x x x 
AJ=B3 A2>B2 x x 
AJ=B3 A2<B2 x x 

AJ=B3 A2=B2 A1>B1 x 
AJ=B3 A2=B2 A1<B1 x 
AJ=B3 A2=B2 A1=B1 Ao>Bo 
AJ=B3 A2=B2 A1=B1 Ao<Bo 

AJ=B3 A2=B2 A1=B1 Ao= Bo 
AJ=B3 A2=B2 A1=B1 Ao= Bo 
AJ=B3 A2=B2 A1=B1 Ao= Bo 

AJ=B3 A2=B2 A1=B1 Ao= Bo 
AJ=B3 A2=B2 A1=B1 Ao= Bo 
AJ=B3 A2=B2 A1=B1 Ao= Bo 

J'"""" 1986 ~ 

APPLICATIONS 

• Process controllers 
• Servo-motor control 

CASCADING INPUTS 

IA>B IA<B IA=B QA>B 

x x x H 
x x x L 
x x x H 
x x x L 

x x x H 
x x x L 
x x x H 
x x x L 

H L L H 
L H L L 
L L H L 

x x H L 
H H L L 
L L L H 

OUTPUTS 

QA<B 

L 
H 
L 
H 

L 
H 
L 
H 

L 
H 
L 

L 
L 
H 

QA=B 

L 
L 
L 
L 

L 
L 
L 
L 

L 
L 
H 

H 
L 
L 

H =HIGH voltage level 
L = LOW voltage level 
X =don't care 



4-bit magnitude comparator J 
---

PC74HC/HCT85 

MSI 

..--------------------------------------~ 

J )--, 

'-t--T-J ___ )>---t-~~1--i~_.--~L~~~rn~J~~~) 
'-t--1-----t--t---+-+-++-------+-+t--t-' _c )--J 

l 
s, 

Bo 

J )-- 7293225 

Fig. 5 Logic diagram. 



PC74HC/HCT85 

MSI 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

elay propagation d 
An, Bn to Q A>B or QA<B 

elay propagation d 
An, Bn to Q A=B 

elay propagation d 
IA<B· IA=B 
QA<B· QA> 

, IA>B to 
B 

elay propagation d 
IA=B to QA =B 

ion time 

244 ''"""' 19861 

min. 

+25 

typ. max. 

63 195 
23 39 
18 33 

50 175 
18 35 
14 30 

44 140 
16 28 
13 24 

33 120 
12 24 
10 20 

19 75 
7 15 
6 13 

Tamb (°C) 

74HC 
UNIT Vee 

-40to+85 -40to+125 v 
min. max. min. max. 

245 295 2.0 
49 59 ns 4.5 
42 50 6.0 

220 265 2.0 
44 53 ns 4.5 
37 45 6.0 

175 210 2.0 
35 42 ns 4.5 
30 36 6.0 

150 180 2.0 
30 36 ns 4.5 
26 31 6.0 

95 110 2.0 
19 22 ns 4.5 
16 19 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 6 

Fig. 6 

Fig. 6 

Fig. 6 



~~~~4---bi_t_m_a_g_n-it_u_d_e_c_o_m_p_a-ra_t_o_r~~~~~~~~~~~~~~~~~~~ ~-~-~-~-C_T_8_5~~~~~ 
DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (I\ Ice) for a unit load of 1 is given in the family specifications. 
To determine tJ. lcc per input, multiply this value by the unit load coefficient shown in thP tahlP hP!nw 

..---
input 

unit load 
coefficient 

IA<B 1.00 
IA>B 1.00 
IA=B 1.50 
An, Bn 1.50 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 
~---,--------·-------,-----------------·-------- ------ ·----- -

'---------T_-=.am==--b (°C) TEST CONDITIONS 

74HCT f----:r=-
>-S-Y_M_B_O_L+--P-A_R_A_M_E_T_E_R _____ -+--m_<" ~:'. -~ ::w~: ::.::: UN<T :c _:·' -

propagation delay 
An, Bn to QA>B or QA<B 

21 37 46 56 ns 4.5 Fig. 6 

ns 4.5 Fig. 6 propagation delay 23 40 
An, Bn to QA=B 

r------+-------------+---+----t----+---+--------t---t--·--t---·--+-----J-·--------

50 60 

propagation delay 

IA<B· IA=B· IA>B to 
QA<B,QA>B 

18 31 39 47 ns 4.5 

t------+-----------+---1----- ----+---! ---+----1----+-----
tPHL/ 
tPLH 

propagation delay 
IA=B to QA=B 

17 31 39 47 ns 4.5 

Fig. 6 

Fig. 6 

>------+------- -------1----+----+---'----+--- ··+----+--- ---- ·---+---------
tTHL/ tTLH output transition time 7 15 19 22 ns 4.5 Fig. 6 

~---~---------------~-~--~'-----+--~-~-· 
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PC74HC/HCT85 

MSI 

AC WAVEFORMS 

0 0 OUTPUT 

7293226 - _tTLH 

Fig. 6 Waveforms showing the word A inputs 
(Anl. word B inputs (Bnl and expansion inputs 
(In) to the outputs (On) propagation delays and 
the output transition times. 

Note to AC waveforms 
(1) HC : VM = 50%; V1 = GND to Vcc­

HCT: VM = 1.JV; VJ= GND to JV. 



PC74HC/HCT86 

SSI 

QUAD 2-INPUT EXCLUSIVE-OR GATE 

FEATURES 

• Output capability: standard 
• I CC category: SS I 

GENERAL DESCRIPTION 

The 74HC/HCT86 are highweed Si-gate 
CMOS devices and are pin compatible with 
low power Schottky TTL (LSTTLl. They 
are specified in compliance with JEDEC 
standard no. 7. 

The 74HC/HCT86 provide the 
EXCLUSIVE-OR function. 

86 

Fig. 1 Pin configuration. 

r=ITIONS 
TYPICAL 

SYMBOL PARAMETER 1----- UNIT 
HC HCT 

tPHL/ propagation delay 
Cc " >O '' " " m -tPLH nA, nB to nY Vee= 5 v 

input capacitance -----------+--~~;~-t-;;-
C1 

I Cpo 
I 

power dissipation J_notes~and ~ I 30 30 .. I p;--j 
capacitance per gate ______ ___l__ _____ _j ___ 

GND = 0 V; Tamb = 25°C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (PD in µWl: 

Po= Cpo x Vee' x Ii+ z: (CL x Vee' x t0 l where: 

Ii = input frequency in MHz CL output load capacitance in pF 
t0 = output frequency in MHz Vee = supply voltage in V 
l: (CL x Vee' x f0 l =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT86P: 14-lead DI L; plastic (SOT-27). 
PC74HC/HCT86T: 14-lead mini-pack; plastic (S0-14; SOT-108A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 4, 9, 12 1A to 4A data inputs 

2, 5, 10, 13 1B to 48 data inputs 

3, 6, 8, 11 1Yto4Y data outputs 

7 GND ground (0 Vl 

14 Vee positive supply voltage 

1 lA 
lY 3 

2 18 

4 2A 
2Y 6 

5 28 

9 3A 
3Y 8 

10 38 

12 4A 
4Y 11 

13 48 
11 

Fig. 2 Logic symbol. Fig. 3 IEC logic sym~J 

---------------~-~---
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PC74HC/HCT86 

SSI 

1 1A 

2 18 

4 2A 

5 2B 

9 3A 

10 3B 

12 4A 

13 48 

1Y 3 

2Y 6 

3Y 8 

4Y 11 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS 

nA nB 

L L 
L H 
H L 
H H 

H = HIGH voltage level 
L = LOW voltage level 

OUTPUTS 

nY 

L 
H 
H 
L 

DC CHARACTERISTICS FOR 74HC 

Fig. 5 Logic diagram (one gate). 

For the DC characteristics see chapter "HCMOS family characteristics'', section "Family specifications". 

Output capability: standard 
I CC category: SSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

lPHL/ propagation delay 

lPLH nA, nB to nY 

lTHLI output transition time 
lTLH 

248 J'"""' 19861 

+25 

min. typ. max. 

39 70 
14 24 
11 12 

19 75 
7 15 
6 13 

lamb (°C) 

74HC 
UNIT Vee 

-40to +85 -40to+125 v 
min. max. min. max. 

90 105 2.0 
18 21 ns 4.5 
15 18 6.0 

95 110 2.0 
19 22 ns 4.5 
16 19 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 6 



Quad 2-input EXCLUSIVE-OR gate 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
I cc category: SS I 

Note to HCT types 

PC74HC/HCT86 

SSI 

The value of additional quiescent supply current (fl Ice) for a unit load of 1 is given in the family specifications. 
To determine Lllcc per input, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient 

-
nA,nB 1.0 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHL/ propagation delay 
tPLH nA, nB to nY 

lTHLI output transition time 
tTLH 

+25 

min. typ. max. 

17 32 

7 15 

Tamb (OC) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 
min. max. min. max. 

40 48 ns 4.5 Fig. 6 

19 22 ns 4.5 Fig. 6 
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PC74HC/HCT86 

SSI 

AC WAVEFORMS 

Fig. 6 Waveforms showing the input (nA, nB) to 
output (nY) propagation delays and the output 
transition ti mes. 

''"""' 19061 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee· 
HCT: VM = 1.3V;V1 =GNDto3V. 



4-BIT BINARY RIPPLE COUNTER 

FEATURES 

• Various counting modes 
• Asynchronous master reset 
• Output capability: standard 

• lcc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT93 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT93 are 4-bit binary 
ripple counters. The devices consist of 
four master-slave flip-flops internally 
connected to provide a divide-by-two 
section and a divide-by-eight section. 
Each section has a separate clock input 
(CPo and CP1) to initiate state changes 
of the counter on the HIGH-to-LOW clock 
transition. State changes of the On outputs 
do not occur simultaneously because of 
internal ripple delays. Therefore, decoded 
output signals are subject to decoding 
spikes and should not be used for clocks 
or strobes. 

A gated AND asynchronous master reset 
(MR1 and MR2) is provided which 
overrides both clocks and resets (clears) 
all flip-flops. 

Since the output from the divide-by-two 
section is not internally connected to the 
succeeding stages, the device may be 
operated in various counting modes. 
In a 4-bit ripple counter the output Oo 
must be connected externally to input 
CP1. The input count pulses are applied 
to clock input CPo. Simultaneous frequency 
divisions of 2, 4, 8 and 16 are performed at 
the Oo, 01 · 02 and 03 outputs as shown 
in the function table. As a 3-bit ripple 
counter the input count pulses are applied 
to input CP1. 
Simultaneous frequency divisions of 2, 4 
and 8 are available at the 01, 02 and 03 
outputs. Independent use of the first 
flip-flop is available if the reset function 
coincides with reset of the 3-bit 
ripple-through counter. 

93 

Fig. 1 Pin configuration. 

PC74HC/HCT93 

MSI 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

tPHLi propagation delay 
12 15 ns 

tPLH CPo to o0 CL=15pF 
Vee= 5 v 

fmax maximum clock frequency 100 77 MHz 

I C1 input capacitance 3.5 3.5 pf 

Cpo 
power dissipation 

notes 1 and 2 22 22 pF capacitance per package 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + l: (CL x Vee' x f0 ) where: 

fi = input frequency in MHz CL output load capacitance in pf 
f0 = output frequency in MHz Vee = supply voltage in V 
L (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT93P: 14-lead DI L; plastic (SOT-27). 
PC74HC/HCT93T: 14-lead mini-pack; plastic (S0-14; SOT-108A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 CP1 
clock input 2nd, 3rd and 4th section 
(HIGH-to-LOW, edge-triggered) 

2,3 MR1, MR2 asynchronous master reset (active HIGH) 

4, 6, 7, 13 n.c. not connected 

5 Vee positive supply voltage 

10 GND ground (0 V) 
12, 9, 8, 11 Oo to 03 flip-flop outputs 

14 CPo 
clock input 1st section (HIGH-to-LOW, 
edge-triggered) 

14--0 CPo 

1 2 

7293821 
2 3 12 ,, 

7293822 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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MSI 

14 C'Po 

252 January 1986 

12 9 11 

Fig. 4 Functional diagram. 

Fig. 5 Logic diagram. 

FUNCTION TABLE 

OUTPUTS 
COUNT 

Oo a, 02 Q3 

0 L L L L 
1 H L L L 
2 L H L L 
3 H H L L 

4 L L H L 
5 H L H L 
6 L H H L 
7 H H H L 

8 L L L H 
9 H L L H 

10 L H L H 
11 H H L H 

12 L L H H 
13 H L H H 
14 L H H H 
15 H H H H 

MODE SELECTION 

RESET INPUTS OUTPUTS 

MR1 MR2 aol a, J 02 J 03 

LTLJL TL H H 
L H count 
H L count 
L L count 

Note to function table 

Output Oo connected to Ei>1. 

H = HIGH voltage level 
L = LOW voltage level 



4-bit binary ripple counter J 
---

DC CHARACTERISTICS FOR 74 HC 

PC74HC/HCT93 

MSI 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
I CC category: MS I 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH CPo to Oo 

tPHLI propagation delay 
tPLH CP1 to 01 

tPHLI propagation delay 
tPLH CP1 to 02 

tPHLI propagation delay 
tPLH CP1 to 03 

propagation delay 
tpHL MRn to On 

tTHLI output transition time 
tnH 

removal time 
trem MRn to CPo. CP1 

pulse width 
tw 

CFo, CT1 

master reset pulse width 
tw MRn 

maximum clock pulse 

frnax _J frequency 
CPo, CP1 

~---

+25 

min. typ. max. 

I 
41 125 
15 25 
12 21 

49 135 
16 27 
13 23 

61 185 
22 37 
18 31 

80 245 
29 49 
23 42 

50 155 
18 31 
14 26 

19 75 
7 15 
6 13 

50 8 
10 3 
9 2 

80 14 
16 5 
14 4 

80 14 
16 5 
14 4 

6 30 
30 91 
35 108 

Tamb (oC) TEST CONDITIONS 

74HC 
UNIT Vee WAVEFORMS 

-40 to +85 -40to+125 v 
min. max. min. max. 

155 190 2.0 
31 38 ns 4.5 Fig. 6 
26 32 6.0 

170 205 2.0 
34 41 ns 4.5 Fig. 6 
29 35 6.0 

230 280 2.0 
46 56 ns 4.5 Fig. 6 
39 48 6.0 

305 370 2.0 
61 71 ns 4.5 Fig. 6 
52 63 6.0 

195 235 2.0 
39 47 ns 4.5 Fig. 7 
33 40 6.0 

95 110 2.0 
19 22 ns 4.5 Fig. 6 
16 19 6.0 

65 75 2.0 
13 15 ns 4.5 Fig. 7 
11 13 6.0 

100 120 2.0 
20 24 ns 4.5 Fig. 6 
17 20 6.0 

-

100 120 2.0 
20 24 ns 4.5 Fig. 7 
17 20 6.0 

4.8 4.0 2.0 
24 20 MHz 4.5 Fig. 6 
28 24 6.0 
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PC74HC/HCT93 

MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
lcccategory: MSI 

Note to HCT types 

The value of additional quiescent supply current (I'> lccl for a unit load of 1 is given in the family specifications. 
To determine t.lcc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT UNIT LOAD 
COEFFICIENT 

CPo. CP1 0.60 
MRn 0.40 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

Tamb (oC) TEST CONDITIONS 

74HCT 
SYMBOL PARAMETER UNIT Vee WAVEFORMS 

+25 -40to +85 -40to+125 v 
min. typ. max. min. max. min. max. 

tPHLI propagation delay 18 34 43 51 ns 4.5 Fig. 6 
tPLH CPo to Go 

tPHLI p~agation delay 18 34 43 51 ns 4.5 Fig. 6 
tPLH CP1 to 01 

tPHLI propagation delay 
24 46 58 69 ns 4.5 Fig. 6 

tPLH CP1to02 

tPHL/ propagation delay 
30 58 73 87 ns 4.5 Fig. 6 

tPLH CP1 to 03 

tPHL 
propagation delay 

17 33 41 50 ns 4.5 Fig. 7 
MRn to On 

tTHLI output transition time 7 15 19 22 ns 4.5 Fig. 6 
tTLH 

trem 
removal time 

10 3 MRn to CP"o, CP"1 13 15 ns 4.5 Fig. 7 

tw 
pulse width 

16 7 20 24 ns 4.5 Fig. 6 
Ci'o, CP1 

tw 
master reset pulse width 16 5 20 24 ns 4.5 Fig. 7 

MRn 

maximum clock pulse 
fmax frequency 30 70 24 20 MHz 4.5 Fig. 6 

Cl'o, CP1 
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----~~-4-·-b-it_b_i_na~ry~ri_p_p-le~co-u_n_t_e_r--------------------------------------'~ PC74HC/HCT93 

MSI 

AC WAVEFORMS 

-t/fmax-

Ciin INPUT 

an OUTPUT 

7Z93826 

Fig. 6 Waveforms showing the clock (ePn) to 
output (On) propagation delays, the clock pulse 
width, output transition times and the maximum 
clock pulse frequency. 

Note to AC waveforms 

(1) HC : VM = 50%; V1 = GND to Vee· 
HCT: VM = 1.3V; V1 = GND to 3V. 

MR n INPUT 

0 0 OUTPUT 

Fig. 7 Waveforms showing the master reset (MRn) 
pulse width, the master reset to output (On) 
propagation delays and the master reset to clock 
(ePnl removal time. 
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PC74HC/HCT107 

flip-flops 

DUAL JK FLIP-FLOP WITH RESET; NEGATIVE-EDGE TRIGGER 

FEATURES 

• Output capability: standard 
• Ice category: flip-flops 

GENERAL DESCRIPTION 

The 74HC/HCT107 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT107 are dual negative­
edge triggered JK-type flip-flops 
featuring individual J, K, clock (nCP) 
and res~ (n Al inputs; also complementary 
Q and Q outputs. 

The J and K inputs must be stable one 
set-up time prior to the HIGH-to-LOW 
clock transition for predictable operation. 

The reset (nR) is an asynchronous active 
LOW input. When LOW, it overrides the 
clock and data inputs, forcing the 0 
output LOW and the Q output HIGH. 

Schmitt-trigger action in the clock input 
makes the circuit highly tolerant to 
slower clock rise and fall times. 

107 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

propagation delay 
tPHLI nCP to nO 16 16 ns 
tPLH nCP to nQ CL= 15 pF 16 18 ns 

nR to nO, nQ Vee= 5 v 15 19 ns 

I max maximum clock frequency 74 74 MHz 

C1 input capacitance 3.5 3.5 pf 

Cpo 
power dissipation notes 1 and 2 30 30 pf capacitance per flip-flop 

GND = 0 V; T amb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation !Po in µW): 

Po= Cpo x Vee' x fi + i:: (CL x Vee' x lo) where: 

Ii = input frequency in MHz CL output load capacitance in pf 
10 = output frequency in MHz Vee = supply voltage in V 
l: (CL x Vee' x 10 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT107P: 14-lead DI L; plastic (SOT-27). 
PC74HC/HCT107T: 14-lead mini-pack; plastic (S0-14; SOT-108A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 8, 4, 11 1J, 2J, 1 K, 2K synchronous inputs; flip-flops 1 and 2 
2,6 10,20 complement flip-flop outputs 
3,5 10, 20 true flip-flop outputs 
7 GND ground (0 V) 
12, 9 1CP, 2CP clock input (LOW-to-HIGH, edge-triggered) 
13, 10 1R, 2R asynchronous reset inputs (active LOW) 
14 Vee positive supply voltage 

7293220.1 

Fig. 2 Logic symbol. Fig, 3 I EC logic symbol. 
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PC74HC/HCT107 

flip-flops 

12 1CP 
CP FF1 

1K a 

13 1R" 

2J a 
2CP 

CP FF2 

10 2R 

10 

20 

7Z93195 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS 
OPERATING MODE 

nR" nCP 

asynchronous reset L x 

toggle H t 
load "O" (reset) H t 
load "1" (set) H t 
hold "no change" H t 

... J'"""' 1986 I 

J 

x 

h 
I 
h 
I 

OUTPUTS 

K a a 
x L H 

h -
q q 

h L H· 
I H L -I q q 

H = HIGH voltage level 
h = HIGH voltage level one set-up time prior 

to the LOW-to-HIGH CP transition 
L = LOW voltage level 
I = LOW voltage level one set-up time prior 

to the LOW-to-HIGH CP transition 
q = lower case letters indicate the state of the 

referenced output one set-up time prior 
to the LOW-to-HIGH CP transition 

X = don't care 
t = HIGH-to-LOW CP transition 

7Z93190 

Fig. 5 Logic diagram (one flip-flop). 



Dual JK flip-flop with reset; negative-edge trigger 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
I CC category: flip· flops 

AC CHARACTERISTICS FOR 74HC 

GND =O V; tr= tf = 6 ns; CL= 50 pF 

Tamb (oC) 

74HC 
SYMBOL PARAMETER UNIT Vee 

+25 -40to+85 --40to +125 v 

min. typ. max. min. max. min. max. 

tPHL/ propagation delay 52 160 200 240 2.0 
19 32 40 48 .ns 4.5 

tPLH nCP to nQ 15 27 34 41 6.0 

tPHLI propagatio~ delay 
52 160 200 240 2.0 
19 32 40 48 ns 4.5 

tPLH nCP to nQ 15 27 34 41 6.0 

tPHLI propagation delay 
50 155 195 235 2.0 
18 31 39 47 ns 4.5 

tPLH nR to nQ, nO: 14 26 33 40 6.0 

tTHLI 
19 75 95 110 2.0 

output transition time 7 15 19 22 ns 4.5 
tTLH 6 13 16 19 6.0 

clock pulse width 
80 22 100 120 2.0 

tw 16 8 20 24 ns 4.5 
HIGH or LOW 14 6 17 20 6.0 

reset pulse width 
80 22 100 120 2.0 

tw 16 8 20 24 ns 4.5 
HIGH or LOW 

14 6 17 20 6.0 

removal time 60 -22 75 90 2.0 
trem nR to nCP 12 -8 15 18 ns 4.5 

10 -6 13 15 6.0 

set-up time _ 
100 28 125 150 2.0 

tsu 20 10 25 30 ns 4.5 
nJ, nK to nCP 17 8 21 26 6.0 

hold time 5 0 5 5 2.0 
th nJ, nK to nCP 

5 0 5 5 ns 4.5 
5 0 5 5 6.0 

maximum clock pulse 
6 22 4.8 4.0 2.0 

fmax 30 67 24 20 MHz 4.5 
frequency 35 80 28 24 6.0 

PC74HC/HCT107 

flip-flops 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 6 

Fig. 7 

Fig. 6 

Fig. 6 

Fig. 7 

Fig. 6 

Fig. 6 

Fig. 6 



PC74HC/HCT107 

flip-flops 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: flip-flops 

Note to HGT types 

The value of additional quiescent supply current ill Ice) for a unit load of 1 is given in the family specifications. 
To determine /\Ice per input, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient 

nJ, nK 0.35 
nR 0.35 
nCP 0.35 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

trHLI propagation delay 
tPLH nCP to nQ 

lPHLI propagation delay 
tPLH nCP to nO 

trHLI propagation delay 
tPLH nR to na, no 

tTHLI output transition time 
tTLH 

tw 
clock pulse width 

HIGH or LOW 

tw 
reset pulse width 

HIGH or LOW 

trem 
removal time 

nR to nCP 

tsu 
set-up time 

nJ, nK to nCP 

th 
hold time 

nJ, nK to nCP 

fmax 
maximum clock pulse 
frequency 

260 J'"""" 19861 

+25 

min. typ. 

19 

21 

22 

7 

16 8 

24 12 

12 -6 

20 8 

5 0 

30 67 

Tamb (OC) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40 to+125 v 

max. min. max. min. max. 

36 45 54 ns 4.5 Fig. 6 

36 45 54 ns 4.5 Fig. 6 

38 48 57 ns 4.5 Fig. 7 

15 19 22 ns 4.5 Fig. 6 

20 24 ns 4.5 Fig. 6 

30 36 ns 4.5 Fig. 7 

15 18 ns 4.5 

25 30 ns 4.5 Fig. 6 

5 5 ns 4.5 Fig. 6 

24 20 MHz 4.5 Fig. 6 



Dual JK flip-flop with reset; negative-edge trigger 

AC WAVEFORMS 

PC74HC/HCT107 

flip-flops 

• nJ, nK INPUT •~:::~ l!!!!!!!!A_,'"_ --·"~I. _,"!~ 
1---- 1/fmax -----1 

nC'P INPUT 

nQ OUTPUT 

tTHL 

n0: OUTPUT 

7Z931ll1.1 

nfi INPUT 

nQ OUTPUT 

ni5 OUTPUT 

_, 1PLH If---
~ 7Z93192 

Fig. 7 Waveforms showing the reset (nRl input 
to output (nQ, nQ) propagation delays and the 
reset pulse width. 

Fig. 6 Waveforms showing the clock (nCP) to 
output (nQ, nO) propagation delays, the clock 
pulse width, the J and K to nCP set-up and 
hold times, the output transition times and 
the maximum clock pulse frequency. 

Note to Fig. 6 

The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 

Note to AC waveforms 

(1) HC : VM = 50%; Vi = GND to Vee· 
HCT: VM = 1.3 V; V1 = GND to 3 V. 

261 



PC74HC/HCT109 

flip-flops 

DUAL JK FLIP-FLOP WITH SET AND RESET; POSITIVE-EDGE TRIGGER 

262 

FEATURES 

• J, K inputs for easy D-type flip-flop 
• Toggle flip-flop or "do nothing" 

mode 
• Output capability: standard 
• lcc category: flip-flops 

GENERAL DESCRIPTION 
The 74HC/HCT109 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JED EC standard no. 7. 

The 74HC/HCT109 are dual positive­
edge triggered, JK flip-flops with 
individual J, R inputs, clock (CP) inputs, 
set (Sol and reset (Ro) inputs; also 
complementary Q and Q outputs. 

The set and reset are asynchronous 
active LOW inputs and operate 
independently of the clock input. 

The J and K inputs control the 
state changes of the flip-flops as 
described in the mode select function 
table. 
The J and R inputs must be stable one 
set-up time prior to the LOW-to-HIGH 
clock transition for predictable operation. 

The JR design allows operation as a 
D-type flip-flop by tying the J and R 
inputs together. 

Schmitt-trigger action in the clock input 
makes the circuit highly tolerant to 
slower clock rise and fall times. 

7293131 

Vee 

2R 0 

2J 

2i< 

Fig. 1 Pin configuration. 

SYMBOL PARAMETER 

propagation delay 
tPHLI nCP to nO, nQ 
tPLH n~ tonO, nQ. 

nRo to nQ, no 

fmax maximum clock frequency 

C1 input capacitance 

Cpo 
power dissipation 

capacitance per flip-flop 

GND = 0 V;Tamb = 25 °C;tr = tf = 6 ns 

Notes 

TYPICAL 
CONDITIONS 

HC HCT 

15 17 
CL= 15 pF 11 14 
Vee =5 v 11 14 

75 61 

3.5 3.5 

notes 1 and 2 20 22 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

PD= Cpo x Vee' x fi + ~ (CL x Vee' x fol where: 

UNIT 

ns 
ns 
ns 

MHz 

pF 

pF 

fi = input frequency in MHz CL output load capacitance in pF 
fo = output frequency in MHz Vee = supply voltage in V 
~(CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT109P: 16-lead DlL; plastic (SOT-38Z). 
PC74HC/HCT109T: 16-lead mini-pack; plastic (S0-16; SOT·109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 15 1J"l0 , 2Ro asynchronous reset-direct input (active LOW) 

2, 14, 3, 13 
1J, 2J, synchronous inputs; flip-flops 1 and 2 
1R, 2R 

4, 12 1CP, 2CP clock input (LOW-to-HIGH, edge-triggered) 

5, 11 1s0 , 2s0 asynchronous set-direct input (active LOW) 

6, 10 10,20 true flip-flop outputs 
7,9 1Q,2Q complement flip-flop outputs 
8 GND ground (0 V) 
16 Vee positive supply voltage 

Cl 

10 

C1 

Fig. 2 Logic symbol. Fig. 3 1 EC logic symbol. 



Dual JK flip-flop with set and reset; positive edge-trigger PC74HC/HCT109 

flip-flops 

150 

1J 
So 

a 
1Q 6 

1CP 
CP FF1 

1i< a 10 7 

Ro 

1 R0 

11 250 

14 2J 
So 

20 10 

12 2CP 
CP FF2 

13 2i< a 20 9 

Ro 

15 2R 0 

7293134 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS OUTPUTS 
OPERATING MODE 

so Ro CP J K a Q 

asynchronous set L H x x x H L 
asynchronous reset H L x x x L H 
undetermined L L x x x H H 

toggle H H t -h I q q 
load "O" (reset) H H t I I L H 
load "1" (set) H H t h h H L -
hold "no change" H H t I h q q 

H HIGH voltage level 
h HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition 
L LOW voltage level 
I LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 
q lower case letters indicate the state of the referenced output one set-up time prior 

to the LOW-to-HIGH CP transition 
X = don't care 
t = LOW-to·HIGH CP transition 

Fig. 5 Logic diagram (one flip-flop). 
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PC74HC/HCT109 

flip-flops 

DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: flip-flops 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pf 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nCP to nQ, nO: 

propagation delay 
tPHL nllo to nQ 

propagation delay 
tPLH nSo tonO: 

propagation delay 
tPHL nRo to no 

tPLH 
propagation delay 
nRo tonO: 

tTHLI output transition time 
tTLH 

clock pulse width 
tw HIGH or LOW 

set or reset pulse width 
tw HIGH or LOW 

tr em 
removal time 

nSo, nRo to nCP 

tsu 
set-up time 

nJ, nK to nCP 

th 
hold time 

nJ, nK to nCP 

fmax 
maximum clock pulse 

frequency 

264 J'""'"' 19861 

+25 

min. typ. max. 

50 175 
18 35 
14 30 

30 120 
11 24 
9 20 

41 155 
15 31 
12 26 

41 185 
15 37 
12 31 

39 170 
14 34 
11 29 

19 75 
7 15 
6 13 

80 19 
16 7 
14 6 

80 17 
16 6 
14 5 

70 19 
14 7 
12 6 

70 17 
14 6 
12 5 

5 0 
5 0 
5 0 

6 22 
30 68 
35 81 

Tamb (oC) 

74HC 
UNIT Vee 

-40to+B5 -40to+125 v 
min. max. min. max. 

220 265 2.0 
44 53 ns 4.5 
37 45 6.0 

150 180 2.0 
30 36 ns 4.5 
26 31 6.0 

195 235 2.0 
39 47 ns 4.5 
33 40 6.0 

230 280 2.0 
46 56 ns 4.5 
39 48 6.0 

215 255 2.0 
43 51 ns 4.5 
37 43 6.0 

95 110 2.0 
19 22 ns 4.5 
16 19 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

90 105 2.0 
18 21 ns 4.5 
15 18 6.0 

90 105 2.0 
18 21 ns 4.5 
15 18 6.0 

5 5 2.0 
5 5 ns 4.5 
5 5 6.0 

5 4 2.0 
24 20 MHz 4.5 
28 24 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 7 

Fig. 7 

Fig. 7 

Fig. 7 

Fig.6 

Fig. 6 

Fig. 7 

Fig. 6 

Fig. 6 

Fig. 6 



Dual JR flip-flop with set and reset; positive edge-trigger 

DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
tee category: flip-flops 

Note to HCT types 

PC74HC/HCT109 

flip-flops 

The value of additional quiescent supply current (/\tccl for a unit load of 1 is given in the family specifications. 
To determine /\Ice per input, multiply this value by the unit load coefficient shown in the table below. 

input 
unit load 
coefficient 

nJ, nR 0_35 

n£!o 0.35 
nSo 0.35 
nCP 0.35 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nCP to nQ, nQ 

tPHL 
propagation delay 

nSo to nQ 

tPLH 
propagation delay 

nSo to nO: 

tPHL 
propagation delay 

nRo to nQ 

tPLH 
propagation delay 

nRo to nO: 

tTHLI output transition time 
tTLH 

tw 
clock pulse width 

HIGH or LOW 

tw 
set or reset pulse width 

HIGH or LOW 

trem 
removal ti me 

nSo, nRo to nCP 

tsu 
set-up time 

nJ, nK to nCP 

th 
hold time 

nJ, nR to nCP 

fmax 
maximum clock pulse 

frequency 

+25 

min. typ. max. 

20 35 

13 26 

19 35 

19 35 

16 32 

7 15 

18 9 

16 8 

16 8 

18 8 

3 -3 

27 55 

Tamb (°C) TEST CONDITIONS 
-i 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40 to +125 v 

min. max. min. max. 

44 53 ns 4.5 Fig. 6 

33 39 ns 4.5 Fig. 7 

44 53 ns 4.5 Fig. 7 

---1 

44 53 ns 4.5 Fig. 7 

--

40 48 ns 4.5 Fig. 7 

19 22 ns 4.5 Fig. 6 

23 27 ns 4.5 Fig. 6 

20 24 ns 4.5 Fig. 7 

20 24 ns 4.5 

23 27 ns 4.5 Fig. 6 

3 3 ns 4.5 Fig. 6 

22 18 MHz 4.5 Fig. 6 
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PC74HC/HCT109 

flip-flops 

AC WAVEFORMS 

nJ,ni< INPUT •:~:~ ffl!!!!l!fi_.,"_ ,_ -'h~I. _,hi~ 

266 

1----- 1/fmex -----1 

nCP INPUT 

na OUTPUT 

n5 OUTPUT 

7Z93136.1 

nSo INPUT 

nRo INPUT 

nQ OUTPUT 

n0 OUTPUT 

Note to AC waveforms 

(1) HC : VM = 50%; V1 = GND to Vcc­
HCT: VM=1.3V;V1=GNDtoJV. 

January 1986 

7Z93121 

Fig. 6 Waveforms showing the clock (nCP) to 
output (nQ, nQ ) propagation delays, the clock 
pulse width, the nJ, nK to nCP set-up, the nCP 
to nJ, nK hold times, the output transition 
times and the maximum clock pulse frequency. 

Note to Fig. 6 

The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 

Fig. 7 Waveforms showing the set and reset input 
to output (nQ, nCi) propagation delays and the 
set and reset pulse width. 



PC74HC/HCT112 

flip-flops 

DUAL JK FLIP-FLOP WITH SET AND RESET; NEGATIVE-EDGE TRIGGER 

FEATURES 

• Asynchronous set and reset 
• Output capability: standard 
•,Ice category: flip-flops 

GENERAL DESCRIPTION 

The 74HC/HCT112 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL ( LSTTL). They are specified in 
compliance with JEOEC standard no. 7. 

The 74HC/HCT112 are dual negative­
edge triggered JK-type flip-flops featuring 
individual n-!_c nK, clock (nCP), set (nSol 
and reset (nRo) inputs. The set and reset 
inputs, when LOW, set or reset the 
outputs as shown in the function table 
regardless of the levels at the other inputs. 

A HIGH level at the clock (nCP) input 
enables the nJ and nK inputs and data 
will be accepted. The nJ and nK inputs 
control the state changes of the flip-flops 
as shown in the function table. The nJ and 
nK inputs must be stable one set-up time 
prior to the HIGH-to-LOW clock 
transition for predictable operation. 
Output state changes are initiated by the 
HIGH-to-LOW transition of nCP. 

Schmitt-trigger action in the clock input 
makes the circuit highly tolerant to 
slower clock rise and fall times. 

112 

7Z93649 

Fig. 1 Pin configuration. 

----------,-TYPlcAlT-

coNDITIDNs ---1 UNIT 

--+---------~:--- ~:T t ns 

SYMBOL PARAMETER 

propagation delay 
nCP to nO, nO 
n~tonO, nQ 
nRo to nO, nO 

CL= 15 pF 
Vee~ 5 v 

15 15 1 ~; 1 

18 19~ 

fmax maximum clock frequency 66 1 70 I MHz 

input capacitance 

power dissipation 
capacitance per flip-flop 

notes 1 and 2 

3.5 3.5 pF 

27 30 pF 

~---~~----------~---··-----~---~-------~------------.J 

GNO = 0 V; T amb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µWI: 

Po= Cpo x Vee' x fi + i; ICL x Vee' x fol where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
L ICL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GNO to Vee 
For HGT the condition is V1 = GNO to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT112P: 16-lead OIL; plastic ISOT-38Z). 
PC74HC/HCT112T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 
---------

1, 13 1CP, 2Ci5 clock input (HIGH-to-LOW, edge triggered) 
2, 12 1K, 2K data inputs; flip-flops 1 and 2 
3, 11 1J, 2J data inputs; flip-flops 1 and 2 
4, 10 1s0 ,2s0 set inputs (active LOW) 
5, 9 10, 20 true flip-flop outputs 
6, 7 10, 20 complement flip-flop outputs 
8 GNO ground (0 VI 
15, 14 1"R0 , 2"R0 reset inputs (active LOW) 
16 Vee positive supply voltage 

------~-

14 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 

~-----------
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PC74HC/HCT112 

flip-flops 

4 150 

3 1J 
So 

1CP 
Q 

1 
CP FF1 

2 1K 

15 t R0 

10 280 

11 2J 
So 

Q 

14 2R 0 

1Q 5 

20 9 

Fig. 4 Functional diagram. 
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FUNCTION TABLE 

INPUTS OUTPUTS 
OPERATING MODE 

nSo nRo nCP nJ nK nQ no 

asynchronous set L H x x x H L 

asynchronous reset H L x x x L H 

undetermined L L x x x H H 

toggle H H t h h -q q 
load "O" (reset) H H t I h L H 
load "1" (set) H H t h I H L 
hold "no change " H H t I I -q q 

Note to function table 

Both outputs will be f!!GH while both nSo and nRo are LOW, but the output states 
are unpredictable if nSo and nRo go HIGH simultaneously. 

H = HIGH voltage level 
h = HIGH voltage level one set-up time prior to the HIGH-to-LOW GP transition 
L = LOW voltage level 
I = LOW voltage level one set-up time prior to the HIGH-to-LOW GP transition 
q = lower case letters indicate the state of the referenced output one set-up time 

prior to the HIGH-to-LOW GP transition 
X = don't care 
t = HIGH-to-LOW GP transition 

Fig. 5 Logic diagram (one flip-flop). 



Dual JK flip-flop with set and reset; negative-edge trigger PC74HG/HCT1 

flip-flops 

DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: flip-flops 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr =tt = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

min. typ. max. min. max. min. max. I 
f------+----------1----+---+----+--+----+----+·----+----+---l----- ----- --------· ---·l 

55 175 220 265 2.0 propagation delay 
nCP to nO 

propagation delay 
nCP to nO 

propagation delay 
nRo to no, nO: 

20 35 44 53 ns 4.5 Fig. 6 
16 30 37 45 6.0 

55 115 220 255 I 2.0 
20 35 44 53 ns 14.5 Fig. 6 

16 30 37 45 116.0 -+---
58 180 225 270 2.0 

~~ ~~ ~~ ;: ns I ~:~ 7 
f-----+----------t--+---+----+--+----+---t----+-----+- ···-----I 

propagation delay 
nSo to nO, nO 

50 155 295 235 2.ll 
18 31 39 47 ns 4.5 Fig 7 
14 26 33 40 fi.D 

f-----+-----------t---+---t---J--t---t-----+---1----·--I --1---·-·---·--· .. --·--·-··~ 

tw 

output transition time 

clock pulse width 
HIGH or LOW 

19 75 95 I 110 2.0 
7 15 19 22 ns 4.5 Fig. 6 
6 13 16 19 6.0 

·-+-----· .. ----------.. 4 
80 22 100 120 2.0 
16 8 20 24 ns 4.5 Fig. 6 
14 6 17 20 6.0 

f-----+-----------t---+---+---J--t---+--·-t------+-----+----+---·--
set or reset pulse width 

LOW 

80 
16 
14 

14 
5 
4 

100 120 
20 24 
17 20 

ns 
I 2.0 
4.5 
6.0 

Fig. 7 

f-----+----------1----+---+----+--+----+---I------+----+--+-·-· ----------- ---

trem 

trem 

removal time 
nRo to nCP 

80 22 125 150 2.0 I 
16 8 25 30 ns 4.5 Fig. 7 I 
14 6 21 26 6.0 --

- - 16 -7 20 24 ns I 4.5 Fig. 7 
removal time 80 -19 100 120 2.0 I I 

nSotonCP ~ 

,_t_su---+-s-e~-/-~-~-im-to_e_nC-P-----+--1i-+-i-:--+---+-;-;-O-+-->---;l-0-1------+-n-s- I J~, --~--J 

hold time g =~ 1 g g ns 1~.~ Fig 6 
nJ, nK to nCP 0 _ 3 0 o I 6.0 

1-----+------------+--+--t----+---+--+--·--+---+----t::-::--r----- -- - -- ........ .. 
6 20 4.8 4.0 12.0 maximum clock pulse 

frequency 
30 60 24 20 MHz 4.5 Fig. 6 
35 71 28 24 6.0 

L_ ___ .L_ __________ l---_.L__-+_~1---+-_-+ __ f---_-+ __ --j ______ ,, ___ ,,_,,_,, _______ __ 

-------------·--· -~--
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i>'B71.¥ch~~W12' 
flip-flops t _____ "_!l{!be--9-Vi:t&-1!9-n;'-------

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: flip-flops 

Note to HCT types 

The value of additional quiescent supply current (lllccl for a unit load of 1 is given in the family specifications. 
To determine ll lcc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT UNIT LOAD 
COEFFICIENT 

1sD,2sD 0.5 
1K,2K 0.6 
tRD,2ifD 0.65 
1J, 2J 1 
1CP, 2CP 1 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nCP to no 

tPHLI propagatio!' delay 
tPLH nCPto no 

tPHLI pr~agation de~y 

tPLH nRDto no, no 

tPHLI pr~gation de_!!ly 
tPLH nSD to nO, nO 

tTHLI output transition time 
tTLH 

tw 
clock pulse width 

HIGH or LOW 

tw 
set or reset pulse width 

LOW 

trem 
removal time 

nRD to nCP 

trem 
removal time 

nSD to nCP 

tsu 
set-up time _ 

nJ, nK to nCP 

th 
hold time 

nJ, nK to nCP 

fmax 
maximum clock pulse 

frequency 

270 J'""'"' , ... , 

+25 

min. typ. 

21 

23 

22 

18 

7 

16 8 

18' 10 

20 11 

20 -8 

16 7 

0 -7 

27 64 

Tamb (oC) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to +85 -40to+125 v 
max. min. max. min. max. 

35 44 53 ns 4.5 Fig. 6 

40 50 60 ns 4.5 Fig. 6 

37 46 56 ns 4.5 Fig. 7 

32 40 48 ns 4.5 Fig. 7 

15 19 22 ns 4.5 Fig. 6 

20 24 ns 4.5 Fig. 6 

23 27 ns 4.5 Fig. 7 

25 30 ns 4.5 Fig. 7 

25 30 ns 4.5 Fig. 7 

20 24 ns 4.5 Fig. 6 

0 0 ns 4.5 Fig. 6 

22 18 MHz 4.5 Fig. 6 



Dual JK flip-flop with set and reset; negative-edge trigger 

AC WAVEFORMS 

nJ, nK INPUT 

-tsu- -tsu-
1-----1/fmax -----1 

nCP INPUT 

no OUTPUT 

nCi OUTPUT 

nCP INPUT 

nSo INPUT 

-tw-

nRo INPUT 

nQ OUTPUT 

~1- 1
PHL 

1
PLH - li-

nCi OUTPUT \vMOl f 
~~------~~ 

Note to AC waveforms 

(1) He : VM = 50%; Vi= GND to Vee· 
HCT: VM = 1.3V; V1 = GND to 3V. 

PC74HC/HCT112 

flip-flops 

Fig. 6 Waveforms showing the clock (neP) to output (nQ, 
nQ) propagation delays, the clock pulse width, the nJ, nK 
to neP set-up times, the neP to nJ, nK hold times, the 
output transition times and the maximum clock pulse 
frequency. 

Note to Fig. 6 

The shaded areas indicate when the input is permitted to 
change for predictable output performance. 

Fig. 7 Waveforms showing the set (nSo) and reset (nRo) 
input to output (nQ, nQ) propagation delays, the set and 
reset pulse width and the nRo to nCP removal time. 
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PC74HC/HCT123 

MSI 

DUAL RETRIGGERABLE MONOSTABLE MUL Tl VIBRATOR WITH RESET 

FEATURES 

• DC triggered from active HIGH or 
active LOW inputs 

• Retriggerable for very long pulses 
up to 100% duty factor 

• Direct reset terminates output pulse 
• Schmitt-trigger action on all inputs 

except for the reset input 
• Output capability: standard (except 

for nRExT/CExTl 
• 'cc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT123 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT123 are dual 
retriggerable monostable multivibrators 
with output pulse width control by 
three methods. The basic pulse time is 
programmed by selection of an external 
resistor (REXTl and capacitor (CEXTl­
The external resistor and capacitor are 
normally connected as shown in Fig. 6. 

Once triggered, the basic output pulse 
width may be extended by retriggering the 
gated active LOW-going edge input (nA) 
or the active HIGH-going edge input (nB). 
By repeating this process, the output 
pulse period (nO =HIGH, nO =LOW) can 
be made as long as desired. Alternatively 
an output delay can be terminated at any 
time by a LOW-going edge on input nRo, 
which also inhibits the triggering. 

(continued on next page) 

123 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS 

HC HCT 

propagation delay CL= 15 pF 
tPHLI nA, nB Vee= 5 v 
tPLH to no, no REXT = 5 kn 26 26 

nRo to no, no CEXT = 0 pF 20 23 

C1 input capacitance 3.5 3.5 

tw 
minimum output pulse 

75 75 width nO, nO 

G ND = 0 V; T amb = 25 °C; tr = tf = 6 ns 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT123P: 16-lead DI L; plastic (SOT-38Z). 
PC74HC/HCT123T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. 

1, 9 

2, 10 

3, 11 

4, 12 

7 

8 

13, 5 

14, 6 

15 

16 

SYMBOL 

1A,2A 

18, 2B 

1RD, 2Ro 

10,20 

2RExTICEXT 
GND 

10, 20 

1 CEXT· 2CEXT 

1REXTICEXT 

Vee 

T 

Dr----c1~c~,x~r_1~4 
2CEXT 6 

1 RExrlCEXT 15 

2RExT/CEXT 7 

0 
10 13 
20 5 

IL. 10 4 
6 

20 12 Ro 

7Z93286 

Fig. 2 Logic symbol. 

NAME AND FUNCTION 

trigger inputs (negative-edge triggered) 

trigger inputs (positive-edge triggered) 

direct reset LOW and trigger action at 
positive edge 

outputs (active LOW) 

external resistor/capacitor connection 

ground (0 V) 

outputs (active HIGH) 

external capacitor connection 

external resistor/capacitor connection 

positive supply voltage 

13 

12 

Fig. 3 I EC logic symbol. 

UNIT 

ns 
ns 

pF 

ns 
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7Z932B8 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS OUTPUTS 

nRo nA nB nO ni:i 

L x x L H 
x H x L H 
x x L L H 
H L t JL t..r 
H + H JL t..r 
t L H JL t..r 

274 """""" 19861 

GENERAL DESCRIPTION (Cont'd) 

An internal connection from nRo to the 
input gates makes it possible to trigger the 
circuit by a positive-going signal at input 
nRo as shown in the function table. 
Figures 7 and 8 illustrate pulse control by 
retriggering and early reset. The basic 
output pulse width is essentially 
determined by the values of the external 
timing components REXT and CEXT· 
For pulse widths, when CexT < 10 000 pF, 
see Fig. 9. 

When CexT > 1 O 000 pF, the typical 
output pulse width is defined as: 

tw = o.45 x RexT x cexT !tvP-1. 
where, tw = pulse width in ns; 

RexT =external resistor in kn; 
CexT = external capacitor in pF. 

Schmitt-trigger action in the nA and nB 
inputs, makes the circuit highly tolerant to 
slower input rise and fall times. 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
t = LOW-to-HIGH transition 
+ = HIGH-to-LOW transition 
JL = one HIGH level output pulse 
t..r = one LOW level output pulse 



Dual retriggerable monostable multivibrator with reset 

n9a2so Vee 

~·., 
tonCexT 

(pin 14or6) 

to nRexr/CEXT 

(pin 15or7) 

Fig. 6 Timing component connections. 

RexTtcexT 

CexT 11 ) 

7Z93289 

GND 

( 1) It is recommended to ground pins 6 (2CExTl 
and 14 (1CExTl externally to pin 8 (GND). 

Fig. 5 Logic diagram. 

Q 

PC74t1C/l::IC:T123 

MSI 
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PC24fl.CVH:CiJH3''. 

MSI ~'--------------------''_,rt_t-iW __ l_O-tG_l_d_i\._· ------------------------------~ 
DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard (except for nRExTICEXTl 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pf 

Tamb (oC) 

74HC 
SYMBOL PARAMETER UNIT Vee 

+25 -40to+85 -40to+125 v 
min. typ. max. min. max. min. max. 

propagation delay 83 255 320 385 2.0 
lPHL nRo, nA, nB to nQ 

30 51 64 77 ns 4.5 
24 43 54 65 6.0 

1--

propagation delay 83 255 320 385 2.0 
tPLH nRo, nA, nB to nQ 30 51 64 77 ns 4.5 

24 43 54 65 6.0 

propagation delay 
66 215 270 325 2.0 

tPHL 24 43 54 65 ns 4.5 
nRoto nQ 19 37 46 55 6.0 

1---

propagation delay 66 215 270 325 2.0 
lPLH nRo to nO 24 43 54 65 ns 4.5 

19 37 46 55 6.0 

tTHLI 
19 75 95 110 2.0 

output transition time 7 15 19 22 ns 4.5 
lTLH 6 13 16 19 6.0 

I---

triiliJer pulse width 100 19 125 150 2.0 
tw 20 7 25 30 ns 4.5 

nA= LOW 
17 6 21 26 6.0 

r---
trigger pulse width 100 19 125 150 2.0 

tw 20 7 25 30 ns 4.5 
nB =HIGH 17 6 21 26 6.0 

reset pulse width 
100 19 125 150 2.0 

tw 20 7 25 30 ns 4.5 
nRo =LOW 17 6 21 26 6.0 

output pulse width 
tw nQ =HIGH 450 - - µ,s 5.0 

nO =LOW 
f--

output pulse width 
tw nQ =HIGH 75 - - ns 5.0 

nQ =LOW 

retrigger time 
trt nA,nB 

44 - - ns 5.0 

RExT external timing resistor 
10 1000 - - kn 2.0 
2 100 5.0 1-------r--

cExT external timing capacitor no limits pF 5.0 
~-

276 January 1986 

TEST CONDITIONS 

WAVEFORMS/NOTES 

cExT = o pF; 
RexT = 5 kn 

CExT=OpF; 
RExT = 5 kn 

CexT = o pF; 
RexT=5kn 

CexT=OpF; 
RexT= 5 kn 

Fig. 7 

Fig. 7 

Fig. 8 

CexT = 100 nF; 
RExT= 1okn; 
Figs 7 and 8 

CexT = o pF; 
RExT= 5 kn; 
note 1; Figs 7 and 8 

CexT = 0 pF; 
RExT=5kn; 
note 2; Fig. 8 

Fig. 9 

Fig. 9; note 3 



Dual retriggerable monostable multivibrator with reset 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard (except for nREXTICEXTl 
Ice category: MSI 

Note to HCT types 
The value of additional quiescent supply current (Ill eel for a unit load of 1 is given in the family specifications. 
To determine Lllcc per input, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient 

nA,nB 0.35 
nR:o 0.35 

PC74HC/HCT123 

MSI 
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PC74HC/HCT123 

MSI 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; t,- = tt = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 
I 

I 
~--l-

prcpagat~n delay _ 
IPHL nRo, nA, nB to nQ 

prcpagat~n delay 
tPLH nRo, nA, nB to nO 

propagation delay 
1PHL nRo to no 

I propagation delay 
tPLH I n"f1o to nO: I 

I 

ITHLI I output transition time 
ITLH 

_J_ 

tw 
T tri!llJer pulse width 
1- nA= LOW 

tw 
1 trigger pulse width 

nB =HIGH 

tw 
I res~t pulse width 

nRo =LOW 

toutput pulse width 
tw nO =HIGH 

nO =LOW 

output pulse width 

tw nO =HIGH 
nO =LOW 

- ---f 

!rt nA, nB 
tet!_igger ti me 

REXT I external timing resistor 

CEXT _ T ':t:C~al ;in~ng capacitor 

278 

+25 

min. typ. max. 

30 51 

30 51 

27 46 

27 46 

7 15 

20 7 

20 7 

20 8 

450 

75 

40 

2 100 

Tamb (oC) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS/NOTES 

-40to+85 -40to+125 v 

min. max. min. max. 

CEXT = 0 pf; 
64 77 ns 4.5 REXT = 5 kn 

64 77 ns 
CExT=OpF; 

4.5 RExT= 5 kn 

CEXT = 0 pF; 
58 69 ns 4.5 RExT=5kn 

CEXT = 0 pF; 
58 69 ns 4.5 REXT = 5 kn 

19 22 ns 4.5 

25 30 ns 4.5 Fig. 7 

25 30 ns 4.5 Fig. 7 

25 30 ns 4.5 Fig. 8 

CExT = 100 nF; 
- - µs 5.0 RExT= 10 kn; 

Figs 7 and 8 

CEXT = 0 pF; 
- - ns 5.0 RExT= 5 kn; 

1----- note 1; Figs 7 and 8 

CEXT = 0 pF; 
- - ns 5.0 RExT= 5 kn; 

note 2; Fig. 8 

- - kn 5.0 Fig. 9 

no limits pF 5,0 Fig. 9; note 3 



Dual retriggerable monostable multivibrator with reset 

Notes to AC characteristics 

1. For other REXT and CEXT combinations see Fig. 9. 

If CEXT > 10 nF, the next formula is valid: 

tw = K x REXT x CExT (typ.) 

where, tw =output pulse width in ns; 
REXT =external resistor in kn; CEXT =external capacitor in pF; 
K =constant= 0.45 for Vee= 5.0 V and 0.48 for Vee= 2.0 V. 

The inherent test jig and pin capacitance at pins 15 and 7 (nRExTICExT) is appr0xin1ately 7 µF. 

2. The time to retrigger the monostable multivibrator depends on the values of REXT and CEXT· 

The output pulse width will only be extended when the time between the active-going edges of the 
trigger input pulses meets the minimum retrigger time. 

If CEXT > 10 nF, the next formula (at Vee= 5.0 V) for the set-up time of a retrigger pulse is valid: 

trt = 35 + (0.11 x CExTl + (0.04 x REXT x CExTl (typ.) 

where, trt = retrigger time in ns; 
CEXT =external capacitor in pF; 
REXT =external resistor in kn. 

The inherent test jig and pin capacitance at pins 15 and 7 (nRExTICEXTI is approximately 7 pF. 

3. When the device is powered-up, initiate the device via a reset pulse, when CEXT < 50 pF. 

AC WAVEFORMS 

PC74HC/HCT123 

MSI 

cB INPUT _n f 
--.. tw 1------~ nB INPUT _n~----~+ 

nA INPUT ""• '""" ; 

nO OUTPUT 
nO OUTPUT 

1~-'w--1 1-'w--1 1--•w--1 

Fig. 7 Output pulse control using retrigger pulse; nlio = HIGH. Fig. 8 Output pulse control using reset input nRo; nA =LOW. 

'w 
(ns) 

10° 

LT 

vjj 

!-+--
10 

--t-
1 10 

ll RExr"' 
lOOkH 

' sokn.121 
?\ 

y 

7293293 

t-t--1 

'1ZJ 

~ 
k><'.I k::: 10kD. 

2k~ 

I 
Fig. 9 Typical output pulse width as a function of the external 
capacitor values at V cc = 5.0 V and Tamb = 25 °C. 
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PC74HC/HCT125 
MSI 

QUAD BUFFER/LINE DRIVER; 3-STATE 

FEATURES 

• Output capability: bus driver 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT125 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT125 are four non­
inverting buffer/line drivers with 3-state 
outputs. The 3-state outputs (nY) are 
controlled by the output enable input 
(nOE). A HIGH at nOE causes the 
outputs to assume a HIGH impedance 
OFF-state. 

The "125" is identical to the "126" but 
has active LOW enable inputs. 

125 

7Z93370 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

tPHL/ propagation delay CL= T5pF 9 T2 ns 
tPLH nA to nY Vee= 5 v 

C1 input capacitance 3.5 3.5 pF 

CpD power dissipation 
notes 1 and 2 22 24 pF capacitance per buffer 

GN D = 0 V; T amb = 25 °C; tr= tf = 6 ns 

Notes 

1. CPD is used to determine the dynamic power dissipation (Po in µW): 

PD = Cpo x Vee' x fi + 1: (CL x Vee' x fol where: 

fi = input frequency in MHz CL = output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
:!: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - T .5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT125P: T4-lead DIL; plastic (SOT-27)_ 
PC74HC/HCT125T: T 4-lead mini-pack; plastic (S0-14; SOT-108A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

T, 4, 10, T3 TOE to 40E output enable inputs (active LOW) 

2, 5, 9, 12 TA to 4A data inputs 

3, 6, 8, TT TY to 4Y data outputs 

7 GND ground (0 V) 

T4 Vee positive supply voltage 

I> 

10 

12 

13 

7Z93372 7Z93371 

11 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCT125 

MSI 

7Z93372 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS OUTPUT 

nOE nA 

L L 
L H 
H x 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
Z ;. high impedance OFF-state 

282 ''"""" 19861 

nY 

L 
H 
z 

oA-{>o-{>~oY 

,a. -t>o--f>~ "''"' 

Fig. 5 Logic diagram (one buffer). 



Quad buffer/line driver; 3-state 

DC CHARACTERISTICS FOR 74HC 

PC74HC/HCT125 
MSI 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= If= 6 ns; Cl= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nA to nY 

tpzH/ 3-state output enable time 
tpzL nOE to nY 

-· 

tpHz/ 3-state output disable time 
tpLz nOE to nY 

tTHLI output transition time 
ITLH 

+25 

min. typ. max. 

30 100 
11 20 
9 17 

41 125 
15 25 
12 21 

41 125 
15 25 
12 21 

14 60 
5 12 
4 10 

Tamb (oC) TEST CONDITIONS 

74HC 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 
' min. max. min. max. 

125 150 2.0 
25 30 ns 4.5 Fig. 6 
21 26 6.0 

155 190 2.0 
31 38 ns 4.5 Fig. 7 
26 32 6.0 

155 190 2.0 
31 38 ns 4.5 Fig. 7 
26 32 6.0 

75 90 2.0 
15 18 ns 4.5 Fig. 6 
13 15 6.0 
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PC74HefH0T4'25 J l ~1 ·'-'(..-,_ ,., 'f~:,;,; .... ,.r .... ·._, ,., "·" .... , 

_· ____ . '~-· -_ ... · -------

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 
Output capability: bus driver 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (Al eel for a unit load of 1 is given in the family specifications. 
To determine Alec per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 

nA, nOE 

UNIT LOAD 
COEFFICIENT 

1.00 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nA to nY 

tpzH/ 3-state output enable time 
tpzL nOE to nY 

tpHz/ 3-state output disable time 
tpLz nOE to nY 

lTHLI output transition time 
lTLH 

284 ''"""" , ... , 

+25 

min. typ. 

15 

15 

15 

5 

Tamb (°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 
max. min. max. min. max. 

26 33 39 ns 4.5 Fig. 6 

28 35 42 ns 4.5 Fig. 7 

25 31 38 ns 4.5 Fig. 7 

12 15 18 ns 4.5 Fig. 6 



Quad buffer/line driver; 3-state 

AC WAVEFORMS 

nA INPUT l" Ll ~tPHL....,.. 
nY OUTPUT vMl11 Jr-

7Z93373 tTHL- I-- _J i--1TLH 

Fig. 6 Waveforms showing the input (nA) 
to output (nY) propagation delays and 
the output transition times. 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vcc­
HCT: VM = 1.3 V; V1 = GND to 3 V. 

nOe 
INPUT 

OUTPUT 
LOW-to· OFF 
OFF-to-LOW 

OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

7Z93374 

-tr-

'°" 

PC74HC/H.CT125 
·MSI 

--+---·'"" 
- 1PZH-

90% 

VMltl 

""tp""-1- ""tp"" --""tp"" enabled disabled enabled 

Fig. 7 Waveforms showing the 3-state enable 
and disable times. 
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PC74HC/HCT126 

MSI 

QUAD BUFFER/LINE DRIVER;3-STATE 

FEATURES 

• Output capability: bus driver 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HeT126 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEOEe standard no. 7. 

The HC/HeT126 are four non-
inverting buffer/line drivers with 3-state 
outputs. The 3-state outputs (nY) are 
controlled by the output enable input 
(nOE). A LOW at nOE causes the 
outputs to assume a HIGH impedance 
OFF-state. 

The "126" is identical to the "125" but 
has active HIGH enable inputs. 

126 

7Z93375 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

tPHLI propagation delay CL=15pF 9 11 ns 
tPLH nA to nY Vee= 5 v 

e, input capacitance 3.5 3.5 pF 

epo 
power dissipation notes 1 and 2 23 24 pF capacitance per buffer 

GNO = 0 V;Tamb = 25 °C;tr= tf = 6 ns 

Notes 
1. epo is used to determine the dynamic power dissipation (Po in µW): 

Po= epo x Vee' x fi + ~ (CL x Vee' x fol where: 

fi = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz Vee = supply voltage in V 
~(CL x Vee' x f0 ) =sum of outputs 

2. For He the condition is Vt = GNO to Vee 
For HCT the condition is Vt= GNO to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

Pe74HC/HCT126P: 14-lead OIL; plastic (SOT-27). 
PC74HC/HCT126T: 14-lead mini-pack; plastic (S0-14; SOT-108A). 

PIN DESCRIPTION 

PINNO. SYMBOL NAME AND FUNCTION 

1,4, 10, 13 10E to 40E output enable inputs (active HIGH) 

2, 5, 9, 12 1A to 4A data inputs 

3, 6, 8, 11 1Y to 4Y data outputs 

7 GND ground (0 V) 

14 Vee positive supply voltage 

[> 

EN 

10 

12 

13 

7293377 

7Z93376 

11 

Fig. 2 Logic symbol. Fig. 3 !EC logic symbol. 



Quad buffer/line driver; 3-state 

7l93376 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS 

nOE nA 

H L 
H H 
L x 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 

OUTPUT 

nY 

L 
H 
z 

Z =high impedance OFF-state 

PC74HC/HCT126 
MSI 

Fig. 5 Logic diagram (one buffer). 

(''""'" 1986 
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PC74HC/HCT126 

MSI 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications''. 

Output capability: bus driver 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

Tamb (oC) 

74HC 
SYMBOL PARAMETER UNIT Vee 

+25 -40to+85 -40to+125 v 
min. typ. max. min. max. min. max. 

tPHLI propagation delay 30 100 125 150 2.0 
11 20 25 30 ns 4.5 

tPLH nA to nY 9 17 21 26 6.0 

3-state output enable time 41 125 155 190 2.0 
tpzH/ 15 25 31 38 ns 4.5 
tpzL nOE to nY 12 21 26 32 6.0 

tpHz/ 3-state output disable time 41 125 155 190 2.0 
15 25 31 38 ns 4.5 

tpLz nOE to nY 12 21 26 32 6.0 

tTHLI 
14 60 75 90 2.0 

output transition time 5 12 15 18 ns 4.5 
tTLH 4 10 13 15 6.0 

288 ''""'"' 19861 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 7 

Fig. 7 

Fig. 6 



Quad buffer/line driver; 3-state 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 
Output capability: bus driver 
Ice category: MSI 

Note to HCT types 

PC74HC/HCT126 
MSI 

The value of additional quiescent supply current (Alce) for a unit load of 1 is given in the family specifications. 
To determine Alec per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 

nA, nOE 

UNIT LOAD 
COEFFICIENT 

1.00 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pf 

SYMBOL PARAMETER 

tPHL/ propagation delay 
tPLH nA to nY 

tpzH/ 3-state output enable time 
tpzL nOE to nY 

tpHz/ 3-state output disable time 
tpLz nOE to nY 

tTHLI output transition time 
tTLH 

+25 

min. typ. max. 

14 24 

13 25 

18 28 

5 12 

Tamb (oC) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 
min. max. min. max. 

30 36 ns 4.5 Fig. 6 

31 38 ns 4.5 Fig. 7 

35 42 ns 4.5 Fig. 7 

15 18 ns 4.5 Fig. 6 
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PC74HC/HCT126 
MSI 

AC WAVEFORMS 

nY OUTPUT 

7Z93378 

Fig. 6 Waveforms showing the input (nA) 
to output (nY) propagation delays and 
the output transition times. 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee· 
HCT: VM = 1.3V; V1 = GND to3V. 

January 1986 

-tf- -tr-

90% 

nOE VMl11 
INPUT 

OUTPUT 
LOW-to-OFF 
OFF-to-LOW 

OUTPUT 
HIGH-to-OFF 
OFF·to·HIGH 

7293379 

10% 

--+----"'°" 
90% 

VM(1) 

ootpu1' _1_ outp"ts --•""'"" 
enabled disabled enabled 

Fig. 7 Waveforms showing the 3-state enable 
and disable times. 



PC74HC/HCT132 

SSI 

QUAD 2-INPUT NANO SCHMITT TRIGGER 

FEATURES 

• Output capability: standard 
• Ice category: SSI 

GENERAL DESCRIPTION 

The 74HC/HCT132 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT132 contain four 
2-input NANO gates which accept 
standard input signals. They are capable 
of transforming slowly changing input 
signals into sharply defined, jittedree 
output signals. 

The gate switches at different points 
for positive and negative-going signals. 
The difference between the positive 
voltage VT+ and the negative voltage 
VT_ is defined as the hysteresis 
voltage VH. 

132 

Fig. 1 Pin configuration. 

,---- ·---,-------
TYPICAL 

SYMBOL PARAMETER CONDITIONS r----,---- UNIT 
HC HCT 

r---
tPHL/ propagation delay CL=15pF 11 17 ns 
tPLH nA, nB to nY Vee= 5 v 

--

C1 input capacitance 3.5 3.5 pF 

I 
Cpo 

power dissipation 

I notes 1 and 2 24 20 pF 
capacitance per gate 

----
GND = 0 V;Tamb = 25 °C;tr =tf = 6 ns 

Notes 

1. CPD is used to determine the dynamic power dissipation (Po in µWl: 

Po= Cpo x Vee' x fi + ~ (CL x Vee' x fol where: 

fi = input frequency in MHz CL output load capacitance in pF 
10 = output frequency in MHz Vee = supply voltage in V 
k (CL x Vcc2 x f0 l =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT132P: 14-lead DI L; plastic (SOT-27l. 
PC74HC/HCT132T: 14-lead mini-pack; plastic (S0-14; SOT-108A). 

PIN DESCRIPTION 

PIN NO. SYMBOL r----
1, 4, 9, 12 1A to 4A 

2, 5, 10, 13 1Bto48 

3, 6, 8, 11 1Yto4Y 

7 

14 

GND 

Vee 

1~Afl 1 y 3 

2 1B ff 

4~Afl 2Y B 

5 2B JI 

g~AIJ 3Y 

10 3B .If 8 

12~Afl 4 y 
11 

13 4B ff 
7Z93334 

Fig. 2 Logic symbol. 

NAME AND FUNCTION 

data inputs 

data inputs 

data outputs 

ground (0 Vl 

positive supply voltage 

7Z93335 

Fig. 3 I EC logic symbol. 
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PC74HC/HCT132 

SSl l ___ _ 
A~ 
8 ff 

7Z93337 

Fig. 5 Logic diagram 
(one Schmitt trigger). 

APPLICATIONS 

• Wave and pulse shapers 
• Astable multivibrators 

y • Monostable multivibrators 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS 

nA nB 

L L 
L H 
H L 
H H 

H = HIGH voltage level 
L = LOW voltage level 

OUTPUT 

nY 

H 
H 
H 
L 
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Quad 2-input NANO Schmitt trigger 

DC CHARACTERISTICS FOR 74HC 

PC74HC/HCT132 

SSI 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". Transfer character­
istics are given below. 

Output capability: standard 
Ice category: SSI 

Transfer characteristics for 74HC 

Voltages are referenced to GND (ground= 0 V) 

SYMBOL PARAMETER 

VT+ positive-going thresholdl 

·-

VT- negative-going threshold 

VH hysteresis (VT+ - VT_) 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nA, nB to nY 

tTHLI output transition time 
tTLH 

min. 

0.7 
1.7 
2.1 

0.3 
0.9 
1.2 

0.2 
0.4 
0.6 

min. 

+25 

typ. max. 

1.5 
3.15 
4.2 

1.0 
2.2 
3.0 

1.0 
1.4 
1.6 

+25 

typ. max. 

36 125 
13 25 
10 21 

19 75 
7 15 
6 13 

-· 

Tamb (°Cl TEST CONDITIONS 

74HC 
UNIT Vee WAVEFORMS 

-40to +85 -40to+125 v 

min. max. min. max. 

0.7 1.5 0.7 1.5 2.0 
1.7 3.15 1.7 3.15 v 4.5 Figs 6 and 7 
2.1 4.2 2.1 4.2 6.0 

0.3 1.0 0.3 1.0 2.0 
0.9 2.2 0.9 2.2 v 4.5 Figs 6 and 7 
1.2 3.0 1.2 3.0 6.0 

0.2 1.0 0.2 1.0 2.0 
0.4 1.4 0.4 1.4 v 4.5 Figs 6 and 7 
0.6 1.6 0.6 1.6 6.0 

Tamb (oC) TEST CONDITIONS 

74HC 
UNIT Vee WAVEFORMS 

-40to +85 -40to+125 v 
min. max. min. max. 

155 190 2.0 
31 38 ns 4.5 Fig. 8 
26 32 6.0 

95 110 2.0 
19 22 ns 4.5 Fig. 8 
16 19 6.0 
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PC74HC/HCT132 
,~, 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". Transfer character­
istics are given below. 

Output capability: standard 
Ice category: SSI 

Note to HCT types 

The value of additional quiescent supply current (al eel for a unit load of 1 is given in the family specifications. 
To determine alee per input, multiply this value by the unit load coefficient shown in the table below. 

input 

nA,nB 

unit load 
coefficient 

0,3 

Transfer characteristics for 74HCT 

Voltages are referenced to GND (ground= 0 V) 

SYMBOL PARAMETER 

min. 

VT+ positive-going threshold 1.2 
1.4 

VT- negative-going threshold 0.5 
0.6 

VH hysteresis (VT+ - VT_) 
0.4 
0.4 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

min. 

tPHLI propagation delay 
tPLH nA, nB to nY 

tTHLI output transition time 
tTLH 

294 January 1986 

+25 

typ. max. 

1.9 
2.1 

1.2 
1.4 

-
-

+25 

typ. max. 

20 33 

7 15 

Tamb (oC) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 

min. max. min. max. 

1.2 1.9 1.2 1.9 v 4.5 Figs 6 and 7 
1.4 2.1 1.4 2.1 5.5 

0.5 1.2 0.5 1.2 v 4.5 
Figs 6 and 7 

0.6 1.4 0.6 1.4 5.5 

0.4 - 0.4 - v 4.5 
Figs 6 and 7 0.4 - 0.4 - 5.5 

Tamb (oC) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 
min. max. min. max. 

41 50 ns 4.5 Fig. 8 

19 22 ns 4.5 Fig. 8 



Quad 2-input NANO Schmitt trigger 

TRANSFER CHARACTERISTIC WAVEFORMS 

Fig. 6 Transfer characteristic. 

AC WAVEFORMS 

.. , .. ,- -t::.] __ L.t,,.LH 
nY OUTPUT ~yM!ll -

tTHL _. 

Fig. 8 Waveforms showing the input (nA, nB) to 
output (nY) propagation delays and the output 
transition times. 

PC74HC/HCT132 

SSI 

Fig. 7 Waveforms showing the definition of 
VT+· VT- and VH; where VT+ and VT_ 
are between limits of 20% and 70%. 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee· 
HCT: VM = 1.3 V; V1 = GND to 3 V. 
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PC74HC/HCT137 

MSI 

DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. 

3-T0-8 LINE DECODER/DEMULTIPLEXER WITH ADDRESS LATCHES 

FEATURES 

• Combines 3-of-8 decoder with 3-bit 
latch 

• Multiple input enable for easy 
expansion or independent controls 

• Active LOW mutually exclusive 
outputs 

• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT137 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL {LSTTL). They are specified in 
compliance with JED EC standard no. 7. 

The 74HC/HCT137 are 3-of-8 
decoder/demultiplexers with latches at 
the three address inputs {Anl· The "137" 
essentially combines the 3-of-8 decoder 
function with a 3-bit storage latch. 
When the latch is enabled {LE= LOW). 
the "137" acts as a 3-of-8 active LOW 
decoder. When the latch enable {LE) 
goes from LOW-to-HIGH, the last data 
present at the inputs, before this transition, 
is stored in the latches. Further address 
changes are ignored as long as LE remains 
HIGH. 

The output enable input {E1 and E2) 
controls the state of the outputs 
independent of the address inputs or 
latch operation. All outputs are HIGH 
unless E"1 is LOW and E2 is HIGH. 

The "137" is ideally suited for 
implementing non-overlapping decoders 
in 3-state systems and strobed {stored 
address) applications in bus oriented 
systems. 

137 

Fig. 1 Pin configuration. 
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TYPICAL 
SYMBOL PARAMETER CONDITIONS 

HC 

tPHLI propaga_!!on delay CL= 15 pF 17 
tPLH An to Yn Vee= 5 v 

C1 input capacitance 3.5 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT137P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT137T: 16-lead mini-pack; plastic {S0-16; SOT-109A). 

PIN DESCRIPTION 

PINNO. SYMBOL 

1, 2, 3 Ao to A2 

4 LE 

5 E1 

6 E2 

8 GND 

15, 14, 13, 12, 
Yo to Y7 11, 10, 9, 7 

16 Vee 

FUNCTION TABLE 

INPUTS 

LE E1 E2 Ao 

H L H x 

x H x x 
x x L x 

L L H L 
L L H H 
L L H L 
L L H H 

L L H L 
L L H H 
L L H L 
L L H H 

H =HIGH voltage level 
L = LOW voltage level 
X = don't care 

Al 

x 

x 
x 

L 
L 
H 
H 

L 
L 
H 
H 

NAME AND FUNCTION 

data inputs 

latch enable input {active LOW) 

data enable input (active LOW) 

data enable input (active HIGH) 

ground (0 V) 

multiplexer outputs 

positive supply voltage 

OUTPUTS 

A2 Yo v, Y2 Y3 Y4 

x stable 

x H H H H H 
x H H H H H 

L L H H H H 
L H L H H H 
L H H L H H 
L H H H L H 

H H H H H L 
H H H H H H 
H H H H H H 
H H H H H H 

HCT 

19 

3.5 

Y5 

H 
H 

H 
H 
H 
H 

H 
L 
H 
H 

UNIT 

ns 

pF 

Vs Y7 

H H 
H H 

H H 
H H 
H H 
H H 

H H 
H H 
L H 
H L 



PC74HC/HCT138 

MSI 

3-T0-8 LINE DECODER/DEMULTIPLEXER; INVERTING 

FEATURES 

• Demultiplexing capability 
• Multiple input enable for easy 

expansion 
• Ideal for memory chip select 

decoding 
• Active LOW mutually exclusive 

outputs 

• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT138 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT138 decoders accept 
three binary weighted address inputs 
(Ao, A1, A2) and when enabled, provide 
8 mutually exclusive active LOW outputs 
(Yo to Y7). 
The "138" features three enable inputs: 
two active LOW (E1 and E2) and one 
active HIGH (E3). Every output will be 
HIGH unless E1 and E2 are LOW and 
E3 is HIGH. 

This multiple enable function allows 
easy parallel expansion of the "138" to 
a 1-of-32 (5 lines to 32 lines) decoder 
with just four "138" I Cs and one inverter. 

The "138" can be used as an eight output 
demultiplexer by using one of the active 
LOW enable inputs as the data input and 
the remaining enable inputs as strobes. 
Unused enable inputs must be 
permanently tied to their appropriate 
active HIGH or LOW state. 

The "138" is identical to the "238" 
but has non-inverting (true) outputs. 

138 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HGT 

tpHLf propagation delay 
tPLH An to Y n CL=15pF 12 17 ns 

tPHLI ~3 to ~n Vee= 5 v 
14 17 ns 

tPLH En to Y n 
-

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation 

notes 1 and 2 67 67 pF 
capacitance per package 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation Wo in µW): 

Po= Cpo x Vee' x fi + l: (CL x Vee' x fol where: 

fi = input frequency in MHz 
f0 = output frequency in MHz 

' CL output load capacitance in pF 
Vee = supply voltage in V 

L (CL x Vee' x f0 ) =sum of outputs 
2. For HC the condition is V1 = GND to Vee 

For HCT the condition is V1 = GND to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT138P: 16-lead DI L; plastic (SOT-38Z). 
PC74HC/HCT138T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 2, 3 Ao to A2 address inputs 
4,5 E1, E2 enable inputs (active LOW) 

6 E3 enable input (active HIGH) 

8 GND ground (O V) 

15, 14, 13, 12, 
Yo to Y7 outputs (active LOW) 

11, 10, 9, 7 
16 Vee positive supply voltage 

Ao Yo0-15 

Al Y10--14 

A2 v, 13 

Y3 0- 12 

Y40--11 

Y5 0- 10 

Y5 0-9 

Y7 0-7 

7Z93229.1 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT138 

MSI 

2 Ai 3-to-8 
DECODER 

ENABLE 
EXITING 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS OUTPUTS 

'E1 E2 E3 Ao A1 A2 Yo Y1 Y2 Y3 Y4 
H x x x x I~ H H H H H 
x H x x x H H H H H 
x x L x x x H H H H H 

L L H L L L L H H H H 
L L H H L L H L H H H 
L L H I_ H L H H L H H 
L L H H H L H H H L H 

l L H L L H H H H H L 
L L H H L H H H H H H 
L L H L H H H H H H H 
L L H H H H H H H H H 

7293231 

Fig. 5 Logic diagram. 
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Y5 Vs 
H H 
H H 
H H 

H H 
H H 
H H 
H H 

H H 
L H 
H L 
H H 

V7 
H 
H 
H 

H 
H 
H 
H 

H 
H 
H 
L 

H=HIGH voltage level 
L =LOW voltage level 
X=don't care 



3-to-8 line decoder/demultiplexer; inverting 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specificatioris". 

Output capability: standard 
le~ category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

PC74HC/HCT138 

MSI 

--,----,---

SYMBOL PARAMETER 

!-------------_-_ -~T-a_7_:-_: __ ~'-C_~------~--~~~~~~~~~U-N_l_T~-v,v~~~~·' ~ 
+25 -40to+85 -40to+125 

min. 
1------1-------------------+----

propagation delay 
An to Yn 

::~· t-~:~~n. ~:;· min:"" ~:;·-+----i' -;~I-______ __j 
15 30 38 45 ns 4.5 Fig. 6 
12 26 33 38 I 6.0 

1------1-------------+---+-----4--+-----t-----t-----r---t----j-------------j 

propagation delay 
E3 to Yn 

47 150 190 225 2.0 
17 30 38 45 ns 4.5 
14 26 33 38 6.0 

Fig. 6 

1------1-------------+---+--t------+---+----+-----t---+-----t---t----

propagation delay 
En to Yn 

47 150 190 225 2.0 
17 30 38 45 ns 4.5 
14 26 33 38 6.0 

Fig. 7 

1-----~1----------- -----+----+--+--+---+---!----+---+---+----+-----------

tTHLI 19 75 95 110 I 2.0 J 
output transition time 7 15 19 22 ns I ~-~ Figs 6 and 7 

~t_T_L_H_~~---------~---~6 ___ ,~ ---~-1_6_~_-+_1_9_~ ___ l'°"_'1___--'------------
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PC74HC/HCT138 

MSl 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (lllcc) for a unit load of 1 is given in the family specifications. 
To determine lllcc per input, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient 

~n 0.70 
En 0.40 
E3 1.50 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propaga_!!on delay 
tPLH An to Yn 

tPHLI propagation delay 
tPLH E3 to 'i'n 

tPHLI propagation delay 
tPLH En to 'i'n 

tTHLI output transition time 
tTLH 

300 January 1986 

+25 

min. typ. 

20 

18 

22 

7 

Tamb(oC) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 
max. min. max. min. max. 

35 44 53 ns 4.5 Fig. 6 

40 50 60 ns 4.5 Fig. 6 

40 50 60 ns 4.5 Fig. 7 

15 19 22 ns 4.5 Figs 6 and 7 



3-to-8 line decoder/demultiplexer; inverting 

AC WAVEFORMS 

~····- ~··"' 
-tPHL-

Yn OUTPUT 

7Z93232 

L 
Fig. 6 Waveforms showing the address input (An) 
and enable input (E3) to output('\' nl propagation 
delays and the output transition times. 

Note to AC waveforms 

(1) HC: VM=50%;V1=GNDtoVcc· 
HCT: VM = 1.3V; V1 = GND to 3V. 

Yn OUTPUT 

7Z93233 

PC74HC/HCT138 

MSI 

Fig. 7 Waveforms showing the enable input (Enl 
to output ('\' nl propagation delays and the output 
transition times. 



PC74HC/H<;:T139 

MSl 

DUAL 2-T0-4 LINE DECODER/DEMULTIPLEXER 

FEATURES 

• Demultiplexing capability 
• Two independent 2-to-4 decoders 
• Multifunction capability 
• Active LOW mutually exclusive 

outputs 
• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT139 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL I LSTTL). They are specified in 
compliance with JEOEC standard no. 7. 

The 74HC/HCT139 are high-speed, 
dual 1-to-4 line decoder/demultiplexers. 
This device has two independent 
decoders, each accepting two binary 
weighted inputs lnAo and nA1) and 
providing four mutually exclusive active 
LOW outputs (nYo to nY 4). Each 
decoder has an active LOW enable input 
lnE). 
When nE is HIGH, every output is 
forced HIGH. The enable can be used as 
the data input for a 1-to-4 demultiplexer 
application. 
The "139" is identical to the HEF4556 
of the HE4000B family. 

APPLICATIONS 

• Memory decoding or data-routing 
• Code conversion 

Vee 

2E 

2Ao 

2A1 
139 

2Y 2 

2Y 3 

Fig. 1 Pin configuration. 
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TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HGT 

tPHLI 
propagation delay CL=15pF 

nAn to nYn 11 13 ns 
tPLH nEtonYn Vee= 5 v 10 13 ns 

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation notes 1 and 2 42 44 pF 

capacitance per multiplexer 

GNO = 0 V;Tamb = 25 °C;tr=tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + i:: ICL x Vee' x fol where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
~ ICL x Vee' x f0 ) =sum of outputs 

2. For HG the condition is V1 = GNO to Vee 
For HGT the condition is V1 = GNO to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT139P: 16-lead OIL; plastic ISOT-38Z). 
PC74HC/HCT139T: 16-lead mini-pack; plastic IS0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 15 1E, 2E enable inputs I active LOW) 

2,3 1Ao, 1A1 address inputs 

4, 5, 6, 7 1Yoto 1Y3 outputs !active LOW) 

8 GNO ground IO V) 

12, 11, 10, 9 2Yo to 2Y3 outputs !active LOW) 

14, 13 2Ao. 2A1 address inputs 

16 Vee positive supply voltage 

----

6' o} ~x 
1E G-

1 3 
1Yo 

1v 1 

1Y2 

1Y3 

2Yo 0--12 
14 

14 2Y1 0--11 13 

13 2Y2 0--10 15 

2Y3 0-- 9 

2E 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 



Dual 2-to-4 line decoder/demultiplexer 

1Ao 

1A1 DECODER 

IE 

12 

14 
2Ao 

11 
2A1 DECODER 

13 10 

2< 
16 

7Z90957 

Fig. 4 Functional diagram. 

Ao 

Al 

FUNCTION TABLE 

INPUTS 

nE nAo 

H x 

L L 
L H 
L L 
L H 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 

nA1 

x 

L 
L 
H 
H 

Yo 

v, 

v2 

v3 

Fig. 5 Logic diagram (one decoder/demultiplexer). 

nYo 

H 

L 
H 
H 
H 

PC74HC/HCT139 

MSI 

OUTPUTS 

n'Y'1 n'f 2 nY3 

H H H 

H H H 
L H H 
H L H 
H H L 



PC74HC/HCT139 

MSI 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tpHtJ propagation delay 
tPLH nAn to 'Yn 

tpHtJ propagation delay 
tPLH nl:to nYn 

tTHtJ output transition time 
tTLH 

304 J'""'"' 19861 

+25 

min. typ. max. 

39 145 
14 29 
11 25 

33 135 
12 27 
10 23 

19 75 
7 15 
6 13 

Tamb (OC) 

74He 
UNIT Vee 

-40 to +85 -40 to +125 v 
min. max. min. max. 

180 220 2.0 
36 44 ns 4.5 
31 38 6.0 

170 205 2.0 
34 41 ns 4.5 
29 35 6.0 

95 110 2.0 
19 22 ns 4.5 
16 19 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 7 

Figs 6 and 7 



Dual 2-to-4 line decoder/demultiplexer 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
le~ category: MS/ 

Note to HCT types 

PC7 4HC/HCT139 

MSI 

The value of additional quiescent supply current (I\ lccl for a unit load of 1 is given in the family specifications. 
To determine L\ Ice per input, multiply this value by the unit load coefficient shown in the table below 

input unit load 
coefficient 

1An 0.70 
2~n 0.70 
nE 0.70 

AC CHARACTERISTICS FOR 74HCT 

G ND = 0 V; tr = tf = 6 ns; CL = 50 p F 

SYMBOL PARAMETER 

tpHLJ propagation delay 
tPLH nAn to Y n 

tPHL/ propagation delay 
tPLH nEtonYn 

trnL/ output transition time 
tTLH 

+25 

min. typ. max. 

16 34 

16 34 

7 15 

lamb (°Cl TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40 to +85 -40to +125 v 

min. max. min. max. 

43 51 ns 4.5 Fig. 6 

43 51 ns 4.5 Fig. 7 

19 22 ns 4.5 Figs 6 and 7 



PC7 4HC/HCT139 

MSI 
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AC WAVEFORMS 

nYn OUTPUT 

7Z90958 

Fig. 6 Waveforms showing the address input 
(nAn) to output (nY nl propagation delays and 
the output transition times. 

Note to AC waveforms 

(1) He : VM = 50%; Vi= GND to Vee· 
HeT: VM = 1.3V; V1 = GND to 3V. 

''"""" 19861 

Fig. 7 Waveforms showing the enable input (nE) 
to output (nY nl propagation delays and the 
output transition times. 



PC74HC/HCT147 

MSI 

10-T0-4 LINE PRIORITY ENCODER 

FEATURES 

• Encodes 10-line decimal to 4-line 
BCD 

• Useful for 10-position switch 
encoding 

• Used in code converters and 
generators 

• Output capability: standard 
• lcc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT147 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT147 9-input priority 
encoders accept data from nine active 
LOW inputs (Ao to As) and provide a 
binary representation on the four active 
LOW outputs (Yo to Y 3). A priority is 
assigned to each input so that when two 
or more inputs are simultaneously active, 
the input with the highest priority is 
represented on the output, with input 
line As having the highest priority. 

The devices provide the 10-line to 4-line 
priority encoding function by use of the 
implied decimal "zero". The "zero" is 
encoded when all nine data inputs are 
HIGH, forcing all four outputs HIGH. 

147 

7293171 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS f---- ---I UNIT 

HC HCT 
tPHLI propagation delay CL=15pF 15 17 ns 
tPLH An to Yn Vee= 5 v 

c, input capacitance 3.5 3.5 pf 

Cpo 
power dissipation 

notes 1 and 2 30 33 pf 
capacitance per package 

G ND = 0 V; T amb = 25 °C; tr = tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + ~ (CL x Vee' x fol where: 
fi = input frequency in MHz CL output load capacitance in pf 
f0 = output frequency in MHz Vee = supply voltage in V 
I: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT147P: 16-lead OIL; plastic (SOT-38Z). 
PC74HC/HCT147T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PINNO. SYMBOL NAME AND FUNCTION 

8 GND ground (0 V) 

9, 7, 6, 14 Yo to Y3 BCD address outputs (act ive LOW) 

11, 12, 13, 1, 
2, 3, 4, 5, 10 

15 

16 

11 

12 

13 

10 

Ao to As 

n.c. 

Vee 

14 

7293172 

Fig. 2 Logic symbol. 

decimal data inputs (activ e LOW) 

not connected 

positive supply voltage 

------~-----~ 

7Z93173 

Fig. 3 I EC logic symbol. 
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Pp<JH~1;:1SfW'!l?, 
1\1~~/i 

14 9 7Z93174 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS 

Ao A1 A2 A3 A4 A5 As 
H H H H H H H 

x x x x x x x 
x x x x x x x 
x x x x x x L 
x x x x x L H 

x x x x L H H 
x x x L H H H 
x x L H H H H 
x L H H H H H 

l H H H H H H 

308 ''"""' , ... , 

A1 As Y3 

H H H 

x l l 
L H L 
H H H 
H H H 

H H H 
H H H 
H H H 
H H H 

H H H 

OUTPUTS 

¥2 Y1 
H H 

H H 
H H 
L L 
L L 

L H 
L H 
H L 
H L 

H H 

Yo 
H 

L 
H 
L 
H 

L 
H 
L 
H 

L 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 

Fig. 5 Logic diagram. 



10-to-4 line priority encoder 

DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 
GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

lPHLI propagation delay 
tPLH A,, to Yn 

tTHLI output transition time 
tTLH 

min. 

+25 

typ. max. 

50 160 
18 32 
14 27 

19 75 
7 15 
6 6 

Tamb (oC) 

74HC 
UNIT Vee 

-40to+85 -40to+125 v 
min. max. min. max. 

200 240 2.0 
40 48 ns 4.5 
34 41 6.0 

95 110 2.0 
19 22 ns 4.5 
16 19 6.0 

PC74HC/HCT147 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 6 



PC74HC/HCT147 

MSI 
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DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (t,lccl for a unit load of 1 is given in the family specifications. 
To determine 6 lcc per input, multiply this value by the unit load coefficient shown in the table below. 

-

input unit load 
coefficient 

h~, 1.50 
A1,As 

I A&A& ,A1, 1.10 
2 

AC CHARACTERISTICS FOR 74HCT 

GN D = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARA METER 

pro pa 
Ant 

gation delay 
oYn 

outpu t transition time 

AC WAVEFORMS 

+25 

min. typ. 

20 

7 

Fig. 6 Waveforms showing the decimal data 
inputs (Anl to output (Y nl propagation delays 
and the output transition times. 

max. 

35 

15 

Tamb (oC) TEST CONDITIONS 
--

74HCT 
UNIT Vee 

-40to +85 -40to +125 v 
min. max. min. max. 

44 53 ns 4.5 

19 22 ns 4.5 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee· 
HCT: VM = 1.3V;V1 =GNDto3V. 

WAVEFORMS 

Fig. 6 

Fig. 6 



8-INPUT MULTIPLEXER 

FEATURES 

• True and complement outputs 
• Multifunction capability 
• Permits multiplexing from 

'n lines to 1 line 
• Non-inverting data path 
• See the "251" for the 3-state version 
• Output capability: standard 
• lcc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT151 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTLl. They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT151 are the logic 
implementations of single-pole 8-position 
switches with the state of three select 
inputs (So, S1, S2l controlling the switch 
positions. 
Assertion (Yl and negation (Yl outputs 
are both provided. 
The enable input (El is active LOW. 
When Eis HIGH, the Y output is HIGH 
and the Y output is LOW, regardless of 
all inputs. 
The logic function provided at the output, 
when activated, is: 

y = E. ( lo.80.81 .82 + I 1.So.S1 .52 + 

+ l2.So.S1.S2 + l3.So.S1.S2 + 
+ l4.So.S1.S2 + l5.So.S1.S2 + 
+ l5.So.S1.S2 + l7.So.S1.S2l 

The "151" provides in one package the 
ability to select from eight sources of data 
or control information. The "151" can 
provide any logic function of four 
variables and its negation with correct 
manipulations. 

151 

Fig. 1 Pin configuration. 

PC74HC/HCT151 

MSI 

SYMBOL PARAMETER 

propagation delay 

tPHLI 
In to Y, !'._ 
§,to Y, Y 

tPLH E to Y 
E to v 

C1 input capacitance 

Cpo 
power dissipation 

capacitance per package 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

CONDITIO~JS 

I CL=15pF 

I 
Vee= s v 

·------

notes 1 and 2 

1. Cpo is used to determine the dynamic power dissipation (Po in µWl: 

Po= CPD x Vee' x fi + L (CL x Vee' x fol where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
:!: (CL x Vee' x f0 l =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT151 P: 16-lead DI l; plastic (SOT-38Zl. 
PC74HC/HCT151T: 16-lead mini-pack; plastic (S0-16; SOT-109AI. 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

4, 3, 2, 1, 15, 
lo to 17 multiplexer inputs 14, 13, 12 

5 y multiplexer output 
6 y complementary multiplexer output 
7 E enable input (active LOW) 
8 GND ground (0 Vl 
11, 10, 9 So,S1,S2 select inputs 
16 Vee positive supply voltage 

11 10 9 

So S1 s, 
lo 

1, 

1, 

13 

15 14 

14 15 y 

13 15 

12 17 

7293156 

Fig. 2 logic symbol. Fig. 3 I EC logic symbol. 
I 

j 
-----· 

January 1986 311 



PC74HC/HCT151 

MSI 

4 3 2 1 15 14 13 12 

Fig. 4 Functional diagram. 
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FUNCTION TABLE 

E Sz S1 So 

H x x x 

L L L L 
L L L L 
L L L H 
L L L H 

L L H L 
L L H L 
L L H H 
L L H H 

L H L L 
L H L L 
L H L H 
L H L H 

L H H L 
L H H L 
L H H H 
L H H H 

H =HIGH voltage level 
L = LOW voltage level 
X = don't care 

10 

x 

L 
H 
x 
x 

x 
x 
x 
x 

x 
x 
x 
x 

x 
x 
x 
x 

y 

Fig. 5 Logic diagram. 

INPUTS 

11 lz 

x x 

x x 
x x 
L x 
H x 

x L 
x H 
x x 
x x 

x x 
x x 
x x 
x x 

x x 
x x 
x x 
x x 

OUTPUTS 

13 14 15 15 17 y y 

x x x x x H L 

x x x x x H L 
x x x x x L H 
x x x x x H L 
x x x x x L H 

x x x x x H L 
x x x x x L H 
L x x x x H L 
H x x x x L H 

x L x x x H L 
x H x x x L H 
x x L x x H L 
x x H x x L H 

x x x L x H L 
x x x H x L H 
x x x x L H L 
x x x x H L H 



8-input multiplexer J 
---

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications''. 

Output capability: standard 
I cc category: MS I 

AC CHARACTERISTICS FOR 74HC 
GND = 0 V;tr = tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH In to Y 

tPHLI propagation delay 
tPLH In to Y 

tPHLI propagation delay 
tPLH Sn to Y 

tPHLI propagation delay 
tPLH Sn to Y 

tPHLI propagation delay 
tPLH Eto Y 

tpHLf propagation delay 
tPLH Eto'Y 

tTHLI output transition time 
tTLH 

min. 

+25 

typ. max. 

52 170 
19 34 
15 29 

58 185 
21 37 
17 31 

61 185 
22 37 
18 31 

61 205 
22 41 
18 35 

41 125 
15 25 
12 21 

47 145 
17 29 
14 25 

19 75 
7 15 
6 13 

Tamb (°C) 

74He 
UNIT Vee 

-40to+85 -40to+125 v 
min. max. min. max. 

215 255 2.0 
43 51 ns 4.5 
37 43 6.0 

230 280 2.0 
46 56 ns 4.5 
39 48 6.0 

230 280 2.0 
46 56 ns 4.5 
39 48 6.0 

255 310 2.0 
51 62 ns 4.5 
43 53 6.0 

155 190 2.0 
31 38 ns 4.5 
26 32 6.0 

180 220 2.0 
36 44 ns 4.5 
31 38 6.0 

95 110 2.0 
19 22 ns 4.5 
16 19 6.0 

PC74HC/HCT151 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 6 

Fig. 7 

Fig. 7 

Fig. 7 

Fig. 7 

Figs 6 and 7 
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MSI 

DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter "HCMOS family characteristics'', section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (Lllccl for a unit load of 1 is given in the family specifications. 
To determine Lllcc per input, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient 

In 0.45 
§, 1.50 
E 0.30 

AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH In to Y 

tPHLI propag~ion delay 
tPLH In to Y 

tPHLI propagation delay 
tPLH Sn to Y 

tPHLI propagaj)on delay 
tPLH Sn toY 

tPHLI propagation delay 
tPLH EtoY 

tPHLI propagation delay 
tPLH EtoY 

tTHLI output transition time 
tTLH 

314 ''"""" 19861 

+25 

min. typ. max. 

22 38 

22 38 

23 41 

25 43 

16 29 

21 36 

7 15 

Tamb (°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 
min. max. min. max. 

48 57 ns 4.5 Fig. 6 

48 57 ns 4.5 Fig. 6 

51 62 ns 4.5 Fig. 7 

54 65 ns 4.5 Fig. 7 

36 44 ns 4.5 Fig. 7 

45 54 ns 4.5 Fig. 7 

19 22 ns 4.5 Figs 6 and 7 



8-input multiplexer J 
---

PC74HC/HCT151 

MSI 

AC WAVEFORMS 

1-- .~.. 1. -1 -~ I 
y OUTPUT I ,v_M_"_' ----+----• 

- 1PLH-: 

Y OUTPUT VM 

LJ1 g. 6 Waveforms show_i_ng the multiplexer input 
nl to outputs (Y and Y) propagation delays 
d the output transition times. 
----------------------~ 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee· 
HeT: VM = 1.3 V; V1 = GND to 3 V. 

r 
Sn, E OUTPUT 

VM(lJ 

_J I\. 
-tPHL-- -'PLH-1 

r---
Y OUTPUT VMl11 

J l 
-- tTHL _,,,t' . ": .. ~ Y OUTPUT 

7Z93160 -- -- tTLH tTHL-. --

"' ' w~•mm• ,,~;,, ~. •••• ;"<'"' I':_ j 
and enable inppt (E) to outputs (Y and Y) 
propagation delays and the output transition 
times. 

315 



PC74HC/HCT153 

MSI 

DUAL4-INPUT MULTIPLEXER 

FEATURES 

• Non-inverting outputs 
• Separate enable for each output 
• Common select inputs 
• See '253" for 3-state version 
• Permits multiplexing from 

n lines to 1 line 
• Enable line provided for cascading 

(n lines to 1 line) 
• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 
The 74HC/HCT153 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT153 have two identical 
4-input multiplexers which select two bits 
of data from up to four sources selected 
by common data select inputs (So, S1 ). 
The two 4-input multiplexer circuits have 
individual active LOW output enable 
inputs (1E, 2E) which can be used to 
strobe the outputs independently. 
The outputs ( 1 Y, 2Y) are forced LOW 
when the corresponding output enable 
inputs are HIGH. 

The "153" is the logic implementation of 
a 2-pole, 4-position switch, where the 
position of the switch is determined by 
the logic levels applied to So and S1. 

The logic equations for the outputs are: 

1Y= 1E.(110-§:1.So+111.S1.So+ 
+1 l2.S1.So+113.S1.Sol 

2Y = 2E.(21o.~.So+211.S1.So+ 
+2l2.S1 .So+213.S1 .So) 

(continued on next page) 

153 

Fig. 1 Pin configuration. 
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TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

propagation delay 
tPHLI 1 In, 21n to nY CL=15pF 14 16 ns 
tPLH Sn to nY Vee= 5V 15 17 ns 

nE to nY 10 11 ns 

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation 

notes 1 and 2 30 30 pF capacitance per multiplexer 

GND = 0 V;Tamb = 25 °C;tr =tf =6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

PD= Cpo x Vee' x fi + :E (CL x Vee' x fo) where: 
fi = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz Vee = supply voltage in V 
l: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is Vt= GND to Vee 
For HCT the condition is Vt= GND to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT153P: 16-lead DIL; plastic (SOT-38Z): 
PC74HC/HCT153T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL 

1, 15 11:, 2E 
14, 2 So. S1 
6, 5, 4, 3 1 lo to 113 
7 1Y 
8 GND 
9 2Y 
10, 11, 12, 13 210 to 213 
16 

10 

11 

12 

13 

Vee 

15 2E 

1Y 

2Y 

Fig. 2 Logic symbol. 

NAME AND FUNCTION 

output enable inputs (active LOW) 
common data select inputs 
data inputs from source 1 
multiplexer output from source 1 
ground (0 V) 
multiplexer output from source 2 
data inputs from source 2 
positive supply voltage 

Fig. 3 I EC logic symbol. 



Dual 4-input multiplexer J 
----

PC74HC/HCT153 

MSI 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

SELECT DATA INPUTS 
OUTPUT 

INPUTS ENABLE 

So S1 nlo nl1 nl2 nl3 nE 

x x x x x x H 

l L L x x x l 
l l H x x x l 
H L x L x x L 
H L x H x x L 

L H x x l x L 
L H x x H x L 
H H x x x L l 
H H x x x H L 

1Y 

OUTPUT 

nY 

l 

L 
H 
l 
H 

l 
H 
L 
H 

H = HIGH voltage level 
l = LOW voltage level 
X =don't care 

2Y 

Fig. 5 logic diagram. 

GENERAL DESCRIPTION (cont.'ed) 

The "153" can be used to move data to a 
common output bus from a group of 
registers. The state of the select inputs 
would determine the particular register 
from which the data came. An alternative 
application is a function generator. The 
device can generate two functions or 
three variables. This is useful for 
implementing highly irregular random 
logic. 

The "153" is similar to the "253" 
but has standard outputs. 
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PC74HC/HCT153 

MSI 

DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 
GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 

tPLH 11ntonY; 
21n to nY 

tPHLI propagation delay 
tPLH Sn to nY 

tPHLI propagation delay 
tPLH nE to nY 

tTHLI output transition time 
lTLH 

318 ''"""" 19861 

+25 

min. typ. max. 

47 145 
17 29 
14 25 

50 150 
18 30 
14 26 

33 100 
12 20 
10 17 

19 75 
7 15 
6 13 

Tamb (°C) 

74HC 
UNIT Vee 

-40to+85 -40to+125 v 
min. max. min. max. 

180 220 2.0 
36 44 ns 4.5 
31 38 6.0 

190 225 2.0 
38 45 ns 4.5 
33 38 6.0 

125 150 2.0 
25 30 ns 4.5 
21 26 6.0 

95 110 2.0 
19 22 ns 4.5 
16 19 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 7 

Fig. 7 

Figs 6 and 7 



Dual 4-input multiplexer J 
---

DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

PC74HC/HCT153 

MSI 

The value of additional quiescent supply current (I'> lccl for a unit load of 1 is given in the family specifications. 
To determine t>lcc per input, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient 

~?· 21n 0.45 
0.60 

Sn 1.35 

AC CHARACTERISTICS FOR 74HCT 
GND: 0 V;tr :tf: 6 ns; CL: 50 pF 

SYMBOL PARAMETER 

propagation delay 
tPHL 11ntonY; 

21n to nY 

propagation delay 
tPLH tin to nY; 

21n to nY 

tPHLI propagation delay 
tPLH Sn to nY 

tpHrJ propagation delay 
tPLH n~ to nY 

tTHrJ output transition time 
tTLH 

+25 

min. typ. 

19 

13 

20 

14 

7 

Tamb (°Cl TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 
max. min. max. min. max. 

34 43 51 ns 4.5 Fig. 6 

24 30 36 ns 4.5 Fig. 6 

34 43 51 ns 4.5 Fig. 7 

27 34 41 ns 4.5 Fig. 7 

15 19 22 ns 4.5 Figs 6 and 7 
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PC74HC/HCT153 

MSI 

AC WAVEFORMS 

nl INPUT l" ~tPHL_.. 
nY OUTPUT VM(1) 

7Z93128 tTHL- k-

L ... 
J~ 
_J -tTLH 

Fig. 6 Waveforms showing the input (1 In. 21nl 
to output (1 Y, 2Y) propagation delays and the 
output transition times. 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vcc­
HCT: VM = 1.3V; V1 = GND to 3V . 

. ,. ''"""" , ,.. I 

'•·"' '""' ~·· '" 
--tPHL-

nY OUTPUT 

7Z93129 trHL- 1=-

Fig. 7 Waveforms showing the select input (So, 
S1) and the output enable input (El to output 
(1Y, 2Y) propagation delays and the output 
transition times. 



PC74HC/HCT154 

MSI 

4-T0-16 LINE DECODER/DEMULTIPLEXER 

FEATURES 

• 16-line demultiplexing capability 
• Decodes 4 binary-coded inputs into 

one of 16 mutually exclusive outputs 
• 2-input enable gate for strobing or 

expansion 
• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT154 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 
The 74HC/HCT154 decoders accept 
four active HIGH binary address inpu1S 
and provide 16 mutually exclusive active 
LOW outputs. 
The 2-input enable gate can be used to 
strobe the decoder to eliminate the normal 
decoding "glitches" on the outputs, or it 
can be used for the expansion of the 
decoder. 

The enable gate has two AND'ed inputs 
which must be LOW to enable the outputs. 

The "154" can be used as a 1-to-16 
demultiplexer by using one of the enable 
inputs as the multiplexed data input. 

When the other enable is LOW, the 
addressed output will follow the state of 
the applied data. 

•1 

Y"s 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

tPHLI propaga!!_on daj_ay CL= 15pF 11 13 ns 
tPLH An, En to Yn· Vee= 5 v 

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation 

notes 1 and 2 60 60 pF capacitance per package 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi +I: (CL x Vee' x fo) where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
:!: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT154P: 24-lead DIL; plastic (SOT-101A). 
PC74HC/HCT154T: 24-lead mini-pack; plastic (S0-24; SOT-137A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 2, 3, 4, 5, 6, 
7, 8, 9, 10, 11, 

YotoY15 outputs (active LOW) 13, 14, 15, 16, 
17 

18, 19 e0, e1 enable inpu1S (active LOW) 
12 GND ground (0 V) 

23, 22, 21, 20 AotoA3 address inpu1S 
24 Vee positive supply voltage 

DX 

23 •o Yo 

Y1 
22 •1 

21 •2 

20 A3 

16 
18 

19 17 

11 

12 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT154 

MSI 

FUNCTION TABLE 

INPUTS 

E"o E1 Ao A1 A2 

H H x x x 
H L x x x 
L H x x x 

L L L L L 
L L .H L L 
L L L H L 
L L H H L 

L L L L H 
L L H L H 
L L L H H 
L L H H H 

L L L L L 
L L H L L 
L L L H L 
L L H H L 

L L L L H 
L L H L H 
L L L H H 
L L H H H 

H = HIGH voltage level 

23 22 21 20 

DECODER 

3 4 5 6 7 8 9 10 11 13 14 15 16 17 

7Z87434 

OUTPUTS 

AJ Yo Y1 Y2 Y3 Y4 Vs Vs Y7 Vs Yg 

x H H H H H H H H H H 
x H H H H H H H H H H 
x H H H H H H H H H H 

L L H H H H H H H H H 
L H L H H H H H H H H 
L H H L H H H H H H H 
L H H H L H H H H H H 

L H H H H L H H H H H 
L H H H H H L H H H H 
L H H H H H H L H H H 
L H H H H H H H L H H 

H H H H H H H H H L H 
H H H H H H H H H H L 
H H H H H H H H H H H 
H H H H H H H H H H H 

H H H H H H H H H H H 
H H H H H H H H H H H 
H H H H H H H H H H H 
H H H H H H H H H H H 

L = LOW voltage level X = don't care 

Fig. 4 Functional diagram. 

¥10 ¥11 Y12 Y13 Y14 

H H H H H 
H H H H H 
H H H H H 

H H H H H 
H H H H H 
H H H H H 
H H H H H 

H H H H H 
H H H H H 
H H H H H 
H H H H H 

H H H H H 
H H H H H 
L H H H H 
H L H H H 

H H L H H 
H H H L H 
H H H H L 
H H H H H 

Fig. 5 Logic diagram. 
Y0 Y, Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10 Y11 Y12 Y13 Y14 Y1s 

7287436 
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Y15 

H 
H 
H 

H 
H 
H 
H 

H 
H 
H 
H 

H 
H 
H 
H 

H 
H 
H 
L 



4-to-16 line decoder/demultiplexer 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
I c,c category: MS I 

AC CHARACTERISTICS FOR 74HC 
GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH An to Yn 

tPHLI propagation delay 
En to Yn tPLH 

!THLI output transition time 
!TLH 

min. 

+25 

typ. max. 

36 150 
13 30 
10 26 

39 150 
14 30 
11 26 

19 75 
7 15 
6 13 

Tamb (°C) 

74HC 
UNIT Vee 

-40to +85 -40to+125 v 
min. max. min. max. 

190 225 2.0 
38 45 ns 4.5 
33 38 6.0 

190 225 2.0 
38 45 ns 4.5 
33 38 6.0 

95 110 2.0 
19 22 ns 4.5 
16 19 6.0 

PC74HC/HCT154 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 7 

Figs 6 and 7 
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MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HeT types 

The value of additional quiescent supply current (l'>lecl for a unit load of 1 is given in the family specifications. 
To determine l'>lec per input, multiply this value by the unit load coefficient shown in the table below. 

input 
unit load 
coefficient 

An 1.0 
En 1.0 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH An to Vn 

tPHLI propagation delay 
tPLH En to Yn 

tTHLI output transition time 
tTLH 

324 January 1986 

+25 

min. typ. max. 

16 35 

15 32 

7 15 

Tamb (0 e) TEST CONDITIONS 
·---··---

74HeT 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 
min. max. min. max. 

44 53 ns 4.5 Fig. 6 

40 48 ns 4.5 Fig. 7 

19 22 ns 4.5 Figs 6 and 7 



4-to-16 line decoder/demultiplexer 

AC WAVEFORMS 

Fig. 6 Wav".!orms showing the address input (Anl 
to output (Y nl propagation delays and the 
output transition times. 

Note to AC waveforms 

(1) HC: VM=50%;V1=GNDtoVcc· 
HCT: VM = 1.3V; V1 = GND to 3V. 

PC74HC/HCT154 

MSI 

Fig. 7 Wav".!orms showing the enable input (Enl 
to output (Y nl propagation delays and the 
output transition times. 
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MSI 
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QUAD 2-INPUT MULTIPLEXER 

FEATURES 

• Non-inverting data path 
• Output capability: standard 
• •cc category: MSI 

GENERAL DESCRIPTION 
The 74HC/HCT157 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT157 are quad 2-input 
multiplexers which select 4 bits of 
data from two sources under the control 
of a common data select input (S). 
The four outputs present the selected 
data in the true (non-inverted) form. 
The enable input (E) is active LOW. 
When Eis HIGH, all of the outputs (1Y to 
4Y) are forced LOW regardless of all other 
input conditions. 

Moving the data from two groups of 
registers to four common output buses 
is a common use of the "157". The state 
of the common data select input (S) 
determines the particular register from 
which the data comes. It can also be used 
as function generator. 

The device is useful! for implementing 
highly irregular logic by generating any 
four of the 16 different functions of two 
variables with one variable common. 

The "157" is the logic implementation of 
a 4-pole, 2-position switch, where the 
position of the switch is determined by 
the logic levels applied to S. 

The logic equations are: 

1Y = E.(111.S + 1 lo.Sl 

2Y = E.(211.S +21o.S) 

3Y = E.(311.S +31o.Sl 

4Y = E.(411.S + 410.Sl 

The "157" is identical to the "158" 
but has non-inverting (true) outputs. 

Fig. 1 Pin configuration. 

January 1986 ( 

! TYPICAL 
SYMBOL PARAMETER cmJDITIONS UNIT 

HC HCT 

propagation delay 
tPHLI ~lo, nl1 to nY CL=15pF 11 13 ns 
tPLH E to nY Vee= 5 v 11 12 ns 

S to nY 14 19 ns 

C1 input capacitance 3,5 3.5 pF 

Cpo 
power dissipation notes 1 and 2 76 70 pF 
capacitance per multiplexer 

GND = 0 V;Tamb = 25 °C;tr =tt = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x VCC2 x fi + L (CL x VCC2 x fol where: 

fi = input frequency in MHz CL output load capacitance in pF 
t0 = output frequency in MHz Vee = supply voltage in V 
L (CL x Vee' x f0 ) =sum of outputs 

2, For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT157P: 16-lead DIL; plastic (SOT-382), 
PC74HC/HCT157T: 16-lead mini-pack; plastic (S0-16;SOT-109A), 

PIN DESCRIPTION 

PIN N0._-=-1 SYf\_'l_B_O_I:_ __ 
NAME ~ND FU~~;~~--------1 

1 s 
2, 5, 11, 14 

3, 6, 10, 13 

4, 7, 9, 12 

B 

15 

110 to41o 

111to411 

1Y to 4Y 

GND 

E 
16 _Lvcc~---------

"o 1V 
111 

"o 2Y 
"1 

11 310 
JV 

10 "1 

14- 410 
12 4V 

13 411 

15 

7Z90971 

Fig. 2 Logic symbol. 

----

common data select input J 
data inputs from source 0 J 
data inputs from source 1 

multiplexer outputs 

ground (0 V) 

~::~i:~n5:~:~~c~~~:a~~W) ·-------

_'\_ 

12 

l Fig. 3 I EC logic symbol. 



Quad 2-input multiplexer J 
---

11 10 14 13 

1 s 
SELECTOR 

MULTIPLEXER OUTPUTS 

IV 2V 3V 4V 

12 
7Z90973 

Fig. 4 Functional diagram. 

1V 

2V 

3V 

4V 

Fig. 5 Logic diagram. 

FUNCTION TABLE 

INPUTS 

E s 

H x 

L L 
L L 
L H 
L H 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 

nlo 

x 

L 
H 
x 
x 

nl1 

x 

x 
x 
L 
H 

PC7 4HC/HCT157 

MSI 

OUTPUT 

nY 

L 

L 
H 
L 
H 
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DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI 
propagation delay 
nloto nY; 

tPLH nl1 to nY 

tPHLI . propagation delay 
tPLH I: to nY 

tpHLf propagation delay 
tPLH StonY 

1THLI output transition time 
1TLH 

328 January 1986 

+25 

min. typ. max. 

36 125 
13 25 
10 21 

39 115 
14 23 
11 20 

47 145 
17 29 
14 25 

19 75 
7 15 
6 13 

Tamb ("Cl 

74HC 
UNIT Vee 

-40 to +85 -40to +125 v 
min. max. min. max. 

155 190 2.0 
31 38 ns 4.5 
26 32 6.0 

145 175 2.0 
29 35 ns 4.5 
25 30 6.0 

180 220 2.0 
36 44 ns 4.5 
31 38 6.0 

95 110 2.0 
19 22 ns 4.5 
16 19 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 7 

Fig. 6 

Fig. 7 

Figs 6 and 7 



Quad 2-input multiplexer J 
----

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

PC7 4HC/HCT157 

MSI 

The value of additional quiescent supply current (l'llccl for a unit load of 1 is given in the family specifications. 
To determine l'llcc per input, multiply this value by the unit load coefficient shown in the table below. 

input 
unit load 
coefficient 

nlo 1.00 
ri_l1 1.00 
E 0.60 
s 3.00 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI 
propagation delay 
nlo to nY; 

tPLH nl1 tonY 

tPHLI propagation delay 
tPLH EtonY 

tPHLI propagation delay 
tPLH Sto nY 

trHLI output transition time 
tTLH 

+25 

min. typ. max. 

16 27 

15 26 

22 37 

7 15 

Tamb l'C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40 to +85 -40 to +125 v 
min. max. min. max. 

34 41 ns 4.5 Fig. 7 

33 39 ns 4.5 Fig. 6 

46 56 ns 4.5 Fig. 7 

19 22 ns 4.5 Figs 6 and 7 
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AC WAVEFORMS 

Fig. 6 Waveforms showing the enable input (E) 
to output (nY) propagation delays and the 
output transition times. 

Note to AC waveforms 
(1) HC : VM = 50%; V1 = GND to Vee· 

HCT: VM = 1.3 V; V1 = GND to 3 V. 

330 January 1986 

•'o·"'"s tv 111 { INPUT . M 

._ tPHL _. ._ tPLH...., 

nY OUTPUT VM !O 

7Z90976 tTHL-

Fig, 7 Waveforms showing the data inputs (nlnl 
and common data select input (S) to output (nY) 
propagation delays. 



PC74HC/HCT158 

MSI 

QUAD 2-INPUT MULTIPLEXER; INVERTING 

FEATURES 

• Inverting data path 
• Output capability: standard 
• 'cc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT158 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JED EC standard no. 7. 

The 74HC/HCT158 are quad 2-input 
multiplexers which select 4 bits of data 
from two sources and are controlled by 
a common data select input (S). The four 
outputs present the selected data in the 
inverted form. The enable input (E) is 
active LOW. 

When Eis HIGH, all the outputs (1Y to 
4Y) are forced HIGH regardless of all 
other input conditions. 

Moving the data from two groups of 
registers to four common output buses 
is a common use of the "158". The state 
of S determines the particular register 
from which the data comes. It can also 
be used as a function generator. 

The device is useful for implementing 
highly irregular logic by generating any 
four of the 16 different functions of two 
variables with one variable common. 

The "158" is the logic implementation of 
a 4-pole, 2-position switch, where the 
position of the switch is determined by 
the logic levels applied to S. 

The logic equations for the output are: 

1v = E.(111.s + 110.Sl 

2Y = E.(211.s + 210.S) 

3Y = E.(311.S + 310.S) 

4Y = E.(411.s + 410.S) 

The "158" is identical to the "157" 
but has inverting outputs. 

158 

'"::J 7Z874381 

Fig. 1 Pin configuration. 

T 
SYMBOL PARAMETER CONDITIONS -

H 
--

propagation delay_ 
12 

C-t ~C~ UNIT 

tPHLI '!.lo, nlj to nY CL= 15 pF 
14 

tPLH E tonY Vee= 5 v 
14 Sto nY 

C1 input capacitance + power dissi pa ti on 

I 13 

I 16 
16 

ns 
ns 
ns . + 3.5 pF 

Cpo capacitance per 40 pF 
multiplexer 

notes 1 and 2140 

--~---

GND = D V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + L (CL x Vee' x Fol where: 

Ii = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee supply voltage in V 
L (CL x Vee' x f0 l =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT158P: 16-lead DI L; plastic (SOT-38Zl. 
PC74HC/HCT158T: 16-lead mini-pack, plastic (S0-16; SOT109Al. 

PIN DESCRIPTION 
·----·---------

~11 N NO. --t-ss_v_M_B_O_L ___ -1,_N_A_M_E_A_N __ D_F_u_N_c_Tl_O_N____ __ 

common data select input 

2, 5, 11, 14 1 lo to 410 data inputs from source 0 

3, 6, 10, 13 111to411 data inputs from source 1 

4, 7, 9, 12 1 Y to 4Y multiplexer outputs 

8 GN D ground (0 V) 

15 E enable input (active LOW) 

16 V CC positive supply voltage 

---11 
1 

G1 I I 
2- "o 

" 111 

"o 2Y 
211 

_:!....__ 1 

11 "o 3Y 
10 311 

.L 

14 410 
4Y 12 

13 411 

15 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
--------·----------

January 1986 331 



PC74HC/HCT158 

MSI 

Fig. 4 Functional diagram. 

Fig. 5 Logic diagram. 

332 January 1986 

4Y 
12 
7Z87437.1 

iv 

i'i 

3v 

4Y 

FUNCTION TABLE 

INPUTS 

E" s 

H x 
L L 
L L 
L H 
L H 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 

nlo 

x 
L 
H 
x 
x 

OUTPUT 

nl1 n'Y 

x H 
x H 
x L 
L H 
H L 



Quad 2-input multiplexer; inverting 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nlo, nl1 ton? 

tPHLI propagation delay 
tPLH rto n? 

tPHLI propagation delay 
tPLH Sta nY 

trnLI output transition time 
tTLH 

+25 

min. typ. max. 

41 125 
15 25 
12 21 

47 145 
17 29 
14 25 

47 145 
17 29 
14 25 

19 75 
7 15 
6 13 

Tamb (oC) 

74HC 
UNIT Vee 

-40to +85 -·40to +125 v 
min. max. min. max. 

155 190 2.0 
31 38 ns 4.5 
26 32 6.0 

180 220 2.0 
36 44 ns 4.5 
31 38 6.0 

180 220 2.0 
36 44 ns 4.5 
31 38 6.0 

95 110 2.0 
19 22 ns 4.5 
16 19 6.0 

PC74HC/HCT158 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 7 

Fig. 6 

Fig. 7 

Figs 6 and 7 
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PC74HC/HCT158 

MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (L\lccl for a unit load of 1 is given in the family specifications. 
To determine L\ Ice per input, multiply this value by the unit load coefficient shown in the table below. 

input 
unit load 
coefficient 

nlo 0.40 
nl1 0.40 
s 2.20 
E 0.60 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pf 

lamb (°C) TEST CONDITIONS 

74HeT 
SYMBOL PARAMETER UNIT Vee WAVEFORMS 

+25 -40to+85 -40to+125 v 
min. typ. max. min. max . min. max. . 

tPHL/ propagation delay 
16 30 38 45 ns 4,5 Fig. 7 

tPLH nlo,nl1tonY 

tPHLI propagation delay 
1PLH Eto n'i' 

19 35 44 53 ns 4.5 Fig. 6 

tPHL/ propagation delay 
19 35 44 53 ns 4,5 Fig. 7 

tPLH S to nY 

tTHLI output transition time 7 15 19 22 ns 4.5 Figs 6 and 7 
lTLH 
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Quad 2-input multiplexer; inverting 

AC WAVEFORMS 

7287492 trHL -

Fig. 6 Waveforms showing the enable input (E) 
to output (nY) propagation delays and the 
output transition times. 

Note to AC waveforms 

(1) HC: VM=50%;V1=GNDtoVcc· 
HCT: VM = 1.3 V; V1 = GND to 3 V. 

INPUT VM 

PC74HC/HCT158 

MSI 

"'0"'1· 8 ~ "' t 
-'PHL-1 ._ 1PLH-1 

oY OUTPUT n v_M_'_" ______ [ 

1THL_I T- _; -'TLH 

Fig. 7 Waveform5_!howing the data input (nlo. 
nl1) to output (nY) propagation delays and 
the output transition times. 
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PC74HC/HCT160 
MSI 

PRESETTABLESYNCHRONOUSBCDDECADECOUNTER;ASYNCHRONOUSRESET 

FEATURES 

• Synchronous counting and loading 
• Two count enable inputs for n-bit 

cascading 
• Positive-edge triggered clock 
• Asynchronous reset 
• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT160 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT160 are synchronous 
presettable decade counters which feature 
an internal look-ahead carry and can be 
used for high-speed counting. 
Synchronous operation is provided by 
having all flip-flops clocked 
simultaneously on the positive-going edge 
of the clock (CP). 
The outputs (Go to 03) of the counters 
may be preset to a HIGH or LOW level. 
A LOW level at the parallel enable input 
(PE) disables the counting action and 
causes the data at the data inputs (Do to 
D3) to be loaded into the counter on the 
positive-going edge of the clock (providing 
that the set-up and hold time requirements 
for Pr are met). Preset takes place 
regardless of the levels at count enable 
inputs (CEP and CET). 

(continued on next page} 

160 

7Z93605 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

propagation delay 
CP to On 19 21 ns 

tPHL 
CP to TC 21 24 ns 
MR to On 21 23 ns 
MR to TC 

CL= 15 pF 21 26 ns 
CET to TC 

Vee= 5 v 14 14 ns 

propagation delay 

tPLH 
CP to On 19 21 ns 
CP to TC 21 20 ns 
CET to TC 14 7 ns 

fmax maximum clock frequency 61 31 MHz 

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation 

notes 1 and 2 39 34 pF 
capacitance per package 

GND = 0 V; Tamb = 25 °C; t, = tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + r (CL x Vee' x fol where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
L (CL x Vee' x f 0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT160P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT160T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PE Do D1 o, o, 

CEP 

10 CET 
TC 15 

CP 

1-0 MR 

Go a1 o, o, 

14 13 12 11 

7293609 7Z93610 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 



PC74HC/HCT160 

MSI 

10 

PARALLEL LOAD CIRCUITRY 

!NH D 

-"-IP------lCP DECADE COUNTER 

Ro 

14 13 12 11 
7Z9361S 

Fig. 4 Functional diagram. 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 ~ asynchronous master reset (active LOW) 
2 CP clock input (LOW-to-HIGH, edge-triggered) 
3, 4, 5, 6 Do to D3 data inputs 
7 CEP count enable input 
8 GND ground (0 V) 
9 ~ parallel enable input (active LOW) 
10 CET count enable carry input 
14, 13, 12, 11 Goto 03 flip-flop outputs 
15 TC terminal count output 
16 Vee positive supply voltage 

FUNCTION TABLE 

INPUTS OUTPUTS 
OPERATING MODE 

~ CP CEP CET 15"[ Dn On TC 

reset (clear) L x x x x x L L 

parallel load H t x x I I L L 
H t x x I h H * 

count H t h h h x count * 

hold H x I x h x qn * 
(do nothing) H x x I h x qn L 

Note to function table 

* The TC output is HIGH when CET is HIGH and the counter is at terminal count (HLLH). 

H = HIGH voltage level 
h = HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition 
L = LOW voltage level 
I = LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 
q = lower case letters indicate the state of the referenced output one set-up time 

prior to the LOW-to-HIGH CP transition 
X = don't care 
t = LOW-to-HIGH CP transition 

338 ''""'"' 19861 

GENERAL DESCRIPTION (Cont'd.) 

A LOW level at .the master reset input 
(JIJlR) sets all four outputs of the flip-flops 
(Oo to 03) to LOW level regardless of the 
levels at CP, 15!:, CET and CEP inputs (thus 
providing an asynchronous clear function). 

The look-ahead carry simplifies serial 
cascading of the counters. Both count 
enable inputs (CEP and CET) must be 
HIGH to count. The CET input is fed 
forward to enable the terminal count 
output (TC). The TC output thus enabled 
will produce a HIGH output pulse of a 
duration approximately equal to a HIGH 
level output of Oo. This pulse can be used 
to enable the next cascaded stage. 



Presettable synchronous BCD decade counter; asynchronous reset PC74HC/HCT160 

MSI 

Fig. 5 State diagram. 

MR 

a, 

a, 
a, 

TC ~~--t~4,~+8--'9 O~-,~-,~-,-;--~~~~~~­

j L-count-------inhibit--­
preset 

7293625 

Fig. 6 Typical timing sequence: reset outputs to zero; preset to 
BCD seven; count to eight, nine, zero, one, two and three; inhibit. 

7293629 

Fig. 7 Logic diagram. 
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PC74HC/HCT160 

MSI 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capabi I ity: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GN D = 0 V; tr= tf = 6 ns; CL= 50 pf 

Tamb (°Cl 

74HC 
SYMBOL PARAMETER UNIT Vee 

+25 -40to +85 -40to+125 v 
min. typ. max. min. max. min. max. 

61 185 230 280 2.0 
tPHLI propagation delay 

22 37 46 56 ns 4.5 
tPLH CPto On 18 31 39 48 6.0 

tPHLI 
69 215 270 325 2.0 propagation delay 
25 43 54 65 ns 4.5 

tPLH CP to TC 20 31 46 55 6.0 

69 210 265 315 2.0 
tPHL 

propagation delay 
25 42 53 63 ns 4.5 

MR to On 20 36 45 54 6.0 

69 220 275 330 2.0 
tPHL 

propagation delay 25 44 55 66 ns 4.5 MR to TC 20 37 47 56 6.0 

47 150 190 225 2.0 
tPHLI propagation delay 

17 30 38 45 ns 4.5 
tPLH CET to TC 14 26 33 38 6.0 

19 75 95 110 2.0 
tTHLI output transition time 7 15 19 22 ns 4.5 
tTLH 6 13 16 19 6.0 

clock pulse width 80 22 100 210 2.0 
tw 16 8 20 42 ns 4.5 HIGH or LOW 14 6 17 36 6.0 

master reset pulse width 90 28 115 135 2.0 
tw 18 10 23 27 ns 4.5 

LOW 15 8 20 23 6.0 

100 30 125 150 2.0 
trem 

removal time 20 11 25 30 ns 4.5 
MR to CP 17 9 21 26 6.0 

80 22 100 120 2.0 
tsu 

set-up time 16 8 20 27 ns 4.5 
Dn to CP 14 6 17 20 6.0 

135 41 170 205 2.0 
tsu 

set-up time 27 15 34 41 ns 4.5 
PE to CP 23 12 29 35 6.0 

200 63 250 300 2.0 
tsu 

set-up time 40 23 50 60 ns 4.5 
CEP, CET to CP 34 18 43 51 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 8 

Fig. 8 

Fig. 9 

Fig. 9 

Fig. 10 

Figs 8 and 10 

Fig. B 

Fig. 9 

Fig. 9 

Fig. 11 

Fig. 11 

Fig. 12 



Presettable synchronous BCD decade counter; asynchronous reset 

Tamb (oC) 

74HC 
SYMBOL PARAMETER 

+25 -40 to +85 -40to+125 

min. typ. max. min. max. min. max. 

0 -17 0 0 

th 
hold time 0 -6 0 0 

Dn to CP 0 -5 0 0 

0 -41 0 0 
hold time 0 -15 0 0 th PE to CP 0 -12 0 0 

0 -47 0 0 
hold time 0 -17 0 0 th CEP, CET to CP 0 -14 0 0 

6.0 18 4.8 4.0 

fmax 
maximum clock pulse 

30 55 24 20 
frequency 

35 66 28 24 

UNIT 

ns 

ns 

ns 

MHz 

Vee 
v 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

PC74HC/HCT160 
MSI 

TEST CONDITIONS 

WAVEFORMS 

Figs 11and12 

Figs 11and12 

Figs 11and12 

Fig. 8 
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PC74HC/HCT160 
MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (ll lccl for a unit load of 1 is given in the family specifications. 
To determine ll lcc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 

MR 
CP 
CEP 

UNIT LOAD 
COEFFICIENT 

0.95 
0.80 
0.25 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pf 

INPUT 
UNIT LOAD 
COEFFICIENT 

Dn 0.25 
CET 1.05 
PE 0.30 

.VMOOC I ""'""" 
Tamb (°C) TEST CONDITIONS 

r---------

74HCT 
/------------------~ UNIT Vee WAVEFORMS 

+25 -40 to +85 -40to +125 v 

min. typ. max. min. max. min. max. 

tpH Li propagation delay 
25 43 54 65 ns Fig. 8 

tPLH CP to On 
1------+----------------j-·--·+---t----t--1----r---~----+---I-----+--------, 

propagation delay 28 48 60 
CP to TC 72 ns 4.5 Fig. 8 

i------i------------+---1---+--+---+----t------+----+---,--+--------__, 
t propagation delay 23 39 49 59 ns 4.5 Fig. 8 PLH I CPtoTC 

1-------1-------------+--t--r-----T---+---+---+-----+----+----+---------___, 

tpH L l pf;lrna{~~nn delay 27 50 63 75 ns 4.5 Fig. 9 

tPHL 

/ propag-a-ti_o __ n_d_e_la-y·-----+----t---r--+----+----+---+---1------<-
Fig. 9 L MR to TC 30 50 63 75 ns 4.5 

l-----+------------+---+---1------!-----+----+---!-----------t----+-----------< 
! propagation delay 53 

tPHL 

tw 

CET to TC 17 35 44 ns 4.5 

propagation delay 
CET to TC 

! output transition time 

clock pulse width 
HIGH or LOW 

9 17 

7 15 

31 8 

21 26 ns 4.5 

19 22 ns 4.5 

39 47 ns 4.5 

Fig. 10 

Fig. 10 

Figs8and 10 

Fig. 8 

1------+-----·----·--+---+---+----+---+---+--·--t---t----+---+-----------t 

tw master reset pulse width 
LOW 

20 11 25 30 ns 4.5 Fig. 9 

1-----+-------·----+---+----t----1---+---+------t--------t----------+---t-----------~ 

removal time 20 9 25 M~m~ ~ ~ 4.5 Fig. 9 

1-------11----- ----- ------!---+---+----------~ 

t set-up time 
su Dn to CP 18 10 25 30 ns 4.5 Fig. 11 

t------- t----------------i---+---t-----+----+---41---+---+---+---+---------< 
set-up time =] tsu PE to CP 30 18 44 53 ns 4.5 Fig. 11 

i-----+-----·--------t--~t-·--r--+----t-----+----t---~+-----<1----+--------

se~~~ ~~~ to CP 40 23 50 60 ns 4.5 Fig. 12 
~---~------------~-~--~~--~-~--~-~--~--~-~-----~--

tsu 



Presettable synchronous BCD decade counter; asynchronous reset 

Tamb (oC) 

74HeT 
SYMBOL PARAMETER 

+25 -40to +85 -40to+125 

min. typ. max. min. max. min. max. 

th 
hold time 0 -8 0 0 

Dn to CP 

hold time 0 -13 0 0 th PE to CP 

th 
hold time 0 -27 0 0 

CEP, CET to CP 

fmax 
maximum clock pulse 16 28 13 11 frequency 

UNIT Vee 
v 

ns 4.5 

ns 4.5 

ns 4.5 

MHz 4.5 

PC74HC/HCT160 
MSI 

TEST CONDITIONS 

WAVEFORMS 

Figs 11and12 

Figs 11 and 12 

Figs 11 and 12 

Fig. 8 



PC74HC/HCT160 
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AC WAVEFORMS 

- 111max------

CP INPUT 

C,;~~ 
On, TC "'""t OUTPUT 

VM!l) 

tTHL ._ _. -- ...._ tTLH 

Fig. 8 Waveforms showing the clock (CP) to outputs (On, TC) 
propagation delays, the clock pulse width, the output transition 
times and the maximum clock frequency. 

CET INPUT 

-t:"~-
TC OUTPUT - yMllJ 

-- -+-tTLH 

Fig. 10 Waveforms showing the input (GET) to output (TC) 
propagation delays and output transition times. 

CEP, CET 
INPUT 

CP INPUT 

7293619 

Fig. 12 Waveforms showing the CEP and CET set-up and 
hold times. 

''"""'! 19861 

Mfi INPUT VMl1) 

-tw-

CP INPUT 

-"" \ 
On, TC 

OUTPUT 
VM(1) r 

7293623 

Fig. 9 Waveforms showing the master reset (MR) pulse width, 
the master reset to output (On, TC) propagation delays and 
the master reset to clock (CP) removal time. 

PE INPUT 

CP INPUT 

Dn INPUT 

On OUTPUT _______ _,/Mill \_ 
Fig. 11 Waveforms showing the data set-up and hold times 
for the input Wnl and parallel enable input PE. 

Note to Figs 11 and 12 
The shaded areas indicate when the input is permitted to 
change for predictable output performance. 

Note to AC waveforms 

(1) HC : VM = 50%; V1 = GND to Vee· 
HCT: VM = 1.3 V; V1 = GND to 3V. 



PC74HC/HCT161 

MSI 

PRESETTABLE SYNCHRONOUS 4-BIT BINARY COUNTER; ASYNCHRONOUS RESET 

FEATURES 

• Synchronous counting and loading 
• Two count enable inputs for n-bit 

cascading 
• Positive-edge triggered clock 
• Asynchronous reset 
• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT161 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JED EC standard no. 7. 

The 74HC/HCT161 are synchronous 
presettable binary counters which feature 
an internal look-ahead carry and can be 
used for high-speed counting. 
Synchronous operation is provided by 
having all flip-flops clocked 
simultaneously on the positive-going edge 
of the clock (CP). 
The outputs (Go to 03) of the counters 
may be preset to a HIGH or LOW level. 
A LOW level at the parallel enable input 
(PE) disables the counting action and 
causes the data at the data inputs (Do to 
D3) to be loaded into the counter on the 
positive-going edge of the clock (providing 
that the set-up and hold time requirements 
for Pr are met). Preset takes place 
regardless of the levels at count enable 
inputs (CEP and CET). 

(continued on next page) 

Vee 

TC 

161 

7293606 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

propagation delay 
CP to On 19 20 ns 

tPHLI CP to TC 21 24 ns 
tPLH MR to On CL= 15 pF 20 25 ns 

MR to TC Vee= 5 v 20 26 ns 
CETto TC 10 14 ns 

fmax maximum clock frequency 44 45 MHz 

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation 

notes 1 and 2 33 35 pF capacitance per package 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + ~ (CL x Vee' x fol where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
~ (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT161 P: 16-lead DI L; plastic (SOT-38Z). 
PC74HC/HCT161T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

CTR4 

PE Do D1 o, D3 
CEP 

10 CET 
TC 15 

CP 

MR 

Go a1 a, 03 

14 13 12 11 

7293609 

7293611 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCT161 

MSI 

346 

PARALLEL LOAD CIRCUITRY 

INH D 

~""-----JCP BINARY COUNTER 

Ro 

14 13 12 11 
7Z93616 

Fig. 4 Functional diagram. 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 MR asynchronous master reset (active LOW) 
2 CP clock input (LOW-to-HIGH, edge-triggered) 
3,4,5,6 Do to D3 data inputs 
7 CEP count enable input 
8 GND ground (0 V) 
9 PE parallel enable input (active LOW) 
10 CET count enable carry input 

14,13,12,11 n0 to 03 flip-flop outputs 
15 TC terminal count output 
16 Vee positive supply voltage 

FUNCTION TABLE 

INPUTS OUTPUTS 
OPERATING MODE 

MR CP CEP CET PE Dn On TC 

reset (clear) L x x x x x L L 

parallel load H t x x I I L L 
H t x x I h H . 

count H t h h h x count . 
hold H x I x h x qn . 
(do nothing) H x x I h x qn L 

Note to function table 
*The TC output is HIGH when CET is HIGH and the counter is at terminal count (HHHH). 

H = HIGH voltage level 
h = HIGH voltage level one set-up' time prior to the LOW-to-HIGH CP transition 
L = LOW voltage level 
I = LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 
q = lower case letters indicate the state of the referenced output one set-up time 

prior to the LOW-to-HIGH CP transition 
X = don't care 
t = LOW-to-HIGH CP transition 

''""'"' 19861 

GENERAL DESCRIPTION (Cont'd.) ) 

A LOW level at the master reset input 
(MR) sets all four outputs of the flip-flops 
( Oo to 03) to LOW level regardless of the 
levels at CP, PE, CET and CEP inputs (thus 
providing an asynchronous clear function). 

The look-ahead carry simplifies serial 
cascading of the counters. Both count 
enable inputs (CEP and CET) must be 
HIGH to count. The CET input is fed 
forward to enable the terminal count 
output (TC). The TC output thus enabled 
will produce a HIGH output pulse of a 
duration approximately equal to a HIGH 
level output of Oo. This pulse can be used 
to enable the next cascaded stage. 



Presettable synchronous 4-bit binary counter; asynchronous reset PC74HC/HCT161 

MSI 

7Z93352 

Fig. 5 State diagram. 

CET 

CEP 

PE 

Mii 

lft.____: -
CP 

o, 
o, 

03 

TC 
12 13 14 15 0 1 2 

I 1~-- count ·------inhibit--~ 
preset 

Fig. 6 Typical timing sequence: reset outputs to zero; preset to 
binary twelve; count to thirteen, fourteen, fifteen, zero, one and 
two; inhibit. 

~----~---------------------

? ? 
o, o, TC 

Fig. 7 Logic diagram. 
~------------------·----------·~-----
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PC74HC/HCT161 

MSI 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output ca pa bi I ity: standard 

348 

Ice category: MSI 

AC:: CHARACTERISTICS FOR 74HC 
GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLi propagation delay 
tPLH CP to On 

tPHLi propagation delay 
tPLH CP to TC 

tPHL 
propagation delay 

MR to On 

tPHL 
propagation delay 

MR to TC 

tPHLi propagation delay 
1PLH CET to TC 

tTHLi output transition time 
tTLH 

tw 
clock pulse width 

HIGH or LOW 

tw 
master reset pulse 

width; LOW 

trem 
removal time 

MR to CP 

tsu 
set-up time 

Dn to CP 

tsu 
set-up time 

PE to CP 

tsu 
set-up time 

CEP, CET to CP 

hold time 
th Dn, PE, CEP, 

CET to CP 

fmax 
maximum clock pulse 
frequency 

''"""' 19861 

+25 

min. typ, max. 

61 190 
22 38 
18 32 

69 215 
25 43 
20 37 

63 210 
23 42 
18 36 

63 220 
23 44 
18 37 

33 150 
12 30 
10 26 

19 75 
7 15 
6 13 

110 22 
22 8 
19 6 

80 19 
16 7 
14 6 

100 19 
20 7 
17 6 

80 25 
16 9 
14 7 

100 30 
20 11 
17 9 

170 47 
34 17 
29 14 

0 -14 
0 -5 
0 -4 

4.6 13 
23 40 
27 48 

Tamb l°Cl 

74HC 
UNIT Vee 

-40to +85 -40to+125 v 

min. max. min. max. 

240 285 2.0 
48 57 ns 4.5 
41 48 6.0 

270 325 2.0 
54 65 ns 4.5 
46 55 6.0 

265 315 2.0 
53 63 ns 4.5 
45 54 6.0 

275 330 2.0 
55 66 ns 4.5 
47 56 6.0 

190 225 2.0 
38 45 ns 4.5 
33 38 6.0 

95 110 2.0 
19 22 ns 4.5 
16 19 6.0 

140 165 2.0 
28 33 ns 4.5 
24 28 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

125 150 2.0 
25 30 ns 4.5 
21 26 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

125 150 2.0 
25 30 ns 4.5 
21 26 6.0 

215 255 2.0 
43 51 ns 4.5 
37 43 6.0 

0 0 2.0 
0 0 ns 4.5 
0 0 6.0 

3.6 3.0 2.0 
18 15 MHz 4.5 
21 18 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 8 

Fig. 8 

Fig. 9 

Fig. 9 

Fig. 10 

Figs 8 and 10 

Fig. 8 

Fig. 9 

Fig. 9 

Fig. 11 

Fig. 11 

Fig. 12 

Figs 11 and 12 

Fig. 8 



Presettable synchronous 4-bit binary counter; asynchronous reset 

DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

PC74HC/HCT161 

MSI 

The value of additional quiescent supply current (ii Ice) for a unit load of 1 is given in the family specifications. 
To determine ii Ice per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 
UNIT LOAD 
COEFFICIENT 

MR 0.95 
CP 0,80 
CEP 0.25 

AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH CP to On 

tPHLI propagation delay 
tPLH CP to TC 

tPHL 
propagation delay 

MR to On 

tpHL 
propagation delay 

MR to TC 

tPHLI propagation delay 

tPLH CET to TC 

tTHL/ output transition time 
tTLH 

tw 
clock pulse width 

HIGH or LOW 

tw 
master reset pulse 
width; LOW 

trem 
removal time 

MR to CP 

tsu 
set-up time 

Dn to CP 

tsu 
set-up time 

PE to CP 

tsu 
set-up time 

CEP, CET to CP 

hold time 
th Dn, PE, CEP, 

CET to CP 

fmax 
maximum clock pulse 

frequency 

INPUT 

Dn 
CET 
PE 

+25 

min. typ. 

23 

28 

29 

30 

17 

7 

22 7 

20 10 

20 6 

18 8 

30 17 

40 17 

0 -7 

23 41 

UNIT LOAD 
COEFFICIENT 

0.25 
0.75 
0.30 

Tamb (°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to +85 -40to+125 v 

max. min. max. min. max. 

43 54 65 ns 4.5 Fig. 8 

48 60 72 ns 4.5 Fig. 8 

46 58 69 ns 4.5 Fig. 9 

51 64 77 ns 4.5 Fig. 9 

35 44 53 ns 4.5 Fig. 10 

15 19 22 ns 4.5 Figs 8 and 10 

28 33 ns 4.5 Fig. 8 

25 30 ns 4.5 Fig. 9 

25 30 ns 4.5 Fig. 9 

23 27 ns 4.5 Fig. 11 

38 45 ns 4.5 Fig. 11 

50 60 ns 4.5 Fig. 12 

0 0 ns 4.5 Figs 11and12 

18 15 MHz 4.5 Fig. 8 
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AC WAVEFORMS 

CP INPUT 

an, TC 

OUTPUT 

7Z93621 

-l/fmax---

- tw ----

-'PHLi- - 'PLHt-
yM(1l 

--------
tr H L -- -- --- -- 1TLH 

Fig. 8 Waveforms showing the clock (GP) to outputs (On, TC) 
propagation delays, the clock pulse width, the output transition 
times and the maximum clock frequency. 

~~'.::"_A 
TC OUTPUT - VM(ll 

-- -+- 1TLH 

GET INPUT 

7Z93622 

Fig. 10 Waveforms showing the input (GET) to output (TC) 
propagation delays and output transition times. 

CEP, CET 
INPUT 

CP INPUT 

7Z93619 

Fig. 12 Waveforms showing the CEP and GET set·up and 
hold times. 

MR INPUT 

CP INPUT 

Ow TC 

OUTPUT 

7Z93623 

-1w---

Fig. 9 Waveforms showing the master reset (MR) pulse width, 
the master reset to outpu,t (On, TC) propagation delays and 
the master reset to clock (CPI removal time. 

PE INPUT 

CP INPUT 

Dn INPUT 

On OUTPUT -------~/Ml" \_ 
Fig. 11 Waveforms showing the set·up and hold times for the 
input (Dnl and parallel enable input PE. 

Note to Figs 11 and 12 

The shaded areas indicate when the input is permitted to 
change for predictable output performance. 

Note to AC waveforms 

(1) HG : VM = 50%; Vi= GND to Vee· 
HGT: VM = 1.3V; V1 = GND to 3V. 
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MSI 

PRESETTABLE SYNCHRONOUS BCD DECADE COUNTER; SYNCHRONOUS RESET 

FEATURES 

• Synchronous counting and loading 
• Two count enable inputs for n-bit 

cascading 
• Positive-edge triggered clock 
• Synchronous reset 
• Output capability: standard 
• •cc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT162 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT162 are synchronous 
presettable decade counters which feature 
an internal look-ahead carry and can be 
used for high-speed counting. 
Synchronous operation is provided by 
having all flip-flops clocked 
simultaneously on the positive~going edge 
of the clo_ck (CP). 
The outputs (Oo to 03) of the counters 
may be preset to a HIGH or LOW level. 
A LOW level at the parallel enable input 
(l'E) disables the counting action and 
causes the data at the data inputs (Do to 
D3) to be loaded into the counter on the 
positive-going edge of the clock (providing 
that the set-up and hold time requirements 
for PE are met). Preset takes place 
regardless of the levels at count enable 
inputs (CEP and CET). 

For the "162" the clear function is 
synchronous. 

(continued on next page) 

162 

7Z93607 

Fig. 1 · Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

propagation delay 

tPHL 
CP to On 18 20 ns 
CP to TC 21 26 ns 
CET to TC 11 15 ns 

propagation delay CL= 15 pf 

CP to On Vee= 5 v 18 20 ns 
tPLH CP to TC 21 19 ns 

CET to TC 11 10 ns 

fmax maximum clock frequency 63 32 MHz 

C1 input capacitance 3.5 3.5 pf 

Cpo 
power dissipation 

notes 1 and 2 37 37 pF 
capacitance per package 

GND=OV;Tamb= 25°C;tr=t1=6ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation !Po in µW): 

Po= Cpo x Vee' x fi + i; (CL x Vee' x fol where: 

fi = input frequency in MHz CL output load capacitance in pf 
f0 = output frequency in MHz Vee = supply voltage in V 
:l: (CL x Vee' x f0 l =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT162P: 16-lead DI L; plastic (SOT-38Zl. 
PC74HC/HCT162T: 16-lead mini-pack; plastic (S0-16; SOT-109Al. 

PE Do o, o, D3 

CEP 

10 CET 
TC 15 

CP 

1-0 MR 

Do a, a, 03 

14 13 12 11 

7Z93609 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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9 PE 

1 MR PARALLEL LOAD CIRCUITRY 

14 13 12 11 

Fig. 4 Functional diagram. 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 MR synchronous master reset (active LOW) 
2 CP clock input (LOW-to-HIGH, edge-triggered) 
3, 4, 5, 6 Do to D3 data inputs 
7 CEP count enable input 
8 GND ground (0 V) 
9 PE parallel enable input (active LOW) 
10 CET count enable carry input 
14, 13, 12, 11 Ooto 03 flip-flop outputs 
15 TC terminal count output 
16 Vee positive supply voltage 

FUNCTION TABLE 

INPUTS OUTPUTS 
OPERATING MODE 

MR CP CEP CET PE Dn On TC 

reset (clear) I t x x x x L L 

parallel load h t x x I I L L 
h t x x I h H * 

count h t h h h x count * 

hold h x I x h x qn * 
(do nothing) h x x I h x qn L 

Note to function table 

*The TC output is HIGH when GET is HIGH and the counter is at terminal count (HLLH). 

H = HIGH voltage level 
h = HIGH voltage level one set-uptime prior to the LOW-to-HIGH CP transition 
L = LOW voltage level 
I = LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 
q = lower case letters indicate the state of the referenced output one set-up time prior 

to the LOW-to-HIGH CP transition 
X = don't care 
t = LOW-to-HIGH CP transition 

J'"""" 19861 

GENERAL DESCRIPTION (Cont'd.) 

A LOW level at the master reset input 
(MR) sets all four outputs of the flip-flops 
(Oo to 03) to LOW level after the next 
positive-going transition on the clock (CP) 
input (provided that the set-up and hold 
time requirements for MR are met). This 
action occurs regardless of the levels at PE, 
CET and CEP inputs. 
This synchronous reset feature enables the 
designer to modify the maximum count 
with only one external NANO gate. 

The look-ahead carry simplifies serial 
cascading of the counters. Both count 
enable inputs (CEP and CET) must be 
HIGH to count. The GET input is fed 
forward to enable the terminal count 
output (TC). The TC output thus enabled 
will produce a HIGH output pulse of a 
duration approximately equal to a HIGH 
level output of Oo. This pulse can be used 
to enable the next cascaded stage. 



Presettable synchronous BCD decade counter; synchronous reset PC74HC/HCT162 

MSI 

[~}--{]-{]-~ 4 

&j qi 
cp 
cp 

.___,--__,'--• ..J+-8 
7Z93614 

Fig. 5 State diagram. 

a, 
a, 

03 

inhibit---

7Z93627 

Fig. 6 Typical timing sequence: reset outputs to zero; preset to 
BCD seven; count to eight, nine, zero, one, two and three; inhibit. 

TC 

Fig. 7 Logic diagram. 
7Z93631 
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MSI 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

,Output capability: standard 
I cc category: MS I 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

lPHLI propagation delay 
tPLH CP to On 

tPHLI propagation delay 
tPLH CPto TC 

tPHLI propagation delay 
tPLH CETtoTC 

tTHLI output transition time 
tTLH 

clock pulse width 
tw HIGH or LOW 

set-up time 
tsu MR, Dn to CP 

set-up time 
tsu PE to CP 

set-up time 
tsu CEP, CET to CP 

hold time 
th Dn, PE, CEP, 

CET, MR toCP 

maximum clock pulse 
fmax frequency 

354 January 1986 

+25 

min. typ. max. 

58 190 
21 38 
17 32 

69 215 
25 43 
20 37 

39 150 
14 30 
11 26 

19 75 
7 15 
6 13 

80 22 
16 8 
14 6 

100 28 
20 10 
17 8 

135 39 
27 14 
23 11 

175 58 
35 21 
30 17 

0 -22 
0 -8 
0 -6 

6.0 19 
30 57 
35 68 

Tamb (oC) 

74HC 
UNIT Vee 

-40to+85 -40to+125 v 
min. max. min. max. 

240 285 2.0 
48 57 ns 4.5 
41 48 6.0 

270 325 2.0 
54 65 ns 4.5 
46 55 6.0 

190 225 2.0 
38 45 ns 4.5 
33 38 6.0 

95 110 2.0 
19 22 ns 4.5 
16 19 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

125 150 2.0 
25 30 ns 4.5 
21 26 6.0 

170 205 2.0 
34 41 ns 4.5 
29 35 6.0 

220 265 2.0 
44 53 ns 4.5 
37 45 6.0 

0 0 2.0 
0 0 ns 4.5 
0 0 6.0 

4.8 4.0 2.0 
24 20 MHz 4.5 
28 24 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 8 

Fig. 8 

Fig. 9 

Figs 8 and 9 

Fig. 8 

Figs 10 and 11 

Fig. 10 

Fig. 12 

Figs 10, 11and12 

Fig. 8 
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MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (l'dccl for a unit load of 1 is given in the family specifications. 
To determine 6 Ice per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT UNIT LOAD 
COEFFICIENT 

INPUT UNIT LOAD 
COEFFICIENT 

MR 0.95 Dn 0.25 
CP 0.80 CET 1.05 
CEP 0.25 PE 0.30 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pf 

Tamb (°C) TEST CONDITIONS 

74HCT 
SYMBOL PARAMETER UNIT Vee WAVEFORMS 

+25 -40to+85 -40to+125 v 
min. typ. max. min. max. min. max. 

tPHLI propagation delay 
24 43 54 65 ns 4.5 Fig. 8 

tPLH GP to On 

tPHL 
propagation delay 

30 51 64 77 ns 4.5 Fig. 8 
CP to TC 

tPLH 
propagation delay 

22 45 56 68 ns 4.5 fig. 8 
CP to TC 

tPHL 
propagation delay 

18 35 44 53 ns 4.5 Fig. 9 
CETto TC 

tPLH 
propagation delay 

12 24 30 36 ns 4.5 Fig. 9 
CET to TC 

tTHLI output transition time 7 15 
tTLH 

19 22 ns 4.5 Figs 8 and 9 

tw 
clock pulse width 31 7 39 47 ns 4.5 Fig. 8 

HIGH or LOW 

tsu 
set-up time 20 9 25 30 ns 4.5 Fig. 10 

Dn to CP 

tsu 
set-up time 35 16 44 53 ns 4.5 Fig. 10 

PE to CP 

tsu 
set-up time 

40 23 50 60 ns 4.5 Fig. 12 
CEP, CET to CP 

lsu 
set-up time 

20 12 25 30 ns 4.5 Fig. 11 
MR to CP 

hold time 
th Dn. PE, CEP, 0 -10 0 0 ns 4.5 Figs 10, 11 and 12 

CET, MR to GP 

fmax 
maximum clock pulse 17 29 14 11 MHz 4.5 Fig. 8 
frequency 
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AC WAVEFORMS 

-tlfmax 

CP INPUT VM(ll 

-'w 

Qn, TC -''"'i ""t OUTPUT 
VMl1J 

7Z93621 trttL-- L -- 1TLH 

Fig. 8 Waveforms showing the clock (CP) to outputs (On. TC) 
propagation delays, the clock pulse width, the output transition 
times and the maximum clock frequency. 

PE INPUT 

CP INPUT 

Dn INPUT 

an OUTPUT -------~f M"' \_ 
7Z93620 

Fig. 10 Waveforms showing the set·up and hold times for the 
input (Dnl and parallel enabl.e input (PE). 

CEP,CET 
INPUT 

CP INPUT 

•:::1,.,,.··1;·t-
fvM111 \~ ___ __,} 

7Z93619 

Fig. 12 Waveforms showing the CEP and CET set·up and 
hold times. 

January 1986 

CET INPUT 

-t~~l Ll,", TC OUTPUT yM(l) 

7Z93622 .,. 1TLH 

Fig. 9 Waveforms showing the input (CET) to output (TC) 
propagation delays and output transition times. 

MR INPUT 

CP INPUT 

7Z93624 

Fig. 11 Waveforms showing the MR set-up and hold times. 

Note to Figs 10, 11 and 12 

The shaded areas indicate when the input is permitted to 
change for predictable output performance. 

Note to AC waveforms 

(1) HC : VM = 50%; V1 = GND to Vcc­
HCT: VM = 1.3V; VJ= GND to 3V. 
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PRESETT ABLE SYNCHRONOUS 4-BIT BINARY COUNTER; SYNCHRONOUS RESET 

FEATURES 

• Synchronous counting and loading 
• Two count enable inputs for n-bit 

cascading 
• Positive-edge triggered clock 
• Synchronous reset 
• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT163 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JED EC standard no. 7. 

The 74HC/HCT163 are synchronous 
presettable binary counters which feature 
an internal look-ahead carry and can be 
used for high-speed counting. 
Synchronous operation is provided by 
having all flip-flops clocked 
simultaneously on the positive-going edge 
of the clock (CP). 
The outputs (Oo to 03) of the counters 
may be preset to a HIGH or LOW level. 
A LOW level at the parallel enable input 
(f>t) disables the counting action and 
causes the data at the data inputs (Do to 
D3) to be loaded into the counter on the 
positive-going edge of the clock (providing 
that the set-up and hold time requirements 
for f>t are met). Preset takes place 
regardless of the levels at count enable 
inputs (CEP and GET). 

For the "163" the clear function is 
synchronous. 

(continued on next page) 

163 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

propagation delay 
tPHLI CP to On 17 20 ns 
tPLH CPto TC CL= 15 pF 21 25 ns 

CETto TC Vee= 5 v 11 14 ns 

fmax maximum clock frequency 51 50 MHz 

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation notes 1 and 2 33 35 pF 

capacitance per package 

GND = 0 V; T amb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= CPD x Vee' x fi + L (CL x Vee' x fol where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
~(CL x Vee' x f0 1 =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HGT the condition is V1 = GND to Vee~ 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT163P: 16-lead DIL; plastic (SOT·38Z). 
PC74HC/HCT163T: 16-lead mini-pack; plastic (S0-16; SOT·109A). 

CTR4 

PE DD D1 o, D3 

CEP 

10 CET 
TC 15 

CP 

1--0 MR 

Oo a1 a, 03 

14 13 12 11 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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9 PE 

1 MA 

PIN DESCRIPTION 

PIN NO. SYMBOL 

1 MR 
2 CP 
3,4,5,6 Do to D3 
7 CEP 
8 GND 
9 PE 
10 CET 
14, 13, 12, 11 o0 to o3 
15 TC 
16 Vee 

FUNCTION TABLE 

PARALLEL LOAD CIRCUITRY 

14 13 12 11 
7293618 

Fig. 4 Functional diagram. 

NAME AND FUNCTION 

synchronous master reset (active LOW) 
clock input (LOW-to-HIGH, edge-triggered) 
data inputs 
count enable input 
ground (0 V) 
parallel enable input (active LOW) 
count enable carry input 
flip-fl op outputs 
terminal count output 
positive supply voltage 

INPUTS OUTPUTS 
OPERATING MODE 

MR CP CEP CET PE Dn On TC 

reset (clear) I t x x x x L L 

parallel load h t x x I I L L 
h t x x I h H . 

count h t h h h x count . 
hold h x I x h x qn . 
(do nothing) h x x I h x qn L 

Note to function table 

*The TC output is HIGH when CET is HIGH and the counter is at terminal count (HHHH). 

H = HIGH voltage level 
h = HIGH voltage level one set-up· time prior to the LOW-to-HIGH CP transition 
L = LOW voltage level 
I = LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 
q = lower case letters indicate the state of the referenced output one set-up time prior 

to the LOW-to-HIGH CP transition 
X = don't care 
t = LOW-to-HIGH CP transition 

358 January 1986 

GENERAL DESCRIPTION (Cont'd) 

A LOW level at the master reset input 
(l\,ffi) sets all four outputs of the flip-flops 
(Oo to 03) to LOW level after the next 
positive-going transition on the clock (CP) 
input (provided that the set-up and hold 
time requirements for MR are met). This 
action occurs regardless of the levels at PE, 
CET and CEP inputs. 
This synchronous reset feature enables the 
designer to modify the maximum count 
with only one external NAN D gate. 

The look-ahead carry simplifies serial 
cascading of the counters. Both count 
enable inputs (CEP and CET) must be 
HIGH to count. The CET input is fed 
forward to enable the terminal count 
output (TC). The TC output thus enabled 
will produce a HIGH output pulse of a 
duration approximately equal to a HIGH 
level output of Oo. This pulse can be used 
to enable the next cascaded stage. 
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7Z93352 

Fig. 5 State diagram. 

o, 

02 

03 

TC ---+-±--+13,..-1"'4---,'15 ),-0-,1,...--,2+-------­

j_ count------ inhlbit ---

"""'' 7Z9362B 

Fig. 6 Typical timing sequence: reset outputs to zero; preset to 
binary twelve; count to thirteen, fourteen, fifteen, zero, one and 
two; inhibit. 

Fig. 7 Logic diagram. 
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DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Ou.tput capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHL/ propagation delay 
tPLH CP to On 

tPHLf propagation delay 
tPLH CP to TC 

tPHLI propagation delay 
tPLH CETto TC 

tTHLI output transition time 
tTLH 

clock pulse width 
tw HIGH or LOW 

set-up time 
tsu MR, Dn to CP 

set-up time 
tsu PE to CP 

set-up.time 
lsu CEP, CET to CP 

hold time 
th Dn, PE, CEP, 

CET, MR to CP 

maximum clock pulse 
fmax frequency 

360 January 1986 

+25 

min. typ. 

55 
20 
16 

69 
25 
20 

36 
13 
10 

19 
7 
6 

90 17 
18 6 
15 5 

80 17 
16 6 
14 5 

80 22 
16 8 
14 6 

110 36 
22 13 
19 10 

0 -14 
0 -5 
0 -4 

5 15 
27 46 
32 55 

Tamb (°C) 

74HC 
UNIT Vee 

-40to+85 -40to+125 v 

max. min. max. min. max. 

205 255 310 2.0 
41 51 62 ns 4.5 
35 43 53 6.0 

215 270 320 2.0 
43 54 65 ns 4.5 
37 46 55 6.0 

150 190 225 2.0 
30 38 45 ns 4.5 
26 33 38 6.0 

75 95 110 2.0 
15 19 22 ns 4.5 
13 16 19 6.0 

115 135 2.0 
23 27 ns 4.5 
20 23 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

140 165 2.0 
28 33 ns 4.5 
24 28 6.0 

0 0 2.0 
0 0 ns 4.5 
0 0 6.0 

4 4 2.0 
22 18 MHz 4.5 
26 21 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 8 

Fig. 8 

Fig. 9 

Figs 8 and 9 

Fig. 8 

Figs 10 and 11 

Fig. 10 

Fig. 12 

Figs 10, 11and12 

Fig. 8 
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DC CHARACTERISTICS FOR 74HCT 

PC74HC/HCT163 

MSI 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications''. 

Output ca pa bi I ity: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current Ill Ice) for a unit load of 1 is given in the family specifications. 
To determine lllcc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 
UNIT LOAD 
COEFFICIENT 

INPUT UNIT LOAD 
COEFFICIENT 

MR 0.95 Dn 0.25 
CP 1.10 CET 0.75 
CEP 0.25 PE 0.30 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

Tamb l°C) TEST CONDITIONS 

74HCT 
SYMBOL PARAMETER UNIT Vee WAVEFORMS 

+25 ~40to+85 -40to+125 v 

min. typ. max. min. max. min. max. 

tPHL/ propagation delay 
23 43 54 65 ns 4.5 Fig. 8 

tPLH CP to On 

tPHL/ propagation delay 
29 49 61 74 ns 4.5 Fig. 8 

tPLH CP to TC 

tPHL/ propagation delay 
17 35 44 53 ns 4.5 Fig. 9 

tPLH CET to TC 

tTHLI output transition time 7 15 
tTLH 

19 22 ns 4.5 Figs 8 and 9 

tw 
clock pulse width 

22 6 28 33 ns 4.5 Fig. 8 
HIGH or LOW 

tsu 
set-up time 20 8 25 30 ns 4.5 Figs 10 and 11 

MR, Dn to CP 

tsu 
set-up time 

20 11 25 30 ns 4.5 Fig. 10 
PE to CP 

tsu 
set-up time 30 15 

CEP, CET to CP 
38 45 ns 4.5 Fig. 12 

hold time 
th Dn, PE, CEP, 0 -5 0 0 ns 4.5 Figs 10, 11and12 

CET, MR to CP 

fmax 
maximum clock pulse 

frequency 
26 45 21 17 MHz 4.5 Fig. 8 

(''"""Y 1986 
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AC WAVEFORMS 

CP INPUT 

an, TC 

OUTPUT 

7Z93621 

-tw-

-'PHLi- - 1PLHt-
~M(ll ~ 

tTHL-- !.---------_. ._tTLH 

Fig. 8 Waveforms showing the clock (CP) to outputs (Qn• TC) 
propagation delays, the clock pulse width, the output transition 
times and the maximum clock frequency. 

PE INPUT 

CP INPUT 

Dn INPUT 

On OUTPUT _______ _,/Mltl \_ 
7293620 

Fig. 10 Waveforms showing the set-up and hold times for the 
input (Dnl and parallel enable input (PE). 

CEP, CET 
INPUT 

CP INPUT 

•:~l;·~·-1l8 
I VM"' \._ ____ _,/ 

7293619 

Fig. 12 Waveforms showing the CEP and CET set-up and 
hold times. 

January 1986 

Fig. 9 Waveforms showing the input (CET) to output (TC) 
propagation delays and output transition times. 

MR INPUT 

CP INPUT 

7Z93624 

Fig. 11 Waveforms showing the MR set-up and hold times. 

Note to Figs 10, 11and12 

The shaded areas indicate when the input is permitted to 
change for predictable output performance. 

Note to AC waveforms 

(1) HC : VM = 50%; v, = GND to Vcc­
HCT: VM = 1.3 V; V1 = GND to 3 V. 
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8-BIT SERIAL-IN/PARALLEL-OUT SHIFT REGISTER 

FEATURES 

• Gated serial data inputs 
• Asynchronous master reset 
• Output capability: standard 
• •cc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT164 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT164 are 8-bit edge· 
triggered shift registers with serial data 
entry and an output from each of the 
eight stages. 
Data is entered serially through one of 
two inputs (Dsa or Dsbl; either input 
can be used as an active HIGH enable for 
data entry through the other input. 
Both inputs must be connected together 
or an unused input must be tied HIGH. 

Data shifts one place to the right on 
each LOW-to-HIGH transition of the 
clock {CP) input and enters into Clo. 
which is the logical AND of the two data 
inputs (Dsa• Dsbl that existed one set-up 
time prior to the rising clock edge. 

A LOW level on the master reset (MR) 
input overrides all other inputs and clears 
the register asynchronously, forcing all 
outputs LOW. 

Fig. 1 Pin configuration. 

SYMBOL PARAMETER 

tPHLI 
propagation delay 

CP to On 
tPLH MR to On 

fmax maximum clock frequency 

C1 input capacitance 

Cpo 
power dissipation 
capacitance per package 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

CONDITIONS 

CL=15pF 
Vee= 5 v 

notes 1 and 2 

TYPICAL 

HC HCT 

12 14 
11 16 

78 61 

3.5 3.5 

40 40 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po =CPD x Vee' x fi + :i:: (CL x Vee' x fol where: 

UNIT 

ns 
ns 

MHz 

pF 

pF 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
}; (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT164P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT164T: 14-lead mini-pack; plastic (S0·14; SOT-108A). 

PIN DESCRIPTION 

PINNO. SYMBOL 

1, 2 Dsa• Dsb 
3, 4, 5, 6, 

Ooto 07 10, 11, 12, 13 

7 GND 

8 CP 

9 MR 

14 Vee 

7Z93342 

10 

11 

12 

13 

Fig. 2 Logic symbol. 

NAME AND FUNCTION 

data inputs 

outputs 

ground (0 V) 

clock input (LOW-to-HIGH, edge-triggered) 

master reset input (active LOW) 

positive supply voltage 

Fig. 3 IEC logic symbol. 



PC7 4HC/HCT164 

MSI 

D~ 

D,b 

CP 

7Zll3344 

8-BIT SERIAL- IN /PARALLEL-OUT 

SHI.FT REGISTER 

10 11 12 13 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

APPLICATIONS 

• Serial data transfer 

INPUTS OUTPUTS 
OPERATING MODES 

MR CP Dsa 

reset (clear) L x x 

H t I 

shift H t I 
H t h 
H t h 

364 
''"""" 1986 I, 

Dsb Oo 

x L 

I L 
h L 
I L 
h H 

01- 07 

L - L 

qo-% 
qo- q5 
QQ - q5 
qo- q5 

H = HIGH voltage level 
h = HIGH voltage level one set-up time prior to the LOW-to-HIGH 

clock transition -~ 

L = LOW voltage level 
I LOW voltage level one set-up time prior to the LOW-to-HIGH 

clock transition 
q lower case letters indicate the state of the referenced input 

one set-up time prior to the LOW-to-HIGH clock transition 
LOW-to-HIGH clock transition 

Fig. 5 Logic diagram. 



8-bit serial-in/parallel-out shift register 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

Tamb (oC) 

74HC 
SYMBOL PARAMETER UNIT Vee 

+25 -40to+85 -40to+125 v 
min. typ. max. min. max. min. max. 

tPHLI propagation delay 
41 170 215 255 2.0 
15 34 43 51 ns 4.5 

tPLH CPto On 12 29 37 43 6.0 

tPHL propagation delay 39 140 175 210 2.0 

Mffto On 
14 28 35 42 ns 4.5 
11 24 30 36 6.0 

tTHLI 
19 75 95 110 2.0 

output transition time 7 15 19 22 ns 4.5 
tTLH 6 13 16 19 6.0 

clock pulse width 80 19 100 120 2.0 
tw 16 7 20 24 ns 4.5 HIGH or LOW 14 6 17 20 6.0 

master reset pulse 60 17 75 90 2.0 
tw 12 6 15 18 ns 4.5 width; LOW 

10 5 13 15 6.0 

removal time 60 17 75 90 2.0 
trem MR to CP 12 6 15 18 ns 4.5 

10 5 13 15 6.0 

set-up time 60 8 75 90 2.0 
!su 12 3 15 18 ns 4.5 

Dsa• Dsb to CP 10 2 13 15 6.0 

hold time 4 -6 4 4 2.0 
th Dsa• Dsb to CP 

4 -2 4 4 ns 4.5 
4 -2 4 4 6.0 

maximum clock pulse 6 23 5 4 2.0 
fmax 30 71 24 20 MHz 4.5 

frequency 35 85 28 24 6.0 

PC74HC/HCT164 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 7 

Fig. 6 

Fig. 6 

Fig. 7 

Fig. 7 

Fig. 8 

Fig. 8 

Fig. 6 



PC74HC/HCT164 

MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
loc category: MSI 

Note to HCT types 

The value of additional quiescent supply current (nice) for a unit load of 1 is given in the family specifications. 
To dete_rmine n Ice per input, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient 

Dsa• Dsb 0.25 
CP 0.60 
MR 0.90 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tpLH CP to 0,, 

tPHL propagation delay 
MR to On 

tTHLI output transition time 
tTLH 

tw 
clock pulse width 

HIGH or LOW 

tw 
master reset pulse 

width; LOW 

trem 
removal ti me 

MR to CP 

tsu 
set-up time 

Dsa• Dsb to CP 

th 
hold time 

Dsa, Dsb to CP 

fmax 
maximum clock pulse 

frequency 

366 ''""'"' 19861 

+25 

min. typ. 

17 

19 

7 

18 7 

18 7 

16 7 

12 6 

4 -2 

27 55 

Tamb!°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 
max. min. max. min. max. 

36 45 54 ns 4.5 Fig. 6 

38 48 57 ns 4.5 Fig. 7 

15 19 22 ns 4.5 Fig. 6 

23 27 ns 4.5 Fig. 6 

23 27 ns 4.5 Fig. 7 

20 24 ns 4.5 Fig. 7 

15 18 ns 4.5 Fig. 8 

4 4 ns 4.5 Fig. 8 

22 18 MHz 4.5 Fig. 6 



8-bit serial-in/parallel-out shift register 

AC WAVEFORMS 

-1/fmax-

CP INPUT 

an OUTPUT 

7Z87479.1 

Fig. 6 Waveforms showing the clock (CP) to 
output (Onl propagation delays, the clock 
pulse width, the output transition times and 
the maximum clock frequency. 

CP INPUT 

Dn INPUTS 

an OUTPUT -------~/vM 111 
Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vcc­
HCT: VM = 1.3 V; V1 = GND to 3 V. 

\_ 
7Z93345 

PC74HC/HCT164 

MSI 

MR INPUT 

----tw-

CP INPUT ~ 
'~V-M_"_' --~[478 On OUTPUT 

Fig. 7 Waveforms showing the master reset 
(MR) pulse width, the master reset to output 
(On) propagation delays and the master reset 
to clock (CP) removal time. 

Fig. 8 Waveforms showing the data set-up 
and hold times for Dn inputs. 
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PC74HC/HCT165 

MSI 

8-BIT PARALLEL-IN/SERIAL-OUT SHIFT REGISTER 

FEATURES 

• Asynchronous 8-bit parallel load 
• Synchronous serial input 
• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT165 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT165 are 8-bit parallel­
load or serial-in shift registers with 
complementary serial outputs (07 and 
07) available from the last stage. When 
the parallel load (PL) input is LOW, 
parallel data from the Do to 07 inputs 
are loaded into the register 
asynchronously. 

When PL is HIGH, data enters the 
register serially at the Os input and shifts 
one place to the right (Oo-> 01 '""'02, 
etc.) with each positive-going clock 
transition. This feature allows parallel-to­
serial converter expansion by tying the 
07 output to the Ds input of the 
succeeding stage. 

The clock input is a gated-0 R structure 
which allows one input to be used as an 
active LOW clock enable (CE) input. 
The pin assignment for the CP and CE 
inputs is arbitrary and can be reversed 
for layout convenience. The LOW-to­
HIGH transition of input CE should only 
take place while CP HIGH for predictable 
operation. Also, the CP and CE should be 
LOW before the LOW-to-HIGH transition 
of PL to prevent shifting the data when 
f'L is released. 

APPLICATIONS 

• Parallel-to-serial data conversion 

165 

Fig. 1 Pin 
configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

propagation delay 
tPHLI CP to 07, 0.7 16 14 ns 

tPLH PL to 07, i'.17 CL= 15pF 15 17 ns 
07 to 07, i'.17 Vee= 5 v 11 11 ns 

fmax maximum clock frequency 56 48 MHz 

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation notes 1 and 2 35 35 pF 

capacitance per package 

GND = 0 V; T amb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + 2: (CL x Vee' x fol where: 

fi = input frequency in MHz CL output load capacitance in pF 
f 0 = output frequency in MHz VCC = supply voltage in V 
L (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is Vi= GNO to Vee 
For HCT the condition is V1 = GNO to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT165P: 16-lead OIL; plastic (SOT-38Z). 
PC74HC/HCT165T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

7 

9 

2 

8 

10 

PL 

07 

07 

CP 

GND 

Ds 

asynchronous parallel load input (active LOW) 

complementary output from the last stage 

serial output from the last stage 

11, 12, 13, 14, 
3,4,5,6 

15 

16 

10 

D, 

11 Do 

12 D1 

13 o, 
14 D3 

D4 

D5 

o, 
D7 

a, 

a, 
Pl 

CP CE 

Do to D7 

IT 
Vee 

Fig. 2 

clock input (LOW-to-HIGH edge-triggered) 

ground (0 V) 

serial data input 

parallel data inputs 

clock enable input (active LOW) 

positive supply voltage 

Logic symbol. 
Fig. 3 I Ee 
logic symbol. 
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PC74HC/HCT165 

MSI 

FUNCTION TABLE 

OPERATING MODES 

parallel load 

serial shift 

hold "do nothing" 

11 12 13 14 3 4 5 

8- BIT SHIFT REGISTER 
PARALLEL- IN I SERIAL- OUT 

Fig. 4 Functional diagram. 

INPUTS 

PL CE CP Ds Do·D] 

L x x x L 
L x x x H 

H L t I x 
H L t h x 

H H x x x 

DC CHARACTERISTICS FOR 74HC 

On REGISTERS OUTPUTS 

Oo 01-os 07 07 

L L - L L H 
H H - H H L 

L qo-% % Cfs 
H qo·% % Cfs 

qo q1-% q7 q1 

Fig. 5 Logic diagram. 

H =HIGH voltage level 
h =HIGH voltage level one set-up time 

prior to the LOW-to-HIGH clock 
transition 

L = LOW voltage level 
I = LOW voltage level one set-up time 

prior to the LOW-to-HIGH clock 
transition 

q =lower case letters indicate the state 
of the referenced output one set-up 
time prior to the LOW-to-HIGH 
clock transition 

X =don't care 
t =LOW-to-HIGH clock transition 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 
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8-bit parallel-in/serial-out shift register 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 
+25 

min. typ. max. 

tPHLI propagation delay 52 165 
19 33 

tPLH CE, CP to 07, 07 
15 28 

tPHLI propagation delay 50 165 
18 33 

tPLH l5I to 07, 07 14 28 

tPHLI propagation delay 36 120 
13 24 

tPLH 07 to 07, 07 10 20 

tTHLI 
19 75 

output transition time 7 15 
tTLH 6 13 

clock pulse width 80 17 
tw 16 6 

HIGH or LOW 14 5 

parallel load pulse 80 17 
tw 16 6 width; LOW 14 5 

set-up time 80 11 
tsu 16 4 

Ds to CP, CE 14 3 

set-up time 100 22 
tsu 20 8 l'L to CP, CE 17 6 

set-up time 80 17 
tsu(L) 

CE to CP; CP to CE 16 6 
14 5 

set-up time 80 22 
tsu 16 8 

Dn to PL 14 6 

hold time 5 -3 
th DstO~ CE 5 -1 

Dn to PL 5 -1 

hold time 35 -3 
th PC, CE to CP 7 -1 

PL, CP to CE 6 -1 

maximum clock pulse 6 17 
fmax 30 51 

frequency 
35 61 

Tamb (°C) 

74HC 

-40to+85 

min. max. 

205 
41 
35 

205 
41 
35 

150 
30 
26 

95 
19 
16 

100 
20 
17 

100 
20 
17 

100 
20 
17 

125 
25 
21 

100 
20 
17 

100 
20 
17 

5 
5 
5 

45 
9 
8 

5 
24 
28 

--40to+125 

min. max. 

250 
50 
43 

250 
50 
43 

180 
36 
31 

110 
22 
19 

120 
24 
20 

120 
24 
20 

120 
24 
20 

150 
30 
26 

120 
24 
20 

120 
24 
20 

5 
5 
5 

55 
11 
9 

4 
20 
24 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

MHz 

PC74HC/HCT165 

MSI 

TEST CONDI~ 

Vee I WAVEFORMS 
v 

2.0 
4.5 Fig. 6 
6.0 

2.0 
4.5 Fig. 7 
6.0 

2.0 
4.5 Fig. 8 
6.0 

2.0 
4.5 Fig. 6 
6.0 

2.0 
4.5 Fig. 6 
6.0 

-
2.0 
4.5 Fig. 7 
6.0 

2.0 
4.5 Fig. 9 
6.0 

2.0 
4.5 Fig. 7 
6.0 

2.0 
4.5 Fig. 9 
6.0 

2.0 
4.5 Fig. 10 
6.0 

--
2.0 
4.5 Fig. 9 
6.0 

2.0 
4.5 Fig. 9 
6.0 

2.0 
4.5 Fig. 6 
6.0 
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PC74HC/HCT165 

MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics'', section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (6 lccl for a unit load of 1 is given in the family specifications. 
To determine 6lcc per input, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient 

Do to D7 0.35 
Ds 0.35 
CP 0.65 
CE 0.65 
PL 0.65 
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8-bit parallel-in/serial-out shift register 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pf 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH CE, CP to 07, 07 

tPHLI propagation delay 
tPLH PCto07, 57 

tPHLI propagation delay 
tPLH D7 to 07, 07 

tTHL/ output transition time 
!TLH 

tw 
clock pulse width 

HIGH or LOW 

tw 
parallel load pulse 

width; LOW 

tsu 
set-up time 

Ds to CP, CE 

tsu 
set-up time 

PL to CP, CE 

!su(L) 
set-up time 
CE to CP; CP to CE 

!su 
set-up time 

Dn to PC 

th 
hold time 

Ds to CP, CE; Dn to PC 

th 
hold time 
Pl, CE to CP; Pl, CP to CE 

fmax 
maximum clock pulse 
frequency 

min. 

20 

20 

20 

20 

20 

20 

7 

0 

26 

+25 

typ. max. 

17 34 

20 40 

14 28 

7 15 

8 

9 

2 

8 

7 

10 

-1 

-7 

44 

Tamb (oC) 

74HCT 

-40to+85 -40to+125 

min. max. min. max. 

43 51 

50 60 

35 42 

19 22 

25 30 

25 30 

25 30 

25 30 

25 30 

25 30 

9 11 

0 0 

21 17 

UNIT Vee 
v 

ns 4.5 

ns 4.5 

ns 4.5 

ns 4.5 

ns 4.5 

ns 4.5 

ns 4.5 

ns 4.5 

ns 4.5 

ns 4.5 

ns 4.5 

ns 4.5 

MHz 4.5 

PC74HC/HCT165 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 7 

Fig. 8 

Fig. 6 

Fig. 6 

Fig. 7 

Fig. 9 

Fig. 7 

Fig. 9 

Fig. 10 

Fig. 9 

Fig. 9 

Fig.6 



PC74HC/HCT165 

MSI 

374 

AC WAVEFORMS 

CP INPUT 

Fig. 6 Waveforms showing the clock (CP) to 
output (Q7 or ()7) propagation delays, the clock 
pulse width, the output transition times and the 
maximum clock frequency. 

Fig. 8 Waveforms showing the data input (Dn) 
to output (07 or ()7) propagation delays when 
PL is LOW. 

Fig. 10 Waveforms showing the set-up and hold 
times from the data inputs D5 and D7 to the 
parallel load input (PL). 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee· 
HCT: VM=1.3V;V1=GNDto3V. 

''"""'! 198~ 

Pl INPUT 

CP INPUT 

Fig. 7 Waveforms showing the parallel load 
(PL) pulse width, the parallel load to output 
(07 or ()7) propagation delays and the parallel 
load to clock (CP) set-up time. 

CE INPUT 

Ds INPUT 

GP INPUT 

7287859,1 

Fig. 9 Waveforms showing the set-up and hold 
times from the serial data input (Ds) to the 
clock (CP). from the clock enable input (LOW 
CE) to the clock (CP) and from the clock enable 
input IT to the clock (CP). 

Note to Figs 6 and 7 

The changing to output assumes internal 05 
opposite state from 07. 

Note to Fig. 9 

CE may change only from HIGH-to-LOW 
while CP is LOW. 

The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 



PC74HC/HCT166 

MSI 

8-BIT PARALLEL-IN/SERIAL-OUT SHIFT REGISTER 

FEATURES 

• Synchronous parallel-to-serial 
applications 

• Synchronous serial data input for 
easy expansion 

• Clock enable for "do nothing" mode 
• Asynchronous master reset 
• For asynchronous parallel data load 

see "165" 
• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 
The 74HC/HCT166 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL {LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 
The 74HC/HCT166 are-8-bit shift 
registers which have a fully synchronous 
serial or parallel data entry selected by 
an active LOW parallel enable {Pl:) input. 
When I'!: is LOW one set-up time prior 
to the LOW-to-HIGH clock transition, 
parallel data is entered into the register. 
When PE is HIGH, data is entered into 
the internal bit position Oo from serial 
data input (Ds), and the remaining bits 
are shifted one place to the right 
{Oo '01 '02, etc.) with each positive­
going clock transition. 
This feature allows parallel-to-serial 
converter expansion by tying the 07 
output to the Ds input of the succeeding 
stage. 

The clock input is a gated-0 R structure 
which allows one input to be used as an 
active LOW clock enable {CE) input. 
The pin assignment for the CP and CE 
inputs is arbitrary and can be reversed 
for layout convenience. The LOW-to­
HIGH transition of input CE should only 
take place while CP is HIGH for 
predictable operation. A LOW on the 
master reset {MR) input overrides all 
other inputs and clears the register 
asynchronously, forcing all bit positions 
to a LOW state. 

166 

Fig. 1 Pin 
7293177 configuration. 

SYMBOL PARAMETER 

tPHLI 
propagation delay 

CP to 07 
tPLH MR to qz_ 

fmax maximum clock frequency 

C1 input capacitance 

Cpo 
power dissipation 

capacitance per latch 

GND = 0 V;Tamb = 25 °C;tr =tf = 6 ns 

Notes 

TYPICAL 
CONDITIONS 

HC HCT 

15 20 CL=15pF 14 19 
Vee =5 v 

63 50 

3.5 3.5 

notes 1 and 2 41 41 

1. Cpo is used to determine the dynamic power dissipation {Po in µW): 

Po= Cpo x Vee' x fi + ~ {CL x Vee' x fo) where: 

UNIT 

ns 
ns 

MHz 

pF 

pF 

fi = input frequency in MHz CL = output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
~ (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCTthecondition is V1 = GND to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT166P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT166T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PINNO. SYMBOL NAME AND FUNCTION 

1 Ds serial data input 
2, 3, 4, 5, 10, 

Do to D7 parallel data inputs 
11, 12, 14 
6 CE clock enable input {active LOW) 
7 CP clock input {LOW-to-HIGH edge-triggered) 
8 GND ground (0 V) 
9 MR asynchronous master reset input {active LOW) 
13 07 serial output from the last stage 
15 PE parallel enable input {active LOW) 
16 Vee positive supply voltage 

10 

11 

12 

o, a, 13 
14 

MR 

CP CE Fig. 2 Fig. 3 IEC 
7Z93178 Logic symbol. logic symbol. 



PC74HC/HCT166 

MSI 

FUNCTION TABLE 

OPERATING MODES 

parallel load 

serial shift 

hold "do nothing" 

8- BIT PARALLEL/SERIAL-IN/ 

SERIAL-OUT SHIFT REGISTER 

7293180 

Fig. 4 Functional diagram. 

INPUTS On REGISTER 

PE CE CP Ds Do-D7 Clo 01-os 

I I t x I -I L L - L 
I I t x h - h H H-H 

h I t I X-X L qo-qs 
h I t h X-X H qo-q5 

x h x x x-x qo q1-% 

OUTPUT 

07 

L 
H 

q5 
q5 

q7 

Fig. 5 Logic diagram. 

376 ''"""' 19861 

H = HIGH voltage level 
h = HIGH voltage level one set-up time prior to 

the LOW-to-HIGH CP transition 
L = LOW voltage level 
I = LOW voltage level one set-up time prior to 

the LOW-to-HIGH CP transition 
q = lower case letters indicate the ~tate of the 

referenced output one set-up time prior to 
the LOW-to-HIGH CP transition 

X = don't care 
t = LOW-to-HIGH CP transition 

a, 



8-bit parallel-in/serial-out shift register 

CP 

MOOE 
CONTROL CE 
INPUTS 

PARALLEL 
INPUTS 

OUTPUT 

o, 

SHIFT/ -+-+------------+--, 
LOAD 

Do 

o, 
o, 
o, 
D4 

05 

05 

o, 

a, 

•------ serial shift -1 
--- - inhibit 

I clear 

load 

--serialshift 

Fig. 6 Typical clear, shift, load, inhibit, and shift sequences. 

PC74HC/HCT166 

MSI 

7Z93183 
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PC74HC/HCT166 

MSI 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH CPto07 

propagation delay 
tPHL MR to07 

trnLI output transition time 
tTLH 

clock pulse width 
tw HIGH or LOW 

master reset pulse 
tw width 

removal time 
trem l'Vl"Flto CP 

set-up time 
tsu Dn, CE to CP 

lsu 
set-up time 

PE to CP 

hold time 
th Dn, CE to CP 

hold time 
th PE to CP 

maximum clock pulse 
fmax frequency 
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+25 

min. typ. 

50 
18 
14 

47 
17 
14 

19 
7 
6 

80 17 
16 6 
14 5 

100 25 
20 9 
17 7 

0 -19 
0 -7 
0 -6 

80 14 
16 5 
14 4 

100 33 
20 12 
17 10 

2 -8 
2 -3 
2 -2 

0 -28 
0 -10 
0 -8 

6.0 19 
30 57 
35 68 

Tamb (°CI 

74HC 
UNIT Vee 

-40to+85 --40to+125 v 
max. min. max. min. max. 

150 190 225 2.0 
30 38 45 ns 4.5 
26 33 38 6.0 

160 200 240 2.0 
32 40 48 ns 4.5 
27 34 44 6.0 

75 95 110 2.0 
15 19 22 ns 4.5 
13 16 19 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

125 150 2.0 
25 30 ns 4.5 
21 26 6.0 

0 0 2.0 
0 0 ns 4.5 
0 0 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

125 150 2.0 
25 30 ns 4.5 
21 26 6.0 

2 2 2.0 
2 2 ns 4.5 
2 2 6.0 

0 0 2.0 
0 0 ns 4.5 
0 0 6.0 

4.8 4.0 2.0 
24 20 MHz 4.5 
28 24 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 7 

Fig. 8 

Fig. 7 

Fig. 7 

Fig. 8 

Fig. 8 

Fig. 9 

Fig. 8 

Fig. 8 

Fig. 9 

Fig. 7 



8-bit parallel-in/serial-out shift register 

DC CHARACTERISTICS FOR 74HCT 

PC74HC/HCT166 

MSI 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (LI Ice I for a unit load of 1 is given in the family specifications. 
To determine L\ Ice per input, multiply this value by the unit load coefficient shown in the table below. 

input 
unit load 
coefficient 

Do to D7 0.35 
Ds 0.35 
CP 0.80 
CE 0.80 
MR 0.40 
PE 0.60 

AC CHARACTERISTICS FOR 74HCT 

GN D = 0 V; tr = tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

propagation delay 
CPto 07 

propagation delay 

Tamb (oC) 

74HCT 
!----·---~----~-----

+25 -40to+85 -40to+125 

min. typ. max. min. max. min. max. 

23 40 50 60 

68 

TEST CONDITIONS 

UNIT Vee WAVEFORMS 

v 

ns 4.5 Fig. 7 

ns 4.5 22 45 56 Fig. 8 
MR to 07 

r--------1------'------+-----t---t--+---+--+----+--+----+---+--------~ 

tTHL/ 
tTLH 

tw 

trem 

output transition time 

clock pulse width 
HIGH or LOW 

master reset pulse 
width 

removal ti me 
IV1R to CP 

15 19 

20 9 25 30 

25 11 31 38 

0 -7 0 0 

22 4.5 Fig. 7 

J 
I 

ns 

ns 4.5 l Fig. 7 

ns 4.5 
I 

Fig. 8 

··----L -....j 

4.5 I Fig. 8 ns 

1-----~------------"'---4------+-----'----4---------j-----t------+----+---+----------' 

set-up time 
Dn, CE to CP 

16 8 20 24 ns 4.5 Fig. 9 

!----+------------ +-- -- - ---··-· ·--+------ ----- --+ -·-····----·--
set-up time 

PE to CP 
30 15 38 45 ns 4.5 Fig. 8 

!---·-+------------ ---- -- ----+--· ----------+------1----+----+- ----------

hold time 0 _ 6 o , o ns 4.5 Fig. 9 
Dn, CE to CP 

1-----1-----------1----+---+--·-+----t----+----+---~ -·-+----t·---------

fmax 

hold time 
PE to CP 

maximum clock pulse 
width 

0 -13 

25 45 

0 0 ns 4.5 Fig. 9 

20 17 MHz 4.5 Fig. 7 
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PC74HC/HCT166 

MSI 

AC WAVEFORMS 

CP INPUT 

07 OUTPUT 

CE INPUT 

PE INPUT 

Dn INPUT 

0 5 INPUT 

CP INPUT 

7Z93181 

Fig. 7 Waveforms showing the clock (CP) to 
output (07) propagation delays, the clock 
pulse width, the output transition times and 
the maximum clock frequency. 

see note 

condition: MR"' HIGH 

Note to AC waveforms 

(1) HC : VM = 50%; V1 = GND to Vee· 
HCT: VM = 1.3 V; V1 = GND to 3 V. 

380 ''"""' 19861 

-1w-

CP INPUT 

a 7 OUTPUT 

Fig. 8 Waveforms showing the master reset (MR) 
pulse width, the master reset to output (07) 
propagation delay and the master reset to clock 
(CP) removal time. 

Fig. 9 Waveforms showing the set-up and 
hold times from the serial data input (Dsl. 
the data inputs (Dnl. the clock enable 
input (LOW CE), the clock enable input 
CE and the parallel enable input to the 
clock (CP). 

Note to Fig. 7 
The changing to output assumes internal 
05 opposite state from 07. 

Note to Figs 7, 8 and 9 
The number of clock pulses required 
between the tPLH and tPHL 
measurements can be determined from 
the function table. 

Note to Fig. 9 
CE may change only from HIGH-to-LOW 
while CP is LOW. 

The shaded areas indicate when the input 
is permitted to change for predictable 
output performance. 



PC74HC/HCT173 

MSI 

QUAD D-TYPE FLIP-FLOP; POSITIVE-EDGE TRIGGER; 3-STATE 

FEATURES 

• Gated input enable for hold (do 
noting) mode 

• Gated output enable control 
• Edge-triggered D-type register 

• Asynchronous master reset 
• Output capability: bus driver 

• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT173 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT173 are 4-bit parallel 
load registers with clock enable control, 
3-state buffered outputs (Oo to 03) and 
master reset (MR). 

When the two data enable inputs (E1 and 
E2I are LOW, the data on the Dn inputs is 
loaded into the register synchronously 
with the LOW-to-HIGH clock (CP) 
transition. When one or both En inputs 
are HIGH one set-up time prior to the 
LOW-to-HIGH clock transition, the 
register will retain the previous data. Data 
inputs and clock enable inputs are fully 
edge-triggered and must be stable only 
one set-up time prior to the LOW-to-HIGH 
clock transition. 

The master reset input (MR) is an active 
HIGH asynchronous input. When MR is 
HIGH, all four flip-flops are reset (cleared) 
independently of any other input 
condition. 

The 3-state output buffers are controlled 
by a 2-input NOR gate. When both output 
enable inputs (OE1 and OE2I are LOW, 
the data in the register is presented to the 
On outputs. When one or both OEn inputs 
are HIGH, the outputs are forced to a high 
impedance OFF-state. The 3-state output 
buffers are completely independent of the 
register operation; the OEn transition does 
not affect the clock and reset operations. 

7Z93635 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS r---~----; UNIT 

HC HCT 
r-----+--- .- ---- -- +-------t----t-------1----1 

propagation delay 
CP to On 23 22 ns 
MR to On CL= l 5 PF 19 18 ns 

f------+·-- v cc = 5 v r----+-----+---1 

fmax maximum clock frequency 53 51 MHz 

CpD 
power dissipation _ -- -notes 1 ::~- -25 ~ pf 

capacitance per flip-flop 

input capacitance --------~ I ''~F 

~---~----------------__L_________ .L.. -

GND = 0 V; Tamb = 25 "C; tr= tf = 6 ns 

Notes 

1. CPD is used to determine the dynamic power dissipation (Po in µW): 

Po= CPD x Vee' x fi + 2: (CL x Vee' x f0 ) where: 

fi = input frequency in MHz CL output load capacitance in pf 
f0 = output frequency in MHz Vee = supply voltage in V 
l: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GNO to Vee 
For HCT the condition is V1 = GNO to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT173P: 16-lead OIL; plastic (SOT-38Z). 
PC74HC/HCT173T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 
----------------------,--------------------·---

PIN NO. 

1, 2 

3,4,5,6 

7 

8 

9, 10 

14, 13, 12, 11 

15 

16 

SYMBOL 

OE1, OE2 

Oo to 03 

CP 

GND 

E1, E2 

Do to D3 

MR 

Vee 

14 13 12 11 

7293637 15 3 4 5 6 

Fig. 2 Logic symbol. 

NAME AND FUNCTION 

output enable input (active LOW) 

3-state flip-flop outputs 

clock input (LOW-to-HIGH, edge-triggered) 

ground (0 V) 

data enable inputs (active LOW) 

data inputs 

asynchronous master reset (active HIGH) 

positive supply voltage 

Fig. 3 IEC logic symbol. 
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PC74HC/HCT173 

MSI 

Fig. 4 Functional diagram. 

382 ''""'"119861 

FUNCTION TABLE 

INPUTS OUTPUTS 
REGISTER OPERATING MODES 

MR CP E1 E2 Dn On (register) 

reset (clear) H x x x x L 

parallel load L t I I I L 
L t I I h H 

hold (no change) L x h x x qn 
L x x h x qn --

3-STATE BUFFER INPUTS OUTPUTS 

OPERATING MODES 
On (register) OE1 OE2 Og a, ~~ 

read L L L L L L I L 
H L L H H H H 

disabled x H x z z z z 
x x H z z z z 

H = HIGH voltage level 
h = HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition 
L = LOW voltage level 
I LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 
q = lower case letters indicate the state of the referenced input (or output) 

one set-up time prior to the LOW-to-HIGH CP transition 
X = don't care 
Z = high impedance OFF-state 
t = LOW-to-HIGH CP transition 

Fig. 5 Logic diagram. 



Quad D-type flip-flop; positive-edge trigger; 3-state 

DC CHARACTERISTICS FOR 74HC 

PC74HC/HCT173 

MSI 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MS/ 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= lf =6 ns; CL= 50 pF 

SYMBOL PARAMETER 

lPHLI propagation delay 
lPLH CP to On 

propagation delay 
tPHL MR to On 

tpzH/ 3-state output enable time 
tpzL OEn to On 

tpHzl 3-state output disable time 
tpLz OEn to On 

tTHL/ output transition time 
lTLH 

tw 
clock pulse width 

HIGH or LOW 

tw 
master reset pulse 

width; HIGH 

!rem 
removal ti me 

MR to CP 

tsu 
set-up time 

En to CP 

tsu 
set-up time 

Dn to CP 

hold time 
th En to CP 

hold time 
th Dn to CP 

fmax 
maximum clock pulse 
frequency 

+25 

min. typ. max. 

74 225 
27 45 
22 38 

61 185 
22 37 
19 31 

41 150 
15 30 
12 26 

50 150 
18 30 
14 26 

14 60 
5 12 
4 10 

90 30 
18 11 
15 9 

80 19 
16 7 
14 6 

75 -8 
15 -3 
13 -2 

100 33 
20 12 
17 10 

80 25 
16 9 
14 7 

0 -28 
0 -10 
0 -8 

0 -11 
0 -4 
0 -3 

5.4 16 
27 48 
32 57 

Tamb (°C) TEST CONDITIONS 

74HC 
UNIT Vee WAVEFORMS 

-40to +85 -40to +125 v 
min. max. min. max. 

280 340 2.0 
56 68 

' 
ns 4.5 Fig. 6 

48 58 6.0 

230 280 2.0 
46 56 ns 4.5 Fig. 7 
39 48 6.0 

190 225 2.0 
38 45 ns 4.5 Fig. 8 
33 38 6.0 

190 225 2.0 
38 45 ns 4.5 Fig. 8 
33 38 6.0 

75 90 2.0 
15 18 ns 4.5 Fig. 6 
13 15 6.0 

115 135 2.0 
23 27 ns 4.5 Fig. 6 
20 23 6.0 

100 120 2.0 
20 24 ns 4.5 Fig. 7 
17 20 6.0 

95 110 2.0 
19 22 ns 4.5 Fig. 7 
16 19 6.0 

125 150 2.0 
25 30 ns 4.5 Fig. 9 
21 26 6.0 

100 120 2.0 
20 24 ns 4.5 Fig. 9 
17 20 6.0 

0 0 2.0 
0 0 ns 4.5 Fig. 9 
0 0 6.0 

0 0 2.0 
0 0 ns 4.5 Fig. 9 
0 0 6.0 

4.4 3.6 2.0 
22 18 MHz 4.5 Fig. 6 
26 21 6.0 

(J'"""" 1986 
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PC74HC/HCT173 

MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (ll lccl for a unit load of 1 is given in the family specifications. 
To determine LI Ice per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 
UNIT LOAD 
COEFFICIENT 

OE1, OE2 1.00 
MR,CP 0.50 
E1. E2 0.25 
Dn 0.25 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pf 

Tamb (oC) TEST CONDITIONS 

74HCT 
SYMBOL PARAMETER UNIT Vee WAVEFORMS 

+25 -40to +85 -40to+125 v 
min. typ. max. min. max. min. max. 

tPHLI propagation delay 
26 43 54 65 ns 4.5 Fig. 6 

tPLH CP to On 

tPHL 
propagation delay 

21 35 44 53. ns 4.5 Fig. 7 
MR to On 

tpzH/ 3~te output enable time 
17 35 44 53 ns 4.5 Fig. 8 

tpzL OEn to On 

tpHz/ 3-state output disable time 
18 30 

tPLZ OEn toOn 
38 45 ns 4.5 Fig. 8 

tTHLI output transition ti me 5 12 
tTLH 

15 19 ns 4.5 Fig. 6 

tw 
clock pulse width 

20 11 25 30 ns 4.5 Fig. 6 
HIGH or LOW 

tw 
master reset pulse 

15 4 19 22 ns 4.5 Fig. 7 
width; HIGH 

removal time 
15 1 19 22 ns 4.5 Fig. 7 trem MR to CP 

!su 
set-up time 

30 16 38 45 ns 4.5 Fig. 9 
En to CP 

tsu 
set-up time 

25 10 31 38 ns 4.5 Fig. 9 
Dn to CP 

hold time 
0 -15 0 0 ns 4.5 Fig. 9 th En to CP 

hold time 
0 -7 0 0 ns 4.5 Fig. 9 th Dn to CP 

fmax 
maximum clock pulse 25 46 20 17 MHz 4.5 Fig. 6 
frequency 



Quad D-type flip-flop; positive-edge trigger; 3-state 

AC WAVEFORMS 

CP INPUT 

an OUTPUT 

Fig. 6 Waveforms showing the clock (eP) to output (Qn) 
propagation delays, the clock pulse width, the output 
transition times and the maximum clock pulse frequency. 

OE0 

INPUT 

OUTPUT 
LOW-to-OFF 
OFF-to- LOW 

OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

7Z936J9 

_,, 

oo•poi. _[~ oo•poi. 
enabled disabled 

___ outputs 

enabled 

Fig. 8 Waveforms showing the 3-state enable and disable 
times. 

Note to AC waveforms 

(1) He : VM = 50%; Vi= GND to Vee· 
HCT: VM = 1,3V; V1 = GND to 3V. 

PC74HC/HCT173 

MSI 

MR INPUT 

CP INPUT 

Qn OUTPUT 

Fig. 7 Waveforms showing the master reset (MR) pulse width, 
the master reset to output (Qn) propagation delays and the 
master reset to clock (eP) removal time. 

En INPUT 

Dn INPUT 

CP INPUT 

Fig. 9 Waveforms showing the data set-up and hold times 
from input (En, Dnl to clock (eP). 

Note to Fig. 9 

The shaded areas indicate when the input is permitted to 
change for predictable output performance. 
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PC74HC/HCT174 

MSI 

HEX D-TYPE FLIP-FLOP WITH RESET; POSITIVE-EDGE TRIGGER 

386 

FEATURES 

• Six edge-triggered D-type flip-flops 
• Asynchronous master reset 
• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT174 are high-speed Si-gate 
CMOS devices and are pin compatible with 
low power Schottky TTL (LSTTL). They 
are specified in compliance with JEDEC 
standard no. 7. 

The 74HC/HCT174 have six edge-triggered 
D-type flip-flops with individual D inputs 
and Q outputs. The common clock (CP) 
and master reset (MR) inputs load and reset 
(clear) all flip-flops simultaneously. 

The register is fully edge-triggered. The 
state of each D input, one set-up time prior 
to the LOW-to-HIGH clock transition, is 
transferred to the corresponding output of 
the flip-flop. 

A LOW level on the MR input forces all 
outputs LOW, independently of clock or 
data inputs. 

The device is useful for applications 
requiring true outputs only and clock and 
master reset inputs that are common to all 
storage elements. 

174 

03 

Fig. 1 Pin configuration. 

''""'"! 1 ···] 

SYMBOL PARAMETER 

tPHLI 
propagation delay 

tPLH 
GP to On 
MR to On 

fmax maximum clock frequency 

C1 input capacitance 

Cpo 
power dissipation 

capacitance per flip·flop 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

TYPICAL 
CONDITIONS 

HC HCT 

CL=15pF 
17 18 

Vee= s v 13 17 

g9 69 

3.5 3.5 

notes 1 and 2 17 17 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + L (CL x Vee' x fol where: 

UNIT 

ns 
ns 

MHz 

pF 

pF 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
~ (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HGT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT174P: 16-lead DI L; plastic (SOT-38Z). 
PC74HC/HCT174T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 MR asynchronous master reset (active LOW) 

2, 5, 7, 10, 
Goto 05 flip-flop outputs 

12, 15 

3, 4, 6, 11, 
Do to D5 data inputs 13, 14 

8 GND ground (0 V) 

9 CP clock input (LOW-to-HIGH, edge-triggered) 

16 Vee positive supply voltage 

6 11 13 14 

Do D1 o, D3 D4 D5 

GP 

1-0 MR 

Oo 01 o, 03 o, o, 

10 12 15 

7Z9365B 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 



Hex D-type flip-flop with reset; positive-edge trigger 

9 CP 

1 MR 

10 12 15 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS OUTPUTS 
OPERATING MODES 

MR CP Dn On 

reset (clear) L x x L 
+--

load "1" H t h H 

load "O" H t I L 

H = HIGH voltage level 
h = HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition 
L = LOW voltage level 
I = LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 
X = don't care 
t = LOW-to-HIGH CP transition 

GP -{>o-{>·~t----+-4'--+----t-'---t--1--->-----+------+->---+--t--

~ -1>o-{>•~>-----+----4-~~~---4--~>-----+---

Fig. 5 Logic diagram. 

PC74HC/HCT174 

MSI 

387 



PC74HC/HCT174 

MSI 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
I cc category: MS I 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

Tamb (oC) 

74HC 

TEST CONDITIONS 

SYMBOL PARAMETER f-------~-----~---·----1 UNIT Vee WAVEFORMS 
+25 -40 to +85 -40to+125 v 

r--
min. typ. max. min. max. min. max. 

·------+----+-----+--·- ----I ---t----

propagation delay 55 165 
20 33 

CP to On 16 28 

205 250 
41 50 ns 
35 43 

--
44 150 190 225 

propagation delay 16 30 38 45 
MRtoOn 13 26 33 38 

ns 

f------+--------------+--t--- -·---+----+-----+----- t----·-f------t---+-----------t 
19 75 95 110 2.0 

output transition time 7 15 19 22 ns 4.5 Fig. 6 
6 13 16 19 6.0 

r------+---------------+----+-----j---+----+----+-----+--- ------+-------"---··-+-----------__, 

tw 

tw 

clock pulse width 
HIGH or LOW 

80 17 
16 6 
14 5 

100 
20 
17 

120 
24 
20 

2.0 
ns 4.5 

6.0 

master reset pulse 80 12 100 120 2.0 

Fig. 6 

width; HIGH 16 4 20 24 ns 4.5 Fig. 7 

------+------------- 14 ~ ---r-17--t---rf----t-- 6.?_t-----------
removal time 5 - 11 5 5 2.0 ~I 

MR to CP _______ J----1 ~l t-----+--~ __ -- ~5 -- t-- ns :.~ ~ 
60 6 75 o 2 a I 

'" ·;~::;;; :~ l :; ' "' :: _c ' ~ 
t--~--~~: ;:m~, ! 2 r i ~ ] + . , ": ~, ff I , .. '_jj 
~=--~~;~~~:~~ockp~l: ____ J3tJ_g2J__ __ ~tl ~~ . MHz ~:~ J Fig. 6 
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Hex D-type flip-flop with reset; positive-edge trigger PC74HC/HCT174 

MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to H CT types 

The value of additional quiescent supply current (11 lccl for a unit load of 1 is given in the family specifications. 
To determine Dice per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 
UNIT LOAD 
COEFFICIENT 

0.25 
1.30 
1.25 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

···-=--------_-_-_-_-_ .----=T-a_m·=-b-(0-(;_-~------_-_-_-_-... - -1----~:---·_-_--_.T~l'_(.;O_N_D_IT~0-~~-1 
74HCT 

SYMBOL PARAMETER r--------------------~--. - ___ ,. __ ~-----j 
+25 -40 to +85 -40 to + 125 

min. typ. max. min. max. min. max. 

propagation delay 21 35 
CP to On 

---------+---+--I----+---+ 

44 

propagation delay 
MR to On 

1------+--

output transition time 

20 35 44 

7 15 19 

UNIT Vee WAVEFORMS 
v 

20 

tw 
' '°+_-___,-_2_4,-+---- +-·----j--·-·-

1 tw 7 ] 25 30 ns 4.5 

f-----+---------·------t--
clock pulse width 16 

HIGH or LOW 
-------------! 

Fig. 7 

f----- .+------------+---+--· ---,------+-----+----+--·-+-·----+·--.. --. -+---- .__.. -
removal time 

MR to CP 
12 ·-3 15 18 ns 4.5 Fig. 7 

1------t-------------+--+----j---+--j-----+-----l-- -- +--~- ----- ----1 

tsu 
set-up time 16 4 20 24 

~--+--·----------+--+---t------f--· +---- -- .. DntoCP J 
th hold time 5 _ 3 5 5 

1--fm_a_x __ _,_ __ mo_a-:-i~-ou_~_P_c_lo_c_k_p_u_lse---+;~-+-5·3·-+-·---+-;- +---- ~- --­

frequency 
~~.L__.__ _________ _ 

-i,,1'.~-J 

(''"""' 1986 
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PC74HC/HCT174 

MSI 

390 

AC WAVEFORMS 

--1/fmax-

CP INPUT 

On OUTPUT 

Fig. 6 Waveforms showing the clock (CP) to output (Onl 
propagation delays, the clock pulse width, the output 
transition times and the maximum clock pulse frequency. 

CP INPUT 

Dn INPUT 

On OUTPUT -------~/vM 1n \_ 

Fig. 8 Waveforms showing the data set-up and hold times 
for the data input (Dnl· 

January 1986 

Fig. 7 Waveforms showing the master reset (MR) pulse width, 
the master reset to output (Onl propagation delays and the 
master reset to clock {CPI removal time. 

Note to Fig. 8 

The shaded areas indicate when the input is permitted to 
change for predictable output performance. 

Note to AC waveforms 

(1) HC : VM = 50%; V1 = GND to Vee· 
HCT: VM = 1.3V;V1 = GNDto3V. 



PC74HC/HCT175 

MSI 

QUAD D-TYPE FLIP-FLOP WITH RESET; POSITIVE-EDGE TRIGGER 

FEATURES 

• Four edge-triggered D flip-flops 
• Output capability: standard 
• Jee category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT175 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT175 have four edge­
triggered, D-type flip-flops with 
individual D inputs and both Q and Q 
outputs. 
The common clock (CP) and master reset 
(MR) inputs load and reset (clear) all 
flip-flops simultaneously. 
The state of each D input, one set-up 
time before the LOW-to-HIGH clock 
transition, is transferred to the 
corresponding output (Qnl of the 
flip-flop. 

All On outputs will be forced LOW 
independently of clock or data inputs 
by a LOW voltage level on the 
ii.m" input. 

The device is useful for applications where 
both the true and complement outputs 
are required and the clock and master 
reset are common to all storage elements. 

175 

Fig. 1 Pin configuration. 

SYMBOL PARAMETER 

propagation delay 

tPHL 
CP to On, On 
MR to On 
CP to On, On 

tPLH MR to On 

fmax maximum clock frequency 

C1 input capacitance 

Cpo 
power dissipation 
capacitance per flip-flop 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

TYPICAL 
CONDITIONS 

HC HCT 

17 16 
15 19 

CL=15pF 17 16 
Vee= 5 v 15 16 

83 54 

3.5 3.5 

notes 1 and 2 32 34 

1. CPD is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + ~ (CL x Vee' x f0 ) where: 

UNIT 

ns 
ns 
ns 
ns 

MHz 

pf 

pf 

fi = input frequency in MHz CL = output load capacitance in pf 
fo = output frequency in MHz VCC = supply voltage in V 
l: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is Vi= GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT175P: 16-lead OIL; plastic (SOT-38Z). 
PC74HC/HCT175T: 16·1ead mini-pack; plastic (S0-16; SOT·109A). 

PIN DESCRIPTION 

PINNO. SYMBOL NAME AND FUNCTION 

1 MA master reset input (active LOW) 
2, 7, 10, 15 
3, 6, 11, 14 
4, 5, 12, 13 
8 
9 
16 

12 

13 

Goto a3 
O:o to 0:3 
Do to D3 
GND 
CP 

Vee 

10 

11 

15 

14 

Fig. 2 Logic symbol. 

flip-flop outputs 
complementary flip-flop outputs 
data inputs 
ground (0 V) 
clock input (LOW-to-HIGH, edge-triggered) 
positive supply voltage 

7Z93243 

Fig. 3 I EC logic symbol. 
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MSI 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS 
OPERATING MODES 

MR CP Dn 

reset (clear) L x x 
load "1" H t h 

load "O" H t I 

CP 

MR 

392 Apdl 1985 ~ 

OUTPUTS 

On On 

L H 

H L 

L H 

H = HIGH voltage level 
h = HIGH voltage level one set-up time prior to the 

LOW-to-HIGH CP transition 
L = LOW voltage level 
I = LOW voltage level one set-up time prior to the 

LOW-to-HIGH CP transition 
t = LOW-to-HIGH CP transition 
X = don't care 

Fig. 5 Logic diagram. 



Quad D-type flip-flop with reset; positive-edge trigger 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
I CC category: MS I 

AC CHARACTERISTICS FOR 74HC 

GND=OV;tr=tt=6ns;CL=50pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH CP to Qn, Ein 

lPHL/ propagation delay 
tPLH MR to Qn, Ein 

tTHLI output transition time 
tTLH 

clock pulse width 
tw HIGH or LOW 

master reset pulse width 
tw LOW 

trem 
removal ti me 

MR to CP 

lsu 
set-up time 

Dn to CP 

th 
hold time 

CP to Dn 

fmax 
maximum clock pulse 
frequency 

+25 

min. typ. 

55 
20 
16 

50 
18 
14 

19 
7 
6 

80 22 
16 8 
14 6 

80 19 
16 7 
14 6 

5 -33 
5 -12 
5 -10 

80 3 
16 1 
14 1 

5 0 
5 0 
5 0 

6 25 
30 75 
35 89 

Tamb (°C) 

74HC 
UNIT Vee 

-40to+85 --40to +125 v 

max. min. max. min. max. 

175 220 265 2.0 
35 44 53 ns 4.5 
30 37 45 6.0 

150 190 225 2.0 
30 38 45 ns 4.5 
26 33 38 6.0 

75 95 110 2.0 
15 19 22 ns 4.5 
13 16 19 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

5 5 2.0 
5 5 ns 4.5 
5 5 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

5 5 2.0 
5 5 ns 4.5 
5 5 6.0 

5 4 2.0 
24 20 MHz 4.5 
28 24 6.0 

PC74HC/HCT175 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 8 

Fig. 6 

Fig. 6 

Fig. 8 

Fig. 8 

Fig. 7 

Fig. 7 

Fig. 6 

( ''""''"' 1986 
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DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (61ccl for a unit load of 1 is given in the family specifications. 
To determine 6 lcc per input, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient 

l'ii'ltf 1.00 
CP 0.60 
Dn 0.40 

AC CHARACTERISTICS FOR 74HCT 

GND= 0 V;t,=tf= 6ns;CL = 50pF 

Tamb (oC) TEST CONDITIONS 

74HCT 
SYMBOL PARAMETER UNIT Vee WAVEFORMS 

+25 -40to+B5 -40to+125 v 
min. typ. max. min. max. min. max. 

tPHLI propagation delay 19 33 41 50 ns 4.5 Fig. 6 
tPLH CP to Gn, On 

lPHL 
propagation delay 22 38 

MR to Qn 
48 57 ns 4.5 Fig. 8 

tpLH 
propagation delay 

19 35 44 53 ns 4.5 Fig. 8 
MR to On 

tTHLI output transition ti me 7 15 19 22 ns 4.5 Fig. 6 
tTLH 

tw 
clock pulse width 20 12 25 30 ns 4.5 Fig. 6 

HIGH or LOW 
t-------

tw 
master reset pulse width 20 11 25 30 ns 4.5 Fig. 8 

LOW 

lrem 
removal time 5 -1q 5 5 ns 4.5 Fig. 8 

MR to CP 

tsu 
set-up time 16 5 

Dn to CP 
20 24 ns 4.5 Fig. 7 

th 
hold time 5 0 5 5 ns 4.5 Fig. 7 

CP to Dn 

fmax 
maximum clock pulse 

frequency 
25 49 20 17 MHz 4.5 Fig. 6 

394 ''"""" 1986 l 



Quad D-type flip-flop with reset; positive-edge trigger 

AC WAVEFORMS 

--- l/fmax -----

CP INPUT VM !11 

On OUTPUT 

Fig. 6 Waveforms showing the clock (CP) to 
outputs (On, On) propagation delays, the clock 
pulse width, output transition times and the 
maximum clock pulse frequency. 

Mfi INPUT VM (l) 

---tw---

CP INPUT 

On OUTPUT 

Qn OUTPUT \__ ""'" 
Fig. 8 Waveforms showing the master reset 
(l\im") pulse width, the master reset to outputs 
(On, On) propagation delays and the master 
reset to clock (CP) removal time. 

PC74HC/HCT175 

MSI 

on OUTPUT 

Qn OUTPUT 

Fig. 7 Waveforms showing the data set-up and 
hold times for the data input (Dnl-

Note to Fig. 7 

The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vcc­
HCT: VM= 1.3V;V1=GNDto3V. 

(''""'"' 1986 
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4-BIT ARITHMETIC LOGIC UNIT 

FEATURES 

• Full carry look-ahead for high-speed 
arithmetic operation on long words 

• Provides 16 arithmetic operations: 
add, subtract, compare, double, 
plus 12 others 

• Provides all 16 logic operations of 
two variables: 
EXCLUSIVE-OR, compare, AND, 
NANO, NOR, OR plus 10 other 
logic operations 

• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 
The 74HC/HCT181 are high speed 
Si-gate CMOS devices and are pin 
compatible with iow power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT181are4-bit high-speed 
parallel Arithmetic Logic Units (ALU). 
Controlled by the four function select 
inputs (So to S3) and the mode control 
inputs (M), they can perform all the 
16 possible logic operations or 16 different 
arithmetic operations on active HIGH or 
active LOW operands (see function table). 

When the mode control input (M) is HIGH, 
all internal cilrries are inhibited and the 
device perfor"" logic operations on the 
individual bi ls as listed, When M is LOW, 
the carries arn enabled and the "181" 
performs arithmetic operations on the two 
4-bit words. The "181" incorporates full 
internal carry look ahead and provides tor 
either ripple carry between devices using 
the Cn+4 output, or for carry look-ahead 
between packages using the carry 

(continued on next page) 

Ao [2 

S3 Li 
s, L4 
s, [5 
So [e­

c, [J: 
M [8 

F'o [9 

181 

L::,::'~,'~-~ 
Fig. 1 Pin configuration. 

·•-»··-·-··-··-·-~---

396 j'~"==i 

DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 

----- .---1- --1- " ----------- -i-- -

SYMBOL I PARAMETER I CON 
TYPICAL 

DITIONS -----

r-------J----------·-··~----

propagation de lay 
An or Bn to A=B 

Cn to Cn+4 

An or Bn to 
G, F'. F, Cn+4 

f--' ---t--------------
C1 input capacitance 

GND=OV;Tamb=25"C;tr=tf=6ns 

15 pF 
=5V 

ORDERING INFORMATION/PACK.AGE OUTLINES 

HC 

34 

14 

17 

3.5 

PC74HC/HCT181 P: 24-lead DI L; plastic (SOT-101A). 
PC74HCiHCT181T: 241ead mini-pack; plastic (S0-24; SOT,137A). 

PIN DESCRIPTION 

t:,~~:?1 ~~~~· =-1~~::~:~;:;0~1:: 
6, 5, 4, 3 So to S3 I select inputs 

7 I Cn carry input 

8 ' M r mode control input 

9, 10, 11, 13 Fa to F3 I function outputs (active LOW) 

14 A=B comparator output 

HCT 

36 

16 

19 

3.5 

12 GN D ,I ground (0 V) 

15 P carry propagate output (active LOW) 

16 Cn+4 J carry output 
17 G carry generate output (active LOW) 

L=~-------- Ve~------- ~~sitive supply voltage 

UNIT 

ns 

ns 

ns 

pF 



PC74HC/HCT181 

MSI 

4-bit arithmetic logic unit J 
---

<I: 
1-
<i: 
Cl 
1-z 
w 
:;: 
c... 
0 
--' w 
> w 
Cl 

GENERAL DESCRIPTION (Cont'd) 

propagation (P) and carry generate (G) 
signals. P and G are not affected by carry 
in. When speed requirements are not 
st•ingent, it can be used in a simple ripple 
carry mode by connecting the carry 
output (Cn+4l signal to the carry input 
(Cnl of the next unit. 
For high-speed operation the device is 
used in conjunction with the "182" carry 
look-ahead circuit. One carry look-ahead 
package is required for each group of 
four "181" devices. Carry look-ahead can 
be provided at various levels and offers 
high-speed capability over extremely long 
word lengths. 

The comparator output (A=B) of the 
device goes HIGH when all four function 
outputs !Fa to F3) are HIGH and can be 
used to indicate logic equivalence over 
4 bits when the unit is in the subtract 
mode. A=B is an open drain output 
and can be wired-AND with other A=B 
outputs to give a comparison for more 
than 4 bits. The A=B signal can also be 
used with the Cn+4 signal to indicate 
A> Band A< B. 

The function table lists the arithmetic 
operations that are performed without a 
carry in. An incoming carry adds a one to 
each operation. Thus, select code LHHL 
generates A minus B minus 1 
(2s complement notation) without a carry 
in and generates A minus B when a carry 
is applied. 

Because subtraction is actually performed 
by complementary addition ( 1 s 
complement), a carry out means borrow; 
thus, a carry is generated when there is 
no under-flow and no carry is generated 
when there is underflow. 

As indicated, the "181" can be used with 
either active LOW inputs producing active 
LOW outputs or with active H JGH inputs 
producing active HIGH outputs. 
For either case the table lists the 
operations that are performed to the 
operands. 

FUNCTION TABLES 
. ---···-- ------· 

MODE SELECT INPUTS ACTIVE HIGH INPUTS AND OUTPUTS 

So 
LOGIC I ARITHMETIC'* 

S3 S2 s, '"""' -1- fM~c,00~HJ t------ . 
L L L L A A 
L L L H A+B A+B 
L L H L AB A+ B 
L L H H logical 0 I minus 1 

L H L L AB A plus AB 
L H L H B (A+ B) plus AB 
L H H L AGJ B A minus B minus 1 
L H H H AB AB minus 1 

H L L L A+B A plus AB 
H L L H A© B A plus B 
H L H L B (A+ B) plus AS 
H L H H AB AB minus 1 

H H L L logical 1 

I 

A plus A* 
H H L H A+B (A+ B) plus/\ 
H H H L A+B (A+ B) plus A 
H H H H A A minus 1 

--
MODE SELECT INPUTS ACTIVE LOW INPUTS AND OUTPUTS 

S3 S2 S1 So 
LOGIC ARITHMETIC** 
(M=H) (M=L; Cn=L) 

L L L L A A minus 1 
L L L H AB AB minus 1 
L L H L A+B AB minus 1 
L L H H logical 1 minus 1 

L H L L A+-8 A plus (A+ B) 
L H L H B AB plus (A + B) 
L H H L Affill A minus B minus 1 
L H H H A+B I A+B 

I 

H L L L AB A plus (A+ B) 
H L L H AEB B A plus B 
H L H L B AB plus (A+ B) 
H L H H A+ B A+B 

H H L L logical 0 A plus A' 
H H L H AB AB plus A 
H H H L AB AB plus A 
H H H H A A 

~--·· --~-

Notes to function tables 

* Each bit is shifted to the next more significant position. 
** Arithmetic operations expressed in 2s complement notation. 

H = HIGH voltage level 
L = LOW voltage level 
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LOOK-AHEAD CARRY GENERATOR 

398 

FEATURES 

• Provides carry look-ahead across a 
group of four ALU's 

• Multi-level look-ahead for high-speed 
arithmetic operation over long word 
length 

• Output capability: standard 

• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT182 are high-speed 
Si-gate CMOS devices and are pin 
compatible with :ow power Schottky 
TTL (LSTTLI They are specified in 
compliance with JEDEC standard no. l. 

The 74HC/HC1182 carry look-ahead 
generators dccept up to four pairs of 
active LOW carry propagate Wo, Pi. P2, 
P3) and carry generate (Go,G1, G2,G3) 
signals and an active HIGH carry input 
(Cn)- The devices provide anticipated 
active HIGH carries {Cn+x, Cn+z) 
across four uroups ot bmary 

The "182" a:<o has active LOW 
propagate (P) and carry 
outputs which rnay be used tor 
levels of look -ahead 

The logic equations provlded the 
outputs are: 

Cn+x = Go+ PoCn 

Cn+y = G1 + P1Go + P1PQCn 

Cn+z = G2+P2G1 + P2P1 Go+ P2P1P0Cn 

G = G3-+P-3G2Tfi3P2Cij+P:)P2P1 Go 

fi = Pji'2fi1Po 
The "182" can also be used binary 
ALU's in an active LOW or act!H: HIGH 
input operand mode. The connections to 
and from the ALU to the carry look -ahead 
generator are identical in both cases. 

182 

Fig. 1 Pin configuration. 

January 1986 

~''". 1 ,:~~"'" ·- -Io•omoNS ~":~ 
I 

propagation delay! 1 

tpH LI Pn to P c = 1 11 14 

I tPLH ~n to '!_llY output . VL = 5 pF 17 21 

UNIT 

ns 
ns 

PnorGn j vcc 5V 

~~--- j-i~~:n:a:::::c~----j____ ~~ -,--~-.:-,-:-:---
--------1----·---------------E -----j ----+----_, power dissipation t 1 and 2 50 50 pF 
PD capacita_r1(;~_J)"_r~_c;k~~e no _es ---~--~ 

GND = 0 V; Tamb = 25 °C; t, = lf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + i: (CL x Vee' x f0 ) where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
l: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee-· 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT182P: 16-lead DI L; plastic (SOT-38Z). 
PC74HC/HCT182T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 
--------~--------·-----,------------

PIN NO. SYMBOL NAME AND FUNCTION 

3, 1, 14, 5 

4, 2, 15, 6 

7 

8 

Go to G3 

Po to P3 
p 

GND 

carry generate inputs (active LOW) 

carry propagate inputs (active LOW) 

carry propagate output (active LOW) 

ground (0 V) 

9 Cn+z 

ll_ 
G 

11 Cn+y 

12 Cn+x 
13 Cn 

16 J Vee 

I I 
12 11 9 

Fig. 2 Logic symbol. 

function output 

carry generate output (active LOW) 

function output . _J 
function output 

carry input (active HIGH) 

positive supply voltage 
·-

CPG 

CP 

CP3 

G 0-10 
10 

p 0-7 CG 

coo 12 

13 
Cl COl 11 

C02 

7Z93771 

Fig. 3 I EC logic symbol. 

LI Cclh 

-~--~~-~~~~---~ 



Look-ahead carry generator J 
---

p 7 

G lo 

7Z93772 

Fig. 4 Functional diagram. 

Fig. 5 Logic diagram. 

PC74HC/HCT182 

MSI 
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FUNCTION TABLE 

Cn Go Po G1 
x H I H 
L H 1x x L ·X 
H x L 

x x x H 
x H H H 
L H x H 
x x I x L 
x L I x x 
H x L x 

x x x x 
x x x H 
x H H H 
L H x H 

x x x x 
x x x L 
x L x x 
H x L x 

x x 
x x 
x H 
H H 

x x 
x x 
x L 
L x 

I H 
x 
x 
x 
L 

H =HIGH voltage level 
L = LOW voltage level 
X = don't care 

INPUTS 

P1 

H 
x 
x 
x 
L 
L 

x 
H 
x 
x 

x 
x 
L 
L 

x 
x 
H 
x 

x 
x 
x 
L 

x 
H 
x 
x 
L 

400 ''"""" 19861 

OUTPUTS 

Gz P2 G3 P3 Cn+x Cn+y Cn+z G p 

L 
L 
H 
H 

L 
L 
L 
H 
H 
H 

H H L 
H x L 
H x L 
H x L 

L x H 
x L H 
x L H 
x L H 

x x H H H 
H H H x H 
H x H x H 
H x H x H 

x x L x L 
L x x L L 
x L x L L 
x L x L L 

··-4-- -·--

x x H x x H 
H x H 
x H H 
L L L 

-~--- -- ----------' 
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DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
I cc category: MS I 

AC CHARACTERISTICS FOR 74HC 

GND: 0 V; tr: tf: 6 ns; CL: 50 pF 

PC74HC/HCT182 

MSI 

TEST CONDITIONS 

SYMBOL PARAMETER r--------~-----~------ UNIT Vee WAVEFORMS 

propagation delay 
Pn to P 

propagation delay 
Cn to any output 

+25 -40 to +85 -40 to +125 V 

min. typ max. min. max. min. max. 
---r-- t-3() 130-- 165 195 ---t-"_2n-+-

14 26 33 39 ns 4.5 Fig. 6 
11 22 28 33 6.0 

55 170 215 255 2.0 
20 34 43 51 ns 4.5 Fig. 6 
16 29 37 43 6.0 

1-----+-------------t-----t----t----t--- --j---·-j--· _,. -----r-----i---r-----------

pr~agati_on del_<ly 
Pn or Gn to G 

propagation delay 
Pn or Gn to Cn+n 

47 155 195 235 2.0 
17 31 39 47 ns 4.5 
14 26 33 40 6.0 
4l- _1_4_5 __ _,__-+--18--0--+-------22c;+-·- 2.0 

17 29 36 44 ns 4.5 
14 25 31 38 6.0 

Fig. 6 

Fig. 6 

+----+------------+-----+-----+----- - t------j-----j---+-----------; 

19 75 95 110 2.0 
output transition ti me 7 15 19 22 ns 4.5 

6 13 16 19 6.0 
Fig. 6 

~---~---------~--'----'----·---~ -------~--------~------------
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DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (Ll.lcc) for a unit load of 1 is given in the family specifications. 
To determine Ll.lcc per input, multiply this value by the unit load coefficient shown in the table below. 

UNIT LOAD INPUT 
COEFFICIENT 

~o. G1.Po, i'i.fi2 1.50 

§3 - 0.30 
G2, P3, Cn 1.25 

AC CHARACTERISTICS FOR 74HCT 

G ND = 0 V; tr = t f = 6 ns; CL = 50 p F 

SYMBOL PARAMETER 

tPHLi propagatiEn delay 
tPLH Pn to P 

tPHLi propagation delay 
tPLH Cn to any output 

tPHLi propagation delay 
tPLH Pn or Gn toG 

tPHLi propagation delay 
tPLH Pn or Gn to Cn+n 

tTHLi output transition time 
tTLH 

AC WAVEFORMS 

Pn, cn,<3n ~l. INPUT 

~tPHL_.. 
ANY yM(l\ 

OUTPUT 
\_ 

tTHL --- L ... 

+25 

min. typ. max. 

17 31 

25 45 

20 38 

19 34 

7 15 

L,_ 
,.---

j - -- tTLH 

Fig. 6 Waveforms showing the input !Pn, Cn, Gn) to 
any output propagation delays and the output 
transition times. 

Tamb ('C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40 to +85 -40 to +125 v 
min. max. min. max. 

39 47 ns 4.5 Fig. 6 

56 68 ns 4.5 Fig. 6 

48 57 ns 4.5 Fig. 6 

43 51 ns 4.5 Fig. 6 

19 22 ns 4.5 Fig. 6 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee· 
HCT: VM = 1.3 V; V1 = GND to 3 V. 
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PRESETTABLE SYNCHRONOUS BCD DECADE UP/DOWN COUNTER 

FEATURES 

• Synchronous reversible counting 
• Asynchronous parallel load 
• Count enable control for synchronous 

.expansion 
• Single up/down control input 
• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 
The 74HC/HCT190 are high speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JED EC standard no. 7. 

The 74HC/HCT190 are asynchronously 
presettable up/down BCD decade counters. 
They contain four master/slave flip-flops 
with internal gating and steering logic to 
provide asynchronous preset and 
synchronous count-up and count-down 
operation. 

Asynchronous parallel load capability 
permits the counter to be preset to any 
desired number. Information present on 
the parallel data inputs (Do to D3) is 
loaded into the counter and appears on 
the outputs when the parallel load (PL) 
input is LOW. As indicated in the function 
table, this operation overrides the counting 
function. 

Counting is inhibited by a HIGH level on 
the count enable (CE) input. VJhen CE is 
LOW internal state changes are initiated 
synchronously by the LOW-to-HIGH 
transition of the clock input. The up/down 
(U/D) input signal determines the direction 
of countin~ indicated in the function 
table. The CE input may go LOW when the 
clock is in either state, however, the 
LOW-to-HIGH CE transition must occur 
only when the clock is HIGH. Also, the U/D 
~ut should be changed only when either 
CE or CP is H JGH. 

(continued on next page) 

SYMBOL PARAMETER 

tPHLI propagation dela 
tPLH CP to On 

fmax maximum clock f 

~~ 
input capacitance 

power dissipation 
capacitance per 

·-

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

1. CPD is used to determine the dynamic power dissipation (PD in pWi: 

Po= Cpo x Vee' x fi + l.: (CL x Vee' x fol where: 

fj = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supp!y voltage in V 
l: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is VJ= GNO to Vee 
For HCT the condition is V1 = GNO to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT190P: 16-lead OIL; plastic (SOT-38Z). 
PC74HC/HCT190T: 16-lead mini-pack; plastic (S0-16; SOT-109AI 

PIN DESCRIPTION 
------~-----~-~·---~··----- -- ------

PIN NO. 

3,2,6, 7 

4 

5 

8 

11 

SYMBOL NAME AND FUNCTION 

Do to 03 flip-flop outputs 

IT count enable input (active LOW) 

U/0 up/down input 

GNO ground (0 V) 

PL parallel load input !active LOW) 

12 TC terminal count output 

~ 
RC ripple clock output (active LOW) 

4 CP clock input (LOW-to HIGH, edge triggered) 

6 ·-1-, _1_0_, -9-~ ~~~o 03 _ ___J_:::~t:~;;;~~l~v~lt~g~-
-------~----··-- ---~ 

11 15 10 

b 
PL Do o, 

Um RC 13 

4-0 CE 

14 CP TC 12 

a, 01 o, 

~---F-i_g_. _2_L_o_g_'' "m'"' _J l_:"'~'~'~''. """"':_ J 

IF 403 
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14 CP 

Fig. 4 Functional diagram. 

FUNCTION TABLE 
.-----

INPUTS 
OPERATING MODE 

PL 0/D CE CP 

parallel load 
L x x x 
L x x x 

count up H L I t 

count down H H I t 

hold (do nothing) H x H x 

TC AND RC FUNCTION TABLE 

Dn 

L 
H 

x 

x 

x 

INPUTS TERMINAL COUNT STATE 

U/D 

H 
L 
L 
L 
H 
H 

H 
L 

CE CP 

H x 
H 

tl L 
H 
H 
L 

HIGH voltage level 
LOW voltage level 

Oo a, 02 03 

H x x H 
H x x H 
H x x H 
L L L L 
L L L L 
L L L L 

OUTPUTS 

On 

L 
H 

count up 

count down 

no change 

OUTPUTS 

TC RC 

L H 
H H 
"L LJ 
L H 
H H 
"L LJ 

I 
x 

LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 
don't care 

404 

t 
l.J= 
"L = 

LOW-to-HIGH CP transition 
one LOW level pulse 
TC goes LOW on a LOW-to-HIGH CP transition 

''"""' 19861 

GENERAL DESCRIPTION (Cont'd) 

Overflow/underflow indications are 
provided by two types of outputs, the 
terminal count (TC) and ripple clock (RC). 
The TC output is normally LOW and goes 
HIGH when a circuit reaches zero in the 
count-down mode or reaches "9" in the 
count-up-mode. The TC output will 
remain HIGH until a state change occurs, 
either by counting or presetting, or until 
U/D is changed. Do not use the TC output 
as a clock signal because it is subject to 
decoding spikes. The TC ~nal is used 
internally to enable the RC output. When 
TC is HIGH and CE is LOW, the RC output 
follows the clock pulse (CP). This feature 
simplifies the design of multistage 
counters as shown in Figs 5 and 6. 

In Fig. 5, each RC output is used as the 
clock input to the next higher stage. It is 
only necessary to inhibit the first stage to 
prevent counting in all stages, since a 
HIGH on CE inhibits the RC output pulse 
as indicated in the function table. The 
timing skew between state changes in the 
first and last stages is represented by the 
cumulative delay of the clock as it ripples 
through the preceding stages. This can be 
a disadvantage of this configuration in 
some applications. 

Fig. 6 shows a method of causing state 
changes to occur simultaneously in all 
stages. The RC outputs propagate the 
carry/borrow signals in ripple fashion and 
all clock inputs are driven in parallel. 
In this configuration the duration of the 
clock LOW state must be long enough to 
allow the negative-going edge of the 
carry /borrow signal to ripple through to 
the last stage before the clock goes HIGH. 
Since the RC output of any package goes 
HIGH shortly after its CP input goes HIGH 
there is no such restriction on the HIGH­
state duration of the clock. 

In Fig. 7, the configuration shown avoids 
ripple delays and their associated 
restrictions. Combining the TC signals 
from all the preceding stages forms the 
CE input for a given stage. An enable must 
be included in each carry gate in order to 
inhibit counting. The TC output of a given 
stage it not affected by its own CE signal 
therefore the simple inhibit scheme of 
Figs 5 and 6 does not apply. 
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-~~~~~~~~~~ 

DIRECTION 
CONTROL--~---·----~---···---

ENABLE --OGE 

CLOCK 

----L-- --------­
RC I ~CE 

L _____ .. _____ CP 

Fig. 5 N-stage ripple counter using ripple clock. 

~-------------------------------------------·-·------------·-- -----·----·----

DIRECTION 
CONTROl --...------· 

RC 

-~~---- --- -- -

ENABLE --0 CE CE 

CLOCK 
~-----[ ___ GP _______ [_~--

Fig. 6 Synchronous n-stage counter using ripple carry/borrow. 

DIRECTION ______ _ --··-·-··-··-----i- --. ---····--· CONTROL 

ENABLE 

CLOCK 

T- U/D 

4>0----0 CE 

I - ···-------------
--] 010 

CE 

CP ----T(,: ··-

~----+------~--------- -------

Fig. 7 Synchronous n-stage counter with parallel gated carry/borrow 

~--------------------------------------- --------·-··-----------.---·--·-···---
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L---- --- ---- ------
o, 

1- - - - - - - - - - - - - - - - -

o, 
1_ - - - - - - - - - - - - - - - -

D3 
r- - - - - - - - - - - - - - - - -

a, 

a, 

a, 

TC 

RC _ _ _.1 I 

I 1 I a g o 1 2 2 I' 
- 1---- COUNT UP--- INHIBIT-.. 
LOAD 

Fig. 8 Typical load, count and inhibit sequence. 

,, ,, 

Fig. 9 Logic diagram. 

406 January 1986 

Sequence 
Load (preset) to BCD seven; 

count up to eight, nine, zero, 
one and two; 

inhibit; 

count down to one, zero, 
nine, eight and seven. 



Presettable synchronous BCD decade up/down counter 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications. 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH CP to On 

tPHLI propagation delay 
tPLH CP to TC 

tPHLI propagation delay 
tPLH CP to RC 

tPHLI propagation delay 
tPLH CE to RC 

tPHLI propagation delay 
tPLH Dn to On 

tPHLI propagation delay 
tPLH PL to On 

tPHLI propagation delay 
tPLH U/D to TC 

tPHLI propagation delay 
tPLH U/D to RC 

tTHLI output transition time 
tTLH 

tw 
clock pulse width 

HIGH or LOW 

tw 
count enable pulse width 

LOW 

tw 
parallel load pulse width 

LOW 

removal ti me 
trem PL to CP 

+25 

min. typ. 

72 
26 
21 

83 
30 
24 

44 
16 
13 

33 
12 
10 

63 
23 
18 

63 
23 
18 

44 
16 
13 

50 
18 
14 

19 
7 
6 

155 28 
31 10 
26 8 

125 
25 
21 

100 25 
20 9 
17 7 

35 8 
7 3 
6 2 

- -------

Tamb (°C) 

74HC 
UNIT Vee 

-40 to +85 -40to+125 v 
max. min. max. min. max. 

220 275 330 2.0 
44 55 66 ns 4.5 
37 47 56 6.0 

255 320 395 2.0 
51 64 77 ns 4.5 
43 54 65 6.0 

150 190 225 2.0 
30 38 45 ns 4.5 
26 33 38 6.0 

130 165 195 2.0 
26 33 39 ns 4.5 
22 28 33 6.0 

220 275 330 2.0 
44 55 66 ns 4.5 
37 47 56 6.0 

220 275 330 2.0 
44 55 66 ns 4.5 
37 47 56 6.0 

190 240 285 2.0 
38 48 57 ns 4.5 
32 41 48 6.0 

210 265 315 2.0 
42 53 63 ns 4.5 
36 45 54 6.0 

75 95 110 2.0 
15 19 22 ns 4.5 
13 16 19 6.0 

195 235 2.0 
39 47 ns 4.5 
33 40 6.0 

155 190 2.0 
31 38 ns 4.5 
26 32 6.0 

125 150 2.0 
25 30 ns 4.5 
21 26 6.0 

45 55 2.0 
9 11 ns 4.5 
8 9 6.0 

PC7 4HC/HCT190 

MSI 

- - - -- -----

TEST CONDITIONS 
--

WAVEFORMS 

-·-----·--·-

Fig. 10 

--· 

Fig. 10 

------

Fig. 11 

Fig. 11 

Fig. 12 

--

Fig. 13 

Fig. 14 

Fig. 14 

Fig. 15 

Fig. 10 

Fig. 11 

Fig. 15 

··-

Fig. 15 

January 1986 407 
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AC CHARACTERISTICS FOR 74HC (Continued) 

SYMBOL PARAMETER 
+25 

min. typ. 

set-up time 205 61 
tsu U/D to CP 41 22 

35 18 

set-up time 100 19 
tsu Dn to i'C 20 7 

17 6 

set-up time 140 39 
!su C'Eto CP 28 14 

24 11 

hold time 0 -44 
th U/D to CP 0 -16 

0 -13 

hold time 0 -14 
th Dn to PL 0 -5 

0 -4 

hold time 0 -19 
th CE to CP 0 -7 

0 -6 

maximum clock pulse 3.0 8.3 
fmax frequency 15 25 

18 30 

408 J'"""" 19861 

Tamb (°C) TEST CONDITIONS 

74HC 
UNIT Vee WAVEFORMS 

-40to +85 -40to+125 v 
max. min. max. min. max. 

255 310 2.0 
51 62 ns 4.5 Fig. 17 
43 53 6.0 

125 150 2.0 
25 30 ns 4.5 Fig. 16 
21 26 6.0 

175 210 2.0 
35 42 ns 4.5 Fig. 17 
30 36 6.0 

0 0 2.0 
0 0 ns 4.5 Fig. 17 
0 0 6.0 

0 0 2.0 
0 0 ns 4.5 Fig. 16 
0 0 6.0 

0 0 2.0 
0 0 ns 4.5 Fig. 17 
0 0 6.0 

2.4 2.0 2.0 
12 10 MHz 4.5 Fig. 10 
14 12 6.0 



Presettable synchronous BCD decade up/down counter 

DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications. 

Output capability: standard 
Ice category: MSI 

Note to HGT types 

The value of additional quiescent supply current (lllccl for a unit load of 1 is given in the family specifications. 
To determine .6 lcc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 
UNIT LOAD 
COEFFICIENT 

Dn 0.5 
GP 0.65 
0/D 1.15 
CE, PL 1.5 

PC74HC/HCT190 

MSI 

(''"""Y 1986 409 
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AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH CP to On 

tPHLI propagation delay 
tPLH CP to TC 

tPHLI propagation delay 
tPLH CP to RC 

tPHLI propagation delay 
tPLH CE to RC 

tPHLI propagation delay 
tPLH Dn to On 

tPHLI propagation delay 
tPLH PL to On 

tPHLI propagation delay 
tPLH U/Dto TC 

tPHLI propagation delay 
tPLH U/D to RC 

tTHLI output transition time 
tTLH 

tw 
clock pulse width 

HIGH or LOW 

tw 
count enable pulse width 

LOW 

tw 
parallel load pulse width 

LOW 

removal ti me 
trem PC to CP 

!su 
set-up time 
0/D to CP 

tsu 
set-up time 

Dn to PL 

tsu 
set-up time 

CE to CP 

th 
hold time 

U/D to CP 

hold time 
th Dn to PL 

hold time 
th CE to CP 

fmax 
maximum clock pulse 

frequency 

410 ''""'"' 19861 

+25 

min. typ. max. 

28 48 

34 58 

20 35 

18 33 

24 44 

29 49 

24 45 

26 45 

7 15 

31 10 

25 

22 12 

7 1 

42 25 

20 10 

31 18 

0 -18 

0 -6 

0 -10 

16 27 

Tamb (oe) TEST CONDITIONS 

74HeT 
UNIT Vee WAVEFORMS 

-40to +85 -40to+125 v 
min. max. min. max. 

60 72 ns 4.5 Fig. 10 

73 87 ns 4.5 Fig. 10 

44 53 ns 4.5 Fig. 11 

41 50 ns 4.5 Fig. 11 

55 66 ns 4.5 Fig. 12 

61 74 ns 4.5 Fig. 13 

56 68 ns 4.5 ·Fig. 14 

56 68 ns 4.5 Fig. 14 

19 22 ns 4.5 Fig. 15 

39 47 ns 4.5 Fig. 10 

31 38 ns 4.5 Fig. 11 

28 33 ns 4.5 Fig. 15 

9 11 ns 4.5 Fig. 15 

53 63 ns 4.5 Fig. 17 

25 30 ns 4.5 Fig. 16 

39 47 ns 4.5 Fig. 17 

0 0 ns 4.5 Fig. 17 

0 0 ns 4.5 Fig. 16 

0 0 ns 4.5 Fig. 17 

13 11 MHz 4.5 Fig. 10 



Presettable synchronous BCD decade up/down counter 

AC WAVEFORMS 

CP INPUT 

Fig. 1 O Waveforms showing the clock (CP) to 
output I On I propagation delays, the clock pulse 
width and the maximum clock pulse frequency. 

on INPUT 

On OUTPUT 

Fig. 12 Waveforms showing the input (Dnl to 
output IOnl propagation delays. 

Uto INPUT 

TC OUTPUT 

RC OUTPUT 

- 'PH'f ~itPLH 1(--
tMll I t 
~------~ 7Z93728 

Fig. 14 Waveforms showing the up/down count 
input (0/D) to terminal count and ripple clock 
output (TC, RC) propagation delays. 

PC74HC/HCT190 

MSI 

CP, CE 
INPUT 

RC 

OUTPUT 

Fig. 11 Waveforms showing the clock and count 
enable inputs ICP, CE) to ripple clock output 
I RC) propagation delays and the CE pulse width. 

\.____ 

on OUTPUT 

~v ' - 'PHL --'L. 
tyMl'I -____ ___, 

Fig. 13 Waveforms showing the input (Pl) to 
output (On) propagation delays. 

PL INPUT 

--'w-

CP INPUT 

on OUTPUT 

7Z93734 

Fig. 15 Waveforms showing the parallel load 
input (Pl) pulse width, removal time to clock 
(CPI and the output IOnl transition times. 
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412 

AC WAVEFORMS (Continued) 

Dn INPUT 

Pl INPUT 

On OUTPUT 

Fig. 16 Waveforms showing the set-up and hold 
times from the parallel load input (PL) to the 
data input (Dnl· 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee· 
HCT: VM=1.3V;V1=GNDto3V. 

''"""" 19861 

CP INPUT 

CE, U10 
INPUT 

CE, Uto 
INPUT 

Fig. 17 Waveforms showing the set-up and hold 
times from the count enable and up/down inputs 
(CE, 0/D) to the clock (CP). 

Note to Figs 16 and 17 

The shaded areas indicate when the input is permitted 
to change for predictable output performance. 
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PRESETTABLE SYNCHRONOUS 4-BIT UP/DOWN COUNTER 

FEATURES 

• Synchronous reversible counting 
• Asynchronous parallel load 
• Count enable control for synchronous 

expansion 
• Single up/down control input 
• Output capability: standard 
• lcc category: MSI 

GENERAL DESCRIPTION 
The 74HC/HCT191 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT191 are asynchronously 
presettable 4-bit binary up/down counters. 
They contain four master/slave flip-flops 
with internal gating and steering logic to 
provide asynchronous preset and 
synchronous count-up and count-down 
operation. 

Asynchronous parallel load capability 
permits the counter to be preset to any 
desired number. Information present on 
the parallel data inputs (Do to D3) is 
loaded into the counter and appears on 
the outputs when the parallel load (PL) 
input is LOW. As indicated in the function 
table, this operation overrides the counting 
function. 

Counting is inhibited by a HIGH level on 
the count enable (CE) input. When CE is 
LOW internal state changes are initiated 
synchronously by the LOW-to-HIGH 
·transition of the clock input. The up/down 
(0/D) input signal determines the direction 
of counting as indicated in the function 
table. The CE input may go LOW when the 
clock is in either state, however, the 
LOW-to-HIGH CE transition must occur 
only when the clock is HIGH_ Also, the U/D 
input should be changed only when either 
CE or CP is HIGH_ 

(continued on next page) 

Vee 

Do 

RC 
191 

TC 

o, 

7Z93710 

Fig. 1 Pin configuration. 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH CP to On 

fmax maximum clock frequency 

C1 input capacitance 

Cpo 
power dissipation 

capacitance per package 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

TYPICAL 
CONDITIONS 

HC HCT 

CL= 15 pF 22 22 

Vee= 5 v 
36 36 

3.5 3.5 

notes 1 and 2 31 33 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + ~ (CL x Vee' x fol where: 

UNIT 

ns 

MHz 

pF 

pF 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz , Vee = supply voltage in V 
:l; (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee -1-5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT191 P: 16-lead DI L; plastic (SOT-38Z). 
PC74HC/HCT191T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

3, 2, 6, 7 Goto 03 flip-flop outputs 

4 cr count enable input (active LOW) 

5 U/D up/down input 

8 GND ground (0 V) 

11 PI parallel load input (active LOW) 

12 TC terminal count output 

13 RC ripple clock output (active LOW) 

14 CP clock input (LOW-to-HIGH, edge triggered) 

15, 1, 10, 9 Do to D3 data inputs 

16 Vee positive supply voltage 

CTA4 

11 15 10 

b 
PL Do o, o, D3 

U;o RC 13 

4--0 CE 

14 CP TC 12 

On a, a, 03 

7Z93713 

7Z93716 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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14 CP 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS 
OPERATING MODE 

PL U/D EE" CP 

parallel load L x x x 
L x x x 

count up H L I t 

count down H H I t 

hold (do nothing) H x H x 

TC AND RC FUNCTION TABLE 

D 

L 
H 

x 

x 

x 

INPUTS TERMINAL COUNT STATE 

U/D 

H 
L 
L 
L 
H 
H 

H 
L 

CE CP 

H x 
H x 
L LJ 
H x 
H x 
L LJ 

HIGH voltage level 
LOW voltage level 

<lo a, 02 03 

H H H H 
H H H H 
H H H H 
L L L L 
L L L L 
L L L L 

OUTPUTS 

n On 

L 
H 

count up 

count down 

no change 

OUTPUTS 

TC RC 

L H 
H H 
I.... LJ 
L H 
H H 
I.... LJ 

I 
x 

LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 
don't care 

414 

t 
LI'= 
I.... = 

LOW-to-HIGH CP transition 
one LOW level pulse 
TC goes LOW on a LOW-to-HIGH CP transition 

J'"""" 1 ... , 

GENERAL DESCRIPTION (Cont'd) 

Overflow/underflow indications are 
provided by two types of outputs, the 
terminal count (TC) and ripple clock (RC). 
The TC output is normally LOW and goes 
HIGH when a circuit reaches zero in the 
count-down mode or reaches "15" in the 
count-up-mode. The TC output will 
remain HIGH until a state change occurs, 
either by counting or presetting, or until 
U/D is changed. Do not use the TC output 
as a clock signal because it is subject to 
decoding spikes. The TC~nal is used 
internally to enable the RC output. When 
TC is HIGH and CE is LOW, the RC output 
follows the clock pulse (CP). This feature 
simplifies the design of multistage 
counters as shown in Figs 5 and 6. 

In Fig. 5, each RC output is used as the 
clock input to the next higher stage. It is 
only necessary to inhibit the first stage to 
prevent counting in all sta~. since a 
HIGH on CE inhibits the RC output pulse 
as indicated in the function table. The 
timing skew between state changes in the 
first and last stages is represented by the 
cumulative delay of the clock as it ri'pples 
through the preceding stages. This can be 
a disadvantage of this configuration in 
some applications. 

Fig. 6 shows a method of causing state 
changes to occur simultaneously in all 
stages. The RC outputs propagate the 
carry/borrow signals in ripple fashion and 
all clock inputs are driven in parallel. 
In this configuration the duration of the 
clock LOW state must be long enough to 
al low the negative-going edge of the 
carry/borrow signal to ripple through to 
the last stage before the clock goes HIGH. 
Since the RC output of any package goes 
HIGH shortly after its CP input goes HIGH 
there is no such restriction on the HIGH­
state duration of the clock. 

In Fig. 7, the configuration shown avoids 
ripple delays and their associated 
restrictions. Combining the TC signals 
from all the preceding stages forms the 
CE input for a given stage. An enable must 
be included in each carry gate in order to 
inhibit counting. The TC output of a given 
stage it not affected by its own CE signal 
therefore the simple inhibit scheme of 
Figs 5 and 6 does not apply. 



Presettable synchronous 4-bit binary up/down counter 

DIRECTION,___..-_________ _,,__ _________ --,. _______ _ 
CONTROL 

CLOCK 

Fig. 5 N-stage ripple counter using ripple clock. 

~~~~:~~N'--...----------_,r------------..--------

CE 

CLOCK 

PC74HC/HCT191 

MSI 

7Z93996 

Fig. 6 Synchronous n-stage counter using ripple carry/borrow. 

DIRECTION,__ ____ -.-----------..-----------~------
CONTROL 

ENABLE --.-----+-------r---+-------r----t-------

CLOCK 
7Z93997 

Fig. 7 Synchronous n-stage counter with parallel gated carry/borrow. 
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Do 

o, 
o, 

03 

CP 

U10 

CE 

a, 

a, 

a, 

a, 
-- _J 

I 
TC 

-- -, 

Rc: 
---' 

I~ 
LOAD 

L---- ------- ------

1-- ---------------

,_ - - - - - - - - - - - - - - - -

Fig. 8 Typical load, count and inhibit sequence. 

Fig. 9 Logic diagram. 

416 J'"""Y 19861 

Sequence 

Load (preset) to binary thirteen; 

count up to fourteen, fifteen, 
ze:o, one and two; 

inhibit; 

count down to one, zero, fifteen, 
fourteen and thirteen. 



Presettable synchronous 4-bit binary up/down counter 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications. 

Output capability: staGdard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 
------~-----------

SYMBOL PARAMETER 

---------1 --·· ·-·---- -- ·--·--

tPHLi propagation delay 
tPLH CP to On 

tPHLi propagation delay 
tPLH CP to TC 

tPHLi propagation delay 
tPLH CP to RC 

tPHLi propagation delay 
tPLH CE to RC 

tPHLi propagation delay 
tPLH Dn to On 

tPHLi propagation delay 
lPLH PL to On 

tPHLi 
I 

propagation delay 
tPLH U/D to TC 

1 
tPHLi l p~pagati~ delay 
tPLH U/D to RC 

tTHLi ! 
output transition time 

tTLH 

clock pulse width 
tw HIGH or LOW 

count enable pulse width 
tw LOW 

r-----
parallel load pulse width 

tw LOW 

!------r-----
removal time 

trem PL to CP 
____ __J ______ 

+25 

min. typ. 

72 
26 
21 

83 
30 
24 

47 
17 
14 

33 
12 
10 

47 
17 
14 

61 
22 
18 

44 
16 
13 

50 
18 
14 

19 
7 
6 

130 28 
26 10 
22 8 

125 
25 
21 

100 22 
20 8 
17 6 

35 8 
7 3 
6 2 

--~-

Tamb (oC) 

74HC 
UNIT 

-40 to +85 -40to+125 

max. min. max. min. max. 

220 275 330 
44 55 66 ns 
37 47 56 

255 320 395 
51 64 77 ns 
43 54 65 

150 190 225 
30 38 45 ns 
26 33 38 

130 165 195 
26 33 39 ns 
22 28 33 

220 275 330 
44 55 66 ns 
37 47 56 

220 275 330 
44 55 66 ns 
37 47 56 

190 240 285 
38 48 57 ns 
32 41 48 

210 265 315 
42 53 63 ns 
36 45 54 

75 95 110 
15 19 22 ns 
13 16 19 

165 195 
33 39 ns 
28 33 

155 190 
31 38 ns 
26 32 

125 150 
25 30 ns 
21 26 

45 55 
9 11 ns 
8 9 

Vee 
v 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

PC74HC/HCT191 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 10 

Fig. 10 

Fig. 11 

Fig. 11 

Fig. 12 

Fig. 13 

Fig. 14 

Fig. 14 

Fig. 15 

Fig. 10 

Fig. 11 

Fig. 15 

Fig. 15 

January 1986 417 



PC74HC/HCT191 

MSI 

AC CHARACTERISTICS FOR 74HC (Continued) 

SYMBOL PARAMETER 
+25 

min. typ. 

set-up time 205 50 
tsu 0/D to CP 41 18 

35 14 

set-up time 100 19 
tsu Dn to PL 20 7 

17 6 

set-up time 140 44 
tsu CE to CP 28 16 

24 13 

hold time 0 -39 
th U/D to CP 0 -14 

0 -11 

hold time 0 -11 
th Dn to PL 0 -4 

0 -3 

hold time 0 -28 
th CE to CP 0 -10 

0 -8 

maximum clock pulse 4.0 11 
fmax frequency 20 33 

24 39 

418 January 1986 

Tamb (oC) TEST CONDITIONS 

74HC 
UNIT Vee WAVEFORMS 

-40to +B5 -40to+125 v 

max. min. max. min. max. 

255 310 2.0 
51 62 ns 4.5 Fig. 17 
43 53 6.0 

125 150 2.0 
25 30 ns 4.5 Fig. 16 
21 26 6.0 

175 210 2.0 
35 42 ns 4.5 Fig. 17 
30 36 6.0 

0 0 2.0 
0 0 ns 4.5 Fig. 17 
0 0 6.0 

0 0 2.0 
0 0 ns 4.5 Fig. 16 
0 0 6.0 

0 0 2.0 
0 0 ns 4.5 Fig. 17 
0 0 6.0 

3.2 2.6 2.0 
16 13 MHz 4.5 Fig. 10 
19 15 6.0 



Presettable synchronous 4-bit binary up/down counter 

DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications. 

Output capability: standard 
I CC category: MSI 

Note to HCT types 

The value of additional quiescent supply current ILi lccl for a unit load of 1 is given in the family specifications. 
To determine LI Ice per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 
UNIT LOAD 
COEFFICIENT 

Dn 0.5 
CP 0.65 
0/D 1.15 
CE, PL 1.5 

PC74HC/HCT191 

MSI 

(J'"""V 1986 
419 
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AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

,-----,-----------,-----------------------~---.-----------1 T amb (°C) TEST CONDITIONS 
>-----------------~ 

74HCT 
SYMBOL PARAMETER <-------~----,----- UNIT Vee WAVEFORMS 

+25 -40to+85 -40to+125 v 1 

min. typ. max. min. max. min. max. 

tpH LI propagation delay 
tPLH CP to On 

Fig. 10 26 48 60 72 4.5 ns 

1 t1--P~H~L1--l--+-p-ro_p_a_ga_t-io_n_d_e_la-y----+---+-3-2--+-5-1-+---r-6-4--r---,-77--r-ns---t-4-._5 I Fig._1_0 _____ __, ~tPLH CP to TC j-
tPHLI propagation delay 19 35 44 53 ns 4.5 Fig. 11 
tPLH CP to RC 

tpH LI propagation delay 19 33 41 50 ns 4.5 Fig. 11 

1--1--tpl--L~H'---+--C_E_t_o_R_c ______ t---+---+----t--r---·-t---r-----i---1--- --t-------------···~ 
tPHLI ·propagation delay 20 44 55 66 ns 4.5 Fig. 12 
tPLH Dn to On 

r-----t-------------t---r---r---i-----,---t------+--+----r---r----------j 
tPHLI propagation delay 27 46 58 69 ns 4.5 Fig. 13 
tPLH PL to On 

1------+-----------+----+---t-----t---i------r------i-------i------+---f----------
tpH LI propagation delay 23 45 56 68 ns 4.5 Fig. 14 
tPLH UID to TC 

1-----+-----------------j--i---- ------j-----+----+-----+---------1---~--------~ 

tPHLI propagation delay 24 45 56 68 ns 4.5 Fig. 14 
tPLH UID to RC 

19 22 ns 4.5 Fig. 15 tTHLI output transition time 

1---tT_l __ H __ +-----------t---+--T-----+---t----t-----r----i-----+----i---------, 
ns 4.5 j Fig. 10 

7 15 

clock pulse width 
HIGH or LOW 

26 9 33 39 I tw 
1-----+----------------+----+---+----+---+-----+-----+---

tw 

tw 

count enable pulse width 25 
LOW 

parallel load pulse width 
LOW 

22 

31 38 

11 28 33 

---1 --~--------------j 

ns 4.5 Fig. 11 

ns 4.5 Fig. 15 

removal time 7 1 g 4.5 Fig. 15 
PL to CP 

t----t-1--1·-+----+--n-s --+----+-----------

I-----+-----------+---·-+---+-----+--+---+- --+-----+--+---·-----~ 

tsu 
I set-up time 

DID to CP 41 20 51 62 ns 4.5 Fig. 17 

1-----1-----------+--+--+---+---t----t---t------t---t---r-----------­
set -up time 

D0 to PL 
20 9 25 30 ns 4.5 Fig. 16 

set-up time 47 
CE to CP 

l-----+-----------+---+---t----t--t-------1------t---+----+--·-+-----------~ 

31 18 39 ns 4.5 Fig. 17 

hold time 
UID to CP 

hold time 
th Dn to PL 

0 

0 

-18 0 

-5 0 

0 ns 4.5 Fig. 17 

0 ns 4.5 Fig. 16 

r---------i-----~----------1---1----1-----+---+---+-----t----+------+----I-··-·----------; 

holdtime o -10 O 0 
th CE to CP 

ns 4.5 Fig. 17 

i--------r-·-·----------+--+--+----t--t---t--t---1---t---1---------~ 
maximum clock pulse 20 33 l6 13 

frequency fmax MHz Fig. 10 4.5 
L._ _____ .L.._ ___________ L--+---+---~-~~---~--1-----+----+----~--------
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Presettable synchronous 4-bit binary up/down counter 

AC WAVEFORMS 

CP INPUT 

Ow TC 

OUTPUTS 

111max---

Fig. 10 Waveforms showing the clock (CPI to 
output (Onl propagation delays, the clock pulse 
width and the maximum clock pulse frequency. 

Fig. 12 Waveforms showing the input Wnl to 
output IOnl propagation delays. 

li/D INPUT 

TC OUTPUT 

RC OUTPUT 

Fig. 14 Waveforms showing the up/down count 
input (O/DI to terminal count and ripple clock 
output (TC, RC) propagation delays. 

CP,CE 
INPUT 

RC 
OUTPUT 

PC74HC/HCT191 

MSI 

Fig. 11 Waveforms showing the clock and count 
enable inputs (CP, CE) to ripple clock output 
(RC) propagation delays and the CE pulse width. 

\,_____ 

on OUTPUT 

Fig. 13 Waveforms showing the input (PL) to 
output (Onl propagation delays. 

CP INPUT 

-·"1 VM(1J 

tTHL -- _... I ... on OUTPUT 

Fig. 15 Waveforms showing the parallel load 
input (Pl) pulse width, removal time to clock 
(CPI and the output IOnl transition times. 
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AC WAVEFORMS (Continued) 

on INPUT 

PL INPUT 

on OUTPUT 

Fig. 16 Waveforms showing the set-up and 1,: .• id 
times from the parallel load input (Pl) to the 
data input 1Dn1-

Note to AC waveforms 

(1) HC : VM = 50%; V1 = GND to Vcc­
HCT: VM = 1.3V;V1 =GNDto3V. 

January 1986 

GP INPUT 

CE, Um 
INPUT 

CE, U;o 
INPUT 

7Z93731 

Fig. 17 Waveforms showing the set-up and hold 
times from the count enable and up/down inputs 
ICE, U/D) to the clock (CPI. 

Note to Figs 16 and 17 

The shaded areas indicate when the input is permitted 
to change for predictable output performance. 



DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
PC74HC/HCT192 

MSI 

PRESETTABLE SYNCHRONOUS BCD DECADE UP/DOWN COUNTER 

FEATURES 

• Synchronous reversible counting 
• Asynchronous parallel load 
• Asynchronous reset 
• Expandable without external logic 
• Output capability: standard 
• lcc category: MSI 

GENERAL DESCRIPTION 
The 74HC/HCT192 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL {LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT192 are synchronous 
BCD up/down counters. 
Separate up/down clocks, CPu and 
CPo respectively, simplify operation. 
The outputs change state synchronously 
with the LOW-to-HIGH transition of 
either clock input. If the CPu clock is 
pulsed while CPD is held HIGH, the 
device will count up. If the CPo clock is 
pulsed while CPu is held HIGH, the 
device will count down. Only one clock 
input can be held HIGH at any time, or 
erroneous operation will result. The 
device can be cleared at any time by the 
asynchronous master reset input (MR); 
it may also be loaded in parallel by 
activat~ the asynchronous parallel load 
input (PL). 

The "192" contains four master-slave JK 
flip-flops with the necessary steering logic 
to provide the asynchronous reset, load, 
and synchronous count up and count 
down functions. 

Each flip-flop contains JK feedback from 
slave to master. such that a LOW-to-HIGH 
transition on the CPD input will decrease 
the count by one, while a similar transition 
on the CPu input will advance the count 
by one. 

(continued on next page) 

192 

7293711 

Fig. 1 Pin configuration. 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH CPo. CPu to On 

fmax maximum clock frequency 

C1 input capacitance 

CpD 
power dissipation 

capacitance per package 

GND = 0 V; T amb = 25 °C; tr= tf = 6 ns 
Notes 

TYPICAL 
CONDITIONS 

HC HCT 

CL= 15 pF 
19 19 

Vee= 5 v 
40 40 

3.5 3.5 

notes 1 and 2 42 35 

1. CpD is used to determine the dynamic power dissipation {Po in µ.W): 

Po= CPD x Vee' x Ii+ L {CL x Vee' x f0 ) where: 

UNIT 

ns 

MHz 

pF 

pF 

fi = input frequency in MHz CL output load capacitance in pF 
10 = output frequency in MHz Vee- = supply voltage in V 
~(CL x Vee' x 10 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT192P: 16-lead DI L; plastic (SOT-38Z). 
PC74HC/HCT192T: 16-lead mini-pack; plastic {S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

3, 2, 6, 7 Goto 03 flip-flop outputs 

4 CPD count down clock input* 

5 CPu count up clock input* 

8 GND ground (0 V) 

11 PL asynchronous parallel load input {active LOW) 

12 TCu terminal count up {carry) output (active LOW) 

13 TCo terminal count down {borrow) output (active 
LOW) 

14 MR asynchronous master reset input (active HIGH) 

15, 1, 10, 9 Do to D3 data inputs 

16 Vee positive supply voltage 

*LOW-to-HIGH, edge triggered 

11 15 10 

b 
PL Do 01 o, 03 

CPu TCu 0-12 

CPo TCo 13 

MR Do 01 o, 03 

14 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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GENERAL DESCRIPTION (Cont'd) 
One clock should be held HIGH while coun­
ting with the other, otherwise the circuit 
will either count by two's or not at all, 
depending on the state of the first flip-flop, 
which cannot toggle as long as either clock 
input is LOW. Applications requiring 
reversible operation must make the 
reversing decision while the activating clock 
is HIGH to avoid erroneous counts. 

The terminal count up (TCu) and terminal 
count down (TCD) outputs are normally 
HIGH. When the circuit has reached the 
maximum count state of 9, the next HIGH­
to-LOW transition of CPu will cause TCu 
to go LOW. 
TCu will stay LOW until CPu goes HIGH 
again, duplicating the count up clock. 

Likewise, the TCD output will go LOW 
when the circuit is in the zero state and 
the CPD goes LOW. The terminal count 
outputs can be used as the clock input 
signals to the next higher order circuit in a 

FUNCTION TABLE 

OPERATING MODE 

reset (clear) 

parallel load 

count up 

count down 

H =HIGH voltage level 
L = LOW voltage level 
X = don't care 
t =LOW-to-HIGH clock transition 

14 MR 

MR 

H 
H 

L 
L 
L 
L 

L 

L 

PL 

x 
x 

L 
L 
L 
L 

H 

H 

Fig. 4 Functional diagram. 
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multistage counter, since they duplicate 
the clock waveforms. Multistage counters 
will not be fully synchronous, since there 
is a slight delay time difference added for 
each stage that is added. 

The counter may be preset by the 
asynchronous parallel load capability of 
the circuit. Information present on the 
parallel data inputs (Do to D3) is loaded 
into the counter and appears on the 
outputs (Oo to 03) regardless of the 
conditions of the clock inputs when the 
parallel load (Pl) input is LOW. A HIGH 
level on the master reset (MR) input will 
disable the parallel load gates, override 
both clock inputs and set all outputs 
(Oo to 03) LOW. If one of the clock 
inputs is LOW during and after a reset or 
load operation, the next LOW-to-HIGH 
transition of that clock will be interpreted 
as a legitimate signal and will be counted. 

INPUTS 

CPu CPD Do D1 D2 03 

x L .X x x x 
x H x x x x 

x L L L L L 
x H L L L L 
L x H x x H 
H x H x x H 

t H x x x x 

H t x x x x 

Oo 
L 
L 

L 
L 

* iCu = CPu at terminal count up (HLLH) 
** TCD =CPD at terminal count down ( LLLL) 

OUTPUTS 

a, 02 03 TCu TCo 

L L L H L 
L L L H H 

L L L H L 
L L L H H 
On= Dn L H 
On= Dn H H 

count up H* H 

count down H H** 



c:i: 
I-
c:i: 
0 
I-z 
w 
:!: 
c.. 
0 
..J 
w 
> w 
0 

Presettable synchronous BCD decade up/down counter PC74HC/HCT192 

MSI 

~---------------------------------------------------~ 

MR(ll 

PL 

Do 

a, 

a, 

03 

CPul2) 

CPol2J 

Do 

a, 

a, 

03 

TCu 

Tco 

0 17 --CLEAR PRESET 

"' 

--- COUNT UP -------
I 1 0 9 8 7 

--- COUNT DOWN--"..- 7Z93721 

Fig. 5 Typical clear, load and count sequence. 

Fig. 6 Logic diagram. 

( 1) Clear overrides load, data and 
count inputs. 

(2) When counting up the count down 
clock input (CPol must be HIGH, 
when counting down the count up 
clock input (CPul must be HIGH. 

Sequence 

Clear (reset outputs to zero); 

load (preset) to BCD seven; 

count up to eight, nine, 
terminal count up, zero, 
one and two; 

count down to one, zero, 
terminal count down, nine, 
eight, and seven. 
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DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications. 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= If= 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHL/ propagation delay 
tPLH CPu, CPo to Q0 

tPHL/ propagation delay 
lPLH . CPu to TCu 

tPHL/ propagation delay 
lPLH CPo to TCo 

lPHL/ propagation delay 
lPLH PL to Qn 

propagation delay 
lPHL MR to Qn 

tTHLI output transition time 
tTLH 

up, down clock pulse width 
tw HIGH or LOW 

master reset pulse width 
tw HIGH 

parallel load pulse width 
tw LOW 

removal time 
lrem PC to CPu, CPo 

I 
removal time 

trem MR to CPu, CPo 

set-up time 
lsu Dn to PC 

hold time 
th Dn to PC 

maximum up, down clock 
fmax pulse frequency 

426 January 1986 

+25 

min. typ. max. 

215 
43 
37 

125 
25 
21 

125 
25 
21 

215 
43 
37 

200 
40 
34 

75 
15 
13 

125 
25 
21 

120 
24 
20 

100 
20 
17 

50 
10 
9 

50 
10 
9 

100 
20 
17 

0 
0 
0 

100 
20 
17 

Tamb (°C) 

74HC 
UNIT Vee 

-40 to +85 -40to+125 v 
min. max. min. max. 

270 325 2.0 
54 65 ns 4.5 
46 55 6.0 

155 190 2.0 
31 38 ns 4.5 
26 32 6.0 

155 190 2.0 
31 38 ns 4.5 
26 32 6.0 

270 325 2.0 
54 65 ns 4.5 
46 55 6.0 

250 300 2.0 
50 60 ns 4.5 
43 51 6.0 

95 110 2.0 
19 22 ns 4.5 
16 19 6.0 

155 190 2.0 
31 38 ns 4.5 
26 32 6.0 

150 180 2.0 
30 36 ns 4.5 
26 31 6.0 

125 150 2.0 
25 30 ns 4.5 
21 26 6.0 

65 75 2.0 
13 15 ns 4.5 
11 13 6.0 

65 75 2.0 
13 15 ns 4.5 
11 13 6.0 

125 150 2.0 
25 30 ns 4.5 
21 26 6.0 

0 0 2.0 
0 0 ns 4.5 
0 0 6.0 

125 150 2.0 
25 30 MHz 4.5 
21 26 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 7 

Fig. 8 

Fig. 8 

Fig. 9 

Fig. 10 

Fig. 10 

Fig. 7 

Fig. 10 

Fig. 9 

Fig. 9 

Fig. 10 

Fig. 11 

Fig. 11 

Fig. 7 
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Presettable synchronous BCD decade up/down counter 

DC CHARACTERISTICS FOR 74HCT 

PC74HC/HCT192 

MSI 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications. 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (6 lccl for a unit load of 1 is given in the family specifications. 
To determine t:.lcc per input, multiply this value by the unit load coefficient shown in the table below. ----INPUT UNIT LOAD 

COEFFICIENT 

Dn 0.35 

~U· CPD 1.40 
PL 0.65 
MR 1.05 

AC CHARACTERISTICS FOR 74HCT 

GND =O V:tr=tf=6 ns;CL = 50pF 

SYMBOL PARAMETER 

propagation delay 
CPu, CPD to On 

propagation delay 
CPu to TCu 

propagation delay 
CPD to TCD 

propagation delay 
PC to On 

propagation delay 
MR to On 

output transition time 

Tamb (oC) 

74HCT 

+25 -40 to +85 -40 to + 125 

min. typ. max. min. max. min. max. 

43 54 65 ns 

30 38 45 

30 38 45 ns 

44 55 66 ns 

40 50 60 ns 

15 19 22 ns 

tw up, down clock pulse width 25 31 
HIGH or LOW 38 ns 

fEST CONDITIONS 
!-------------~ 

Vee 
v 

4.b 

4.5 

4.5 

4.5 

4.5 

4.5 

4.5 

WAVEFORMS 

Fig. 7 

Fig. 8 

Fig. 8 

Fig. 9 

Fig. 10 

Fig. 10 

Fig. 7 

1-----t-----------t----1---1----t---1- ·--< --t---+----+---t-------- ----1 

tw master reset pulse width 
HIGH 

24 30 36 ns 4.5 Fig. 10 

1------+-------------1--r----+---+--·-+---t----+---+-----+---+-----------< 

tw 

trem 

fmax 

parallel load pulse width 
LOW 

removal time 
PC to CPu, CPD 

removal time 
MR to CPu, CPD 

set-up time 
Dn to PC 

hold time 
D11 to PC 

20 25 

10 13 

10 13 

20 25 

0 0 

20 25 

30 ns 4.5 Fig. 9 

15 ns 4.5 Fig. 9 

15 ns 4.5 Fig. 10 

30 ns 4.5 Fig. 11 

0 ns 4.5 Fig. 11 

30 MHz 4.5 Fig. 7 maximum up, down clock 
pulse frequency 

~----'------------'---'----'-----'~--'---'---'-----'----'---~--------____j 
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AC WAVEFORMS 

CPu, CPo 
INPUT 

on OUTPUT 

---- tw --'PHL\I -'PLH-1r--
\vM111 / 
'-~~~~~~--' 

7Z93735 

Fig. 7 Waveforms showing the clock (ePu, ePo) to 
output (On) propagation delays, the clock pulse width 
and the maximum clock pulse frequency. 

Pl INPUT 

CPu, CPo 
INPUT 

On OUTPUT 

\._______ 

7Z93732 

Fig. 9 Waveforms showing the parallel load input (Pl) 
to On output propagation delays and removal time to 
clock input (ePu, ePo). 

Dn INPUl 

Pl INPUT 

an OUTPUT 

7Z93730 

Fig. 11 Waveforms ~owing the data input (On) to 
parallel load input (PL) set-up and hold times. 

January 1986 

CPu, CPo 

INPUT 

Fig. 8 Waveforms showing the clock (ePu. ePo) to 
terminal count output (Teu, Teo) propagation delays. 

MR INPUT vMn1 

--' ~ 
------1w-

-trern-+ 

CPu, CPo 
yM(1) 

INPUT 

"'"' ~ 

£ an OUTPUT vMlll 

7Z93733 -- -- trHL 

Fig. 10 Waveforms showing the master reset input 
(MR) pulse width, MR to On propagation delays, MR 
to ePu, ePo removal time and output transition times. 

Note to Fig. 11 

The shaded areas indicate when the input is permitted 
to change for predictable output performance. 

Note to AC waveforms 

(1) He : VM = 50%; Vi= GND to Vee· 
HeT: VM = 1.3 V; V1 = GND to 3 V. 



DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. JL PC74HC/HCT193 
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PRESETTABLE SYNCHRONOUS 4-BIT BINARY UP/DOWN COUNTER 

FEATURES 

• Synchronous reversible 4-bit binary 
counting 

• Asynchronous parallel load 
• Asynchronous reset 
• Expandable without external logic 
• Output capability: standard 
• lcc category: MSI 

GENERAL DESCRIPTION 
The 74HC/HCT193 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JED EC standard no. 7. 

The 74HC/HCT193 are 4-bit 
synchronous binary up/down counters. 
Separate up/down clocks, CPu and 
CPo respectively, simplify operation. 
The outputs change state synchronously 
with the LOW-to-HIGH transition of 
either clock input. If the CPu clock is 
pulsed while CPo is held HIGH, the 
device will count up. If the CPo clock is 
pulsed while CPu is held HIGH, the 
device will count down. Only one clock 
input can be held HIGH at any time, or 
erroneous operation will result. The 
device can be cleared at any time by the 
asynchronous master reset input (MR); 
it may also be loaded in parallel by 
activat~ the asynchronous parallel load 
input (PL). 

The "193" contains four master-slave JK 
flip-flops with the necessary steering logic 
to provide the asynchronous reset, load, 
and synchronous count up and count 
down functions. 

Each flip-flop contains JK feedback from 
slave to master, such that a LOW-to-HIGH 
transition on the CPo input will decrease 
the count by one, while a similar transition 
on the ePu input will advance the count 
by one. 

(continued on next page) 

193 

7Z93712 

Fig. 1 Pin configuration. 

~---------·-----

SYMBOL PARAMETER 

propagation delay 
CPo, CPu to On 

OO•DmDN' 12y~; ru:;; 
J11:; 1-:1 ;, 

maximum clock frequency 

CL~ 15 pF 
Vee ~5 v 

3 ~- 1 -~~--

IC~' --~'"PU~~~'!ance __ --r- 1 ___ 13:,_1 ____ ] 
e power disS1pation notes 1 an_d 2_ . 4: 35 _PF_ 

PD capacitance per package _ __ 

GND ~ 0 V;Tamb ~ 25°e; tr =tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation {PD in J.tW): 

Po= Cpo x Vee' x fi + i; (CL x Vee' x lo) where: 

fj = input frequency in MHz CL output load capacitance in pF 
10 = output frequency in MHz Vee = supply voltage in V 
2: (CL x Vee' x f0 ) ~sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HGT the condition is V1 = GND to Vee -1,5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

Pe74HC/HCT193P: 161ead OIL; plastic (SOT-38Z). 
PC74HC/HCT193T: 16-lead mini-pack; plastic (SO 16: SCll 109A). 

PIN DESCRIPTION 
-------~--------------,--

PIN NO. SYMBOL NAME AND FUNCTION 

3,2,6, 7 Goto 03 flip flop outputs 

4 ePo count down clock inputK-

5 CPu count up clock input-* 

8 GND ground (0 V) 

11 PL asynchronous para I lei load input (active LOW) 

12 TCu terminal count up (carry) output (active LOW) 

13 TCo terminal count down (borrovv) output (active 
LOW) 

14 MR asynchronous master reset input (active HIGH) 

15, 1, 10, 9 o 0 to D3 data inputs 

16 Vee positive supply voltage 

*LOW-to-HIGH, edge triggered -----------------, 
11 15 10 

b 
PL o0 0 1 o2 o3 I 

CPu TCu 0---12 

4- CPo TCo 0-13 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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GENERAL DESCRIPTION (Cont'd) 

One clock should be held HIGH while coun­
ting with the other, otherv1t'lse the circuit 
will either count by two's or not at all, 
depending on the state of the first flip-flop, 
which cannot toggle as long as either clock 
input is LOW. Applications requiring 
reversible operation must make the 
reversing decision while the activating clock 
is HIGH to avoid erroneous counts. 

The terminal count up (TCu) and terminal 
count down (Teo) outputs are normally 
HIGH. When the circuit has reached the 
maximum count state of 15,the next HIGH­
to-LOW transition of CPu will cause TCu 
to go LOW. 
TCu will stay LOW until CPu goes HIGH 
again, duplicating the count up clock, 

Likewise, the TCo output will go LOW 
when the circuit is in the zero state and 
the CPo goes LOW. The terminal count 
outputs can be used as the clock input 
signals to the next higher order circuit in a 

FUNCTION TABLE 

multistage counter, since they duplicate 
the clock waveforms. Multistage counters 
will not be fully synchronous, since there 
is a slight delay time difference added for 
each stage th at is added. 

The counter may be preset by the 
asynchronous parallel load capability of 
the circuit. Information present on the 
parallel data inputs (Do to D3) is loaded 
into the counter and appears on the 
outputs (Oo to 03) regardless of the 
conditions of the clock inputs when the 
parallel load (PL) input is LOW. A HIGH 
level on the master reset (MR) input will 
disable the parallel load gates, override 
both clock inputs and set all outputs 
(Oo to 03) LOW. If one of the clock 
inputs is LOW during and after a reset or 
load operation, the next LOW-to-HIGH 
transition of that clock will be interpreted 
as a legitimate signal and will be counted. 

-""---"-----"---"--T-"-·--------.--------·-
I INPUTS OUTPUTS 

._____'"_" "°"' ____ j ~~ I ~ 1f ~"o :• I :' :' I :' ~ :t' ~ :" ~o 
reset(clear) ti ~i~-+ ~-~~~-~-~;-uL L H H 

L L \x L IL L L L L L L IL H L 

L LL X iH H H H H H H H L J
L L X H LL LL LL LL H H 

parallel load ww H 

_____ __ _ _ ______ __ L L H X H H H H H H H H H H 

count up i L H t H X X X X count up J H * H 

countdown "-·"----=i_:_ ~- H t -~~ X X countdown -~--~ 
H =HIGH voltage level 
L = LOW voltage level 
X = don't care 
t =LOW-to-HIGH clock transition 

January 1986 

a, 

* TCu = CPu at terminal count up (HHHH) 
•• TCo = CPo at terminal count down (LLLL) 

TCu 12 

Teo 13 



Presettable synchronous 4-bit binary up/down counter 

MR(ll 

Pt: 

Do 

D1 

D2 

D3 

CPu(2) 

CPo(2) 

Oo 

a1 

a, 

03 

~ 

~ 
TCu 

c Tco 
I-z 
w 
:::2: 

13 14 15 

-coUNT UP ---

15 14 13 

- COUNT DOWN- 7Z93722 
CLEAR PRESET 

a.. 
0 Fig. 5 Typical clear, load and count sequence. 
..J 
w 
> w 
c 

" 
CPu 

a, a, 

Fig. 6 Logic diagram. 

PC74HC/HCT193 

MSI 

( 1) Clear overrides load, data and 
count inputs. 

(2) When counting up the count down 
clock input (CPo) must be HIGH, 
when counting down the count up 
clock input (CPul must be HIGH. 

Sequence 

Clear (reset outputs to zero); 

load (preset) to binary thirteen; 

count up to fourteen, fifteen, 
terminal count up, zero, one 
and two; 

count down to one, zero, 
terminal count down, fifteen, 
fourteen and thirteen. 
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DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications. 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 
GND = 0 V; t, = tf = 6 ns; CL= 50 pF 

!-----+---

propagation delay 
CPu, CPo to On 

min. typ. max. mm. max. mm. ~ax. 

~r -1°--- ~-1 ir ~:, -rf r Fi~- 7 ---- - -----

1----j--------------+---t---r------r-- ------1-------1-------+---l------+--- -------------------

125 1155 190 20 tpH Li propagation delay J 
tPLH - CPu to TCu 25 31 38 ns 4 5 Fig. 8 

l--------l------------+--l----+--2_1 -+---------~---- ~ -~()_-r ____________ _ 
:;~ii '~::"::; ;; g··" ~~' ::' :l' I "' ~. ~ I c'" ' 

1 I 
2424~0 ~5~5 5 :6~60 n-s-t-4-~%5 ii-g--9-- --------tpH Li ! propagation delay 

tPLH i 'P[ to On 37 47 56 6.0 
l-------+---- ----------+---+---1 --- ---- - - - -~ 

propagation delay I 200 250 300 2 0 
MR to On I 40 50 60 ns 4.5 [ Fig. 10 

l 34 43 51 ~L-----------< 
I 75 95 110 2.0 I 

:~~~/ output transition l•me ] t15 19 22 ns 4 5 +· F 19 10 

;--t-w---+-u-p-,-d~wn clock pulse-:,-:;-Jt~~~5 +-- ~~~5- 16 -i~o- 19 
:-~H- Fr:~------------1 

HIGH or LOW 21 26 32 6.0 
---·----·----·--· ---

tw master reset pulse width ~~O jg0 1 j~O ns ~:~ Fig. 10 
HIGH 20 26 j 31 6.0 

I-~ 125 '1 1 __ 1_5_0 __ 1f---+---+--2-.0-+------·-------i 
tw parallel load pulse width 20 25 30 

1 
ns 4 5 Fig. g 

l-------t--L_o_w__ -+-1-?- 21 1 
• 26 ,_ 6:0 __ ----------------1 

removal time [ ~~ 65 75 2.0 
trem p[ to CPu, CPo J ~O 13 15 ns 4.5 Fig. 9 

lrem re~,~~~ g;~, CPo I ~g ~~ ~~ ns I;; I'~;- --- -
,__ ___ _,___ _____________ I 9 11 13 so 

,,, '"~:: .. ';", vr__ H5 _ij~-------1~~-_]H ~1:_1~--~-~~~----
hold time ' 0 g 0 1

2 O j 
>---t-h----+- Dn to PI ____ I ~-- 0 g __ -----1 ~~ J ~-~- F~g- ~-1------- _ _ -·-·-

maximum up, down clock t4.0 3.2 2.6 
fmax pulse frequency J ~Li ;~ i~ MHz : g I Fig 7 
~----~------- -- -~___J _____ ___L ______ , ____ _J ___ ~ ~ --- --- --- --- -----------·-
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Presettable synchronous 4-bit binary up/down counter 

DC CHARACTERISTICS FOR 74HCT 
For the LJC cha1ach.'ri·~ti:.:-~~ sec dH:J~lt~r ''HCMU~ family characteristics", section "Family specifications. 

Output capability: standard 
lc;c category: MSI 

Note to HCT types 

PC74HC/HCT193 

MSI 

The value of additional quiescent supply current /Ll lccl for a unit load of 1 is given in the family specifications. 
ro detPrminp :\Ice per lnput, rw•!l!P~Y th!S va!~~ by the L!rl!t !oad coefficient shnwr. !n the tab!e bela\N. 

--TlJNrrLoAJ INPUT COEFFICIENT 
··-····-··· ----·--

Dn 0.35 
CPu, CPo 1.40 
PL 0.65 

""-1'°-" - -AC CHARACTERISTICS FOR 74HCT 
GND =0 V;tr=tt=6 ns;CL 0 • 6UpF 

--- -- -- .------------------------.----~-----------, 

Tamb (°C) TEST CONDITIONS 
-----------------------'! 

74HCT 
SYMBOL PARAMETER f----------~--------,--------------1 UNIT Vee WAVEFORMS 

+25 -40to+85 -40to+125 v 

min. typ. max. min. max. min. max. 

tw 

4.5 

tpH LI propagation delay 43 
tp u-J __ --1 ___ c_P_u_. _c_Po to __ o_n -----+---+----+----1c-----+----+--t------
tpH LI propagation delay 30 4.5 Fig. 8 

~li__ ___ t---c __ P~u"---to_T_c __ u"-----------11-------1-------1---+---+------t--+----+---+------t-------------, 
tpH LI propagati~ delay 30 4.5 Fig. s 
tPLH CPo to TCo 
~HLI -- p-r-o __ p_a_g-at-io_n_d_e-la-y-----+-----+----+-

4
-
6
-+----+---l---+---+---t-------t------------1 

- 4.5 Fig. 9 
i-:PLH PL to On _ ___ ___ -----+------------< 
t~-:----- t--;,-~-~~~~~n~ d,;j;y- - - · 1- - 40 4.5 Fig. 10 

~~Li--~t~~~::sition time T+---+--1-5--+--+---t---+-2-2--+-ns 

_tTll::l -- - ----- --- --------- --- ---- ---+---+---+-----+---- ---+-------+--------------
up, down clock pulse width 25 38 ns 4.5 Fig. 7 

HIGH or LOW 

65 ns 

--1 

45 ns 

45 ns 

69 ns 
--+--- ·-·-

60 ns 
--·--

4.5 Fig. 7 

Fig. 10 

-----t----+-----------

36 ns 4.5 Fig. 10 

trem 
removal ti me 10 PL to CPu. CPo 

--+--t--

trem 
removal ti me 

10 
MR to CPu. CPo 

15 

15 

ns 

ns 

Fig. 9 

Fig. 10 

-

tsu 
set-up time 

20 
Dn to PL 

hold time 0 th Dn to PL 
1---

maximum up, down clock 
fmax pulse frequency 20 

----+------+--+---1------+-----t--:o----j-------j---:: _----j--;Et~-: :~-~ ··~ 
13 MHz 4.5 F19. 7 

--~--
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AC WAVEFORMS 

CPu, CPo 
INPUT 

- 111max-

-tw-

-'PHL\I -''L"-lr--

434 

an OUTPUT \vM!11 I .__ ______ __, 
7Z937J5 

Fig. 7 Waveforms showing the clock (CPu, CPol to 
output (Onl propagation delays, the clock pulse width 
and the maximum clock pulse frequency. 

Pl INPUT 

CPu. CPo 

INPUT 

Qn OUTPUT 

\~ 

.,._tPLH ~ 

7Z93732 

Fig.·9 Waveforms showing the parallel load input (PL) 
to On output propagation delays and removal time to 
clock input (CPu. CPo). 

on INPUT 

Pl INPUT 

an OUTPUT 

7Z93730 

Fig. 11 Waveforms ~owing the data input (Dnl to 
parallel load input (PL) set-up and hold times. 

J'""'"' 19861 

CPu, CPo 

INPUT 

Tcu. Tca 
OUTPUT 

7293736 

Fig. 8 Waveforms showing the clock (CPu, CPol to 
terminal count output (TCu, TCol propagation delays. 

MR INPUT 

CPu. CPo 

INPUT 

an OUTPUT 

7Z93733 

-tw-
- trem-. 

VM 111 r 'PH Li 
- :_-,-TH-L------J L 'TLH 

Fig. 10 Waveforms showing the master reset input 
(MR) pulse width, MR to On propagation delays, MR 
to CPu, CPo removal time and output transition times. 

Note to Fig. 11 

The shaded areas indicate when the input is permitted 
to change for predictable output performance. 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vcc­
HCT: VM=1.3V;V1=GNDto3V. 
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4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER 

FEATURES 

• Shift-left and shift-right capability 
• Synchronous parallel and serial data 

transfer 
• Easily expanded for both serial and 

parallel operation 
• Asynchronous master reset 
• Hold ("do nothing") mode 

• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT194 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JED EC standard no. 7. 

The functional characteristics of the 
74HC/HCT194 4-bit bidirectional 
universal shift registers are indicated in 
the logic diagram and function table. 
The registers are fully synchronous. 

The "194" design has special features 
which increase the range of application. 
The synchronous operation of the 
device is determined by the mode select 
inputs (So, S1 ). As shown in the mode 
select table, data can be entered and 
shifted from left to right 
(Oo-+ 01 -+ 02, etc.) or, 
right to left 
(03-+ 02-+ 01, etc.) or 
parallel data can be entered, loading all 
4 bits of the register simultaneously. 
When both So and S1 are LOW, existing 
data is retained in a hold ("do nothing") 
mode. The first and last stages provide 
D-type serial data inputs (DsR, DsL) to 
allow multistage shift right or shift left 
data transfers without interfering with 
parallel load operation. 

Mode select and data inputs are edge­
triggered, responding only to the LOW­
to-H IG H transition of the clock (CP). 
Therefore, the only timing restriction is 
that the mode control and selected data 
(continued on next page) 

-----------~ 

194 

7293137 

Fig. 1 Pin configuration. 

SYMBOL 

fmax 

PARAMETER 

propagation delay 
CP to On 

MR to On 

maximum clock frequency 
1-------li--------··-·-------

input capacitance 

GND=OV;Tamb=25°C;tr=tf=6ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation !Po in µW): 

Po= Cpo x Vee' x fi + ~ (CL x Vee' x fo) where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
2: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT194P: 16-lead DI L, plastic (SOT-38Z). 
PC74HC/HCT194T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

1-P_l_N_N_O_. ----~OL NAME AND FUNCTION 

1 

2 
MR 
DsR 

asynchronous master reset input (active LOW) 
serial data input (shift right) 

3, 4, 5, 6 
7 
8 
9, 10 
11 

Do to D3 

DsL 
GND 

So,S1 
CP 

15, 14, 13, 12 Ooto03 

parallel data inputs 
serial data input (shift left) 
ground (0 VI 
mode control inputs 
clock input (LOW-to-HIGH edge-triggered) 
parallel outputs 
positive supply voltage 16 ___ J2c ____ _ 

-~~----
__ ___j 

~-------·---

So S1 

2- D5R 

Do Oo 15 

D1 01 14 

'2 a, 13 

6- D3 o, 12 

7- DSL 

GP MR 

11 ?1 7Z93138 

L Fig. 2 _ Logic_::~I~-----
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~---------------·---------------------, GENERAL DESCRIPTION (Cont'd.) 

inputs must be stable one set-up time 
prior to the positive transition of the 
clock pulse. 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS 
OPERATING MODES t---r· 

CP MR s, So DsR DsL .. 

reset (clear) x l x x x x 
hold ("do nothing") x H I I x x 

-- --"· !--· t-- +---· 
t H h I x I shift left t H h I x h 

------··-

t H I h I x shift right t H I h h x 
... 

parallel load t H h h x x 
---'--~---

o, 

Fig. 5 Logic diagram. 

436 J'"""' 19861 

Dn 

x 

x 

x 
x 

x 
x 

dn 

OUTPUTS 

ao a, a2 

l l l 

qo ql q2 

ql q2 q3 
ql q2 q3 

l qo ql 
H qo q1 

do di d2 

a, 

03 

l 

q3 
--

l 
H 

q2 
q2 

d3 

The four parallel data inputs (Do to D3) 
are D-type inputs. Data appearing on the 
Do to 03 inputs, when So and S1 are 
HIGH, is transferred to the Oo to 03 
outputs respectively, following the next 
LOW-to-HIGH transition of the clock. 
When LOW, the asynchronous master 
reset (MR) overrides all other input 
conditions and forces the Q outputs 
LOW. 
The "194" is similar in operation to the 
"195" universal shift register, with 
added features of shift-left without 
external connections and hold ("do 
nothing") modes of operation. 

H =HIGH voltage level 
h =HIGH voltage level one set-up 

time prior to the LOW-to-HIGH 
CP transition 

L = LOW voltage level 
I = LOW voltage level one set-up 

time prior to the LOW-to-HIGH 
CP transition 

q,d= lower case letters indicate the 
state of the referenced input (or 
output) one set-up time prior to 
the LOW-to-HIGH CP transition 

X =don't care 
t = LOW·to·HIGH CP transition 

7Z93144 

-------·-------------~ 



4-bit bidirectional universal shift register 

MODE CP 

CONTROL So 
INPUTS s, 

clear 

SERIAL DsR 
DATA 
INPUTS DsL 

Do 
PARALLEL 

DATA 
o, 

INPUTS D2 

D3 

Oo 

a, 
OUTPUTS a, 

03 

7Z93141 

DC CHARACTERISTICS FOR 74HC 

clear load 

Fig. 6 Typical clear, clear-load, shift-right, 
shift-left, inhibit and clear timing sequences. 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

PC74HC/HCT194 

MSI 
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AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

I 
SYMBOL I PARAMETER 

I 

_l 

tpH LI I propagation delay 

min. 

+25 

typ. 

47 
17 
14 

max. 

145 
29 
25 

Tamb (°Cl TEST CONDITIONS 

74HC 

--40to+125 I 
UNIT 

I vec -40to+85 
-----,---

min. max. min. max. J 
180 220 I 2.0 
36 44 ns I 4.5 

WAVEFORMS 

Fig. 7 
31 38 I 6.o tPLH I CP to On 

r-----+-------------~---+--+--r--+---t-·---+·---1----+---+-----------i 

I 39 140 175 210 2.0 
28 35 42 ns 4.5 
24 30 36 6.0 

Fig. 7 

I propagation delay 14 
I MR to On 11 

~ -t 19 75 95 110 i 2.0 
trHLI ! output transition time 7 15 , 19 22 ns 4.5 
trLH 1 6 13 16 19 6.0 

I clock pulse width ~~ ~ 71 ~go ~~O ns ~-~ - - Fig. 7 ---------i 

,_t_w ___ l~1 __ H_IG_H or LOW 14 5 17 20 _6_:_0-+----------1 

I 80 I ::7 I 100 120 I 2.0 tw ] master reset pulse 16 6 I 20 24 I I ns 4.5 Fig. 8 
width; LOW 14 5 17 20 I -m1·0 ' ----- -~- 171---~-+--~--r-f 2.0 --------

trem r~~~ ~~e ~6 I~ ~~ ~~ ns I ci:~ I Fig. 8 

---i------:- ----~-r----11 70 ~-7 90 105 ~r--------i 
t j set-up time 14 6 18 21 ns I 4.5 Fig. 9 
su Dn to CP 12 5 15 18 , 6.0 

r------1-=t=1~~=:-------i1 - ~~ ~2 11 ~go ~~o I ns JI ~:~ I Fig. 1-0-------1 

tsu So, S1 to CP 12 6 17 20 6.0 I 
f--------+-----------t----+---+---+---1--+---+--t------t----r-----------

1 70 19 I I 90 105 I 2.0 

''" ~~'.:~:' ""'_ --G-1 ;• I ~:+ . ! ::- ' -i21 +:: ~: '''' 
~~---+-__i:iri to CP ____ l 0 _ 4 I 0 --+-6_._o-+--------

1 I 0 -11 0 2.0 
hold time 1 0 -4 o o I ' ns 4.5 Fig. 10 

jl SQ, S1 to CP j' 0 -3 ~ O 6.0 
>----- ---------- ---i ---+--- ---+------------< 

I 0 -17 0 0 2.0 
hold time 6 I o ] O ns 4.5 

>--th ___ --~~~'._!J_s_L t"_~_,J -- =5 t- ~ f-t-~--+----1---+-s_._o-+---------1 
6 31 5 I 4 ! 2.0 

fmax maximum clock pulse 30 93 I 24 
1 

20 I MHz 4.5 
.____ __ L ~~e~uency - 35 100 28 24 l 6.0 

Fig. 8 

Fig. 7 
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4-bit bidirectional universal shift register 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (lllccl for a unit load of 1 is given in the family specifications. 
To determine L"llcc per input, multiply this value by the 1mit load r:oefficif!nt shown in thP. table below. 

input 
unit load 
coefficient 

Dn 0.15 
DsR,DSL 0.15 
CP 0.50 
MR 0.45 
Sn 0.90 

PC74HC/HCT194 

MSI 
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AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH CP to On 

tPHL 
p!:2Q_agation delay 

MR to On 

tTHLI I 
output transition time 

tTLH 

tw 
clock pulse width 

HIGH or LOW 

tw 
master reset pulse 
width; LOW 

trem 
removal time 

MR to CP 

tsu 
set-up time 

Dn to CP 

tsu 
set-up time 

So, S1 to CP 

tsu 
set-up time 

DsR. DsL to CP 

th 
hold time 

Dn to CP 
1------

th 
hold time 

So, S1 to CP 

th 
hold time 

DsR· DsL to CP 

fmax 
maximum clock pulse 

frequency 

440 ''"""' 19861 

+25 

min. typ. max. 

18 32 

18 32 

7 15 

16 7 

16 7 

12 6 

14 7 

20 7 

14 10 

0 -7 

0 -5 

0 -7 

30 70 

Tamb (°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 
min. max. min. max. 

40 48 ns 4.5 Fig. 7 

40 48 ns 4.5 Fig. 8 

19 22 ns 4.5 Fig. 7 

20 24 ns 4.5 Fig. 7 

20 24 ns 4.5 Fig. 8 

15 18 ns 4.5 ·Fig. 8 

18 21 ns 4.5 Fig. 9 

25 30 ns 4.5 Fig. 10 

18 21 ns 4.5 

-

0 0 ns 4.5 Fig. 9 

0 0 ns 4.5 Fig. 10 

0 0 ns 4.5 

24 20 MHz 4.5 Fig. 7 



4-bit bidirectional universal shift register 

AC WAVEFORMS 

----- l/fmax -

CP INPUT 

on OUTPUT 

Fig. 7 Waveforms showing the clock (GP) to 
output (Onl propagation delays, the clock 
pulse width, the output transition times and 
the maximum clock frequency. 

CP INPUT 

Dn INPUT 

an OUTPUT 

So,S1 

INPUT 

CP INPUT 

-------~/vM l'i 

Note to AC waveforms 

(1) HG : VM = 50%; Vi= GND to Vee· 
HGT: VM = 1.3V;VJ =GNDto3V. 

\_ 

7293143 

PC74HC/HCT194 

MSI 

-----. 
-

VM (1) MR INPUT 

Ji 
--tw--

~ -trem 
Ir-

CP INPUT JvMl'i 

On OUTPUT 

-'PHL-\ 
yM(n [m 

Fig. 8 Waveforms showing the master reset 
(MR) pulse width, the master reset to output 
(Onl propagation' delays and the master reset 
to clock (GP) removal time. 

Fig. 9 Waveforms showing the set-up and 
hold times from the data inputs (Dnl to the 
clock (GP). 

Fig. 10 Waveforms showing the set-up and 
hold times from the mode control inputs (Sn) 
to the clock input (GP). 

Note to Figs 9 and 10 

The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 
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4-BIT PARALLEL ACCESS SHIFT REGISTER 

FEATURES 

• Asynchronous master reset 
• J, K, (DI inputs to the first stage 
• Fully synchronous serial or parallel 

data transfer 
• Shift right and parallel load 

capability 
• Complement output from the last 

stage 

• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 
The 74HC/HCT195 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky TTL 
(LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT195 performs serial, 
parallel, serial-to-parallel or parallel-to­
serial data transfer at very high speeds. 
The "195" operates on two primary 
modes: shift right (OO-+ 01) and parallel 
load, which are controlled by the state of 
the parallel load enable (PE) input. Serial 
data e!!,ters the first flip-f[Qp (OQ) via the 
J and K inputs when the PE input is 
HIGH and shifted one bit in the direction 
Oo-+ 01-+ 02-+ 03 following each 
LOW-to-HIGH clock transition. The J 
and K inputs provide the flexibility of the 
JK type input for special applications and 
by tying the pins together, the simple 
0-type input for general applications. 
The "195" appears as four common 
clocked D flip-flops when the PE input is 
LOW. 

After the LOW-to-HIGH clock transition, 
data on the parallel inputs (Do to 03) is 
transferred to the respective Oo to 03 
outputs. Shift left operation (OJ-+ 02) 
can be achieved by tying the On ou!e_uts 
to the Dn-1 inputs and holding the PE 
input LOW. 

(continued on next page) 

Oo 

o1 

195 

CP 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

tPHLf propagation delay 
CL=15pF 15 15 ns 

tPLH CP to On 
Vee= 5 v 

fmax maximum clock frequency 57 57 MHz 

C1 input capacitance 3.5 3.5 pF 
-·-·---

Cpo 
power dissipation 

notes 1 and 2 105 105~-~ capacitance per package 

GND = 0 V; Tamb = 25 OC; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µ.W): 

Po= Cpo x Vee' x fi + ~ (CL x Vee' x fol where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
:!:: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1,5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT195P: 16-lead OIL; plastic (SOT-38Z). 
PC74HC/HCT195T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 MR master reset input (active LOW) 
2 J first stage J-input (active HIGH) 
3 R. first stage R-input (active LOW) 
4,5,6, 7 Do to 03 parallel data inputs 
8 GND ground (0 V) 
9 PE parallel enable input (active LOW) 
10 CP clock input (LOW-to-HIGH edge-triggered) 
11 c}J inverted output from the last stage 
15, 14, 13, 12 Oo to OJ parallel outputs 
16 Vee positive supply voltage 

SRG4 

Do D1 o, 03 

03 
15 

11 

Oo o1 a, 03 

15 14 13 12 

7290784 

7Z90785 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCT195 

MSI 

e PE 

TO CP 

t MR 

o, o, 

PARALLEL ENABLE CIRCUITRY 

o, o, 
4- BIT SHIFT REGISTER 

~---------< a0 a1 a, 
15 14 13 12 11 

7Z87443 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS OUTPUTS 
OPERATING MODES 

MR CP PE J R Dn ao a1 02 Q3 

asynchronous reset L x x x x x L L L L 

shift, set first stage H t h h h x H qo q1 q2 
shift, reset first stage H t h I I x L qo q1 q2 
shift, toggle first stage H t h h I x Clo qQ qi q2 
shift, retain first stage H t h I h x qQ qo q1 q2 

parallel load H t I x x dn do di d2 d3 

o, o, 

CP 

7287445 a, 
Fig. 5 Logic diagram. 

444 

03 

H 

Ci2 
q2 

Q2 

Q2 

d3 

a, 

GENERAL DESCRIPTION (Cont'd.) 

All parallel and serial data transfers are 
synchronous, occurring after each LOW­
to-H I GH clock transition. 
There is no restriction on the activity of 
the J, K, Dn and PE inputs for logic 
operation other than the set-up and hold 
time requirements. A LOW on the 
asynchronous master reset (MR) input sets 
all Q outputs LOW, independent of any 
other input condition. 

APPLICATIONS 

• Serial data transfer 
• Parallel data transfer 
• Serial-to-parallel data transfer 
• Parallel-to-serial data transfer 

H HIGH voltage level 
h HIGH voltage level one set-up 

time prior to the LOW-to-HIGH 
clock transition 

L LOW voltage level 
I = LOW voltage level one set-up 

time prior to the LOW-to-HIGH 
clock transition 

q, d lower case letters indicate the 
state of the referenced input 
(or output) one set-up time prior 
to the LOW-to-HIGH clock 
transition 

X = don't care 
t = LOW-to-HIGH clock transition 



4-bit parallel access shift register 

DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

G ND = 0 V; tr = tf = 6 ns; CL = 50 p F 

SYMBOL PARAMETER 

tPHLI propagation delay CP to On 
tPLH 

tPHLI propagation delay MR to On 
tPLH 

tTHLi output transition time 
tTLH 

tw clock pulse width HIGH or LOW 

tw master reset pulse width; LOW 

tr em removal time MR to CP 

tsu set-up time J to CP 

tsu set-up time K, PE, Dn to CP 

th hold time J, K, PE, Dn to CP 

fmax maximum clock pulse frequency 

+25 

min typ. 

50 
18 
14 

41 
15 
12 

19 
7 
6 

80 17 
16 6 
14 5 

80 17 
16 6 
14 5 

80 17 
16 6 
14 5 

100 33 
20 12 
17 10 

80 22 
16 8 
14 6 

3 -8 
3 -3 
3 -2 

6 17 
30 52 
35 62 

Tamb (°C) 

74HC 
UNIT Vee 

-40to +85 -40 to +125 v 
max. min. max. min. max. 

150 190 225 2.0 
30 38 45 ns 4.5 
26 33 38 6.0 

150 190 225 2.0 
30 38 45 ns 4.5 
26 33 38 6.0 

75 95 110 2.0 
15 19 22 ns 4.5 
13 16 19 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

125 150 2.0 
25 30 ns 4.5 
21 26 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

3 3 2.0 
3 3 ns 4.5 
3 3 6.0 

5 4 2.0 
24 20 MHz 4.5 
28 24 6.0 

PC74HC/HCT195 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 7 

Fig. 6 

Fig. 6 

Fig. 7 

Fig. 7 

Figs. 8 and 9 

Figs. 8 and 9 

Figs. 8 and 9 

Fig. 6 
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PC74HC/HCT195 

MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (61ccl for a unit load of 1 is given in the family specifications. 
To determine 61cc per input, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient 

PE 0.65 

all others 0.35 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

Tamb (°C) TEST CONDITIONS 

74HCT 
SYMBOL PARAMETER UNIT Vee WAVEFORMS 

+25 -40to+85 -40 to +125 v 

min. typ. max. min. max. min. max. 

tPHLI propagation delay CP to On 18 32 40 48 ns 4.5 Fig. 6 
tPLH 

tPHLI propagation delay MR to On 17 35 44 53 ns 4.5 Fig. 7 
tPLH 

tTHLI output transition time 7 15 19 22 ns 4.5 Fig. 6 
!TLH 

tw clock pulse width HIGH or LOW 20 6 25 30 ns 4.5 Fig. 6 

tw master reset pulse width; LOW 16 6 20 24 ns 4.5 Fig. 7 

trem removal time MR to CP 16 6 20 24 ns 4.5 Fig. 7 

tsu set-up time J, K. PE to CP 20 10 25 30 ns 4.5 Figs. 8 and 9 

tsu set-up time Dn to CP 16 6 20 24 ns 4.5 Figs. 8 and 9 

th hold time J, K, PE, Dn to CP 3 -5 3 3 ns 4.5 Figs. 8 and 9 

fmax maximum clock pulse frequency 27 52 22 18 MHz 4.5 Fig. 6 

446 J'"u"y 19861 



4-bit parallel access shift register 

AC WAVEFORMS 

-1/fmax-

CP INPUT 

an OUTPUT 

7Z87479.1 

Fig. 6 Waveforms showing the clock (eP) to 
output (On) propagation delays, the clock 
pulse width, the output transition times and 
the maximum clock frequency. 

CP INPUT 

Dn,J, K, 
INPUTS 

Qn OUTPUT \_ 
7Z87480 

serial·shiftright 
~ 

Pf INPUT 

CP INPUT 

On OUTPUT __ "'_""'_"_" __ __,X a,= a,_ 1 

Note to AC waveforms 

(1) HC : VM = 50%; Vi = GND to Vee· 
HeT: VM = 1.3V;V1 = GND to 3V. 

parallel load 
,-----A------, 

7Z87481.1 

PC74HC/HCT195 

MSI 

Mfi INPUT VM (1) 

-tw-

CP INPUT 

an OUTPUT 

- 1PHL-\ 
yMl1l [ 

~---- 7Z87478 

FJ!!:. 7 Waveforms showing the master reset 
(MR) pulse width, the master reset to output 
(On) propagation delays and the master reset to 
clock (eP) removal time 

Fig. 8 Waveforms showing the data set-up and 
hold times for J, Kand Dn inputs. 

Fig. 9 Waveforms showing the set-up and hold 
times from the parallel enable input (PE) to the 
clock (eP). 

Note to Figs. 8 and 9 

The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 
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PC74HC/HCT221 

MSI 

DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice". 

DUAL NON-RETRIGGERABLE MONOSTABLE MUL TIVIBRATOR WITH RESET 

448 

FEATURES 

• Pulse width variance is typically less 
than± 5% 

• Pin-out identical to "123" 
• Overriding reset terminates output 

pulse 
• nB inputs have hysteresis for 

improved noise immunity 
• Wide pulse range: 

70 ns (typ) to oo 

• Output capability: standard 

• •cc category: MSI 

GENERAL DESCRIPTION 
The 74HC/HCT221 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT221 are dual non­
retriggerable monostable multivibrators. 
Each multivibrator features an active 
LOW-going edge input (nA) and an active 
HIGH-going edge input (nB), either of 
which can be used as an enable input. 

Pulse triggering occurs at a particular 
voltage level and is not directly related 
to the transition time of the input pulse. 
Schmitt-trigger input circuitry for the 
nB inputs allow jitter-free triggering from 
inputs with slow transition rates, providing 
the circuit with excellent noise immunity. 

Once triggered, the outputs (nO, nQ) are 
independent of further transitions of nA 
and nB inputs and are a function of the 
timing components. The output pulses can 
be terminated by the overriding active 
LOW reset inputs (nRD)· Input pulses may 
be of any duration relative to the output 
pulse. The output pulse length may be 
varied from 35 ns to the maximum shown 
in the features by choosing appropriate 
timing components. With REXT = 2 k.!] 
and CexT = 28 pF, an output pulse of 
typical 70 ns is achieved which may be 
used as a DC triggered reset signal. 
(continued on next page) 

Vee 

1 AexrlCexr 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS 

HC HCT 

propagation delay CL=15pF 
tPHLI nA, nB, nR"D Vee= 5 v 
tPLH to nO, nil RexT=5kll 30 32 

cExT=o pF 

C1 input capacitance 3.5 3.5 

GND = OV; Tamb = 250C; tr= tf = 6 ns 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT221P: 16-lead DIL; plastic (SOT-3BZ). 
PC74HC/HCT221T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PINNO. SYMBOL NAME AND FUNCTION 

1, 9 1A,2A trigger inputs (negative-edge triggered) 
2, 10 1B, 2B trigger inputs (positive-edge triggered) 
3, 11 1fiD, 2fiD direct reset inputs (active LOW) 
4, 12 10, 20 outputs (active LOW) 
7 2RExTICEXT external resistor/capacitor connection 
B GND ground (O V) 

13,5 10,20 outputs (active HIGH) 
14, 6 1CEXT· 2CExT external capacitor connection 
15 1RExTICEXT external resistor/capacitor connection 
16 Vee positive supply voltage 

Note 

UNIT 

ns 

pF 

It is recommended to ground pins 6 (2CExTI and 14 (1CexTI externally to pin 8 (GND). 



<! 

!d: c 
1-z 
w 
:?: 
Cl.. 
0 
..J 
w 
> w 
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GENERAL DESCRIPTION (Cont'd) 

Pulse width stability is achieved through 
internal compensation and is virtually 
independent of Vee and temperature. 
In most applications pulse stability will 
only be limited by the accuracy of the 
external timing components. 

Jitter·free operation is maintained over 
the full temperature and Vee ranges for 
more than six decades of timing 
capacitance (10 pF to 10 µF) and more 
than two decade of timing resistance 
(2 kn to any practical value) for the 
74He/HeT221. 
Throughout these ranges the output pulse 
width is defined by the following 
relationship: 

tw = eEXTREXT I n2 

tw = 0.7eExTREXT 
In circuits where pulse cut-off is not 
critical, timing capacitance up to 1000 µF 
and timing resistance as low as 1.4 k!.1 
may be used. 

Pin assignments for the "221" are identical 
to those of the "123" so that the "221" 
can be substituted for those products in 
systems not using the retrigger by merely 
changing the value of REXT and/or 
eEXT 

FUNCTION TABLE 

INPUTS OUTPUTS 

nRo nA nB no 

L x x L 
x H x L 
x x L L 
H L t _fl_ 
H t H _fl_ 

t L H _fl_ 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
t = LOW-to-HIGH transition 
t = HIGH-to-LOW transition 
_fl_= one HIGH-level output pulse 
LI = one LOW-level output pulse 

no 

H 
H 
H 
LI 
LI 
LI 

PC74HC/HCT221 

MSI 
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PC74HC/HCT237 

MSI 

DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 

3-T0-8 DECODER/DEMULTIPLEXER WITH ADDRESS LATCHES 

450 

FEATURES 

• Combines 1-of-8 decoder with 3-bit 
latch 

• Multiple input enable for easy 
expansion or independent controls 

• Active HIGH mutually exclusive 
outputs 

• Output capability: standard 

• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT237 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT237 are 3-of-8 
decoder/demultiplexers with latches at 
the three address inputs (Anl· The "237" 
essentially combines the 3-of-8 decoder 
function with a 3-bit storage latch. 
When the latch is enabled (LE = LOW). 
the "237" acts as a 3·of-8 active LOW 
decoder. When the latch enable (LE) 
goes from LOW-to-HIGH, the last data 
present at the inputs, before this transition, 
is stored in the latches. Further address 
changes are ignored as long as LE remains 
HIGH. 

The output enable input (E1 and E2) 
controls the state of the outputs 
independent of the address inputs or 
latch operation. All outputs are LOW 
unless E1 is LOW and E2 is HIGH. 

The "237" is ideally suited for 
implementing non-overlapping decoders 
in 3-state systems and strobed (stored 
address) applications in bus oriented 
systems. 

237 

Fig. 1 Pin configuration. 

ApcH 19851 

TYPICAL 
SYMBOL PARAMETER CONDITIONS 

HC HCT 

tPHLI propagation delay CL=15pF 
17 

tPLH An to Yn Vee= 5 v 

C1 input capacitance 3.5 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT237P: 16-lead OIL; plastic (SOT-382). 
PC74HC/HCT237T: 16-lead mini-pack; plastic (S0-16; SOT109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 2, 3 Ao to A2 data inputs 

4 CT latch enable input (active LOW) 

5 E1 data enable input (active LOW) 

19 

3.5 

6 E2 data enable input (active HIGH) 

8 GND 

15, 14, 13, 12, 
YotoY7 11, 10, 9, 7 

16 Vee 

FUNCTION TABLE 

INPUTS 

LE E1 E2 Ao 

H L H x 

x H x x 
x x L x 

L L H L 
L L H H 
L L H L 
L L H H 

L L H L 
L L H H 
L L H L 
L L H H 

H =HIGH voltage level 
L = LOW voltage level 
X = don't care 

A1 

x 

x 
x 

L 
L 
H 
H 

L 
L 
H 
H 

ground (0 V) 

multiplexer outputs 

positive supply voltage 

OUTPUTS 

A2 Yo Y1 Y2 Y3 Y4 Y5 

x stable 

x L L L L L L 
x L L L L L L 

L H L L L L L 
L L H L L L L 
L L L H L L L 
L L L L H L L 

H L L L L H L 
H l L L L L H 
H L L L L l L 
H' L L L L L L 

Y5 

L 
L 

L 
L 
L 
L 

L 
L 
H 
L 

UNIT 

ns 

pF 

Y7 

L 
L 

L 
L 
L 
L 

L 
L 
L 
H 



PC74HC/HCT238 

MSI 

3-T0-8 LINE DECODER/DEMULTIPLEXER 

FEATURES 

• Demultiplexing capability 
• Multiple input enable for easy 

expansion 
• Ideal for memory chip select 

decoding 
• Active HIGH mutually exclusive 

outputs 

• Output capability: standard 
• •cc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT238 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT238 decoders accept 
three binary weighted address inputs 
(Ao, A1, A2) and when enabled, provide 
8 mutually exclusive active HIGH outputs 
(Yo to Y7). 
The "238" features three enable inputs: 
two active LOW (E1 and E2) and one 
active HIGH (E3). Every output will be 
LOW unless E1 and E2 are LOW and 
E3 is HIGH. 

This multiple enable function allows easy 
parallel expansion of the "238" to a 
1-of-32 (5 lines to 32 lines) decoder with 
just four "238" I Cs and one inverter_ 

The "238" can be used as an eight output 
demultiplexer by using one of the active 
LOW enable inputs as the data input and 
the remaining enable inputs as strobes. 
Unused enable inputs must be 
permanently tied to their appropriate 
active HIGH or LOW state. 

The "238" is identical to the "138" 
but has inverting outputs. 

Yo 

238 

Fig. 1 Pin configuration. 

SYMBOL PARAMETER 
I 

CONDITIO N 
TYPICAL 

s UNIT 
HC HCT 

propagation delay 

lPHLI An to Yn CL=15pF 
.§.3 to Yn 1PLH 
En to Y n Vee= 5 v 

15 20 ns 
17 21 ns 
17 21 ns 

Ct input capacitance 3.5 3.5 pF 

Cpo 
power dissipation 

notes 1 and capacitance per package 72 76 pF 2 

GND = 0 V; Tamb = 25 °C; tr= If= 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= CPD x Vee' x fi + 1: (CL x Vee' x f0 ) where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
1: (CL x Vcc 2 x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT238P: 16-lead DIL; plastic (SOT-382). 
PC74HC/HCT238T: 16-lead mini-pack; plastic (S0-16, SOT109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 
r---

1, 2, 3 Ao to A2 address inputs 
4, 5 E1, E2 enable inputs (active LOW) 
6 E3 enable input (active HIGH) 
8 GND ground (0 V) 
15, 14, 13, 12 

Yo to v7 outputs (active HIGH) 
11, 10, 9, 7 
16 Vee positive supply voltage 

15 

14 

13 

12 

11 

10 

7293236.1 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCT238 

MSI 

1 Ao 

2 Ai 3-to-8 
DECODER 

3 ., 

ENABLE 
EXITING 

7Z93237 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS OUTPUTS 

E1 E2 E3 Ao Ai A2 Yo v, Y2 Y3 Y4 

H x x x x x L L L L L 
x H x x x x L L L L L 
x x L x x x L L L L L 

L L H L L L H L L L L 
L L H H L L L H L L L 
L L H L H L L L H L L 
L L H H H L L L L H L 

L L H L L H L L L L H 
L L H H L H L L L L L 
L L H L H H L L L L L 
L L H H H H L L L L L 

Fig. 5 Logic diagram. 

452 January 1986 

Y5 Y5 

L L 
L L 
L L 

L L 
L L 
L L 
L L 

L L 
H L 
L H 
L L 

Y7 

L 
L 
L 

L 
L 
L 
L 

L 
L 
L 
H 

H =HIGH voltage level 
L = LOW voltage level 
X =don't care 



3-to-8 line decoder/demultiplexer 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 
GND ~ 0 V; tr~ tf ~ 6 ns; CL~ 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH An to Yn 

tPHLI propagation delay 
tPLH E3 to Yn 

tPHL/ propagation delay 
tPLH En to Yn 

tTHLI output transition ti me 
tTLH 

+25 

min. typ. max. 

50 150 
18 30 
14 26 

55 175 
20 35 
16 30 

55 175 
20 35 
16 30 

19 75 
7 15 
6 13 

Tamb (°Cl 

74HC 
UNIT Vee 

-40to +85 -40to+125 v 
min. max. min. max. 

190 225 2.0 
38 45 ns 4.5 
33 38 6.0 

220 265 2.0 
44 53 ns 4.5 
37 45 6.0 

220 265 2.0 
44 53 ns 4.5 
37 45 6.0 

95 110 2.0 
19 22 ns 4.5 
16 19 6.0 

PC74HC/HCT238 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 6 

Fig. 7 

Figs 6 and 7 
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PC74HC/HCT238 

MSI 

454 

DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (L:dcc) for a unit load of 1 is given in the family specifications. 
To determine /'\Ice per input, multiply this value by the unit load coefficient shown in the table below. 

input 
unit load 
coefficient 

An 0.70 
En 0.40 
E3 1.50 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

Tamb (°C) TEST CONDITIONS 

74HCT 
SYMBOL PARAMETER f---------,--------·---- UNIT Vee WAVEFORMS 

+25 -40to+85 -40to+125 v 

min. typ. max. min. max. min. max. 
----+------+----!--------___; 

propagation delay 
tPHL An to Yn 20 35 53 63 ns 4.5 Fig. 6 

1----------;------------+------+--+-----+-----l-----+-----+------+-----i---------+--------------< 

propagation delay ~ 
r---tP_L_H __ +-_A_n_t_o_Y_n ________ --+---+--2--0--ie-3-~-----+-4-8 __ , ___ ~-~~ ~----'---4-.5-+--F_i_g._ 6------

propagation delay 25 60 I 
E3 to Yn 40 72 ns 4.5 Fig. 6 

-------+-----1----l-----+-----1-----1------j --------+------'----'----- 1 
p~o;:~a~~n delay 18 34 43 51 ns 4.5 Fig. 6 [ 

propagation delay 
E-nto Yn 

25 40 55 66 ns 4.5 

r------+-------------+-->------+------+-------i------+----1-----1-----~---

propagation delay 
En to Yn 

25 40 65 78 ns 4.5 

Fig. 7 

Fig. 7 

r-----+-------------+----+---+-----+-----+---+-----l-----+-----+-------t----------

output transition time 15 19 22 ns 4.5 Figs 6 and 7 

~---+--------------'----'-------'----~---l-------'----'------'------'----L----------~ 

January 1986 ( 



3-to-8 line decoder/demultiplexer 

AC WAVEFORMS 

Y0 OUTPUT 

7Z93239 

Fig. 6 Waveforms showing the address input (Anl 
and enable input ( EJ) to output (Y nl propagation 
delays and the output transition times. 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vcc­
HCT: VM = 1.3V; V1 = GND to 3V. 

PC74HC/HCT238 

MSI 

Y0 OUTPUT 

7l93240 1THL- !--

Fig. 7 Waveforms showing the enable input (Enl 
to output (Y nl propagation delays and the output 
transition times. 
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PC74HC/HCT240 

MSI 

OCTAL BUFFER/LINE DRIVER; 3-STATE; INVERTING 

FEATURES 

• Output capability: bus driver 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT240 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT240 are octal inverting 
buffer/line drivers with 3-state outputs. 
The 3-state outputs are controlled by the 
output enable inputs 1 OE and 20E. 
A HIGH on n!J! causes the outputs to 
assume a high impedance OFF-state. 
The "240" is identical to the "244" but 
has inverting outputs. 

FUNCTION TABLE 

INPUTS 

nOE nAn 

L L 
L H 
H x 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 

OUTPUT 

nYn 

H 
L 
z 

Z =high impedance OFF-state 

7290960 

Fig. 1 Pin configuration. 

January 1986 

SYMBOL PARAMETER 

tpHLI 
propagation del~y 

tPLH 
1An to 1Yn; 
2An to 2Yn 

C1 input capacitance 

Cpo 
power dissipation 
capacitance per buffer 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

TYPICAL 
CONDITIONS 

HC HCT 

CL=15pF 9 
Vee= 5 v 9 

3.5 3.5 

notes 1 and 2 30 30 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= CPD x Vee' x fi + l: (CL x Vee' x fol where: 

UNIT 

ns 

pf 

pf 

fi = input frequency in MHz CL output load capacitance in pf 
f0 = output frequency in MHz Vee = supply voltage in V 
k (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HGT the condition is VJ= GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT240P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT240T: 20-lead mini-pack; plastic (S0-20; SOT-163A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 10E output enable input (active LOW) 

2,4,6,8 1Ao to 1A3 data inputs 

3, 5, 7, 9 2Yo to 2Y3 bus outputs 

10 GND ground (0 V) 

17, 15, 13, 11 2Ao to 2A3 data inputs 

18, 16, 14, 12 1Yo to 1Y3 bus outputs 

19 20E output enable input (active LOW) 

20 Vee positive supply voltage 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 



Octal buffer/line driver; 3-state; inverting 

17 2Ao 

Fig. 4 Functional diagram. 

PC7 4HC/HCT240 

MSI 
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PC74HC/HCT240 

MSI 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tt = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI 
propagation delay 
1Anto1Yn; 

tPLH 2An to 2Y0 

tpzH/ 
3-state output enable time 

10E to 1Y n; 
tpzL 2ITT to 2Y0 

tpHz/ 
3-state output disable time 

10E to 1Y0 ; 
tPLZ 20E to 2Y0 

tTHLI output transition time 
lTLH 

468 J'"""' 19861 

+25 

min. typ, 

30 
11 
9 

39 
14 
11 

41 
15 
12 

14 
5 
4 

Tamb (oC) 

74HC 
UNIT Vee 

-40 to +85 -40to +125 v 
max. min. max. min. max. 

100 125 150 2.0 
20 25 30 ns 4.5 
17 21 26 6.0 

150 190 225 2,0 
30 38 45 ns 4.5 
26 33 38 6.0 

150 190 225 2,0 
30 38 45 ns 4,5 
26 33 38 6.0 

60 75 90 2.0 
12 15 18 ns 4.5 
10 13 15 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig, 5 

Fig. 6 

Fig, 6 

Fig, 5 



Octal buffer/line driver; 3-state; inverting 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

Note to HCT types 

PC74HC/HCT240 

MSI 

The value of additional quiescent supply current (61cc) for a unit load of 1 is given in the family specifications. 
To determine 61cc µer inµul, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient 

1An 1.50 
2& 1.50 
10E 0.70 
2ITT: 0.70 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI 
propagation delay 

1An to 1Yn; 
tPLH 2An to 2Yn 

tpzH/ 
3-state output enable time 

10Eto 1Yn; 
tpzL 20E to 2Yn 

tpHz/ 
3-state output disable ti me 

10E to 1Yn; 
tpLz 20E to 2Yn 

tTHLI output transition time 
tTLH 

+25 

min. typ. 

11 

13 

13 

5 

Tamb (°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40 to +85 -40 to +125 v 
max. min. max. min. max. 

20 25 30 ns 4.5 Fig. 5 

-----I 

30 38 45 ns 4.5 Fig. 6 

25 31 38 ns 4.5 Fig. 6 

12 15 18 ns 4.5 Fig. 5 
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PC74HC/HCT240 

MSI 

AC WAVEFORMS 

1Aw 2An JvMm INPUT 

I .... tPHL--1 

1Yw 2Yn ~~111 OUTPUT 

7Z90964,1 trnL !--

L"t 
._ 1TLH 

Fig. 5 Waveforms showing the input (1 An. 2Anl 
to output (1Y n• 2Y nl propagation delays and 
the output transition times. 

''"""' 19861 

90% 

n6E INPUT VM(11 

OUTPUT 
LOW-to-OFF 
OFF-to-LOW 

OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

7Z91260.2 

10% 

90% 

I 
VMl11 

outputs ---.. -- outputs - - outputs 
enabled disabled enabled 

Fig. 6 Waveforms showing the 3-state enable and 
disable ti mes. 



PC7 4HC/HCT241 

MSI 

OCTAL BUFFER/LINE DRIVER; 3-STATE 

FEATURES 

• Output capability: bus driver 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT241 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT241 are octal 
non-inverting buffer/line drivers with 
3-state outputs. The 3-state outputs 
are controlled by the output enable 
inputs 1 OE and 20E. 

FUNCTION TABLES 

INPUTS 

10E 1An 

L L 
L H 
H x 

INPUTS 

20E 2An 

H L 
H H 
L x 

H =HIGH voltage level 
L = LOW voltage level 
X =don't care 

OUTPUT 

1Yn 

L 
H 
z 

OUTPUT 

2Yn 

L 
H 
z 

Z =high impedance OFF-state 

241 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS f--------- UNIT 

HC HCT 
~---+---

tPHLi 
propagation delay 

CL=15pF 
1An to 1Yn; 8 11 ns 

tPLH 2An to 2Y n 
Vee= 5 v 

C1 input capacitance 3.5 3.5 pf 
+---

Cpo 
power dissipation notes 1 and 2 30 30 pF 

capacitance per buffer 

GND = 0 V; lamb= 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (PD in µW): 

Po= Cpo x Vee' x fi + i: (CL x Vee' x t0 1 where: 

fi = input frequency in MHz CL = output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
I: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT241 P: 20-lead DI L; plastic (SOT-146). 
PC74HC/HCT241T: 20-lead mini-pack; plastic (S0-20; SOT-163A). 

PIN DESCRIPTION 
-------------------------, 

PIN NO. SYMBOL NAME AND FUNCTION 

1 10E output enable input (active LOW) 

2, 4, 6, 8 1Ao to 1A3 data inputs 

3, 5, 7, 9 2Yo to 2Y3 bus outputs 

10 GND ground (O V) 

17, 15, 13, 11 2Ao to 2A3 data inputs 

18, 16, 14, 12 1Yoto 1Y3 bus outputs 

19 20E output enable input {active HIGH) 

20 Vee positive supply voltage 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCT241 

MSI 

Fig. 4 Functional diagram. 
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Octal buffer/line driver; 3-state 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tpHLI 
propagation delay 

1An to 1Yn; 
tPLH 2An to 2Yn 

tpzH/ 
· 3-state output enable ti me 

1CYE: to 1Yn; 
tpzL 20E to 2Yn 

tpHzl 
3-state output disable time 

10E to 1Yn; 
tpLz 20E to 2Y0 

tTHLI output transition time 
lTLH 

+25 

min. typ. max. 

25 100 
9 20 
7 17 

30 150 
11 30 
9 26 

39 150 
14 30 
11 26 

14 60 
5 12 
4 10 

Tamb (°C) 

74HC 
UNIT Vee 

-40to+85 -40to+125 v 
min. max. min. max. 

125 150 2.0 
25 30 ns 4.5 
21 26 6.0 

190 225 2.0 
38 45 ns 4.5 
33 38 6.0 

190 225 2.0 
38 45 ns 4.5 
33 38 6.0 

75 90 2.0 
15 18 ns 4.5 
13 15 6.0 

PC74HC/HCT241 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 5 

Fig. 6 

Fig. 6 

Fig. 5 



PC74HC/HCT241 

MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (ldccl for a unit load of 1 is given in the family specifications. 
To determine L;lcc per input, multiply this value by the unit load coefficient shown in the table below. 

input 
unit load 
coefficient 

1An 0.70 

~~ 0.70 
0.70 

20E 1.50 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI 
propagation delay 

1An to 1Yn; 
tPLH 2An to 2Yn 

tpzH/ 
3-state output enable time 

lOE to 1Yn; 
tpzL 20E to 2Yn 

tpHz/ 
3-state output disable time 

1!5E to 1Yn; 
tpLz 20E to 2Yn 

tTHLf output transition time 
tTLH 
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+25 

min. typ. 

13 

15 

18 

5 

Tamb (°Cl TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 
max. min. max. min. max. 

22 28 33 ns 4.5 Fig. 5 

30 38 45 ns 4.5 Fig. 6 

30 38 45 ns 4.5 Fig. 6 

12 15 18 ns 4.5 Fig. 5 



Octal buffer/line driver; 3-state 

AC WAVEFORMS 

1Aw2An l ' L"" 
INPUT 

~tP'"!L__._I 
Ir-

1Yw2Yn 
VM(1) J OUTPUT 

7Z87845.1 tTHL-- -.I .... tTLH 

Fig. 5 Waveforms showing th input (1An, 2Anl 
to output (1Y n• 2Y nl propagation delays and 
the output transition times. 

90% 

20E INPUT VM!1l 

OUTPUT 
LOW-to-OFF 
OFF-to-LOW 

OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

7296094 

10% 

'"''""J __ outputs em:ibled disabled 
--OUtptJtS 

enabled 

Fig. 7 Waveform showing the 3-state enable and 
disable times for input 20E. 

Note to AC waveforms 

(1) HC: VM=50%;V1=GNDtoVcc· 
HCT: VM= 1.3V;V1 = GNDto3V. 

90% 

1QE INPUT VM!ll 

OUTPU! 
LOW-to-OFF 
OFF-to-LOW 

OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

10% 

PC74HC/HCT241 

MSI 

l
-tezL-1 VM(11 

.,.. 1PZH--

outputs --- outputs 
disabled enabled 

Fig. 6 Waveform showing the 3-state enable and 
disable times for input 1 OE. 
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PC74HC/HCT242 

MSI 

QUAD BUS TRANSCEIVER; 3-STATE; INVERTING 

FEATURES 

• Inverting 3-state outputs 
• 2-way asynchronous data bus 

communication 
• Output capability: bus driver 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT242 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT242 are quad bus 
transceivers featuring inverting 
3-state bus compatible outputs in both 
send and receive directions. 
They are designed for 4-line 
asynchronous 2-way data communications 
between data buses. 

The output enable inputs (OEA and OE Bl 
can be used to isolate the buses. 

The "242" is similar to the "243" but has 
inverting outputs. 

242 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

tPHL/ 
propagation delay 

CL= 15 pf 
An to Bn; 9 13 ns 

tPLH Bn to An 
Vee= 5 v 

C1 input capacitance 3.5 3.5 pf 

C1/0 input/output capacitance 10 10 pf 

Cpo 
power dissipation notes 1 and 2 50 58 pf 

capacitance per transceiver 
.L____..J 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + ~ (CL x Vee' x fd) where: 

fi = input frequency in MHz CL = output load capacitance in pf 
f0 = output frequency in MHz Vee = supply voltage in V 
l: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT242P: 14-lead DI L; plastic (SOT-27). 
PC74HC/HCT242T: 14-lead mini-pack; plastic (S0-14; SOT-108A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 OEA output enable input (active LOW) 
2, 12 n.c. not connected 
3, 4, 5, 6 AotoA3 data inputs/outputs 
7 GND ground (0 V) 
11, 10, 9, 8 Bo to B3 data inputs/outputs 
13 OEB output enable input 
14 Vee positive supply voltage 

7Z93198.1 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 



PC74HC/HCT242 

MSI 

Fig. 4 Functional diagram. 

... J'"""" 1986 I 

FUNCTION TABLE 

INPUTS INPUTS/OUTPUTS 

CEA OEe An 

L L inputs 
H L z 
L H z 
H H A= Ef 

H = HIGH voltage level 
L = LOW voltage level 

Bn 

B=A 
z 
z 
inputs 

Z =high impedance OFF·state 



Ouad bus transceiver; 3-state; inverting 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND =0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI 
propagation delay 

An to Bn; 
tPLH Bn to An 

tpzH/ 
3-state output enable time 

OEA to An or Bn; 
tpzL OEs to An or Bn 

tpHz/ 
3-state output disable time 

OEA to An or Bn; 
tPLZ OEs to An or Bn 

trnLI output transition time 
tTLH 

+25 

min. typ. max. 

30 100 
11 20 
9 17 

50 150 
18 30 
14 26 

61 170 
22 34 
18 29 

14 60 
5 12 
4 10 

Tamb (oC) 

74HC 
UNIT Vee 

-40to+85 -40to+125 v 
min. max. min. max. 

125 150 2.0 
25 30 ns 4.5 
21 26 6.0 

190 225 2.0 
38 45 ns 4.5 
33 38 6.0 

215 255 2.0 
43 51 ns 4.5 
37 43 6.0 

75 90 2.0 
15 18 ns 4.5 
13 15 6.0 

PC74HC/HCT242 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 5 

Figs 6 and 7 

Figs 6 and 7 

Fig. 5 
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PC74HC/HCT242 

MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

Note to HCT wpes 

The value of additional quiescent supply current (L'llccl for a unit load of 1 is given in the family specifications. 
To determine L'1lcc per input, multiply this value by the unit load coefficient shown in the table below . 

470 

.---··T----~ . 1 unit load 
mpu 1 ·- coefficie_nt 

An 0.75 I 
Bn 0.75 
DEA 0.75 I 
OEs 0.75 J 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pf 

SYMBOL PARAMETER 

lPHLI propagation delay 

i------
+25 

min. typ. 

16 

Tamb (OC) 
-----I 

74HCT 

-40to+85 -40to+125 

max. min. max. min. max. 

28 35 42 

-

tPLH 11 An to Bn; 
Bn to An 

>-----4-r-·---------·-----+---+---t----+----t---+----t---

1 Pz HI I 3-state output enable ti me 
tpz , OEA to An or Bn; 

l I ;rEB to An or Bn 
~---- 3-;.-~~~~ut disable time 
tHZ OEA to An or Bn; 
PLZ ---t-OEs to An or Bn 

24 

----j -

26 

1 
~~~/ I output transition time 

-- --~-·-------·---~-~--t 

J'"""' 19861 

40 50 60 

--+-

40 50 60 

TEST CONDITIONS 

UNIT Vee WAVEFORMS 

v 

ns 4.5 Fig. 5 

ns 4.5 Figs 6 and 7 

ns 4.5 Figs 6 and 7 

---; 



Quad bus transceiver; 3-state; inverting 

AC WAVEFORMS 

Fig. 5 Waveforms showing the input (An. Bnl to 
output (Bn, An) propagation delays and the 
output transition times. 

OEs INPUTS 

OUTPUT 
LOW-to-OFF 
OFF-to-LOW 

OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

90% 

,,,,, .. ~I- ,,,,, .. 
enabled disabled 

-~-outputs 
enabled 

Fig. 6 Waveforms showing the 3-state enable and 
disable times for input OEs. 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vcc­
HCT: VM = 1.3 V; VJ= GND to 3 V. 

OUTPUT 
LOW-to-OFF 

OFF-to- LOW 

OUTPUT 

HIGH-to-OFF 
OFF-to- HIGH 

10% 

PC74HC/HCT242 

MSI 

-. lpzH-

I 
VM(1J 

outputs - __ --,,-,,-,-.. - _-_-_-_J -- outputs 

enabled disabled enabled 

Fig. 7 Waveforms showing the 3-state enable and 
disable times for input OEA. 
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PC74HC/HCT243 

MSI 

QUAD BUS TRANSCEIVER; 3-STATE 

FEATURES 

• Non-inverting 3-state outputs 
• 2-way asynchronous data bus 

communication 
• Output capability: bus driver 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT243 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT243 are quad bus 
transceivers featuring non-inverting 
3-state bus compatible outputs in both 
send and receive directions. 
They are designed for 4-line 
asynchronous 2-way data communications 
between data buses. 

The output enable inputs (GEA and OEB) 
can be used to isolate the buses. 

The "243" is similar to the "242" but has 
non-inverting (true) outputs. 

243 

7Z93203 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

tPHLI 
propagation delay 

CL=15pF 11 An to Bn; 14 ns 
tPLH Bn to An Vee= 5 v 

C1 input capacitance 3.5 3.5 pf 

C1/0 input/output capacitance 10 10 pf 

Cpo 
power dissipation notes 1 and 2 50 54 pf capacitance per transceiver 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + E (CL x Vee' x fol where: 

fi = input frequency in MHz CL = output load capacitance in pf 
f0 = output frequency in MHz Vee = supply voltage in V 
:!: (CL x Vcc2 x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT243P: 14-lead DI L; plastic (SOT-27). 
PC74HC/HCT243T: 14-lead mini-pack; plastic (S0-14; SOT-108A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 OEA output enable input (active LOW) 
2, 12 n.c. not connected 
3, 4, 5, 6 AotoA3 data inputs/outputs 
7 GND ground (0 V) 
11, 10, 9, 8 Bo to B3 data inputs/outputs 
13 OEB output enable input 
14 Vee positive supply voltage 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCT243 

MSI 

Fig. 4 Functional diagram. 
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FUNCTION TABLE 

INPUTS INPUTS/OUTPUTS 

OEA OEg An 

L L inputs 
H L z 
L H z 
H H A=B 

H =HIGH voltage level 
L = LOW voltage level 

Bn 

B=A 
z 
z 
inputs 

Z =high impedance OFF-state 



Quad bus transceiver; 3-state J 
---

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND ~o V; tr~ tf ~ 6 ns; CL~ 50 pF 

PC74HC/HCT243 

MSI 

.-------,-------- - - -~--~--------~--~ 

74HC 
SYMBOL PARAMETER 

+25 -40to+85 -40to+125 
r----- -- - --------j ----,- -

min. typ. max. min. max. min. max. 

UNIT Vee 
v 

TEST CONDITIONS 

WAVEFORMS 

>------+------~---~--+---+--~--+---+-----+--+----+-----+--+-------------~ 

propagation delay 
An to Bn; 
Bn to An 

36 
13 
10 

22 28 33 ns 
2.0 
4.5 
6.0 

Fig. 5 110,f - 140 1651 
19 24 I 28 l 

>-----+--3--s-ta_t_e_o_u-tp_u_t_e-na-b-le-ti_m_e-+----+-6-1--+-1~75 +-2-20-+----~-2-6-5--T+.----+-2-.0-+----------+ 

tpzH/ OEA to An or Bn; 22 35 44 53 ns 4.5 
tpzL OEs to An or 8n 18 30 37 45 6.0 

Figs 6 and 7 

f-----+-------------~--+---+----+----t---·--+--+----+----+---t-~~-~-------l 

3-state output disable time 63 180 225 I 270 2.0 
OEA to An or Bn; 23 36 45 54 ns 4.5 Figs 6 and 7 
OE8 to An or 8n 18 31 38 I 46 6.~0 

-- -~4--+--6-0---l-----l-71-55-1--l '108 2.0 

I output transition time ~ 12 J ns 4.5 Fig. 5 

- 10 __ _,_1:3 - _15_~--~6.0 ----~ 
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PC74HC/HCT243 

MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (ti Ice) for a unit load of 1 is given in the family specifications. 
To determine ti Ice per input, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient 

An 0.75 
Bn 0.75 
OEA 0.75 
OEs 0.75 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pf 

SYMBOL PARAMETER 

tPHLI 
propagation delay 
An to Bn; 

tPLH Bn to An 

tpzH/ 
3-state output enable time 

ITEA to An or Bn; 
tpzL OEs to An or Bn 

tpHzl 
3-state output disable ti me 

OEA to An or Bn; 
tpLz OEs to An or Bn 

tTHLI output transition time 
tTLH 

476 Joooo<v 1"'61 

+25 

min. typ. max. 

17 27 

24 40 

22 40 

5 12 

Tamb (°C) TEST CQNDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 
min. max. min. max. 

34 41 ns 4.5 Fig. 5 

50 60 ns 4.5 Figs 6 and 7 

50 60 ns 4.5 Figs 6 and 7 

15 18 ns 4.5 Fig. 5 



Quad bus transceiver; 3-state J 
---

PC74HC/HCT243 

MSI 

AC WAVEFORMS 

A0, 90 INPUT t~VM_"_' ______ f 
1-- 1PHL -- 1-- tPLH --

,---

Fig. 5 Waveforms showing the input (An, Bnl to 
output (Bn, Anl propagation delays and the 
output transition times. 

90% 

OEs INPUTS VMlll 

OUTPUT 
LOW-to-OFF 
OFF-to-LOW 

OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

- 1PzH--

°"''"" _\ __ outputs 
enabled disabled 

---outputs 
enabled 

Fig. 6 Waveforms showing the 3-state enable and 
disable times for input OEs. 

QEA INPUT 

OUTPUT 
LOW-to-OFF 
OFF-to-LOW 

OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

7Z93202.1 

10% 

90% 

O"'P"" _I __ outputs 
enabled disabled 

---outputs 
enabled 

Fig. 7 Waveforms showing the 3-state enable and 
disable times for input OEA. 
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PC7 4HC/HCT244 

MSI 

OCTAL BUFFER/LINE DRIVER; 3-STATE 

FEATURES 

• Output capability: bus driver 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT244 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT244 are octal 
non-inverting buffer/line drivers with 
3-state outputs. The 3-state outputs are 
controlled by the output enable inputs 
1N and 2N. A HIGH on nOE causes 
the outputs to assume a high impedance 
OFF-state. 
The "244" is identical to the "240" but 
has non-inverting outputs. 

FUNCTION TABLE 

INPUTS 

nOE nAn 

L L 
L H 
H x 

H =HIGH voltage level 
L = LOW voltage level 
X =don't care 

OUTPUT 

nYn 

L 
H 
z 

Z =high impedance OFF-state 

Vee 

2Yo 1Yo 

244 
2A1 

Fig. 1 Pin configuration. 

478 ''"""Y 19861 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

IPHLI 
propagation delay 

CL=15pF 1An to 1Yn; 9 11 ns 
tPLH 2An to 2Yn Vee= 5 v 

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation notes 1 and 2 35 35 pF 
capacitance per buffer 

GND = 0 V; Tamb = 25 °C; tr= If= 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + ~ (CL x Vee' x fol where: 

fi = input frequency in MHz CL = output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
~(CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is VJ = GND to Vee 
For HCT the condition is VJ = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT244P: 20-Jead DIL; plastic (SOT-146). 
PC74HC/HCT244T: 20-lead mini-pack; plastic (S0-20; SOT-163A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 10E output enable input (active LOW) 

2, 4, 6, 8 1Ao to 1A3 data inputs 

3, 5, 7, 9 2v0 to 2Y3 bus outputs 

10 GND ground (0 V) 

17, 15, 13, 11 2Ao to 2A3 data inputs 

18, 16, 14, 12 1Yo to 1Y3 bus outputs 

19 20E output enable input (active LOW~ 
20 Vee positive supply voltage 

2 1Ao 

17 2Ao 

4 1A1 

15 2A1 

6 1A2 

13 2A2 

8 1A3 

~ 11 2A3 9 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 



Octal buffer/line driver; 3-state 

17 2Ao 

7Z87450 

Fig. 4 Functional diagram. 

PC74HC/HCT244 

MSI 

(J'"""" 1986 
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PC74HC/HCT244 

MSI 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 
GND ~ 0 V; tr~ tf ~ 6 ns; CL~ 50 pF 

SYMBOL PARAMETER 

lPHLI 
propagation delay 

1An to 1Yn; 
tPLH 2An to 2Yn 

tpzHI 
3-state output enable time 

10E to 1Yn; 
tpzL 20Eto2Yn 

tpHz/ 
3-state output enable ti me 

10Eto1Yn; 
tpLz 20E to 2Yn 

tTHLI output transition time 
tTLH 

480 ''"""" 19861 

+25 

min. typ. max. 

30 110 
11 22 
9 19 

36 150 
13 30 
10 26 

39 150 
14 30 
11 26 

14 60 
5 12 
4 10 

Tamb (°C) 

74He 
UNIT Vee 

-40to +85 -40to +125 v 

min. max. min. max. 

145 165 2.0 
28 33 ns . 4.5 
24 28 6.0 

190 225 2.0 
38 45 ns 4.5 
33 38 6.0 

190 225 2.0 
38 45 ns 4.5 
33 38 6.0 

75 90 2.0 
15 18 ns 4.5 
13 15 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 5 

Fig. 6 

Fig. 6 

Fig. 5 



Octal buffer/line driver; 3-state 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
I CC category: MS I 

Note to HCT types 

PC74HC/HCT244 

MSI 

The value of additional quiescent supply current (11 lccl for a unit load of 1 is given in the family specifications. 
To determine 6 lcc per input, multiply this value by the unit load coefficient shown in the table below. 

input 
unit load 
coefficient 

1An 0.70 

2~ 0.70 
1 E 0.70 
2<JE 0.70 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= lf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI 
propagation delay 

1An to 1Yn; 
tPLH 2An to 2Y n 

tpzH/ 
3-state output enable time 

10E to 1Yn: 
tpzL 20E to 2Yn 

tpHz/ 
3-state output enable time 
10Eto1Yn; 

tpLz 20E to 2Yn 

tTHL/ output transition time 
lTLH 

+25 

min. typ. max. 

13 22 

15 30 

15 25 

5 12 

Tamb l°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40 to+125 v 
min. max. min. max. 

28 33 ns 4.5 Fig. 5 

38 45 ns 4.5 Fig. 6 

31 38 ns 4.5 Fig. 6 

15 18 ns 4.5 Fig. 5 
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PC74HC/HCT244 

MSI 

482 

AC WAVEFORMS 

1An, 2An l" L_ INPUT 

~ 1PHL-
r-

1Yn,2Yn 
yM!11 

OUTPUT 

_J 
7287845.1 tTHL-+ ._tTLH 

Fig. 5 Waveforms showing th input (1An, 2Anl 
to output (1Yn. 2Ynl propagation delays and 
the output transition times. 

Note to AC waveforms 

(1) He : VM = 50%; Vi= GND to Vee· 
HeT: VM = 1.3V; V1 = GND to 3V. 

J'""'"' 19861 

nO'E INPUT 

OUTPUT 
LOW-to-OFF 
OFF-to-LOW 

OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

7Z93364.1 

_,, 

.,._tpzH-

OO!P"" _I_ O"'P"" 
enabled disabled 

--outputs 
enabled 

Fig. 6 Waveforms showing the 3-state enable and 
disable times. 



PC74HC/HCT245 

MSI 

OCTAL BUS TRANSCEIVER; 3-STATE 

FEATURES 

• Octal bidirectional bus interface 
• Non-inverting 3-state outputs 
• Output capability: bus driver 

• lcc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT245 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JED EC standard no. 7. 

The 74HC/HCT245 are octal 
transceivers featuring non-inverting 
3-state bus compatible outputs in both 
send and receive directions. 
The "245" features an output enable 
(OE) input for easy cascading and a 
send/receive (DIR) for direction control. 
OE controls the outputs so that the 
buses are effectively isolated. 
The "245" is similar to the "640" but 
has true {non-inverting) outputs. 

FUNCTION TABLE 

INPUTS INPUTS/OUTPUTS 

OE DIR An 

L L A=B 
L H inputs 
H x z 

H =HIGH voltage level 
L = LOW voltage level 
X =don't care 
Z =high impedance OFF-state 

245 

Fig. 1 Pin configuration. 

Bn 

inputs 
B =A 
z 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HGT 

IPHLI propagation delay CL= 15pF 7 10 ns 
IPLH An to Bn Vee= 5 v 

C1 input capacitance 3.5 3.5 pF 

C1/0 input/output capacitance 10 10 pF 

Cpo 
power dissipation notes 1 and 2 30 30 pF 

capacitance per transceiver 

GND = 0 V; Tamb = 25 °C; tr= If= 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (P 0 in µW): 

Po= Cpo x Vee' x fi + i: (CL x Vee' x 10 ) where: 

fi = input frequency in MHz CL output load capacitance in pF 
fo = output frequency in MHz Vee supply voltage in V 
2: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT245P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HeT245T: 20-lead mini-pack; plastic (S0-20; SOT-163A). 

PIN DESCRIPTION 
,---

PIN NO. SYMBOL NAME AND FUNCTION 

1 DIR direction control 

2, 3, 4, 5, 
Ao to A1 data inputs/outputs 6, 7, 8, 9 

10 GND ground (0 V) 

18, 17, 16, 15, 
Bo to B7 data inputs/outputs 14, 13, 12, 11 

19 OE output enable input (active LOW) 
20 Vee positive supply voltage 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCT245 

MSI 

Fig. 4 Functional diagram. 
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Octal bus transceiver; 3-state 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability; bus driver 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND ~ 0 V; tr~ tf ~ 6 ns; CL~ 50 pF 

Tamb (oC) 

74HC 
SYMBOL PARAMETER UNIT Vee 

+25 -40to+85 -40to+125 v 
min. typ. max. min. max. min. max. 

tPHLI 
propagation delay 25 90 115 135 2.0 

An to Bn: 9 18 23 27 ns 4.5 
tPLH Bn to An 7 15 20 23 6.0 

tpzH/ 
3-state output enable ti me 30 150 190 225 2.0 

OE to An; 11 30 38 45 ns 4.5 
tpzL NtoBn 9 26 33 38 6.0 

tpHz/ 
3-state output enable time 41 150 190 225 2.0 

OE to An; 15 30 38 45 ns 4.5 
tpLz OE to Bn 12 26 33 38 6.0 

lTHU 
14 60 75 90 2.0 

output transition time 5 12 15 18 ns 4.5 
lTLH 4 10 13 15 6.0 

PC74HC/HCT245 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 5 

Fig. 6 

Fig. 6 

Fig. 5 
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PC74HC/HCT245 

MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (LI Ice) for a unit load of 1 is given in the family specifications. 
To determine lllcc per input, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient 

An 0.40 

~ 0.40 
1.50 

DIR 0.90 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI 
propagation delay 

An to Bn; 
tPLH Bn to An 

tpzH/ 
3-state output enable time 

OE to An; 
tpzL OE to Bn 

tpHz/ 
3-state output enable ti me 

OE to An; 
tpLz OE to Bn 

tTHLI output transition time 
tTLH 

486 January 1986 

+25 

min. typ. 

12 

16 

15 

5 

Tamb (oC) TEST CONDITIONS 

14HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 
max. min. max. min. max. 

23 29 35 ns 4.5 Fig. 5 

30 38. 45 ns 4.5 Fig. 6 

30 38 45 ns 4.5 Fig. 6 

12 15 18 ns 4.5 Fig. 5 



Octal bus transceiver; 3-state 

AC WAVEFORMS 

An, Bn l" L_ INPUT 

~tPHL--
r---

Bn,An 
VM!ll 

OUTPUT 

7296091 tTHL- - ._ 1TLH 

Fig. 9- Waveforms showing the input (An. Bnl 
~output (Bn, Anl propagation delays and 

--the output transition times. 

Note to AC waveforms 

(1) HC : VM = 50%; Vi = GND to Vee· 
HCT: VM = 1.3 V; VJ = GND to 3 V. 

PC74HC/HCT245 

MSI 

90% 

OE INPUT vM1tJ 

OUTPUT 
LOW-to-OFF 
OFF-to-LOW 

OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

7296102 

10% 

I 
vMto 

outputs __ ~.,-,,-,.-,-_-~_ outputs 

enabled disabled enabled 

Fig. 6 Waveforms showing the 3-state enable and 
disable times. 
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PC74HC/HCT251 

MSI 

8-INPUT MULTIPLEXER; 3-STATE 

FEATURES 

• True and complement outputs 
• Both outputs are 3-state for 

further multiplexer expansion 
• Multifunction capability 
• Permits multiplexing from 

n·lines to one line 
• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 
The 74HC/HCT251 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEOEC standard no. 7. 

The 74HC/HCT251 are the logic 
implementations of single-pole 8-position 
switches with the state of three select 
inputs (So, S1, S2) controlling the switch 
positions. 
Assertion (Y) and negation (Y) outputs 
are both provided. 
The output enable input (OE) is active 
LOW. The logic function provided at the 
output, when activated, is: 

Y= QE.(lo."So."S1.S2+ l1.So.S1.S2+ 

+ l2.So.S1.s2 + l3.So.S1.S2 + 

+ l4.So.S1 .S2 + l5.So.S1 .S2 + 
+ l5.So.S1 .S2 + I 7 .So.S1 .S2) 

Both outputs are in the high impedance 
OFF-state (Z) when the output enable 
input is HIGH, allowing multiplexer 
expansion by tying the outputs. 

251 

Fig. 1 Pin configuration. 

... J'""'"' ····I 

SYMBOL PARAMETER 

propagation delay 

tPHLI 
In to~ 
In to Y 

tPLH Sn to~ 
Sn to Y 

C1 input capacitance 

Cpo 
power dissipation 
capacitance per package 

GNO = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

TYPICAL 
CONDITIONS 

HC HCT 

CL= 15 pF 
14 18 
14 18 

Vee= 5 v 24 24 
24 24 

3.5 3.5 

notes 1 and 2 40 42 

1. Cpo is used to determine the dynamic power dissipation (Po in µ.W): 

Po = Cpo x Vee' x fi + :i: (CL x Vee' x fol where: 

UNIT 

ns 
ns 
ns 
ns 

pF 

pF 

fi = input frequency in MHz tL = output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
:!: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GNO to Vee 
For HCT the condition is V1 = GNO to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT251P: 16-lead OIL; plastic (SOT-3BZ). 
PC74HC/HCT251T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PINNO. SYMBOL NAME AND FUNCTION 

4, 3, 2, 1, 15, 
lo to 17 multiplexer inputs 

14, 13, 12 
5 y multiplexer output 

6 y complementary multiplexer output 
7 OE 
8 GNO 
11, 10, 9 So, S1, S2 
16 Vee 

,, 10· 9 

So S1 S2 

lo 
11 

12 y 

13 

15 14 

14 15 y 

13 lo 
12 17 

OE 

7Z93101 

Fig. 2 Logic symbol. 

3-state output enable input (active LOW) 
ground (0 V) 
select inputs 
positive supply voltage 

v 
v 

7Z93102 

Fig. 3 I EC logic symbol. 



8-input multiplexer; 3-state J 
---

4 3 2 1 15 14 13 12 

MULTIPLEXER 

7 OE 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS 

OE S2 s, 

H x x 

L L L 
L L L 
L L L 
L L L 

L L H 
L L H 
L L H 
L L H 

L H L 
L H L 
L H L 
L H L 

L H H 
L H H 
L H H 
L H H 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 

So 

x 

L 
L 
H 
H 

L 
L 
H 
H 

L 
L 
H 
H 

L 
L 
H 
H 

Z = high impedance OFF-state 

lo 1, 12 

x x x 

L x x 
H x x 
x L x 
x H x 

x x L 
x x H 
x x x 
x x x 

x x x 
x x x 
x x x 
x x x 

x x x 
x x x 
x x x 
x x x 

··-----

OUTPUTS 
-·----

13 14 15 15 17 y y 
-

x x x x x z z 

x x x x x H L 
x x x x x L H 
x x x x x H L 
x x x x x L H 

x x x x x H L 
x x x x x L H 
L x x x x H L 
H x x x x L H 

x L x x x H L 
x H x x x L H 
x x L x x H L 
x x H x x L H 

x x x L x H L 
x x x H x L H 
x x x x L H L 
x x x x H L H __ ,__ 

PC74HC/HCT251 

MSI 
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PC74HC/HCT251 
MSI 

Fig. 5 Logic diagram. 
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8-input multiplexer; 3-state J 
---

DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 
GND ~ 0 V; tr~ tf ~ 6 ns; CL~ 50 pF 

Tamb (°C) 

74HC 
SYMBOL PARAMETER UNIT Vee 

+25 -40to+85 -40to+125 v 
min. typ. max. min. max. min. max. 

tPHLI propagation delay 47 170 215 255 2.0 
17 34 43 51 ns 4.5 

tPLH In to Y 14 29 37 43 6.0 

tPHLI propagation delay 47 175 220 265 2.0 
17 35 44 53 ns 4.5 

tPLH In to Y 
14 30 37 45 6.0 

tPHLI propagation delay 77 240 300 360 2.0 
28 48 60 72 ns 4.5 

tPLH Sn to Y 22 41 51 61 6.0 

tPHLI 
I 77 240 300 360 2.0 propagation delay 28 48 60 72 ns 4.5 

tPLH Sn to Y 22 41 51 61 6.0 

tpzH/ 3-state output enable time 
33 140 175 210 2.0 
12 28 35 42 ns 4.5 

tpzL OE to Y, Y 10 24 30 36 6.0 

lPHZI 3-state output disable time 36 140 170 210 2.0 
13 28 35 42 ns 4.5 

tPLZ OE to Y, Y 10 24 30 36 6.0 

Ji lTHLI 
19 75 95 2.0 

output transition tir:__j__ 7 15 19 ns 4.5 
tTLH 6 13 16 6.0 

---'-----

PC7 4HC/HCT251 

MSI 

·---------, 
TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 7 

--------1 

Fig. 6 

--1 

Fig. 7 

----------

Fig. 8 

Fig. 8 

---I 

I 
Figs 6 and 7 

·--
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PC74HC/HCT251 

MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (lllccl for a unit load of 1 is given in the family specifications. 
To determine lllcc per input, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient 

In 0.55 
So 0.55 

&ES2 0.55 
2.65 

AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; tr= If= 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH In toY 

tPHLI propagation delay 
tPLH In toY 

tPHLI propagation delay 
IPLH Sn toY 

tPHLI propagation delay 
tPLH Sn to 'i' 

tpzH/ 3-state output enable time 
tpzL OE toY, 'i' 

tpHzl 3-state output disable time 
tpLz OE toY, Y 

tTHLI output transition time 
lTLH 

492 January 1986 

. ' 

+25 

min. typ. max. 

21 35 

21 35 

28 48 

28 48 

15 30 

14 28 

7 15 

Tamb (oC) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to +85 -40to+125 v 
min. max. min. max. 

44 53 ns 4.5 Fig. 6 

44 53 ns 4.5 Fig. 7 

60 72 ns 4.5 Fig. 6 

60 72 ns 4.5 Fig. 7 

38 45 ns 4.5 Fig. 8 

35 42 ns 4.5 Fig. 8 

19 22 ns 4.5 Figs 6 and 7 



Bcinput multiplexer; 3-state J 
---

PC74HC/HCT251 

MSI 

AC WAVEFORMS 

Fig. 6 Waveforms showing the multiplexer input 
!In) and select input (Sn) to output (Y) 
propagation delays and the output transition 
times. 

90% 
Qe INPUT VM(1) 

OUTPUT 
LOW-to-OFF 
OFF-to-LOW 

'°" 

,, 

-.tpzH-

OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

~~~~~~""-90% 

°"''"" _I_ .,.., .. 
enabled disabled 

--outputs 
enabled 

Fig. 8 Waveforms showing the 3-state enable and 
disable times. 

Note to AC waveforms 

(1) HC : VM = 50%; v, = GND to Vee· 
HeT: VM = 1.3V;VJ = GNDto3V. 

Fig. 7 Waveforms showing the multiplexer input 
!In) and select input (Sn) to output (Y) 
propagation delays and the output transition 
times. 
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PC74HC/HCT253B 

MSI 

DUAL 4-INPUT MULTIPLEXER; 3-STATE 

494 

FEATURES 

• Non-inverting data path 
• 3-state outputs for bus interface 
• and multiplex expansion 
• Common select inputs 
• Separate output enable inputs 
• Output capability: bus driver 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT253B are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL ( LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT253B have two identical 
4-input multiplexers with 3-state outputs 
which select two bits from four sources 
selected by common data select inputs 
(So, S1). 
When the individual output enable 
(10E, 20E) inputs of the 4-input 
multiplexers are HIGH, the outputs are 
forced to the high impedance OFF-state. 
The "253" is the logic implementation 
of a 2-pole, 4-position switch, where the 
position of the switch is determined by 
the logic levels applied to So and S1. 

The logic equations for the outputs are: 

1Y = 10E(110.S1.SCJ+111.S1.So+ 
+1 l2.S1.S"Q+113.S1.Sol 

2Y = 201:(210.S1.So+211.S1.So+ 
+2l2.S1 .SQ+213.S1 .SQ) 

APPLICATIONS 

• Data selectors 
• Data multiplexers 

Vee 

20e 

So 

213 

2536 

"o 

7287455.1 

Fig. 1 Pin configuration. 

January 1986 

SYMBOL PARAMETER 

tPHLI 
propagation delay 

1 In, 21n to nY; · 
tPLH Sn to nY 

C1 input capacitance 

Cpo 
power dissipation 

capacitance per multiplexer 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

TYPICAL 
CONDITIONS 

HC HCT 

CL=15pF 17 17 
Vee= 5 v 

3.5 3.5 

notes 1 and 2 55 55 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + L (CL x Vee' x fol where: 

UNIT 

ns 

pF 

pF 

fi = input frequency in MHz CL output load capacitance in pF 
f 0 = output frequency in MHz 'Vee = supply voltage in V 
:!: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT253BP: 16-lead DI L; plastic (SOT-38Z). 
PC74HC/HCT253BT: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 15 10E, 20E output enable inputs (active LOW) 
14, 2 SQ, S1 common data select inputs 

7, 9 1Y,2Y 3-state multiplexer outputs 

8 GND ground (0 V) 

6, 5, 4, 3 110 to 113 data inputs from source 1 

10, 11, 12, 13 210 to 213 data inputs from source 2 
16 Vee positive supply voltage 

So 

1Y 

10 

11 211 
2Y 

12 212 

13 213 

15 20E 

S1 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 



Dual 4-input multiplexer; 3-state 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

SELECT DATA INPUTS OUTPUT 
INPUTS ENABLE 

So s, nlo nl1 nl2 nl3 nO"E 

x x x x x x H 

L L L x x x L 
L L H x x x L 
H L x L x x L 
H L x H x x L 

L H x x L x L 
L H x x H x L 
H H x x x L L 
H H x x x H L 

1V 

OUTPUT 

nY 

z 

L 
H 
L 
H 

L 
H 
L 
H 

H =HIGH voltage level 
L =LOW voltage level 
X=don't care 
Z =high impedance OFF-state 

2V 

Fig. 5 Logic diagram. 

7Z87456.1 
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____ M_s1 ___ ) 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; Cl= 50 pF 

Tamb (oe) TEST CONDITIONS 
.. 

74He 
SYMBOL PARAMETER --1 UNIT Vee WAVEFORMS 

+25 -40to+B5 -40to +125 v 
min. typ. max. min. max. min. max. 

tPHLI 
propagation delay 55 175 220 265 2.0 

11n tonY; 20 35 44 53 ns 4.5 Fig. 6 
1PLH 21n to nY 16 30 37 45 6.0 

·-·-----

tpHLI propagation delay 55 175 220 265 2.0 
I 

1PLH Sn to nY 20 35 44 53 ns 4.5 Fig. 6 
16 30 37 45 6.0 

tpzH/ 3.,state output enable ti me 30 100 125 150 2.0 
11 20 25 30 ns 4.5 Fig. 7 

tpzL nOEtonY 
9 17 21 26 6.0 

41 150 190 225 

~ 
I 

tpHz/ 3-state output disable ti me 
15 30 38 45 ns f;g. 7 

tpLz nOEto nY 
12 26 33 38 

lHJ Fig~~---~] tTHLI 19 60 75 90 
output transition time 7 12 15 18 ns 

1TLH . 6 10 13 15 J_t>__L__ __ _____,_________ 
·--
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Dual 4-input multiplexer; 3-state 

DC CHARACTERISTICS FOR 74HCT 

PC74HC/HCT253B 

MSI 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (Lllccl for a unit load of 1 is given in the family specifications. 
To determine Lllcc per input, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient 

11n 0.35 

21:fu 
0.35 

n E 1.00 
So 1.00 
S1 1.00 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI 
propagation delay 

11n to nY; 
tPLH 21n tonY 

IPHLI propagation delay 
1PLH Sn to nY 

tpzH/ 3-state output enable time 
tpzL nOE to nY 

tpHz/ 3-state output disable time 
tPLZ nOE to nY 

tTHU output transition time 
tTLH 

+25 

min. typ, 

20 

22 

14 

13 

7 

Tamb (°C) TEST CONDITIONS 

74HCT vec I WAVEFORMS UNIT 
-40to+85 -40to+125 

max. min. max. min. max. I 

38 48 57 ns 4.5 Fig. 6 

40 50 60 ns 4.5 Fig. 6 

30 38 45 ns 4.5 Fig. 7 

30 38 45 ns 4.5 Fig. 7 

12 15 18 ns 4.5 Fig. 6 



PC74HC/HCT253B 

MSI 
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AC WAVEFORMS 

Sn,11n, 21n l" L_ INPUT 

'PHL-
;:--

nY OUTPUT ltM(1) 
_j 

7Z87863.1 tTHL _.. i:-- .:1 -- tTLH 

Fig. 6 Waveforms showing the input (1 In, 21n) 
to output (1Y, 2Y) propagation delays and the 
output transition times. 

Note to AC waveforms 

(1) HC: VM=50%;V1=GNDtoVcc· 
HCT: VM = 1.3V; V1 = GND to 3V. 

''""'"' 19861 

90% 

nBE INPUT vM<t! 

OUTPUT 
LOW-to-OFF 
OFF-to-LOW 

OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

7Z91260.2 

10% 

outputs--outputs 
disabled enabled 

Fig. 7 Waveforms showing the 3-state enable and 
disable times. 
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MSI 

QUAD 2-INPUT MULTIPLEXER; 3-STATE 

FEATURES 

• Non-inverting data path 
• 3-state outputs interface directly 

with system bus 
• Output capability: bus driver 
• lcc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT257 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDECstandard no. l. 

The 74HC/HCT257 have four identical 
2-input multiplexers with 3-state outputs, 
which select 4 bits of data from two 
sources and are controlled by a common 
data select input (S). 
The data inputs from source 0 (1 lo to 
410) are selected when input S is LOW 
and the data inputs from source 1 (111 to 
411) are selected when Sis HIGH. 
Data appears at the outputs ( 1 Y to 4Y) 
in true (non-inverting) form from the 
selected inputs. 
The "257" is the logic implementation of 
a 4-pole, 2-position switch, where the 
position of the switch is determined by 
the logic levels applied to S. 
The outputs are forced to a high 
impedance OFF-state when OE is HIGH. 

The logic equations for the outputs are: 

lY= OE.(111.S+ 110.S) 

2Y = OE.(211.S + 210.Sl 

3Y = OE.(311.S + 310.Sl 

4Y = OE.(411.S + 410.Sl 

The "257" is identical to the "258" but 
has non-inverting (true) outputs. 

310 

311 

257 

411 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS >--------.---- UNIT 

HC HCT 

tPHLI 
propagation delay CL=15pF 

nlo, nl1 to nY 11 13 ns 
tPLH S to nY Vee= s v 14 17 ns 

3.5 3.5 , pF C1 input capacitance 

power dissipation ~ Cpo capacitance per notes 1 and 2 145 45 pF 
multiplexer 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 
1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x Ii+~ (CL x Vee' x f0 ) where: 
fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
~ (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT257P: 16-lead OIL; plastic (SOT-38Z). 
PC74HC/HCT257T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 s common data select input 

2, 5, 14, 11 llo to 410 data inputs from source 0 

3, 6, 13, 10 111to411 data inputs from source 1 

4, 7, 12, 9 1Yto4Y 3-state multiplexer outputs 

8 GND ground (0 V) 
15 OE 3-state output enable input (active LOW) 

16 Vee positive supply voltage 

"o 
1Y 

"• 
2Y 

14 
3Y 12 

13 

11 
4Y 12 

10 

15 OE 

7287852 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 

--
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1 s 

FUNCTION TABLE 

INPUTS 

OE s nlo nl1 

H x x x 

L H x L 
L H x H 
L L L x 
L L H x 

"o 

1'1 

"o 

211 

310 

311 

"o 

"1 

14 13 11 10 

SELECTOR 

3-STATE MULTIPLEXER OUTPUTS 

1Y 2Y 3Y 

12 

Fig. 4 Functional diagram. 

OUTPUT 
-----! 

nY 

z 

L 
H 
L 

H =HIGH voltage level 
L = LOW voltage level 
X =don't care 

4Y 

H Z =high impedance OFF-state 

1Y 

2Y 

3Y 

4Y 

7Z87431.1 

Fig. 5 Logic diagram. 
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Quad 2-input multiplexer; 3-state 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications''. 

Output capability: bus driver 
'cc category: MS! 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pf 

SYMBOL PARAMETER 

tPHLI 
propagation delay 

nlo to nY; 
tPLH nl1 to nY 

tPHLI propagation delay 
tPLH Sto nY 

tpzH/ 3-state output enable ti me 
tpzL OE tonY 

tpHz/ 3-state output disable time 
tpLz OEtonY 

!THU output transition time 
1TLH 

+25 

min. typ. max. 

36 110 
13 22 
10 19 

47 150 
17 30 
14 26 

33 150 
12 30 
10 26 

41 150 
15 30 
12 26 

14 60 
5 12 
4 10 

Tamb (OC) 

74HC 
UNIT Vee 

-40to+85 -40to+125 v 
min. max. min. max. 

140 165 2.0 
28 33 ns 4.5 
24 28 6.0 

190 225 2.0 
38 45 ns 4.5 
33 38 6.0 

190 225 2.0 
38 45 ns 4.5 
33 38 6.0 

190 225 2.0 
38 45 ns 4.5 
33 38 6.0 

75 90 2.0 
15 18 ns 4.5 
13 15 6.0 

PC74HC/HCT257 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 6 

Fig. 7 

Fig. 7 

Fig. 6 
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DC C.HARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI . 
Note to HCT types 

The value of additional quiescent supply current (/\Ice) for a unit load of 1 is given in the family specifications. 
To determine /\Ice per input, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient 

nlo 0.40 

~ 0.40 
1.35 

s 0.65 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI 
propagation delay 
nloto nY; 

tPLH nl1 to nY 

tpHLI propagation delay 
tPLH Sta nY 

tpzH/ 3-state output enable time 
tpzL OE tonY 

tpHz/ 3-state output disable time 
tPLZ OEtonY 

trHLI output transition time 
tTLH 

+25 

min. typ. 

16 

20 

15 

16 

5 

Tamb l°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 

max. min. max. min. max. 

30 38 45 ns 4.5 Fig. 6 

35 44 53 ns 4.5 Fig. 6 

30 38 45 ns 4.5 Fig. 7 

30 38 45 ns 4.5 Fig. 7 

12 15 18 ns 4.5 Fig. 6 



Quad 2-input multiplexer; 3-state 

AC WAVEFORMS 

nY OUTPUT 

_j 
7287853.2 J --trLH 

Fig. 6 Waveforms showing the input (nlo, nl 1) 
to output (nY) propagation delays and the 
output transition times. 

Note to AC waveforms 

(1) He : VM = 50%; Vi= GND to Vee· 
HeT: VM=1.3V;V1=GNDto3V. 

90% 

OE INPUT VM(l) 

OUTPUT 
LOW-to-OFF 
OFF·to-LOW 

OUTPUT 
HIGH-to-OFF 
OFF -to- HIGH 

7296102 

10% 

PC74HC/HCT257 

MSI 

.,_ tpzH-

outputs _ - outputs 
disabled enabled 

Fig. 7 Waveforms showing the 3-state enable 
and disable times. 
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DEVELOPMENT DATA 
Th is data sheet contains advance information and 

specifications are subject to change without notice. 

QUAD 2-INPUT MULTIPLEXER; 3-STATE 

FEATURES 

• Inverting data path 
• 3-state outputs interface directly 

with system bus 
• Output capability: bus driver 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT258 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL ( LSTTL). They are specified in 
compliance with J EDEC standard no. 7. 

The 74He/HeT258 have four identical 
2-input multiplexers with 3-state outputs, 
which select 4 bits of data from two 
sources and are controlled by a common 
data select input (S). 
The data inputs from source 0 (1 lo to 
410) are selected when input Sis LOW 
and the data inputs from source 1 ( 111 to 
411) are selected when Sis HIGH. 
Data appears at the outputs ( 1 'Y to 4'Y) 
in inverted form from the select inputs. 
The "258" is the logic implementation 
of a 4-pole, 2-position switch, where the 
position of the switch is determined by 
the logic levels applied to S. 
The outputs are forced to a high 
impedance OFF-state when OE is HIGH. 

The logic equations for the outputs are: 

1Y = OE.(111.S + 110.S) 

2Y = OE.(211.S + 210."SJ 

3Y = OE.(311.S + 310."SJ 

4'Y = OE.(411.S + 410."Sl 

The "258" is identical to the "257" but 
has inverting outputs. 

258 

Fig. 1 Pin configuration. 

504 J•nuocy 19861 

TYPICAL 
SYMBOL PARAMETER CONDITIONS 

HC 

tPHLI propagation delay eL=15pF 
tPLH nlo, nl1, S to nY Vee= 5 v 14 

e1 input capacitance 3.5 

GND = 0 V;Tamb = 25 °e;tr =tf = 6 ns 

ORDERING INFORMATION/PACKAGE OUTLINES 

Pe74HC/HeT258P: 16-lead OIL; plastic (SOT-38Z). 
Pe74He/HeT258T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 s common data select input 

2, 5, 14, 11 110 to41o data inputs from source 0 

3, 6, 13, 10 111 to411 data inputs from source 1 

4, 7, 12, 9 1'i'to4Y 3-<;tate multiplexer outputs 

8 GND ground (0 V) 

HCT 

16 

3.5 

15 OE 3-5tate output enable input (active LOW) 

16 Vee 

FUNCTION TABLE 

INPUTS 

OE s nlo 

H x x 
L H x 
L H x 
L L L 
L L H 

H =HIGH voltage level 
L = LOW voltage level 
X = don't care 

nl1 

x 
L 
H 
x 
x 

Z =high impedance OFF-5tate 

positive supply voltage 

OUTPUT 

nY 

z 

H 
L 
H 
L 

UNIT 

ns 

pF 



8-BIT ADDRESSABLE LATCH 

FEATURES 

• Combines demultiplexer and 8-bit 
latch 

• Serial-to-parallel capability 
• Output from each storage bit 

available 
• Random (addressable) data entry 
• Easily expandable 
• Common reset input 
• Useful as a 3-to-8 active H I G H 

decoder 
• Output capability: standard 
• lcc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT259 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT259 are high-speed 
8-bit addressable latches designed for 
general purpose storage applications in 
digital systems. The "259" are 
multifunctional devices capable of 
storing single-line data in eight 
addressable latches, and also 3-to-8 
decoder and demultiplexer, with active 
HIGH outputs (Qo to 07), functions 
are available. 

The "259" also incorporates an active 
LOW common reset (MR) for resetting 
all latches, as well as, an active LOW 
enable input (lm. 
(continued on next page) 

PC74HC/HCT259 

MSI 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

tPHLI 
propagation delay 

D to.Qr, CL= 15 pF 18 20 ns 
tPLH An. LE to On Vee= 5 v 17 20 ns 

tPHL MR to On 15 20 ns 

c, input capacitance 3.5 3.5 pF 

Cpo 
power dissipation 

notes 1 and 2 19 19 pF capacitance per latch 
-

GN D = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + i: (CL x Vee' x fol where: 

fi = input frequency in MHz CL = output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
~ (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT259P: 16-lead DI L; plastic (SOT-38Z). 
PC74HC/HCT259T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 2, 3 AotoA2 address inputs 

4, 5, 6, 7, 9 
a 0 to a7 latch outputs 

10, 11, 12 

8 GND ground (0 V) 

13 D data input 

14 LE latch enable input (active LOW) 

15 MR conditional reset input (active LOW) 

16 Vee positive supply voltage 

(J•"""' 1986 
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MSI 

Fig. 4 Functional diagram. 

MODE SELECT TABLE 

0: MR MODE 
f------+-----+-·----- _________ _J 

506 

L H 
H H 
L L 
H L 

addressable latch 
memory 
active HIGH 8-channel demultiplexer 
reset 

FUNCTION TABLE 

INPUTS 
OPERATING MODES r----,--,---, -

MR LE D Ao Ai A2 oo o, 

master reset L H x x x x L L 
f------

L L d L L L O=d L 
L L d H L L L O=d 

demultiplex L L d L H L L L 

(active HIGH) L L d H H L L L 

decoder 
L d L H (when D = H) L L L L 

L L d H L H L L 
L L d L H H L L 
L L d H H H L L 

store (do nothing) H H x x x x qo qi 

H L d L L L O=d qi 
H L d H L L qo O=d 
H L d L H L qo qi 
H L d H 

addressable latch 
H L qo qi 

H L d L L H qo qi 
H L d H L H qo q1 
H L d L H H qo q1 
H L d H H H qo q, 

J'"""Y 19861 

OUTPUTS 

02 03 04 

L L L 

L L L 
L L L 
O=d L L 
L O=d L 

L L O=d 
L L L 
L L L 
L L L 

q2 q3 q4 

q2 q3 q4 
q2 q3 q4 
O=d q3 q4 
q2 O=d q4 

q2 q3 O=d 
q2 q3 q4 
q2 q3 q4 
q2 q3 q4 

05 05 

L L 

L L 
L L 
L L 
L L 

L L 
O=d L 
L O=d 
L L 

% % 

q5 % 
% % 
% % 
% q5 

% q5 
O=d % 
% O=d 
% % 

07 

L 

L 
L 
L 
L 

L 
L 
L 
O=d 

q1 

q1 
q7 
q7 
q7 

q7 
q7 
q7 

GENERAL DESCRIPTION (Cont'd.) 

The "259"' has four modes of operation 
as shown in the mode select table. 
In the addressable latch mode, data on 
the data line (D) is written into the 
addressed latch. The addressed latch will 
follow the data input with all non­
addressed latches remaining in their 
previous states. In the memory mode, 
all latches remain in their previous 
states and are unaffected by the data 
or address inputs. 

In the 3-to-8 decoding or demultiplexing 
mode, the addressed output follows the 
state of the D input with all other outputs 
in the LOW state. In the reset mode all 
outputs are LOW and unaffected by the 
address (Ao to A2) and data (D) input. 
When operating the "259" as an 
addressable latch, changing more than one 
bit of address could impose a transient­
wrong address. Therefore, this should only 
be done while in the memory mode. The 
mode select table summarizes the 
operations of the "259". 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
d = HIGH or LOW data one set-up 

time prior to the LOW-to-HIGH 
LE transition 

O=d 

q = lower case letters indicate the 
state of the referenced output 
established during the last cycle 
in which it was addressed or 
cleared 



8-bit addressable latch J 
---

PC74HC/HCT259 

MSI 

Fig. 5 Logic diagram. 
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DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
lcF category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH D to On 

tPHLI propagation delay 
tPLH An to On 

tPHLI propagation delay 
tPLH LE to On 

tPHL 
propagation delay 

MR to On 

tTHLI output transition time 
tTLH 

LE pulse width 
tw HIGH or LOW 

MR pulse width 
tw LOW 

tsu 
set-up time_ 

D, An to LE 

th 
hold time 

D to LE 

th 
hold time 

An to LE 

508 ''"""" 19861 

+25 

min. typ. max. 

58 185 
21 37 
17 31 

58· 185 
21 37 
17 31 

55 170 
20 34 
16 29 

50 155 
18 31 
14 26 

19 75 
7 15 
6 13 

70 17 
14 6 
12 5 

70 17 
14 6 
12 5 

80 19 
16 7 
14 6 

0 -19 
0 -6 
0 -5 

2 -11 
2 -4 
2 -3 

Tamb (°Cl 

74HC 
UNIT Vee 

-40to+85 -40to+125 v 
min. max. min. max. 

230 280 2.0 
46 56 ns 4.5 
39 48 6.0 

230 280 2.0 
46 56 ns 4.5 
39 48 6.0 

215 255 2.0 
43 51 ns 4.5 
37 43 6.0 

195 235 2.0 
39 47 ns 4.5 
33 40 6.0 

95 119 2.0 
19 22 ns 4.5 
16 19 6.0 

90 105 2.0 
18 21 ns 4.5 
15 12 6.0 

90 105 2.0 
18 21 ns 4.5 
15 12 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

0 0 2.0 
0 0 ns 4.5 
0 0 6.0 

2 2 2.0 
2 2 ns 4.5 
2 2 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 7 

Fig. 8 

Fig. 6 

Fig. 9 

Figs 6 and 7 

Fig. 6 

Fig. 9 

Figs 10 and 11 

Fig. 10 

Fig. 11 



8-bit addressable latch J 
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DC CHARACTERISTICS FOR 74HCT 

PC74HC/HCT259 

MSI 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (tdcc) for a unit load of 1 is given in the family specifications. 
To determine b. Ice per input, multiply this value by the unit load coefficient shown in the table below. 

input 
unit load 
coefficient 

An 1.50 
LE 1.50 
D 1.20 
MR 0.75 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH D to On 

tPHLI propagation delay 
tPLH An to On 

tPHLI propagation delay 
tPLH LE to On 

tPHL 
propagation delay 

MR to On 

tTHL/ output transition time 
tTLH 

tw 
LE pulse width 

HIGH or LOW 

tw MR pulse width 
LOW 

lsu 
set-up time 

Dto IT 

tsu 
set-up time 

An to CT 

lh 
hold time 

D to CT 

th 
hold time 

An to LE 

+25 

min. typ. 

23 

25 

22 

23 

7 

19 11 

18 10 

17 10 

17 10 

0 -8 

0 -5 

Tamb (°C) TEST CONDITIONS 

74HCT 
UNIT Vee . WAVEFORMS 

-40to+85 -40 to+125 v 
max. min. max. min. max. 

39 49 59 ns 4.5 Fig. 7 

42 53 63 ns 4.5 Fig. 8 

38 48 57 ns 4.5 Fig. 6 

39 49 59 ns 4.5 Fig. 9 

15 19 22 ns 4.5 Figs 6 and 7 

24 29 ns 4.5 Fig. 6 

23 27 ns 4.5 Fig. 9 

21 26 ns 4.5 Fig. 10 

21 26 ns 4.5 Fig. 11 

0 0 ns 4.5 Fig. 10 

0 0 ns 4.5 Fig. 11 
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510 

AC WAVEFORMS 

0 0 INPUT \._________,/ 

LE INPUT 

-tPLH--

an OUTPUT 

-- --tTLH 

Fig. 6 Waveforms showing the enable input (LE) 
to output (On) propagation delays, the enable 
input pulse width and the output transition times. 

A01NPUT~ 
' ' -

0 0 OUTPUT l 

93316 

Fig. 8 Waveforms showing the address inputs (An) 
to outputs (On) propagation delays and the output 
transition times. 

0 0 INPUT 

lE INPUT 

o,ouTPUT -

Fig. 10 Waveforms showing the data set-up and 
hold times for D input to U input. 

Note to AC waveforms 

(1) HC: VM=50%;V1=GNDtoVcc· 
HCT: VM = 1.3V; V1 = GND to 3V. 

J'"""Y 19861 

7Z93318.1 

"· "'"' t-~~~1Ll L_t 
0 0 OUTPUT VM" 1 -

7293261 trHL -- :_ -- -- 1TLH 

Fig. 7 Waveforms showing the data input (D) to 
output (On) propagation delays and the output 
transition times. 

MR INPUT 

-i~'w~r-

~Lv_M_"_' ----
On OUTPUT 

Fig. 9 Waveforms showing the conditional reset 
input (MR) to output (On) propagation delays. 

A 0 INPUT yMl1 I ADDRESS STABLE 

LE INPUT 

-l l;=-
\vM"' t 
~------~ 7Z93319.1 

Fig. 11 Waveforms showing the address set-up 
and hold times for An inputs to IT input. 

Note to Figs 10 and 11 

The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 



PC74HC7266 

SSI 

QUAD 2-INPUT EXCLUSIVE-NOR GATE 

FEATURES 

• Output capability: standard 
• Ice category: SSI 

GENERAL DESCRIPTION 

The 74HC7266 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTLI. They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC7266 provide the 
EXCLUSIVE-NOR function with active 
push-pull output. 

7266 

3Y 

Fig. 1 Pin configuration. 

SYMBOL PARAMETER 

propagation delay 
nA, nB to nY 

input capacitance 
-------+--------··- -· ---

c power dissipation 
PD capacitance per gate 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

TYPICAL 
CONDITIONS 

HC 

CL= 15pF 
11 

Vee= 5 v 

3.5 
----- -+--- -----

note 1 17 

1. Cpo is used to determine the dynamic power dissipation (Po in µWI: 

Po= Cpo x Vee' x fi + ~ (CL x Vee' x f0 1 where: 

UNIT 

ns 

pF 

pF 

fi = input frequency in MHz CL output load capacitance in pF 
fa = output frequency in MHz Vee = supply voltage in V 
l: (CL x Vee' x f0 1 =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC7266P: 14-lead DI L; plastic (SOT-271. 
PC74HC7266T: 14-lead mini-pack; plastic (S0-14; SOT-108AI. 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 5, 8, 12 1A to 4A data inputs 

2,6,9, 13 1 B to 4B data inputs 

3, 4, 10, 11 lY to 4Y data outputs 

7 GND ground (0 VI 

14 Vee positive supply voltage 

TA 
TY 

T 8 
3 e T 

2A 
2Y 4 

28 '-
3A 

38 
3Y 10 

T2 4A 

T3 48 
4Y TT 

7Z93390 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC7266 

SSI 

IA 

I 8 

2A 

28 

3A 

38 

12 4A 

13 48 

IY 

2Y 

3Y 10 

4Y 11 

Fig. 4 Functional diagram. 

J'"""'I 19861 

:~~y 

Fig. 5 Logic diagram (one gate). 

FUNCTION TABLE 

INPUTS 

nA nB 

L L 
L H 
H L 
H H 

H =HIGH voltage level 
L = LOW voltage level 

OUTPUT 

nY 

H 
L 
L 
H 



Quad 2-input EXCLUSIVE-NOR gate 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: SSI 

AC CHARACTERISTICS FOR 74HC 

GN D = 0 V; tr= tf = 6 ns; CL= 50 pF 

r---

SYMBOL PARAMETER 
+25 

min. typ. max. 

tPHLI propagation delay 
39 120 
14 24 

tPLH nA, nB to nY 
11 20 

tTHL/ 
19 75 

,output transition time 7 15 
tTLH 6 13 

AC WAVEFORMS 

nY OUTPUT vMl1i 

Fig. 6 Waveforms showing the input (nA, nB) 
to output (nY) propagation delays and the 
output transition times. 

Tamb (°C) 

74HC 
UNIT Vee 

-40to+85 -40 to +125 v 
min. max. min. max. 

150 180 2.0 
30 36 ns 4.5 
26 31 6.0 

95 110 2.0 
19 22 ns 4.5 
16 19 6.0 

Note to AC waveforms 

PC74HC7266 

SSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 6 

(1) HC : VM = 50%; Vi= GND to Vee-
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PC74HC/HCT273 

MSI 

OCTAL D-TYPE FLIP-FLOP WITH RESET; POSITIVE-EDGE TRIGGER 

FEATURES 

• Ideal buffer for MOS microprocessor 
or memory 

• Common clock and master reset 
• • Eight positive edge-triggered D-type 

flip-flops 
• See "377" for clock enable version 
• See "373" for transparent latch 

version 
• See "374" for 3-state version 
• Output capability; standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT273 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEOEC standard no. 7. 

The 74HC/HCT273 have eight edge­
triggered, 0-type flip-flops with 
individual 0 inputs and 0 outputs. 
The common clock (GP) and master reset 
(MR) inputs load and reset (clear) all 
flip-flops simultaneously. 
The state of each 0 input, one set-up 
time before the LOW-to-HIGH clock 
transition, is transferred to the 
corresponding output (On) of the 
flip-flop. 

Al I outputs wi 11 be forced LOW 
independently of clock or data inputs 
by a LOW voltage level on the 
MR input. 

The device is useful for applications 
where the true output only is required 
and the clock and master reset are 
common to all storage elements. 

Vee 

o, 

04 

GND 

7Z93256 

Fig. 1 Pin configuration. 
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TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

tPHLI 
propagation delay 

1PLH 
GP to On CL= 15 pf 15 15 ns 
MR to On 

Vee= 5 v 15 20 ns 

fmax maximum clock frequency 66 36 MHz 

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation 

notes 1 and 2 20 23 pF capacitance per flip-flop 

GND = 0 V; Tamb = 25 °C; tr= If= 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + ~ (CL x Vee' x fo) where: 

fi = input frequency in MHz CL output load capacitance in pf 
f0 = output frequency in MHz Vee = supply voltage in V 
L (CL x Vee' x f0 ) =sum of outputs 

2. For HG the condition is Vi = GND to Vee 
For HGT the condition is V1 = GND to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT273P: 20-lead OIL; plastic (SOT-146). 
PC74HC/HCT273T: 20-lead mini-pack; plastic IS0-20; SOT-163A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 MR master reset input (active LOW) 
2, 5, 6, 9, 12, 

Oo to 07 flip-flop outputs 
15, 16, 19 
3, 4, 7, 8, 13, o 0 to o 7 data inputs 
14, 17, 18 
10 GNO ground (0 V) 
11 GP clock input (LOW-to-HIGH, edge-triggered) 
20 Vee positive supply voltage 

ep 

Do Oo 

D1 01 

o, a, 
D3 03 

13 04 04 12 

14 05 o, 15 

17 05 05 16 

18 o, o, 19 

MR 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 



Octal D-type flip-flop with reset; positive-edge trigger PC74HC/HCT273 

MSI 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS 
OPERATING MODES 

MR CP Dn 

reset (clear) L x x 

load "1" H t h 

load "O" H t I 

o, o, 

CP 

a, 

OUTPUTS 

On 

L 

H 

L 

a, a, 

H = HIGH voltage level 
h = HIGH voltage level one set-uptime prior to the 

LOW-to-HIGH CP transition 
L = LOW voltage level 
I LOW voltage level one set-up time prior to the 

LOW-to-HIGH CP transition 
LOW-to-HIGH transition 

X = don't care 

o, o, o, 

a, 
QG 7Z93260 Q? 

Fig. 5 Logic diagram. 
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PC74HC/HCT273 

MSI 

DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH CP to On 

tPHLI propagation delay 
tPLH MR to On 

tTHLI output transition time 
tTLH 

clock pulse width 
tw HIGH or LOW 

master reset pulse width 
tw LOW 

removal time 
trem Mt! to CP 

set-up time 
tsu Dn to CP 

hold time 
th CP to Dn 

maximum clock pulse 
fmax frequency 

516 ''""'"' 19861 

+25 

min. typ. max. 

50 160 
18 32 
14 27 

50 160 
18 32 
14 27 

19 75 
7 15 
6 13 

80 19 
16 7 
14 6 

80 17 
16 6 
14 5 

50 8 
10 3 
9 2 

60 14 
12 5 
10 4 

3 -8 
3 -3 
3 -2 

6 20 
30 60 
35 71 

Tamb (°C) 

74HC 
UNIT Vee 

-40to+85 -40to+125 v 
min. max. min. max. 

200 240 2.0 
40 48 ns 4.5 
34 41 6.0 

200 240 2.0 
40 48 ns 4.5 
34 41 6.0 

95 110 2.0 
19 22 ns 4.5 
16 19 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

65 75 2.0 
13 15 ns 4.5 
11 13 6.0 

75 90 2.0 
15 18 ns 4.5 
13 15 6.0 

3 3 2.0 
3 3 ns 4.5 
3 3 6.0 

5 4 2.0 
24 20 MHz 4.5 
28 24 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 7 

Fig. 6 

Fig. 6 

Fig. 7 

Fig. 7 

Fig. 8 

Fig. 8 

Fig. 6 



Octal D-type flip-flop with reset; positive-edge trigger PC74HC/HCT273 

MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (II Ice I for a unit load of 1 is given in the family specifications. 
To determine D. lcc per input, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient 

MR 1.00 
CP 1.75 
Dn 0.15 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

propagation delay 
CP to On 

propagation delay 
MR to On 

output transition time 

Tamb ('Cl TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

+25 -40 to +85 -40 to +125 v 

min. typ. max. min. max. min. max. 

18 35 44 53 ns 4.5 Fig. 6 

23 39 49 59 ns 4.5 Fig. 7 

7 15 19 22 ns 4.5 Fig. 6 

t-----+------------+---+------t---+----+----+------t----+---+---- -j------------

tw 

tw 

clock pulse width 26 15 33 39 ns 4.5 Fig. 6 
HIGH or LOW 

master reset pulse width 
LOW 

17 10 21 26 ns 4.5 Fig. 7 

f------+-------------r-----l--+----+----+---+------------i----y--__,-------
removal time 

MR to CP 

set-up time 
Dn to CP 

15 4 19 22 

20 24 

ns 4.5 Fig. 7 

l 
ns 4.5 Fig. 8 

4.5 Fig. 8 
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PC7 4HC/HCT273 

MSI 

518 

AC WAVEFORMS 

--- l/fmax ---

CP INPUT VM (l) 

- tPHL---

On OUTPUT 

Fig. 6 Waveforms showing the clock (CP) to 
output (On) propagation delays, the clock pulse 
width output transition times and the maximum 
clock pulse frequency. 

CP INPUT 

Dn INPUT 

Qn OUTPUT 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee· 
HGT: VM = 1.3 V; V1 = GND to 3 V. 

''""'" 198611 

\_ 

MR INPUT VM 11l 

--tw--

CP INPUT 

on OUTPUT 

- 'PHL-\ 
yM!ll [ 

~---~ 7Z87478 

Fig. 7 Waveforms showing the master reset (MR) 
pulse width, the master reset to output (On) 
propagation delays and the master reset to clock 
(CP) removal time. 

Fig. 8 Waveforms showing the data set-up and 
hold times for the data input (Dnl· 

Note to Fig. 8 

The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 



PC74HC/HCT280 

MSI 

9-BIT ODD/EVEN PARITY GENERATOR/CHECKER 

FEATURES 

• Word-length easily expanded by 
cascading 

• Similar pin configuration to the 
"180" for easy system up-grading 

• Generates either odd or even parity 
for nine data bits 

• Output capability: standard 

• 'cc category: MSI 

GENERAL DESCRIPTION 
The 74HC/HCT280 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDECstandard no. 7. 

The 74HC/HCT2BO are 9-bit parity 
generators or checkers commonly used to 
detect errors in high-speed data 
transmission or data retrieval systems. 
Both even and odd parity outputs are 
available for generating or checking even 
or odd parity up to 9 bits. 

The even parity output (:!:El is HIGH 
when an even number of data inputs 
(lo to la) are HIGH. The odd parity 
output (:!:al is HIGH when an odd 
number of data inputs are HIGH. 

Expansion to larger word sizes is 
accomplished by tying the even outputs 
(LE) of up to nine parallel devices to 
the data inputs of the final stage. 

APPLICATIONS 

• 25-line parity generator/checker 
• 81-line parity generator/checker 

Fig. 1 Pin configuration. 

~---~------------,---·-- ----~------,------, 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 
i--------------+-----------+--------+---+----j-----1 

propagation delay 
In to LE 18 ns tPHLI 

tPLH In to Lo 
r----~---r------------------+------------+----+----+---~1 

CL= 15 pF 
Vee= 5 v 17 

20 22 ns 

C1 j inp1!t capacitanr:P 

power dissipation 1 notes 1 and 2 
capacitance per package CpD 

GND = 0 V; Tamb = 25 °C; tr =tf = 6 ns 

Notes 

3.5 3.5 pF 

65 65 pF 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + L: (CL x Vee' x f0 ) where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
L (CL x Vee' x f0 ) =sum of outputs 

2. For He the condition is V1 = GND to Vee 
For HeT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT2BOP: 14-lead DI L; plastic (SOT-27). 
PC74HC/HCT2BOT: 14-iead mini-pack; plastic (S0-14; SOT-108A). 

PIN DESCRIPTION 

PIN NO. 

8, 9, 10, 11, 
12, 13, 1, 2, 4 

5,6 

7 

14 
L-. 

10 

11 

12 

13 

SYMBOL 

Iota la 

LE, Lo 
GND 

Vee 

NAME AND FUNCTION 

data inputs 

parity outputs 

ground (O VI 

positive supply voltage 

2k 

7Z87499 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 

i'''""" 1986 
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PC74HC/HCT280 

MSI 

B 

lo 
9 10 11 

1, 13 

,, 
5 

12 13 1 2 

14 15 15 17 

'o 

Fig. 4 Functional diagram. 

"'' J'"""'I 19861 

4 

la 

FUNCTION TABLE 

INPUTS 

number of HIGH data inputs 
(lo to 18) 

even 
odd 

H =HIGH voltage level 
L =LOW voltage level 

Fig. 5 Logic diagram. 

OUTPUTS 

LE :Eo 

H L 
L H 



9-bit odd/even parity generator/checker 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH In to LE 

tPHLI propagation delay 
tPLH In to Lo 

lTHLI output transition time 
lTLH 

min. 

+25 

typ. max. 

55 200 
20 40 
16 34 

63 200 
23 40 
18 34 

19 75 
7 15 
6 13 

Tamb (oC) 

74HC 
UNIT Vee 

-40to+B5 -40to+125 v 
min. max. min. max. 

250 300 2.0 
50 60 ns 4.5 
43 51 6.0 

250 300 2.0 
50 60 ns 4.5 
43 51 6.0 

95 110 2.0 
19 22 ns 4.5 
16 19 6.0 

PC7 4HC/HCT280 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 6 

Fig. 6 
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PC74HC/HCT280 

MSI 

DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (Llfccl for a unit load of 1 is given in the family specifications. 
To determine ti Ice per input, multiply this value by the unit load coefficient shown in the table below. 

input 
unit load 
coefficient 

1.0 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

IPHLI propagation delay 
tPLH In to 2°:E 

IPHLI propagation delay 
tPLH In to 2:0 

ITHLI output transition ti me 
ITLH 

AC WAVEFORMS 

In INPUT l" ~tPHL-. 
l:E, l:o 

OUTPUT 
,~M(l) 

7Z87497.1 tTHL __. 1.:.._ 

+25 

min. typ. max. 

21 42 

26 45 

7 15 

L". Ir-
.J - _. tTLH 

Fig. 6 Waveforms showing the data input (In) 
to parity outputs (2:e,2:o) propagation delays 
and the output transition time. 

522 January 1986 

Tamb (°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 
min. max. min. max. 

53 63 ns 4.5 Fig. 6 

56 68 ns 4.5 Fig. 6 

19 22 ns 4.5 Fig. 6 

Note to AC waveforms 

(1) HC : VM = 50%; V1 = GND to Vee· 
HCT: VM = 1.3 V; V1 = GND to 3 V. 



PC74HC/HCT283 

MSI 

4-BIT FULL ADDER WITH FAST CARRY 

FEATURES 

• High-speed 4-bit binary addition 
• Cascadable in 4-bit increments 

• Fast internal look-ahead carry 
• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT283 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL ( LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT283 add two 4-bit 
binary words !An plus Bn) plus the 
incoming carry. The binary sum appears 
on the sum outputs (l: 1 to l:4) and the 
out-going carry (CouT) according to 
the equation: 

C1N + (A1+Bl)+2(A2 + B2) + 

+ 4(A3 + B3) + 8(A4 + 84) = 

= l:1+2L2+4l:3 + 8l:4 + 16CouT 
Where (+)=plus. 

Due to the symmetry of the binary add 
function, the "283" can be used with 
either all active HIGH operands (positive 
logic) or all active LOW operands 
(negative logic); see function table. 
In case of all active LOW operands the 
results l:1 to l:4 and CouT should be 
interpreted also as active LOW. With 
active HIGH inputs, C1N must be held 
LOW when no "carry in" is intended. 
Interchanging inputs of equal weight does 
not affect the operation, thus C1N. A1, 
B1 can be assigned arbitrarily to pins 5, 
6, 7, etc. 

See the "583" for the BCD version. 

83 

283 

7293827 

Fig. 1 Pin configuration. 

-~;cALr~:1T 
_ _l:l_~_HCT_I 

SYMBOL PARAMETER CONDITIONS 

propagation delay i I 

g:~:~i~ ~~ 1_ i~ 1~: 
C1 N to l:3 CL= 15 pF 20 i 23 ns 

~~:o;:B~~~~n Vee= 5 V J~! I ~~ ! ~: ~ 
An or Bn to CouT 20 I 24 I ns 

--------- --------- r-3.-5--rl 3-.5-fF-
input capacitance 
---------·---t- - - -- -- -r----
Power dissipation 

notes 1 nd 2 __ Ls_~ ___ 92 _ pF capacitance per package . . . __ _ __ _ 

GND =OV; Tamb = 25°e; tr=tf= 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation !Po in µW): 

Po= Cpo x Vee' x fi + 2: (CL x Vee' x f0 ) where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
l: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT283P: 16-lead DI L.; plastic (SOT-382). 
PC74HC/HCT283T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 
----------------·-

PIN NO. SYMBOL NAME AND FUNCTION 

4, 1, 13, 10 l:1 to l:4 sum outputs 

5, 3, 14, 12 A1 toA4 A operand inputs 

6, 2, 15, 11 B1 to B4 B operand inputs 

7 C1N carry input 

8 GND ground (0 V) 

9 CouT carry output 

16 Vee positive supply voltage ___J 

2 14 15 12 11 

A1 81 A2 s, A3 83 A4 84 

CIN CouT 

L1 ., L3 L4 

I 
13 10 

--------1 o" ~ 

12, ·1~4 
13 

15 :1 Q : 10 

11 
3) 

14 

Cl CO 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 

------------
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PC74HC/HCT283 

MSI 

r-
--------

Al a, A2 '2 

I ti 
,, 

'2 

14 15 12 

A3 83 A4 

L3 '• 
13 10 l __ Fig. 4 Functional diagram. 

524 

FUNCTION TABLE 

PINS C1N A1 A2 A3 
1--· 

logic levels L L H L 
1--· 

active HIGH 0 0 1 0 

active LOW 1 1 0 1 
-----~-'-----~ _ _____,_____,____ 

H =HIGH voltage level 
L = LOW voltage level 

January 1986 

A4 B1 

H H 

1 1 

0 0 

11 

84 

Cour g 

B2 B3 B4 :!:1 L2 :!:3 

L L H H H L 

0 0 1 1 1 0 

1 1 0 0 0 1 

Fig. 5 Logic diagram. 

:!:4 couT 
L H 

0 1 

1 0 

EXAMPLE 

(a) 

(b) 

Example 1001 
1010 

10011 

(a) for active HIGH, 
example= (9 + 10 = 19) 

(b) for active LOW, 
example= (carry + 6 + 5 = 12) 



4-bit full adder with fast carry 

DC CHARACTERISTICS FOR 74HC 

PC7 4HC/HCT283 

MSI 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 
,------i-----------~----------T-am_b __ ( __ "_C_) 

i---------~~--------, 
TEST CONDITIONS 

i--------,- ---- ----· 

74He 
SYMBOL PARAMETER UNIT Vee WAVEFORMS 

-40 to +85 -40 to +125 V +25 
~---,---+--,---+--,--­

min. typ. max. min. max. min. max. 
----+--------------+---+-----+----+--+- -+---+----+----- --------+------------

52 160 200 240 2.! ~ tPHL/ propagation delay 19 32 40 48 ns 4.5 Fig. 6 
tPLH C1N to L1 15 27 34 41 6.0 

------f----f---t---~---

58 180 225 270 2.0 I 
21 36 45 54 ns 4.5 Fig. 6 
17 31 38 46 6.0 

tPHLI propagation delay 
tPLH C1N to L2 

f-----+------------+---t---t---t--+----,f---t--- --+----+---~ --------------
63 195 245 295 2.0 I 
23 39 49 59 ns 4.5 I Fig. 6 

-----------+----+-1_8_-j-3_3--j-------1---4-2_+----+--5-o_ ---1 -----+- 6.o ---f----------------
7 4 230 290 345 
27 46 58 69 ns 4.5 'I Fig. 6 
22 39 49 59 6.0 

tPHLI propagation delay 
tPLH C1N to L3 

tPHLI propagation delay 
tPLH C1N to L4 

1-2-~~--l-------l-I :3-:: "' 1f J-::-" 
f-----+------------+----t-~-~--j-1-~-~-t---t--2:-~--t-- :: ,. ~ 1 ·;·~ 

18 33 42 50 6.0 
f------t-------------t--- -j---j----j--+----·-- +--+-----+----+-- --------j 

tpH LI propagation delay 63 195 245 295 2_0 
23 39 49 59 ns 4.5 1 Fig. 6 

tPLH An or Bn to CouT 18 33 42 50 6.0 

tPHLI propagation delay 
tPLH An or Bn to Ln 

tPHLI propagation delay 
tPLH C1N to CouT 

69 210 
25 42 
20 36 

~--t--------------t----t-----j--- ---+-----+---+---+---------!----- --------------

19 75 95 11u 2.0 
7 15 19 22 ns 4.5 
6 13 16 16 6.0 

'----~-----------L_---'------'-----'----'--~---l- ------'-----'-----

output transition time Fig. 6 
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DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
le}: category: MS! 

Note to HCT types 
The value of additional quiescent supply current (t.lccl for a unit load of 1 is given in the family specifications. 
To determine t.lcc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT UNIT LOAD 
COEFFICIENT 

C1N 1.50 

B2, A2, A1 1.00 

B1 0.40 

84, A4, 0.50 
A3, 83 

AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

min. 
·--

tPHLI propagation delay 
tPLH C1N to L1 

tPHLI propagation delay 
tPLH GIN to L2 

tPHLI propagation delay 
tPLH C1N to L3 

tPHLI propagation delay 
tPLH C1N to L4 

tPHLI propagation delay 
tPLH An or Bn to Ln 

tPHLI propagation delay 
tPLH C1N to Gour 

tPHLI propagation delay 
tPLH An or Bn to CouT 

tTHL/ output transition time 
tTLH 

526 January 1986 

+25 

typ. 

18 

25 

27 

31 

29 

27 

28 

7 

Tamb (°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40 to +85 -40 to +125 v 

max. min. max. min. max. 

31 39 47 ns 4.5 Fig. 6 

43 54 65 ns 4.5 Fig. 6 

46 58 69 ns 4.5 Fig. 6 

53 66 80 ns 4.5 Fig. 6 

49 61 74 ns 4.5 Fig. 6 

46 58 69 ns 4.5 Fig. 6 

48 60 72 ns 4.5 Fig. 6 

15 19 22 ns 4.5 Fig. 6 



4-bit full adder with fast carry 

AC WAVEFORMS 

CIN• An, 6n l { INPUT 

~ 1 PHL-- 1--tPLH ---

~ 

I:n, Cour ]VMl'I OUTPUT 

trHL--.. ...- - -. 1TLH 

Fig. 6 Waveforms showing the inputs (C1N. 
An, Bnl to the outputs ( Ln, CouTI 
propagation delays and the output 
transition times. Note to AC waveforms 

PC74HC/HCT283 

MSI 

(1) HC : VM = 50%; V1 = GND to Vee· 
HCT: VM = 1.3 V; V1 = GND to 3 V. 
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PC74HC/HCT297 

MSI 

DIGITAL PHASE-LOCKED-LOOP FILTER 

FEATURES 

• Digital design avoids analog 
compensation errors 

• Easily cascadable for higher order 
loops 

• Useful frequency range: 
DC to 55 MHz typical (K-clock) 
DC to 35 MHz typical (l/D-clock) 

• Dynamically variable bandwidth 
• Very narrow bandwidth attainable 
• Power-on reset 
• Output capability: 

standard/bus driver 
• lcc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT297 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT297 are designed to 
provide a simple, cost-effective 
solution to high-accuracy, digital, 
phase-locked-loop applications. These 
devices contain all the necessary 
circuits, with the exception of the 
divide-by-n counter, to build first 
order phase-locked-loops. 

Both EXCLUSIVE-OR (XORPD) and edge­
controlled (ECPD) phase detectors are 
provided for maximum flexibility. The 
input signals for the EXCLUSIVE-OR 
phase detector must have a 50% duty 
factor to obtain the maximum lock-
range. 

Proper partioning of the loop function, 
with many of the building blocks 
external to the package, makes it easy 
for the designer to incorporate ripple 
cancellation (see Fig. 7) or to cascade 
to higher order phase-locked-loops. 

(continued on next page) 

297 

¢8 

7Z96073 

Fig. 1 Pin configuration. 

~·---.---

TYPICAL 
SYMBOi. PARAMETER CONDITIONS UNIT 

HC HCT 

propagation delay 
tPHLI l/Dcp to l/DouT 15 18 
tPLH ¢A1. ¢8 to XORPDouT 13 13 ns 

¢8, ¢A2 to ECPDouT CL= 15 pF 19 19 

maximum clock frequency Vee= 5 v 
fmax Kcp 63 68 MHz l/Dcp 41 40 

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation 

notes 1 and 2 18 19 pF capacitance per package 

GND = 0 V; Tamb = 25 DC; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (PD in µW): 

Po= Cpo x Vee' x fi + l: (CL x Vee' x fQ') where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
l: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT297P: 16-lead DI L; plastic (SOT-38Z). 
PC74HC/HCT297T: 16-lead mini-pack; plastic (S0-16L; SOT-162A). 

14 

Kcp 

D/0 

EN cm 

l/Dcp 

/l!A1 

10 /l!B 

13 !l!A2 

Fig. 2 

15 

11°ouT 

XORPDouT 

ECPDouT 

7296074 

Logic symbol. 

11 

12 

IN 
PROGRESS 

Fig. 3 IEC logic symbol. 
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MSI 

PIN DESCRIPTION 

PIN NO. SYMBOL 

2, 1, 15, 14 A, B,C, D 

3 ENcTR 
4 Kcp 

5 1/Dcp 

6 D/U 
7 1/DouT 
8 GND 
9, 10, 13 </>A1.</>B,</>A2 
11 XORPDouT 
12 ECPDouT 
16 Vee 

14 16 

4 Kcp 

6 D/U MODULO~K 

3 EN CTR COUNTER 

5 l/Dcp 

9 .0A1 

10 .0B 

FF 
13 .0A2 

K a 

NAME AND FUNCTION 

modulo control inputs 
K-counter enable input 
K-counter clock input 

(LOW·to·HIGH, edge-triggered) 
increment/decrement clock input 

(HIGH-to-LOW, edge-triggered) 
down/up control 
increment/decrement bus output 
ground (0 V) 
phase inputs 
EXCLUSIVE-OR phase detector output 
edge-control led phase detector output 
positive supply voltage 

A 

l/D CIRCUIT 
I/Dour 7 

XORPDour 11 

ECPDour 12 

7Z96076 

Fig. 4 Functional diagram. 

GENERAL DESCRIPTION (Cont'd) 

The length of the up/down K-counter is 
digitally programmable according to the 
K-counter function table. With, A, B, C 
and Dall LOW, the K-counter is disabled. 
With A HIGH and B, C and D LOW, the 
K-counter is only three stages long, which 
widens the bandwidth or capture range 
and shortens the lock time of the loop. 
When A, B, C and D are all programmed 
HIGH, the K-counter becomes seventeen 
stages long, which narrows the bandwidth 

530 ''"""" ' ... , 

or capture range and lengthens the lock 
time. Real-time control of loop bandwith 
by manipulating the A to D inputs can 
maximize the overall performance of the 
digital phase-locked loop. 

The "297" can perform the classic first­
order phase-locked-loop function without 
using analog components. The accuracy of 
the digital phase-locked-loop (DPLL) is 
not affected by V CC and temperature 
variations but depends solely on 

K-COUNTER (DIGITAL CONTROL) 

FUNCTION TABLE 

D c B A MODULO(K) 

L L L L inhibited 
L L L H 23 
L L H L 2• 
L L H H 2• 

L H L L 2' 
L H L H 2' 
L H H L 2' 
L H H H 2• 

H L L L 210 
H L L H 211 
H L H L 2" 
H L H H 213 

H H L L 21• 
H H L H 2•• 
H H H L 2" 
H H H H 2" 

EXCLUSIVE-OR PHASE DETECTOR 
FUNCTION TABLE 

<f>A1 </>B XORPDouT 

L L L 
L H H 
H L H 
H H L 

EDGE-CONTROLLED PHASE 
DETECTOR TABLE 

<f>Az </>B 

Hor L t 
t Hor L 
Hor L t 
t Hor L 

H =HIGH voltage level 
L = LOW voltage level 

ECPDouT 

H 
L 
no change 
no change 

t = HIGH-to-LOW transition 
t = LOW-to-HIGH transition 

accuracies of the K-clock, l/D-clock and 
loop propagation delays. 

The phase detector generates an error 
signal waveform that, at zero phase error, 
is a 50% duty factor square wave. At the 
limits of linear operation, the phase 
detector output will be either HIGH or 
LOW all of the time depending on the 
direction of the phase error (<f>JN - <Pour). 
Within these limits the phase detector 
output varies linearly with the input phase 



Digital phase-locked-loop filter 

otiJ 

EN CTR 

0'B 

0'A2 

MODULO-K COUNTER 

CONTROL CIRCUIT 

14 13 12 11 10 9 

PC74HC/HCT297 

MSI 

TO MODE CONTROLS 12-2 (11 STAGES NOT SHOWN) 

BORROW 

CARRY 

INCREMENT /DECREMENT CIRCUIT 

I/Dour 

EXCLUSIVE - OR PHASE DETECTOR 

)--------------------------1 ;----~-XORPDour 

EDGE-CONTROLLED PHASE DETECTOR 

Fig. 5 Logic diagram. 

January 1986 531 



PC74HC/HCT297 

MSI 

532 

GENERAL DESCRIPTION (Cont'd) 

error according to the gain kd, which is 
expressed in terms of phase detector 
output per cycle or phase error. The 
phase detector output can be defined to 
vary between ± 1 according to the relation: 

phase detector output=% HIGH100% LOW 

The output of the phase detector wit I be 
kd<Pe. where the phase error · 
<Pe= <PIN - <PoUT· 

EXCLUSIVE-OR phase detectors 
(XORPD) and edge-controlled phase 
detectors (ECPD) are commonly used 
digital types. The ECPD is more complex 

Kee Mfc -+----t-~--1 

than the XORPD logic function but can 
be described generally as a circuit that 
changes states on one of the transitions 
of its inputs. The gain (kdl for an XORPD 
is 4 because its output remains HIGH 
(XORPDouT = 1) for a phase error of 
1/4 cycle. 
Similarly, kd for the ECPD is 2 since its 
output remains HIGH for a phase error of 
1 /2 cycle. The type of phase detector will 
determine the zero-phase-error point, i.e., 
the phase separation of the phase detector 
inputs for a <Pe defined to be zero. For the 
basic DP LL system of Fig. 6 <Pe= 0 when 
the phase detector output is a square wave. 

DID" 
DtVIDE-BY-K 

COUNTER 

XORPDour 

flN -+---t-0_A_1c_-\.lr--... 
01N .06 

DIVIDE- BY· N 
COUNTER 

1/0 CIRCUIT 

11°our 

l/Dcp 
t---+--+- 2 Nf c 

7Z96077 

Fig. 6 DPLL using EXCLUSIVE-OR phase detection. 

Mtc --1>-----1-K~c•'----1 
otU OIVlDE·BY·K 

COUNTER 

ECPO 

FF 

DIVIDE- BY· N 
COUNTER 

l/D CIRCUIT 2Nfc 

7296076 

Fig. 7 DPLL using both phase detectors in a ripple-cancelation scheme. 

J'""'"' 1••• I 

The XOR PD inputs are 1 /4 cycle out-of­
phase for zero phase error. For the ECPD, 
<Pe = 0 when the inputs are 1 /2 cycle out­
of-phase. 

The phase detector output controls the 
up/down input to the K-counter. The 
counter is clocked by input frequency Mfc, 
which is a multiple M of the loop centre 
frequency fc. When the K-counter recycles 
up, it generates a carry pulse. Recycling 
while counting down generates a borrow 
pulse. If the carry and the borrow outputs 
are conceptually combined into one 
output that is positive for a carry and 
negative for a borrow, and if the K-counter 
is considered as a frequency divider with 
the ratio Mfc/K, the output of the 
K-counter will equal the input frequency 
multiplied by the division ratio. Thus the 
output from the K-counter is (kd<PeMfc)/K. 

The carry and borrow pulses go to the 
increment/decrement (l/D) circuit which, 
in the absence of any carry or borrow 
pulses has an output that is 1/2 of the 
input clock ( l/Dcp). The input clock is 
just a multiple, 2N, of the loop centre 
frequency. In response to a carry or 
borrow pulse, the l/D circuit will either 
add or delete a pulse at l/DouT· Thus the 
output of the 1/D circuit will be 
Nfc + (kd<PeMfcl/2K. 
The output of the N-counter (or the 
output of the phase-locked-loop) is thus: 
f0 = fc + (kd<PeMfcl/2KN. 
If this result is compared to the equation 
for a first-order analog phase-locked-loop, 
the digital equivalent of the gain of the 
VCO is just Mfc/2KN or fc/K for M = 2N. 

Thus the simple first-order phase-locked­
loop with an adjustable K-counter is the 
equivalent of an analog phase-locked-loop 
with a programmable VCO gain. 



Digital phase-locked-loop filter 

CARRY PULSE 

(internal signal) 

BORROW PULSE 
(internal signal) 

l/Dcp INPUT 

l/DouT OUTPUT . , 

PC74HC/HCT297 

MSI 

-----, 

I 

I 

I 

~----------------F-i-g._B_T-im_i_n_g_d-ia_g_r_a_m_:_l_/_D_o_U_T_in_-_lo_c_k_c_o_n_d_i-ti_o_n_. _______________ _j 

.0B INPUT 

-~l 

0A2 INPUT 

ECPDour OUTPUT LJ 

Fig. 9 Timing diagram: edge-controlled phase comparator waveforms . 

.0B INPUT 

.0A 1 INPUT 

XORPDour OUTPUT 

Fig. 10 Timing diagram: EXCL.USIVE-OR phase detector waveforms_. _____________ J 
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DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard/bus driver 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

('"~'i"""-e_n __ s~;_C~L_:_5_0~p_F_,----------~::-:------,,---,----------, 
I T amb (°C) TEST CONDITIONS 

I 74HC 
SYMBOL PARAMETER UNIT Vee WAVEFORMS 

+25 -40 to +85 --40 to +125 V 

min. typ. max. min. max. min. max. 

Fig. 11 
50 175 220 265 2.0 

tpH LI propagation delay 18 35 44 53 ns 4.5 
IPLH l/Dcp to I/Dour 14 30 34 43 6.0 
1---~~--+---------------+---i---t---t --f--+---+-----+----+---t--------~ 

t I propagation delay 44 160 200 240 2.0 
PHL ¢A 1 ¢8 16 32 40 48 ns 4.5 Fig. 12 

tPLH to x'oRPDour 13 27 34 41 6.0 
i--------·---------~-----t--~1---t----+---r---l----l----l---+---------

Propagation delay 61 220 275 330 2.0 
¢8, r/JA2 22 44 55 66 ns 4.5 Fig. 13 
to ECPDour 18 37 47 56 __ +----t-6_.o_-t--------i 

output transition time: 
bus driver output; 
I/Dour (pin 71 

14 60 
5 12 
4 10 

75 90 2.0 
15 18 ns 4.5 Fig. 11 
13 15 6.0 

I output transition time· 19 75 95 11 O 2.0 
tTHLI l' standard outputs, 7 15 19 22 4.5 Fig. 12 and 13 
tTLH XORPDQLJT, ECPDQLJT 6 13 16 1g ns 6.0 

(pins 11,_1_2_) _______ -+---t----i---+-----+----+----+--- -+-----t----+---------t 

I I 80 22 100 120 2.0 
tw I clock pu se width 16 8 20 1 24 ns 4.5 Fig. 14 

Kcp 14 6 17 20 6.0 
1-----~- ----------------+---+---+---+-·-+---+----+----r----+---r--------~ 

100 28 125 150 2.0 
t clock pulse width 20 10 25 30 ns 4.5 Fig. 11 
W l/Dcp 17 8 21 26 6.0 

f----t------------ j--- ----t-----t----+--~----f---+-----t----t---------
1 120 33 150 180 2.0 

set-up time 24 12 30 36 ns 4.5 Fig. 14 
D/D, ENcrR to Kcp 20 10 26 31 6.0 

0 -19 0 0 2.0 
0 -7 0 0 ns 4.5 
0 -6 0 0 6.0 

hold time 
D/U, ENcTR to Kcp 

Fig. 14 

t-------i-------------+---+---+----+---+--+---+---+---+-----j------------j 

f rnax 
maximum clock pulse 

frequency Kcp 

6.0 19 4.8 4.0 2.0 
Fig. 14 

35 68 28 24 6.0 
30 57 24 20 I MHz 4.5 

t----------------------+----r--t---T----+---+----+--T--+-~ ----~----

1 4.0 12 3.2 2.6 2.0 
fmax maximum cock pulse 20 37 16 13 LMHz 4.5 Fig. 11 

frequency 1/Dcp 24 44 19 15 6.0 
L-------..--..-- L.........------------'--~----l~-+--~--+---"-- ---~--~-------~ 
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Digital phase-locked-loop filter 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard/bus driver 
Ice category: MSI 

Note to HCT types 

PC74HC/HCT297 

MSI 

The value of additional quiescent supply current (Alce) for a unit load of 1 is given in the family specifications. 
To determine Alec per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT UNIT LOAD 
COEFFICIENT 

ENcrn. D/U 0.3 

A, B, C, D, 
0.6 

Kcp, <i>A2 

l/Dcp,\\A1, 1.5 
\\B 

AC CHARACTERISTICS FOR 74HCT 

GND=OV tr=tf=6ns·CL=50pF 

Tamb (°C) TEST CONDITIONS 

74HCT 
SYMBOL PARAMETER UNIT Vee WAVEFORMS 

+25 -40to +85 -40 to +125 v 
min. typ. max. min. max. min. max. 

tPHLI propagation delay 21 35 44 53 ns 4.5 Fig. 11 
tPLH l/Dcp to I/Dour 

tPHLI propagation delay 16 32 40 48 ns 4.5 Fig. 12 
tPLH </>A1' \\B to XORPDour 

tPHLI propagation delay 22 44 55 66 ns 4.5 Fig. 13 
tPLH \\B, \\A2 to ECPDour 

tTHLI 
output transition time 

bus driver output 5 12 15 18 ns 4.5 Fig. 11 
tTLH I/Dour (pin 7) 

output transition time 
tTHLI standard outputs 

7 15 95 110 ns 4.5 Figs 12 and 13 
tTLH XORPDour.ECPDouT 

(pins 11, 12) 

tw 
clock pulse width 

16 8 20 24 ns 4.5 Fig. 14 
Kcp 

tw 
clock pulse width 

25 13 31 38 ns 4.5 Fig. 11 
l/Dcp 

tsu 
set-u_fl time 24 13 31 38 ns 4.5 Fig. 14 

D/U, ENcTR to Kcp 

th 
hold time 

0 -8 
D/0, ENcrR to KcP 

0 0 ns 4.5 Fig. 14 

fmax 
maximum clock pulse 

30 62 38 45 MHz 4.5 Fig. 14 frequency Kcp 

fmax 
maximum clock pulse 

20 36 16 13 MHz 4.5 Fig. 11 frequency l/Dcp 
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AC WAVEFORMS 

- 1/fmax ------

-tw-

I/Dour OUTPUT 
-''"~ 

yM(ll 

• --tTLH 7Z96061.1 

Fig. 11 Waveforms showing the clock (l/Dcp) 
to output (l/DouT) propagation delays, the 
clock pulse width, output transition times 
and maximum clock pulse frequency. 

.08 INPUT 

.0A1 INPUT 

XORPDouT 

OUTPUT 

7Z960B3 

.08 INPUT 

ECPDour 

OUTPUT 

7Z960841 

Fig. 12 Waveforms showing the phase input 
(r/>B, rJ>A1) to output (XORPDouT) 
propagation delays and output transition ti mes . 

Fig. 13 Waveforms showing the phase input 
(rJ>B, 1>A2) to output (ECPDouT) 
propagation delays and output transition times. 

''""'"' 1••• I 

010", EN cm 
INPUT 

Kcp INPUT 

~"•''_ '•~ ~ .. -' 
._tS\J- -tsu-. 

yM!l) 

-tw-
-1tfmax ----- 7Z960B2 

Fig. 14 Waveforms showing the clock (Kcp) 
pulse width and the maximur:D. clock pulse 
frequency, and the input (D/U, ENcTR) 
to clock (Kcp) set-up and hold times. 

Note to Fig. 14 

The shaded areas indicate when the input 
is permitted to change for predictable 
output performance . 

Note to AC waveforms 

(1) HC : VM = 50%; V1 = GND to Vee· 
HGT: VM=1.3V;V1=GNDto3V. 
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8-BIT UNIVERSAL SHIFT REGISTER; 3-STATE 

FEATURES 

• Multiplexed inputs/outputs provide 
improved bit density 

• Four operating modes: shift left 
shift right 
hold (store) 
load data 

• Operates with output enable or at 
high-impedance OFF-state (Z) 

• 3-state outputs drive bus lines 
directly 

• Can be cascaded for n-bits word 
length 

• Output capability: 
bus driver (parallel I/Os) 
standard (serial outputs) 

• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT299 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL ( LSTTLl. They are specified in 
compliance with JEOEC standard no. 7. 

The 74HC/HCT299 contain eight edge­
triggered 0-type flip-flops and the 
interstage logic necessary to perform 
synchronous shift-right, shift-left, parallel 
load and hold operations. The type of 
operation is determined by the mode 
select inputs (So and S1 l, as shown in the 
mode select table. 
All flip-flop outputs have 3-state buffers 
to separate these outputs (l/Oo to l/07l 
such, that they can serve as data inputs in 
the parallel load mode. The serial outputs 
(Qo and D1l are used for expansion in 
serial shifting of longer words. 

(continued on next page) 

Vee 

299 

1/03 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

He HeT 

tPHLI 
propagation delay 

CP to Do, 07 20 18 ns 
tPLH CP to I/On CL= 15 pF 20 18 ns 

MR to Do, D1 
Vee= 5 v 

tPHL or I/On 
21 21 ns 

fmax maximum clock frequency 43 43 MHz 

C1 input capacitance 3.5 3.5 pF 

Clfo input/output capacitance 10 10 pF 

Cpo 
power dissipation notes 1 and 2 170 170 pF 

capacitance per package 

GNO = 0 V; Tamb = 25 'C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µWl: 

Po= Cpo x Vee' x fi + ~ (CL x Vee' x fol where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
L (CL x Vee' x f0 l =sum of outputs 

2. For He the condition is V1 = GNO to Vee 
For HCT the condition is V1 = GNO to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT299P: 20-lead OIL; plastic (SOT-146l. 
PC74HC/HCT299T: 20-lead mini-pack; plastic (S0-20; SOT-163Al. 

PIN DESCRIPTION See next page 

SAGS 

3EN5 

19 13 

11 

18 
14 

15 

12 

16 
~I ...__, 
15 I 

17 
~, 

i.+.-1 
16 3,4D 

\7<JJ.5 18 
2,40 

Z6 

Z7 

7293274.1 

17 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PIN DESCRIPTION 

PIN NO. SYMBOL 

1, 19 So, S1 
2, 3 OE1, OE2 

NAME AND FUNCTION 

mode select inputs 

3-state output enable inputs (active LOW) 

7, 13, 6, 14, 
l/Oo to 1/07 

parallel data inputs or 3-state parallel outputs 
5, 15, 4, 16 (bus driver) 

8, 17 Go,G7 

9 MR 

10 GND 

11 DsR 
12 CP 

18 DsL 
20 Vee 

MODE SELECT TABLE 

INPUTS 

MF! S1 

L x 

H H 
H L 
H H 
H L 

H =HIGH voltage level 
L = LOW voltage level 
X = don't care 

So 

x 

H 
H 
L 
L 

serial outputs (standard output) 

asynchronous master reset input (active LOW) 

ground (0 V) 

serial data shift-right input 

clock input (LOW-to-HIGH, edge-triggered) 

serial data shift-left input 

positive supply voltage 

19 

s, 

8-BIT SHIFT REGISTER 

INPUT 13-STATE OUTPUT CIRCUITRY 

13 14 15 16 

Fig. 4 Functional diagram. 

RESPONSE 
CP 

x asynchronous reset; Go-G7 = LOW 

t parallel load; I/On-> Gn 
t shift right; DsR ->Go. Go-> a1 etc. 
t shift left;DsL-> G7, G7-> G5 etc. 
x hold 

t =LOW-to-HIGH eP transition 

538 January 1986 

GENERAL DESCRIPTION (Cont'd.) 

A LOW signal on the asynchronous master 
reset input (MR) overrides the Sn and 
clock (eP) inputs and resets the flip-flops. 
All other state changes are initiated by the 
rising edge of the clock pulse. Inputs can 
change when the clock is either state, 
provided that the recommended set-up 
and hold times, relative to the rising edge 
of eP, are observed. 

A HIGH signal on the 3-state output 
enable inputs (OE'.1 or OE2l disables the 
3-state buffers and the I/On outputs are 
set to the high-impedance OFF-state. In this 
condition, the shift, hold, load and reset 
operations can still occur. The 3-state 
buffers are also disabled by HIGH signals 
on both So and S1, when in preparation 
for a parallel load operation. 



8-bit universal shift register; 3-state 

a, 

110, 

OE, 

oe 2 

1/02 

PC74HC/HCT299 

MSI 

Fig. 5 Logic diagram. 
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PC74HC/HCT299 

MSI 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver (parallel I/Os) 
standard (serial outputs) 

Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pf 

Tamb (°C) 
~·----·----------~-~ 

74HC 

TEST CONDITIONS 

SYMBOL PARAMETER 1-------~---~-----I UNIT Vee WAVEFORMS 

propagation delay 
CP to Oo, 07 

propagation delay 
CP to I/On 

+25 -40 to +85 -40to+125 v 

min. typ. max. min. max. min. max. 

66 200 250 300 2.0 
24 40 50 60 ns 4.5 
19 34 43 51 6.0 

66 200 250 300 2.0 
24 40 50 60 ns 4.5 

Fig. 6 

Fig. 6 
19 34 43 51 6.0 

l-----t-------------+---·--+--+---+·---l----l---~---1-----1----1----------__j 

propagation delay 69 210 265 315 2.0 
MR to Oo, 07 25 42 53 63 ns 4.5 Fig. 7 
or I/On 20 36 45 54 6.0 

,------r-----~------t---t---+----1~·-+---J-----t-----l---~---+-----------J 

tpzH/ 3-state output enable time 55 175 220 265 2.0 
OEn to Oo, 07 20 35 44 53 ns 4.5 

r--tp_z_L __ +-_o_r_l/_O_n~------+----+-1_6_+_3_0_-+----+--37_~ 45 6.0 

3-state output disable time 63 200 250 300 2.0 
OEn to Oo, 07 23 40 50 60 ns 4.5 
or I/On --1---+-1_8-l-_3_4_1---+--43_--l- 51 6.0 

output transition time 
bus driver (l/Onl 

14 60 75 90 2.0 
5 12 15 18 ns 4.5 
4 10 13 15 6.0 

Fig. 9 

Fig. 9 

Fig. 6 

f-----+------------+---'----'-----'·---t-------+---t---1-----i---~---------' 

tw 

tw 

output transition time 
standard ( Oo, 07) 

clock pulse width 
HIGH or LOW 

master reset pulse width 
LOW 

19 75 95 110 2.0 
7 15 19 22 ns 4.5 
6 13 16 19 6.0 

115 22 145 175 2.0 
23 8 29 35 ns 4. 5 
20 6 25 30 6.0 

100 19 
20 7 
17 6 

1~ 1W U 
25 30 ns 4.5 
21 26 6.0 

removal time 75 19 95 110 2.0 

Fig. 6 

Fig. 6 

Fig. 7 

Fig. 7 trem MR to CP 15 7 19 22 ns 4.5 

l------f------·----------1_3--1_6 __ -+-----l----1-6-l------+-19_+---l----+--6-.0--1----------1 

tsu 
set-up time 

I/On, DsR, DsL 
to CP 

135 44 170 205 2.0 
27 16 34 41 ns 4.5 Fig. 6 
23 13 29 35 6.0 

r-----+----------------f------t--+---+-----'1----+---+---+---1-----------" 

set-up time 
So, S1 to CP 

150 50 190 225 2.0 
30 18 38 45 ns 4.5 
26 14 33 38 6.0 

Fig. 8 

~---~-------------~-~·~---'----'---~---~--~-----~---~---'-------------' 
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8-bit universal shift register; 3-state 

AC CHARACTERISTICS FOR 74HC (continued) 

GND=OV;tr=6ns;CL =50pF 

Tamb (°C) 

74HC 
SYMBOL PARAMETER UNIT Vee 

+25 -40to +85 -40to+125 v 
min. typ. max. min. max. min. max. 

hold time 0 -30 0 0 2.0 
th I/On, DsR. DsL 0 -11 0 0 ns 4.5 

to CP 0 -9 0 0 6.0 

hold time 0 -33 0 0 2.0 
th So. S1 to CP 

0 -12 0 0 ns 4.5 
0 -10 0 0 6.0 

maximum clock pulse 
4 13 4 3 2.0 

fmax 22 39 18 15 MHz 4.5 
frequency 

26 46 21 18 6.0 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver (parallel I/Os) 
standard (serial outputs) 

Ice category: MSI 

Note to HCT types 

PC74HC/HCT299 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 8 

Fig. 6 

The value of additional quiescent supply current (II lccl for a unit load of 1 is given in the family specifications. 
To determine II Ice per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT UNIT LOAD 
COEFFICIENT 

I/On 0.20 
DsR. DsL 0.20 
CP,So 0.60 
MR,S1 0.20 
OEn 0.30 
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PC74HC/HCT299 

MSI 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

f------

SYMBOL PARAMETER 

min. 

lPHLI propagation delay 
tPLH CP to Oo, 07 

tPHLI propagation delay 
tPLH CP to I/On 

propagation delay 
tPHL MR to Oo, 07 

or I/On 

tpzH/ 
3-state output enable ti me 

OEn to Oo, 07 
tpzL or I/On 

tpHz/ 
3-state output disable time 

OEn to Oo, 07 
tpLz or I/On 

tTHLI output transition time 
tnH bus driver (I/On) 

tTHLI output transition ti me 
tnH standard (Oo, 07) 

tw 
clock pulse width 25 

HIGH or LOW 

tw 
master reset pulse width 20 

LOW 

trem 
removal ti me 10 MR to CP 

set-up time 
tsu I/On, DsR, DsL 25 

to CP 

tsu 
set-up time 32 

So, S1 to CP 

hold time 
th I/On, DsR, DsL 0 

to CP 

th 
hold time 0 

So, S1 to CP 

fmax 
maximum clock pulse 22 

frequency 
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+25 

typ. 

20 

20 

25 

20 

22 

5 

7 

13 

11 

2 

14 

19 

-12 

-13 

40 

Tamb (°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to +85 -40to+125 v 

max. min. max. min. max. 

35 44 53 ns 4.5 Fig. 6 

43 54 65 ns 4.5 Fig. 6 

46 58 69 ns 4.5 Fig. 7 

37 46 56 ns 4.5 Fig. 9 

37 46 56 ns 4.5 Fig. 9 

12 15 18 ns 4.5 Fig. 6 

15 19 22 ns 4.5 Fig. 6 

33 39 ns 4.5 Fig. 6 

25 30 ns 4.5 Fig. 7 

9 11 ns 4,5 Fig. 7 

31 38 ns 4.5 Fig. 6 

40 48 ns 4.5 Fig. 8 

0 0 ns 4.5 Fig. 6 

~ 0 0 ns 4.5 Fig. 8 

18 15 MHz 4.5 Fig. 6 



8-bit universal shift register; 3-state 

AC WAVEFORMS 

I/On, DsR• 0 sL 

INPUTS 

CP INPUT 

I/On, Do, 07 

OUTPUTS 

_J~,:~· 
-~M{l) 

- -- tTHL 

MR INPUT 

CP INPUT 

I/On, Do, 07 

OUTPUTS 

..--!rem 

Fig. 7 Waveforms showing the master reset (MR) 
pulse width (LOW), the master reset to output 
(I/On, Oo, 07) propagation delays and the master 
reset to clock (CP) removal time. 

90% 

n5E INPUT VMllJ 

1(00 OUTPUT 

LOW-to-OFF 
OFF-to-LOW 

1/00 OUTPUT 
H\GH-to-OFF 
OFF-to-HIGH 

10% 

I 
yMl11 

outputs --- . __ -,-,-,,-°'-' -~---' ---- outputs 

enabled disabled enabled 

Fig. 9 Waveforms showing the 3-state enable and 
disable times for OEn inputs. 

PC74HC/HCT299 

MSI 

Fig. 6 Waveforms showing the clock (CP) to 
output (I/On, Oo, 07) propagation delays, the 
clock pulse width, the I/On, DsR and DsL to CP 
set-up and hold times, the output transition times 
and the maximum clock frequency. 

Note to Fig. 6 

The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 

I/On, DsR· 0 sL· 5n 

INPUTS 

CP INPUT 

Fig. 8 Waveforms showing the set-up and hold 
times from the mode control inputs (So, S1) 
to the clock (CP). 

Note to AC waveforms 

(1) HC : VM = 50%; V1 = GND to Vee· 
HCT: VM = 1.3V; V1 = GND to JV. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
PC74HC/HCT354 

MSI 

8-INPUT MULTIPLEXER/REGISTER WITH TRANSPARENT LATCHES; 3-STATE 

FEATURES 

• Transparent data latch 
• Transparent address latch 
• Easily expanding 
• Complementary outputs 
• Output capability: bus driver 

• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT354 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL I LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT354 data selectors/ 
multiplexers contain full on-chip binary 
decoding, to select one-of-eight data 
sources. The data select address is stored 
in transparent latches that are enabled by 
a LOW on the latch enable input I LE). 

The transparent 8-bit data latches 
are enabled when the active LOW 
data enable input IE) is LOW. 
When the output enable input 
OE1 =HIGH, OE2 =HIGH or 
OE3 = LOW, the outputs go to the high 
impedance OFF-state. 
Operation of these output enable inputs 
does not affect the state of the latches. 

Vee 

D5 

OE2 
354 

o, 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS 

HC HCT 

tPHLI propagation delay CL=15pF 
tPLH Sn, Dn to Y, Y Vee= 5 v 23 25 

C1 input capacitance 3.5 3.5 
-
GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT354P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT354T: 20-lead mini-pack; plastic (S0-20; SOT-163A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

8, 7, 6, 5, 
Do to D7 data inputs 

4, 3, 2, 1 

9 E data enable input (active LOW) 

10 GND ground (0 V) 

11 CT latch enable input (active LOW) 

14, 13, 12 So,S1.S2 select inputs 

15, 16 OE1. OE2 output enable inputs (active LOW) 

17 OE3 output enable input (active HIGH) 

18 "Y 3-state multiplexer output (active LOW) 

19 y 3-state multiplexer output (active HIGH) 

20 Vee positive supply voltage 

UNIT 

ns 

pF 
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PC74HC/HCT354 

MSI 

FUNCTION TABLE 

ADDRESS* 

S2 s, So 

x x x 
x x x 
x x x 
L L L 
L L H 
L H L 
L H H 

H L L 
H L H 
H H L 
H H H 

L L L 
L L H 
L H L 
L H H 

H L L 
H L H 
H H L 
H H H 

INPUTS OUTPUTS 

OUTPUT ENABLE DESCRIPTION 

E rn:, CiE2 OE3 y v 
x H x x z z outputs in 
x x H x z z high impedance 
x x x L z z OFF-state 

L L L H Do Qo 
L L L H Di Di 
L L L H D2 02 
L L L H Da 03 data latch is 

L L L H D4 Q4 
transparent 

L L L H D5 D5 
L L L H Ds Os 
L L L H D1 07 

H L L H Don Don 
H L L H Din 01n 
H L L H D2n D2n 
H L L H D3n 03n data is 

H L L H D4n Q4n 
latched 

H L L H D5n Q5n 
H L L H Dsn Qsn 
H L L H D1n D1n 

Do to D1 = data at inputs Do to D1 . . _ 
Don to D1n = data at inputs Do to D1 before the most recent LOW-to-HIGH trans1t1on of E 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
Z = high impedance OFF-state 

* This column shows the input address set-up with CE = LOW 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
PC74HC/HCT356 

MSI 

8-INPUT MULTIPLEXER/REGISTER; 3-STATE 

FEATURES 

• Non-transparent data latch 
• Transparent address latch 
• Easily expanding 
• Complementary outputs 
• Output capability: bus driver 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT356 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JED EC standard no. 7. 

The 74HC/HCT356 data selectors/ 
multiplexers contain full on-chip binary 
decoding, to select one-of-eight data 
sources. The data select address is stored 
in transparent latches that are enabled by 
a LOW on the latch enable input IT. 

Data on the 8 input lines (Do to D1) 
is clocked into a edge-triggered data 
register by a LOW-to-HIGH transition of 
the clock (CP). 
When the output enable input 
OE1 =HIGH, OE2 =HIGH or 
OE3 = LOW, the outputs go to the high 
impedance OFF-state. 
Operation of these output enable inputs 
does not affect the state of the latches 
and register. 

356 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS 

HC 

tPHLi propagation delay CL= 15 pF 
tPLH Sn, CP to Y, Y Vee= 5 v 23 

C1 input capacitance 3.5 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT356P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT356T: 20-lead mini-pack; plastic (S0-20; SOT-163A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

8, 7, 6, 5, 
Do to D1 data inputs 4, 3, 2, 1 

HCT 

25 

3.5 

UNIT 

ns 

pF 

9 CP clock input (LOW-to-HIGH, edge-triggered) 

10 GND ground (0 V) 

11 CT latch enable input (active LOW) 

14, 13, 12 So.S1,S2 select inputs 

15, 16 OE1, OE2 output enable inputs (active LOW) 

17 OE3 output enable input (active HIGH) 

18 y 3-state multiplexer output (active LOW) 

19 y 3-state multiplexer output (active HIGH) 

20 Vee positive supply voltage 



PC74HC/HCT356 

MSI 

FUNCTION TABLE 

ADDRESS* 

Sz s, So 

x x x 
x x x 
x x x 

L L L 
L L H 
L H L 
L H H 

H L L 
H L H 
H H L 
H H H 

L L L 
L L H 
L H L 
L H H 

H L L 
H L H 
H H L 
H H H 

INPUTS 

OUTPUT ENABLE 

CP OE1 OEz OE3 

x H x x 
x x H x 
x x x L 

t L L H 
t L L H 
t L L H 
t L L H 

t L L H 
t L L H 
t L L H 
t L L H .. L L H .. L L H .. L L H .. L L H .. L L H .. L L H .. L L H .. L L H 

OUTPUTS 

DESCRIPTION 

v y 

z z outputs in 
z z high impedance 
z z OFF-state 

Don Qon 
D1n Q1n 
Dzn Q2n 
D3n DJn data is clocked 

D4n Q4n 
into latch 

Dsn Q5n 
Dsn Q6n 
D1n D1n 

Dop Qop 
Dlp Qlp 
D2p Q2p 
D3p D3p outputs do not 

D4p Q4p 
change states 

D5p Q5p 
D5p Q6p 
D1p D7p 

Don to D7n = data present at inputs Do to 07 when the data latch clock made the 
transition from LOW-to-HIGH 

Dop to D7p = data previously latched into the data latch by the LOW-to-HIGH 
transition of the data latch clock 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
t = LOW-to-HIGH CP transition 
.J, = HIGH-to-LOW CP transition 
Z = high impedance OFF-state 

• This column shows the input address set-up with CE = LOW. 
** CP is HIGH, LOW or .J,. 

548 J'"""" 19861 



PC74HC/HCT365 

MSI 

HEX BUFFER/LINE DRIVER; 3-STATE 

FEATURES 

• Non-inverting outputs 
• Output capability: bus driver 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT365 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT365 are hex non-inverting 
buffer/line drivers with 3-state outputs. 
The 3-state outputs (nY) are controlled by 
the output enable inputs (OE1, OE2l. 

A HIGH on OEn causes the outputs to 
assume a high impedance OFF-state. 

The "365" is identical to the "366" but 
has non-inverting outputs. 

fil2 

6A 

6Y 

365 
SA 

4A 

7Z93B72 

Fig. 1 · Pin configuration. 

---" 
TYPICAL 

SYMBOL PARAMETER CONDITIONS UNIT 
HC HCT 

tPHLi propagation delay CL=15pF 9 11 ns 
tPLH nA to nY Vee= 5 v 

C; input capacitance 3,5 3,5 pF 
-

power dissipation notes 1 and 2 40 40 pF Cpo capacitance per butter 

GND = 0 V; Tamb = 25 °c; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + :!:: (CL x Vee' x fol where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
~ (CL x V cc' x f0 ) = sum of outputs 

2. For HC the condition is VJ= GND to Vee 
For HCT the condition is VJ = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT365P: 16-lead OIL; plastic (SOT-38Z). 
PC74HC/HCT365T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 15 Ol:1,0E2 output enable inputs (active LOW) 

2, 4, 6, 10, 12, 1Ato 6A data inputs 
14 

3, 5, 7, 9, 11, 1Y to 6Y data outputs 
13 

8 GND ground (0 V) 

16 Vee positive supply voltage 

7293676 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCT365 

MSI 

Fig. 4 Functional diagram. 

550 J'"""" 19861 

1A 

FUNCTION TABLE 

INPUTS 

CiE1 CiE2 nA 

L L L 
L L H 
x H x 
H x x 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 

OUTPUT 

nY 

L 
H 
z 
z 

Z = high impedance OFF-state 

ONE BUFFER I LINE DRIVER 

2Y 

3Y 

4Y 

5Y 

6Y 

SIX IDENTICAL CIRCUITS 

Fig. 5 Logic diagram. 

_ __, 



Hex buffer/line driver; 3-state 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

Tamb (°C) 

74HC 

PC74HC/HCT365 

MSI 

TEST CONDITIONS 

SYMBOL PARAMETER UNIT Vee WAVEFORMS 
+25 -40to +85 -40 to +125 v 

min. typ. max. min. max. min. max. 

propagation delay 
30 95 120 145 2.0 

tPHLI 11 19 24 29 ns 4.5 
tPLH nA to nY 9 16 20 25 6.0 

3-state output enable time 
41 150 190 225 2.0 

tpzH/ 15 30 38 45 ns 4.5 
tPZL OEn to nY 12 26 33 38 6.0 

3~ate output disable time 
52 150 190 225 2.0 

tPHZI 19 30 38 45 ns 4.5 
tPLZ OEn to nY 15 26 33 38 6.0 

14 60 75 90 2.0 
tTHLI output transition time 5 12 15 18 ns 4.5 
tTLH 4 10 13 15 6.0 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

Note to HCT types 

Fig. 6 

Fig. 7 

Fig. 7 

Fig. 6 

The value of additional quiescent supply current (Lilcc) for a unit load of 1 is given in the family specifications. 
To determine Lilcc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 
UNIT LOAD 
COEFFICIENT 

OE1 1.00 
OE2 0.90 
nA 1.00 
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PC74HC/HCT365 

MSI 

552 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 
+25 

min. typ. 

tPHLI propagation delay 
14 

tPLH nA to nY 

tpzH/ 3~ate output enable time 16 
tpzL OEn to nY 

tpHz/ 3-state output disable time 20 
tpLz OEn to nY 

tTHLI output transition time 5 
tTLH 

AC WAVEFORMS 

nY OUTPUT 

7293690 

Fig. 6 Waveforms showing the input (riA) 
to output (nY) propagation delays and 
the output transition times. 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vcc­
HCT: VM = 1.3 V; V1 = GND to 3 V. 

''"""" 19861 

max. 

25 

35 

35 

12 

Tamb ('C) 

74HCT 

-40 to +85 

min. max. 

31 

44 

44 

15 

-40 to +125 

min. max. 

OEn 
INPUT 

OUTPUT 
LOW-to-OFF 
OFF-to-LOW 

OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

7293691 

38 

53 

53 

18 

10% 

TEST CONDITIONS 

UNIT Vee WAVEFORMS 
v 

ns 4.5 Fig. 6 

ns 4.5 Fig. 7 

ns 4.5 Fig. 7 

ns 4.5 Fig. 6 

-- 1PZH-

I 
. vMl11 

outputs - ----oo-tp_ol_t ---=--=-~-outputs 
enabled disabled enabled 

Fig. 7 Waveforms showing the 3-state enable 
and disable times. 



PC74HC/HCT366 

MSI 

HEX BUFFER/LINE DRIVER; 3-STATE; INVERTING 

FEATURES 

• Inverting outputs 
• Output capability: bus driver 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT366 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT366 are hex inverting 
buffer/line drivers with 3-state outputs. 
The 3-state outputs (nY) are controlled 
by the output enable inputs (OE 1· 01"2). 

A HIGH on OEn causes the outputs to 
assume a high impedance OFF-state. 

The "366" is identical to the "365" but 
has inverting outputs. 

366 

Fig. 1 Pin configuration. 

·----- -- --- ___ T ____ 
TYPICAL 

SYMBOL PARAMETER CONDITIONS r----- ---··- UNIT 
HC HGT 

tPHLI propagation delay CL= 15pF 
10 11 ns 

tPLH nA to nY Vee= 5 v 
1---

C1 input capacitance 3.5 3.5 pF 
- --

I C l power dissipation I 
L_~o____ ____ _c_a~aci~a~_"_~ per buffer ____ _ 

GNO = 0 V; Tamb = 25 DC; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + L (CL x Vee' x fol where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
1: (CL x Vcc2 x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HGT the condition is VI = GNO to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT366P: 16-lead OIL; plastic (SOT-38Z). 
PC74HC/HCT366T: 16-lead mini-pack; plastic (S0-16; SOT-t09A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 15 OE1, OE2 output enable inputs (active LOW) 

2, 4, 6, 10, 12, 1A to6A data inputs 
14 

3, 5, 7, 9, 11, 1Y to 6Y data outputs 
13 

8 GND ground (0 V) 

16 Vee positive supply voltage 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCT366 

MSI 

7Z93683 

Fig. 4 Functional diagram. 

554 ''"""'I, ... , 

FUNCTION TABLE 

INPUTS 

O'E1 OE2 nA 

L L L 
L L H 
x H x 
H x x 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 

OUTPUT 

nV 

H 
L 
z 
z 

Z = high impedance OFF-state 

ONE BUFFER/ LINE DRIVER 

SIX IDENTICAL CIRCUITS 7Z93852 

Fig. 5 Logic diagram. 



Hex buffer/line driver; 3-state; inverting PC74HC/HCT366 

MSI 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = OV; tr=tf = 6ns; CL =50pF 

----.---------~· 1· --G-- T~ST CONDITIONS 

f---------,_24H_c:____,_____ UNIT V~c-r~~VEFO~MS 
+25 -40 to +85 j --~Oto +1251 V i 

___________ min.
11

::p. 1 ~;~· min.I•;;;·: minl ~:~· r-- 20_~---------
propagation delay 12 I 20 I 25 I 30 ns 4 5 [ Fig. 6 

nA to nY 10 J 17 21 1 1 26 6.0 
I ' ___J 

----- ----- 441150 190 i ! 225 t-----;-;------------ I 

3-state output enable time 16 I 30 38 1 45 ns 45 -FFiigg .. 
77 
---------1 OEntonY 13 26 33 1 38 6.0 

3-state output disable time 2-0 
OEn to nY ns 4.5 

6.0 

SYMBOL PARAMETER 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current ILl.lcc) for a unit load of 1 is \jiven in the family specifications. 
To determine Ll.lcc per input, multiply this value by the unit load coefficient shown in the table below. 

---

INPUT 
UNIT LOAD 
COEFFICIENT 

~1 1.00 
OE2 0.90 
nA 1.00 
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PC74HC/HCT366 

MSI 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

I-
tPHLI propagation delay 
tPLH nA to nY 

tpzH/ 3~ate outp_ut enable time 
tpzL OEn to nY 

r-------- t--
tpHz/ 3-state output disable time 
tpLz OEn to nY 

tTHLI output transition time 
tTLH 

AC WAVEFORMS 

+25 

min. typ. max. 

13 24 

16 35 

20 35 

5 12 

nA INPUT -t,i L"t nV OUTPUT VM(lf 

7Z93689 trHL _. -. tTLH 

556 

Fig. 6 Waveforms showing the input (nA) 
to output lnY) propagation delays and 
the output transition times. 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vcc­
HCT: VM = 1.3V;V1 = GND to 3V. 

''"""Y 19861 

Tamb (°C) 

74HCT 

-40to +85 

min. max. 

30 

44 

44 

15 

TEST CONDITIONS 

UNIT Vee WAVEFORMS 
-40 to +125 v 
min. max. 

36 ns 4.5 Fig. 6 

53 ns 4.5 Fig. 7 

53 ns 4.5 Fig. 7 

18 ' ns 4.5 Fig. 6 

•, ,, -- -
90% 

DEn VM!l) 
INPUT 

10% 

-tpzL 

OUTPUT 
LOW-to-OFF 
OFF-to-LOW 

- tpHz - -- 1PZH-
------,190% 

OUTPUT 
HIGH-to-OFF 
OFF-to- HIGH 

7Z93691 

I 
VM{H 

0"1P"" -- o"'P"" --o"''"" enabled disabled enabled 

Fig. 7 Waveforms showing the 3-state enable 
and disable times. 



PC74HC/HCT367 

MSI 

HEX BUFFER/LINE DRIVER; 3-STATE 

FEATURES 

• Non-inverting outputs 
• Output capability: bus driver 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT367 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL(LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT367 are hex non-inverting 
buffer/line drivers with 3-state outputs. 
The 3-state outputs ( n Y) are controlled 
by the output enable inputs ( 10E, 20E). 

A HIGH on nOE causes the outputs to 
assume a high impedance OFF-state. 

The "367" is identical to the "368" but 
has non-inverting outputs. 

367 

7Z93674 

Fig. 1 Pin configuration. 

--·--·----~----. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS ·----- ----1 UNIT 

HC HCT 
f-------+--------------1 -------- +---f------+----1 

tpH LI propagation delay CL= 15 pF 8 11 
tPLH nAtonY Vcc=5V 

ns 

f-------l-------------+-------·--+---1 -- ---+----+ 
C1 input capacitance 3.5 3.5 pF 
f-------+------------+-------~--~----f-----1 

notes 1 and 2 J 30 32 Cpo 
power dissipation 

capacitance per buffer pF 
-~----+---~ 

GND = 0 V; Tamb = 25 °c; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po·= Cpo x Vee' x fi + ~ (CL x Vee' x fol where: 

fi = input frequency in MHz CL output load capacitance in pF 
f 0 = output frequency in MHz Vee = supply voltage in V 
~ (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HGT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT367P: 16-lead DI L; plastic (SOT-38Z). 
PC74HC/HCT367T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL 

1, 15 1Qr,20E 

2, 4, 6, 10, 12, 
1A to6A 14 

3, 5, 7, 9, 11, 1Y to 6Y 13 

8 

16 

GND 

Vee 

12~11 

14~13 
15~ 

Fig. 2 Logic symbol. 

··---·-··-----·--~-----__, 

NAME AND F UNCTION 

output enable i nputs (active LOW) 

data inputs 

data outputs 

ground (0 V) 

positive supply voltage 

Fig. 3 I EC logic symbol. 
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PC74HC/HCT367 

MSI 

11~ 

Fig. 4 Functional diagram. 

558 ''"""' 19861 

FUNCTION TABLE 

INPUTS 

nOE' nA 

L L 
L H 

~ x 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 

OUTPUTS 

nY 

L 
H 
z 

Z =high impedance OFF-state 

ONE BUFFER/LINE DRIVER 

2Y 

3Y 

4Y 

5Y 

6Y 

SIX IDENTICAL CIRCUITS 

Fig. 5 Logic diagram. 



Hex buffer/line driver; 3-state 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

Tamb (°C) 

74HC 

PC74HC/HCT367 

MSI 

TEST CONDITIONS 

SYMBOL PARAMETER UNIT Vee WAVEFORMS 
+25 -40to+85 -40 to +125 v 

min. typ. max. min. max. min. max. 

propagation delay 
28 95 120 145 2.0 

tPHLI 10 19 24 29 ns 4.5 
tPLH nA to nY 8 16 20 25 6.0 

3-state output enable ti me 
44 150 190 225 2.0 

tpzH/ 16 30 38 45 ns 4.5 
tPZL nOE to nV 13 26 33 38 6.0 

55 150 190 225 2.0 
tPHZI 3-s~e output disable time 20 30 38 45 ns 4.5 
tPLZ nOE to nV 16 26 33 38 6.0 

14 60 75 90 2.0 
tTHLI output transition ti me 5 12 15 18 ns 4.5 
tTLH 4 10 13 15 6.0 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

Note to HCT types 

Fig. 6 

Fig. 7 

Fig. 7 

Fig. 6 

The value of additional quiescent supply current (t.lccl for a unit load of 1 is given in the family specifications. 
To determine t.lcc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT UNIT LOAD 
COEFFICIENT 

10E 1.00 
20E 0.90 
nA 1.00 
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PC74HC/HCT367 

MSI 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nA to nY 

tpzH/ 3-state output enable time 
tpzL nOEto nY 

tpHz/ 3-state output disable ti me 
tpLz nOE to nY 

tTHLI output transition time 
tTLH 

AC WAVEFORMS 

nY OUTPUT 

7Z93690 1THL-+ 

+25 

min. typ. 

14 

16 

21 

5 

Fig. 6 Waveforms showing the input (nA) 
to output (nY) propagation delays and 
the output transition times. 

Note to AC waveforms 

(1) HC : VM = 50%; V1 = GND to Vee· 
HCT: VM = 1.3V; V1 = GND to 3V. 

560 J'"""' 19861 

max. 

25 

35 

35 

12 

Tamb (°C) 

74HCT 

-40to + 85 

min. max. 

31 

44 

44 

15 

-40 to +125 

min. max. 

nfil 
INPUT 

OUTPUT 
LOW-to-OFF 
OFF-to-LOW 

38 

53 

53 

18 

OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

7293688 

TEST CONOITIONS 

UNIT Vee WAVEFORMS 
v 

ns 4.5 Fig. 6 

ns 4.5 Fig. 7 

ns 4.5 Fig. 7 

11,S 4.5 Fig. 6 

.-tpzH-

I 
VMl11 

outputs -- outputs --outputs 
enabled disabled enabled 

Fig. 7 Waveforms showing the 3-state enable 
and disable times. 



PC74HC/HCT368 

MSI 

HEX BUFFER/LINE DRIVER; 3-STATE; INVERTING 

FEATURES 

• Inverting outputs 
• Output capability: bus driver 

• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT368 are high-speed 
Si-gate CMOS devices and are rin 
compatible with low power Schottky 
TTL ILSTTL). They are specified in 
compliance with JEOEC standard no. 7. 

The 74HC/HCT368 are hex inverting 
buffer/line drivers with 3-state outputs. 
The 3-state outputs lnY) are controlled 
by the output enable inputs 11 OE, 20E). 

A HIGH on nOE causes the outputs to 
assume a high impedance OFF-state. 

The "368" is identical to the "367" but 
has inverting outputs. 

368 

Fig. 1 Pin configuration. 

,------ ,----- - --------------L TYPICAL 
UNIT CONDITIONS SYMBOL PARAMETER 

HC 

~~~/ ::~::::,,::::-~ et2~\-'- :, 
I CPn I power d1ss1pat1on ff I notes 1 and 2 J 30 
~ __ 1___5apac1tance per bu er ___ _ 

GNO = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation IPo in µW): 

Po= Cpo x Vee' x fi + l: ICL x Vee' x fol where: 

HCT 

~~-+~s 
3.5 I pf 

-----t- ' 
30 I pf __J 

fi = input frequency in MHz CL output load capacitance in pF 
f 0 = output frequency in MHz Vee = supply voltage in V 
:E ICL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GNO to Vee 
For HCT the condition is V1 = GNO to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT368P: 16-lead OIL; plastic ISOT-38Z). 
PC74HC/HCT368T: 16-lead mini-pack; plastic IS0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL N 

1, 15 10E, 20E 0 

AME AND FUNCTIO_N ____ ~ 
utput enable inputs (active LOW) --1 

2, 4, 6, 10, 12, 
1A to 6A da 

14 

3, 5, 7, 9, 11, 
1Y to 6Y da 

13 

8 GNO gr 

16 Vee p __ J 
ta inputs 

ta outputs 

ound IO V) 

ositive supply voltage 

12~11 

14~~13 
15~ 

7!:'93679 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
-------__________ _, 
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PC74HC/HCT368 

MSI 

7293687 

Fig. 4 Functional diagram. 

562 January 1986 

FUNCTION TABLE 

INPUTS 

nOE nA 

L L 
L H 
H x 

H =HIGH voltage level 
L = LOW voltage level 
X = don't care 

OUTPUTS 

n'Y 

H 
L 
z 

Z =high impedance OFF-state 

ONE BUFFER/UNE DRIVER 

SIX IDENTICAL CIRCUITS 7293854 

Fig. 5 Logic diagram. 



Hex buffer/line driver; 3-state; inverting 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 
~---~---------~-------------------------,-------- ·-i---

PC74HC/HCT368 

MSI 

Tamb (°C) 
r----------- -------

nmoNomoN' _ 

74HC 

max. 

f------+-----------j---j------j-:,_ ;_o____, ___ r-1--~4~:o~~~~~~~~~;~;~:~+- :: (;; f :~==- ·1 

26 38 I 6 0 I 

>-------------+----------+---+---+--:"-:---;- : :' :. ~!ff .-,-m- -l 
---~--~-~; __ 6_ ~- ~~ ~~ ns ~~J-~ _________ J 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
I CC category: MS I 

Note to HCT types 

The value of additional quiescent supply current (LI.Ice) for a unit load of 1 is given in the family specifications_ 
To determine LI.Ice per input, multiply this value by the unit load coefficient shown in the table below. 

~---~-----~ 

INPUT 

10E 
20E 
nA 

UNIT LOAD 
COEFFICIENT 

1.00 
0.90 
1.00 
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PC74HC/HCT368 

MSI 

564 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pf 

SYMBOL PARAMETER 

min. 

tPHLI propagation delay 
tPLH nA to nY 

tpzH/ 3-state outp_ut enable time 
tpzL nOE to nY 

tpHz/ 3-state ou~ut disable time 
tpLz nOE to nY 

trnL/ 
output transition time tTLH 

AC WAVEFORMS 

"'"'"' -t,J_ 
nY OUTPUT ~(1) 

7Z93689 tTHL !..,_ 

+25 

typ. 

13 

17 

20 

5 

Fig. 6 Waveforms showing the input (nA) 
to output (nY) propagation delays and 
the output transition times. 

Note to AC waveforms 

(1)HC :VM=50%;V1=GNDtoVcc· 
HCT: VM = 1.3V;V1 =GNDto3V. 

J'"""" , ... , 

max. 

24 

35 

35 

12 

Tamb (°C) 

74HCT 

-40to+85 

min. max. 

30 

44 

44 

15 

-40to +125 

min. max. 

nOE 
INPUT 

OUTPUT 
LOW-to-OFF 
OFF-to-LOW 

OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

7Z93688 

36 

53 

53 

18 

'"" 

TEST CONDITIONS 

UNIT Vee WAVEFORMS 
v 

ns 4.5 Fig. 6 

ns 4.5 Fig. 7 

ns 4.5 Fig. 7 

ns 4.5 Fig. 6 

I 
VM{11 

outputs -- outputs --outputs 
enabled disabled enabled 

Fig. 7 Waveforms showing the 3-state enable 
and disable times. 



PC74HC/HCT373 

MSI 

OCTAL D-TYPE TRANSPARENT LATCH;3-STATE 

FEATURES 

• 3-state non-inverting outputs for 
bus oriented applications 

• Common 3-state output enable 
input 

• Functionally identical to the "563", 
"5 73" and "533" 

• Output capability: bus driver 
• Ice category: MSI 

GENERAL DESCRIPTION 
The 74HC/HCT373 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT373 are octal D-type 
transparent latches featuring separate 
D-type inputs for each latch and 3-state 
outputs for bus oriented applications. 
A latch enable (LE) input and an output 
enable (Qt) input are common to all 
latches. 

The "373" consists of eight D-type 
transparent latches with 3-state true 
outputs. When LE is HIGH, data at the 
Dn inputs enter the latches. In this 
condition the latches are transparent, 
i.e. a latch output will change state each 
time its corresponding D-input changes. 

When LE is LOW the latches store the 
information that was present at the 
D-inputs a set-up time preceding the 
HIGH-to-LOW transition of LE. 
When OE is LOW, the contents of the 
8 latches are available at the outputs. 
When OE is HIGH, the outputs go to 
the high impedance OFF-state. 
Operation of the OE input does not 
affect the state of the latches. 

The "373" is functionally identical to 
the "533", "563" and "573", but the 
"563" and "533" have inverted outputs 
and the "563" and "573" have a 
different pin arrangement. 

I 

I ,,,,,,, 
L~· 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

tpHLf 
propagation delay 

CL=15pF 
Dn to On 12 14 ns 

tPLH LE to On Vee= 5 v 15 13 ns 

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation 

notes 1 and 2 145 I 
41 I pF capacitance per latch 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + ~ (CL x Vee' x fol where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
J; (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT373P: 20-lead DI L; plastic (SOT-146). 
PC74HC/HCT373T: 20-lead mini-pack; plastic (S0-20; SOT-163A). 

PIN DESCRIPTION 
-

PINNO. SYMBOL NAME AND FUNCTION 

1 OE 3-state output enable input 

2, 5, 6, 9, 12, o0 to o7 3-state latch outputs 
15, 16, 19 

3, 4, 7, 8, 13, 
Do to D7 data inputs 

14, 17, 18 

10 GND ground (0 V) 

11 LE latch enable input (active H 

20 Vee positive supply voltage 
-----'--· 

11 

LE 

Do 
o, 
o, 
D3 

13 o, 12 

14 D5 15 

17 D5 16 

18 - D7 07 19 

DE 

(active LOW) 

IGH) 

~--- 7293252 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 

I 

-----------·----

i''""''Y 1986 
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PC74HC/HCT373 

MSI 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

OPERATING MODES 

enable and read 
register 
(transparent mode) 

latch and read 
register 

latch register and 
disable outputs 

LE 

INPUTS 
INTERNAL 

OUTPUTS 

OE LE Dn 
LATCHES Clo to a7 

L H L 
L H H 

L L I 
L L h 

H L I 
H L h 

LATCH 

LE LE 

LATCH 
2 

LE LE 

a, 

L 
H 

L 
H 

L 
H 

L 
H 

L 
H 

z 
z 

LATCH LATCH 

LE LE 

a, 03 

LE 

LE 7Z90987 

Fig. 5 Logic diagram (one latch). 

H = HIGH voltage level 
h = HIGH voltage level one set-up time prior to the 

HIGH-to-LOW LE transition 
L = LOW voltage level 
I = LOW voltage level one set-up time prior to the 

HIGH-to-LOW LE transition 
Z = high impedance OFF-state 

LATCH LATCH LATCH LATCH 

LE LE 

Os 7Z93255 QJ 

Fig. 6 Logic diagram. 
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Octal D-type transparent latch; 3-state 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Jee category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHL/ propagation delay 
tPLH Dn to On 

tPHLI propagation delay 
tPLH LE to On 

tpzH/ 3-state output enable time 
tpzL OE to On 

tpHz/ 3-state output disable time 
tpLz OE to On 

tTHL/ output transition time 
tTLH 

tw 
LE pulse width 
HIGH 

tsu 
set-up time 

Dn to LE 

th 
hold time 

Dn to LE 

+25 

min. typ. 
+-

41 
15 
12 

50 
18 
14 

44 
16 
13 

47 
17 
14 

14 
5 
4 

80 17 
16 6 
14 5 

50 14 
10 5 
9 4 

5 -8 
5 -3 
5 -2 

Tamb ("C) 
1--

74He 
UNIT Vee 

-40to+85 -40 to +125 v 

max. min. max. min. max. 

150 190 225 2.0 
30 38 45 ns 4.5 
26 33 38 6.0 

175 220 265 2.0 
35 44 53 ns 4.5 
30 37 45 6.0 

150 190 225 2.0 
30 38 45 ns 4.5 
26 33 38 6.0 

150 190 225 2.0 
30 38 45 ns 4.5 
26 33 38 6.0 

60 75 90 2.0 
12 15 18 ns 4.5 
10 13 15 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

65 75 2.0 
13 15 ns 4.5 
11 13 6.0 

5 5 2.0 
5 5 ns 4.5 
5 5 6.0 

PC7 4H C/H CT373 

MSI 

-
~ 

TEST CONDITIONS 

WAVEFORMS 

-----

Fig. 7 

Fig. 8 

Fig. 9 

Fig. 9 

Fig. 7 

Fig. 8 

Fig. 10 

Fig. 10 
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PC7 4HC/HCT373 

MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (lllccl for a unit load of 1 is given in the family specifications. 
To determine Ill cc per input, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient 

Dn 0.30 
LE 1.50 
OE 1.00 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH Dn to On 

tPHLI propagation delay 
tPLH LE to On 

tpzH/ 3-state output enable time 
tpzL m:to On 

tpHz/ 3-state output disable time 
tpLz OE to On 

tTHLI output transition time 
tTLH 

tw 
LE pulse width 

HIGH 

tsu 
set-up time 

Dn to LE 

th 
hold time 

Dn to LE 

568 J'""'"' 19861 

+25 

min. typ. max. 

17 30 

16 32 

19 32 

18 30 

5 12 

16 6 

12 6 

4 -1 

Tamb !°Cl TEST CONDITIONS 

74CHT 
UNIT Vee WAVEFORMS 

-40to+B5 -40to+125 v 

min. max. min. max. 

38 45 ns 4.5 Fig. 7 

40 48 ns 4.5 Fig. 8 

40 48 ns 4.5 Fig. 9 

38 45 ns 4.5 Fig. 9 

15 18 ns 4.5 Fig. 7 

20 24 ns 4.5 Fig. 8 

15 18 ns 4.5 Fig. 10 

4 4 ns 4.5 Fig. 10 



Octal D-type transparent latch; 3-state 

AC WAVEFORMS 

Dn INPUT 

Qn OUTPUT 

Fig. 7 Waveforms showing the data input (Dn) 
to output (On) propagation delays and the 
output transition times. 

-'· 
90% 

OE INPUT vMnJ 

Qn OUTPUT 
LOW-to-OFF 
OFF-to-LOW 

an OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

7Z93848 

10% 

_,, 

_. tpzH-

outputs--outputs 
disabled enabled 

Fig. 9 Waveforms showing the 3-state enable and 
disable times. 

Note to AC waveforms 

(1) HC : VM = 50%; VJ= GND to Vcc­
HCT: VM = 1.3V; V1 = GND to 3V. 

PC74HC/HCT373 
MSI 

LE INPUT 

an OUTPUT 

7Z87876 

Fig. 8 Waveforms showing the latch enable input 
(LE) pulse width, the latch enable input to output 
(On) propagation delays and the output transition 
times. 

Dn INPUT 

LE INPUT 

Fig. 1 O Waveforms showing the data set-up and 
hold times for Dn input to LE input. 

Note to Fig. 10 

The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 
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PC74HC/HCT374 

MSI 

OCTAL D-TYPE FLIP-FLOP; POSITIVE EDGE-TRIGGER; 3-STATE 

FEATURES 

• 3-state inverting outputs for bus 
oriented applications 

• 8-bit positive, edge-triggered 
register 

• Common 3-state output enable input 
• Independent register and 3-state 

buffer operation 
• Output capability: bus driver 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT374 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT374 are octal D-type 
flip-flops featuring separate D-type inputs 
for each flip-flop and 3-state outputs for 
bus oriented applications. 
A clock (CP) and an output enable (OE) 
input are common to all flip-flops. 

The 8 flip-flops will store the state of their 
individual D-inputs that meet the set-up 
and hold times requirements on the 
LOW-to-HIGH CP transition. 

When !'.YE: is LOW, the contents of the 
8 flip-flops are available at the outputs. 
When OE is HIGH, the outputs go to the 
high impedance OFF-state. Operation of 
the OE input does not affect the state of 
the flip-flops. 

The "374" is functionally identical to the 
"534", but has non-inverting outputs. 

374 

Fig. 1 Pin configuration. 

570 January 1986 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH CP to On 

fmax maximum clock frequency 

CJ input capacitance 

Cpo 
power dissipation 

capacitance per flip-flop 

GND = 0 V; Tamb = 25 °C;t, = tf = 6 ns 
Notes 

TYPICAL 
CONDITIONS 

HC HCT 

CL= 15 pf 
15 13 

Vee= 5 v 
77 48 

3.5 3.5 

notes 1 and 2 17 17 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + L (CL x Vee' x f0 ) where: 

UNIT 

ns 

MHz 

pf 

pf 

fi = input frequency in MHz CL output load capacitance in pf 
f0 = output frequency in MHz Vee = supply voltage in V 
~ (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is Vi = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT374P: 20-lead OIL; plastic (SOT-146). 
PC74HC/HCT374T: 20-lead mini-pack; plastic (S0-20; SOT-163A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 OE 3-state output enable input (active LOW) 

2, 5, 6, 9, 12, 
Oo to 07 3-state flip-flop outputs 

15, 16, 19 

3, 4, 7, 8, 13, 
Do to D7 data inputs 14, 17, 18 

10 GND ground (0 V) 

11 CP clock input (LOW-to-HIGH, edge-triggered) 

20 Vee positive supply voltage 

11 

GP 

Do 

D1 

o, 
03 

13 04 12 

14 05 15 

17 D5 16 

18 07 19 

7290967.1 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 



Octal D-type flip-flop; positive edge-trigger; 3-state 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS INTERNAL OUTPUTS 
OPERATING MODES 

OE CP Dn 
FLIP-FLOPS 

Ooto a 7 

load and read L t I L L 
register L t h H H 

load register and H t I L z 
disable outputs H t h H z 

Fig. 5 Logic diagram. 

H =HIGH voltage level 

PC74HC/HCT374 

MSI 

h =HIGH voltage level one set-up time 
prior to the LOW-to-HIGH CP transition 

L = LOW voltage level 
I = LOW voltage level one set-up time 

prior to the LOW-to-HIGH CP transition 

Z =high impedance OFF-state 
t = LOW-to-HIGH CP transition 

7290969 
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PC74HC/HCT374 

MSI 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH CP to On 

tpZHI 3-state output enable time 
tpzL OE to On 

tpHz/ 3-state output disable time 
tPLz OE to On 

tTHLI output transition time 
tTLH 

clock pulse width 
tw HIGH or LOW 

set-up time 
tsu Dn to ep 

hold time 
th Dn to CP 

maximum clock pulse 
fmax frequency 

572 ''°""Y 19861 

+25 

min. typ. 

50 
18 
14 

41 
15 
12 

50 
18 
14 

14 
5 
4 

80 19 
16 7 
14 6 

60 14 
12 5 
10 4 

5 -6 
5 -2 
5 -2 

6 23 
30 70 
35 83 

Tamb (0e) 

74He 
UNIT Vee 

-40 to +85 -40 to +125 v 
max. min. max. min. max. 

180 225 270 2.0 
36 45 54 ns 4.5 
31 38 46 6.0 

150 190 225 2.0 
30 38 45 ns 4.5 
26 33 38 6.0 

150 190 225 2.0 
30 38 45 ns 4.5 
26 33 38 6.0 

60 75 90 2.0 
12 15 18 ns 4.5 
10 13 15 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

75 90 2.0 
15 18 ns 4.5 
13 15 6.0 

5 5 2.0 
5 5 ns 4.5 
5 5 6.0 

5 4 2.0 
24 20 MHz 4.5 
28 24 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 7 

Fig. 7 

Fig. 6 

Fig. 6 

Fig. 8 

Fig. 8 

Fig. 6 



Octal 0-type flip-flop; positive edge-trigger; 3-state 

DC CHARACTERISTICS FOR 74HCT 

PC74HC/HCT374 

MSI 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (lllcc) for a unit load of 1 is given in the family specifications. 
To determine lllcc per input, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient 

OE 1.25 
CP 0.90 
Dn 0.35 

AC CHARACTERISTICS FOR 74HCT 

GND= 0 V;tr=tt = 6 ns;CL = 50pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH CPtoOn 

tpzH/ 3-state output enable time 
tpzL OE to On 

tpHz/ 3-state output disable time 
tpLZ OE to On 

tTHLI output transition time 
lTLH 

tw 
clock pulse width 

HIGH or LOW 

tsu 
set-up time 

Dn to CP 

th 
hold time 

Dn to CP 

fmax 
maximum clock pulse 

frequency 

+25 

min. typ. 

16 

16 

18 

5 

19 11 

12 7 

5 -3 

26 44 
J 

Tamb (°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to +85 -40 to +125 v 
max. min. max. min. max. 

32 40 48 ns 4.5 Fig. 6 

30 38 45 ns 4.5 Fig. 7 

28 35 42 ns 4.5 Fig. 7 

12 15 18 ns 4.5 Fig. 6 

24 29 ns 4.5 Fig. 6 

15 18 ns 4.5 Fig. 8 

5 5 ns 4.5 Fig. 8 

21 17 MHz 4.5 Fig. 6 
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PC7 4HC/HCT37 4 

MSI 

AC WAVEFORMS 

-1/tmax---

Fig. 6 Waveforms showing the clock (GP) to 
output (On) propagation delays, the clock pulse 
width, output transition times and the maximum 
clock pulse frequency. 

CP INPUT 

on OUTPUT 

Note to AC waveforms 

(1) HC : VM = 50%; V1 = GND to Vee· 
HGT: VM = 1.3V;V1 =GNDto3V. 
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OE INPUT 

an OUTPUT 
\...OW-to-OFF 
OFF-to-LOW 

On OUTPUT 

HIGH-to-OFF 
OFF-to-HIGH 

10% 

_., 

I 
yMlll 

outputs ___ · ootpoi. --ootpoi. 

enabled disabled enabled 

Fig. 7 Waveforms showing the 3-state enable and 
disable times. 

Fig. 8 Waveforms showi~g the data set-up and 
hold times for Dn input. 

Note to Fig. 8 

The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 



PC74HC/HCT377 

MSI 

OCTAL D-TVPE FLIP-FLOP WITH DATA ENABLE; POSITIVE-EDGE TRIGGER 

FEATURES 

• Ideal for addressable register 
applications 

• Data enable for address and data 
synchronization applications 

• Eight positive-edge triggered D-type 
flip-flops 

• See "273" for master reset version 
• See "373" for transparent latch 

version 
• See "374" for 3-state version 
• Output capability: standard 
• lcc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT377 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL(LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT377 have eight edge­
triggered, D-type flip-flops with individual 
D inputs and Q outputs. 
A common clock (CP) input loads all 
flip-flops simultaneously when the data 
enable (E) is LOW. 
The state of each D input, one set-up time 
before the LOW-to-HIGH clock transition, 
is transferred to the corresponding output 
(On) of the flip-flop. 

The E input must be stable only one 
set-up time prior to the LOW-to-HIGH 
transition for predictable operation. 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

tPHLI propagation delay 
13 14 ns 

tPLH CP to On CL= 15pF 
Vee= 5 v 

fmax maximum clock frequency 76 54 MHz 
·--

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation notes 1 and 2 20 20 pF capacitance per flip-flop 

GND = 0 V; Tamb = 25 °C;tr = tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + l: (CL x Vee' x fo) where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
L (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT377P: 20-lead OIL; plastic (SOT-146). 
PC74HC/HCT377T: 20-lead mini-pack; plastic (S0-20; SOT-163A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 E' data enable input (active LOW) 

2, 5, 6, 9, 12, n0 to 07 flip-flop outputs 
15, 16, 19 

3, 4, 7, 8, 13, 
Do to D7 data in puts 

14, 17, 18 

10 GND ground (0 V) 

11 CP clock input (LOW-to-HIGH, edge-triggered) 

20 Vee positive supply voltage 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCT377 

MSI 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

OPERATING 
INPUTS 

MODES CP E Dn 

load "1" t I h 

load "O" t I I 

hold (do nothing) t h x 
x H x 

CP 

576 January 1986 

OUTPUTS 

On 

H 

L 

no change 
no change 

H = HIGH voltage level 
h =HIGH voltage level one set-up time 

prior to the LOW-to-HIGH GP transition 
L = LOW voltage level 
I = LOW voltage level one set-up time 

prior to the LOW-to-HIGH GP transition 
=LOW-to-HIGH GP transition 

X = don't care 

Fig. 5 Logic diagram. 

7293112 



Octal D-type flip-flop with data enable; positive-edge trigger 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MS/ 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH CP to On 

tTHLI output transition time 
1TLH 

clock pulse width 
tw HIGH or LOW 

set-up time 
tsu Dn to CP 

set-up time 
tsu Eto CP 

hold time 
th Dn to CP 

hold time 
th Eto CP 

maximum clock pulse 
fmax frequency 

r---

+25 

min. typ. 

44 
16 
13 

19 
7 
6 

80 17 
16 6 
14 5 

60 14 
12 5 
10 4 

60 6 
12 2 
10 2 

3 -8 
3 -3 
3 -2 

4 -3 
4 -1 
4 -1 

6 23 
30 70 
35 83 

Tamb (°C) 

74HC 
UNIT Vee 

-40 to +85 -40 to +125 v 
max. min. max. min. max. 

160 200 240 2.0 
32 40 48 ns 4.5 
27 34 41 6.0 

75 95 110 2.0 
15 19 22 ns 4.5 
13 16 19 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

75 90 2.0 
15 18 ns 4.5 
13 15 6.0 

75 90 2.0 
15 18 ns 4.5 
13 15 6.0 

3 3 2.0 
3 3 ns 4.5 
3 3 6.0 

4 4 2.0 
4 4 ns 4.5 
4 4 6.0 

5 4 2.0 
24 20 MHz 4.5 
28 24 6.0 

PC74HC/HCT377 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 6 

Fig. 6 

--· 

Fig. 7 

Fig. 7 

Fig. 7 

Fig. 7 

Fig. 6 



PC74HC/HCT377 

MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics'', section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (6 lcc) for a unit load of 1 is given in the family specifications. 
To determine Alce per input, multiply this value by the unit load coefficient shown in the table below. 

input 
unit load 
coefficient 

E 1.50 
CP 0.50 
Dn 0.20 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH CP to Qn 

tTHLI output transition time 
tTLH 

tw 
clock pulse width 

HIGH or LOW 

1:su 
set-up time 

Dn to CP 

tsu 
set-up time 
E to CP 

th 
hold time 

Dn to CP 

th 
hold time 
E to CP 

fmax 
maximum clock pulse 

frequency 

578 J'""'"' 19861 

+25 

min. typ. 

17 

7 

20 9 

12 4 

22 12 

2 -4 

3 -2 

27 48 

Tamb (oC) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40 to +85 -40 to +125 v 
max. min. max. min. max. 

32 40 48 ns 4.5 Fig. 6 

15 19 22 ns 4.5 Fig. 6 

25 30 ns 4.5 Fig. 6 

15 18 ns 4.5 Fig. 7 

28 33 ns 4.5 Fig. 7 

2 2 ns 4.5 Fig. 7 

3 3 ns 4.5 Fig. 7 

22 18 MHz 4.5 Fig. 6 



Octal D-type flip-flop with data enable; positive-edge trigger PC74HC/HCT377 

MSI 

AC WAVEFORMS 

CP INPUT 

hm"-h 
_f M ": . J _ ____if \_ 

• 'w~, I 
l.._..tPHL--- ........ 1PLH_. 

r-

J 
--1 -- tTLH 

On OUTPUT 

7Z87479,1 

Fig. 6 Waveforms showing the clock (eP) to 
output (Onl propagation delays. the clock pulse 
width, output transition times and the maximum 
clock pulse frequency. 

Note to AC waveforms 

(1) HC : VM = 50%; V1 = GND to Vee· 
HeT: VM = 1.3V; V1 = GND to 3V. 

E INPUT 

Dn INPIT 

CP INPUT 

Fig. 7 Waveforms showing the data set-up and 
hold times from the data input (Dnl and from 
the data enable input (E) to the clock (eP)_ 

Note to Fig. 7 

The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 
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DUAL DECADE RIPPLE COUNTER 

FEATURES 

• Two BCD decade or bi-quinary 
counters 

• One package can be configured 
to divide-by-2, 4, 5, 10, 20, 25, 
50 or 100 

• Two master reset inputs to clear 
each decade counter individually 

• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT390 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL ( LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT390 are dual 4-bit 
decade ripple counters divided into four 
separately clocked sections. The counters 
have two divide-by-2 sections and two 
divide-by-5 sections. These sections are 
normally used in a BCD decade or 
bi-quinary configuration, since they share 
a common master reset input (nMR). 
If the two master reset inputs (1 MR and 
2MR) are used to simultaneously clear 
all 8 bits of the counter, a number of 
counting configurations are possible 
within one package. The separate clocks 
(nCPo and nCP1) of each section allow 
ripple counter or frequency division 
applications of divide-by-2, 4, 5, 10, 20, 
25, 50 or 100. 

(continued on next page) 

Vee 

2CPo 

2MR 

200 

390 
2CP 1 

202 

Fig. 1 Pin configuration. 

PC74HC/HCT390 

MSI 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HGT 

propagation delay 
n(';]5o to nOo · 14 18 ns 

lPHLI nc;_F'1 to n01 CL= 15 pF 
15 19 ns 

1PLH nc;_F'1 to n02 Vee= 5 v 23 26 ns 
nCP1 to n03 15 19 ns 
nMR to On 16 18 ns 

fmax 
maximum clock frequency 

nCPo, nCP1 66 61 MHz 

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation notes 1 and 2 20 21 pF 

capacitance per counter 

GND = 0 V; Tarnb = 25 °C; tr= If= 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (PD in µW): 

PD= Cpo x Vee' x fi + ~ (CL x VCC2 x fo) where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
:!: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT390P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT390T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

1, 15--0 nCP0 
+2 

00 0 r- 3, 13 

r- nMR 

4, 12 t-o nCP1 
+5 oo, r- 5, 1l 

oo, t- 6, 10 

2, 14 ~ nMR 003 I- 7,9 

7Z93776.1 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCT390 

MSI 

4, 12 nCP, 

2, 14 nMR 

-;-2 
COUNTER 

75 
COUNTER 

7293778 

Fig. 4 Functional diagram. 
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PIN DESCRIPTION 

PINNO. SYMBOL 

1, 15 1EP0. 2EP0 

2, 14 1MR, 2MR 

3, 5, 6, 7 100 to 103 

4, 12 1EP1. 2EP1 

8 GND 

~10,9 200 to 203 

6 Vee 

BCD COUNT SEQUENCE FOR 
1/2 THE "390" 

OUTPUTS 
COUNT 

no o, 02 

0 L L L 
1 H L L 
2 L H L 
3 H H L 
4 L L H 
5 H L H 
6 L H H 
7 H H H 
8 L L L 
9 H L L 

Note 

Output no connected to nCP1 with 
counter input on nCPo. 

H =HIGH voltage level 
L = LOW voltage level 

January 1986 

NAME AND FUNCTION 

clock input divide-by-2 section (HIGH-to-LOW, 
edge-triggered) 

asynchronous master reset inputs (active HIGH) 

flip-flop outputs 

clock input divide-by-5 section (HIGH-to-LOW, 
edge triggered) 

ground (0 V) 
flip-flop outputs 

positive supply voltage 

Bl-OUINARY COUNT SEQUENCE 

FOR 1/2 THE "390" 

OUTPUTS 
COUNT 

03 Oo o1 02 03 

L 

iJ 

t------------
0 L L L 
1 L H L 
2 L L H 
3 L H H 
4 L L L 
5 H L L 
6 H H L 
7 H L H 
8 H H H 
9 H L L 

Note 

Output Q3 connected to nCPo with 
counter input on nCP1. 

L 
L 
L 
L 
H 
L 
L 
L 
L 
H 

GENERAL DESCRIPTION (Cont'd,) 

Each section is triggered by the HIGH-to­
LOW transition of the clock inputs 
(nCPo and nCP1 ). 
For BCD decade operation, the nQo 
output is connected to the nCP1 input of 
the divide-by-5 section. For bi-quinary 
decade operation, ~ n03 output is 
connected to the nCPo input and nQo 
becomes the decade output. 

The master reset inputs (1MR and 2MR) 
are active HIGH asynchronous inputs to 
each decade counter which operates on 
the portion of the counter identified by 
the "1" and "2" prefixes in the pin 
configuration. A HIGH level on the nMR 
input overrides the clocks and sets the 
four outputs LOW. 



. le counter Dual decade npp J 

i=ig 5 Logic diagram 
(~n~ counter). 

PC74HC/HCT390 

MSI 

I ----11 
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PC74HC/HCT390 

MSI 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

Tamb (oC) 

74HC 
SYMBOL PARAMETER UNIT Vee 

+25 -40to +85 -40to+125 v 
min. typ. max. min. max. min. max. 

tPHLI propagation delay 47 145 180 220 2.0 
17 29 36 44 ns 4.5 

tPLH nCPoto nOo 14 25 31 38 6.0 

tPHLI propagation delay 50 155 195 235 2.0 
18 31 39 47 ns 4.5 

tPLH nCP1 to n01 14 26 33 40 6.0 

tPHLI propagation delay 74 210 265 315 2.0 
27 42 53 63 ns 4.5 

tPLH nCP1 to n02 22 36 45 54 6.0 

tPHLI propagation delay 50 155 195 235 2.0 
18 31 39 47 ns 4.5 

tPLH nCP1 to n03 14 26 33 40 6.0 

propagation delay 52 165 205 250 2.0 
tPHL 19 33 41 50 ns 4.5 

nMR to nOn 
15 28 35 43 6.0 

tTHLI 
19 75 95 110 2.0 

output transition time 7 15 19 22 ns 4.5 
!TLH 6 13 16 19 6.0 

clock pulse width 80 19 100 120 2.0 
tw nCPo; nCP1 

16 7 20 24 ns 4.5 
14 6 17 20 6.0 

master reset pulse width 
80 28 105 130 2.0 

tw 17 10 21 26 ns 4.5 
nMR 14 8 18 22 6.0 

removal time 75 22 95 110 2.0 
trem nMR to nCPn 15 8 19 22 ns 4.5 

13 6 16 19 6.0 

maximum clock pulse 6.0 20 4.8 4.0 2.0 
fmax frequency 30 60 24 20 MHz 4.5 

nCPo,nCP1 35 71 28 24 6.0 
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TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 6 

. Fig. 6 

Fig. 6 

Fig. 7 

Fig. 6 

Fig. 6 

Fig. 7 

Fig. 7 

Fig. 6 



Dual decade ripple counter J 
----

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

PC74HC/HCT390 

MSI 

The value of additional quiescent supply current (Alce) for a unit load of 1 is given in the family specifications. 
To determine Alec per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT UNIT LOAD 
COEFFICIENT 

n~o 0.45 
nCP1, nMR 0.60 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

Tamb (°C) TEST CONDITIONS 

74HCT 
SYMBOL PARAMETER UNIT Vee WAVEFORMS 

+25 -40to +85 -40 to +125 v 
min. typ. max. min. max. min. max. 

tPHLI propagation delay 
21 34 43 51 ns 4.5 Fig. 6 

tPLH nCPo to nao 

tPHL/ propagation delay 
22 38 48 57 ns 4.5 Fig. 6 

tPLH nCP1 to n01 

tPHLI propagation delay 
30 51 64 77 ns 4.5 Fig. 6 

tPLH nCP1 to n02 

tPHL/ propagation delay 
22 38 48 57 ns 4.5 Fig. 6 

tPLH nCP1 to n03 

tPHL 
propagation delay 

21 36 45 54 ns 4.5 Fig. 7 
nMR to nOn 

tTHLI output transition time 7 15 19 22 ns 4.5 Fig. 6 
tTLH 

tw 
clock pulse width 

18 8 23 27 ns 4.5 Fig. 6 
nCPo, nCP1 

tw 
master reset pulse width 17 10 21 26 ns 4.5 Fig. 7 nMR 

trem 
removal time 

15 8 19 22 4.5 Fig. 7 
nMR to nCPn ns 

maximum clock pulse 
fmax frequency 27 55 22 18 MHz 4.5 Fig. 6 

nCPo, nCP1 
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PC74HC/HCT390 

MSI 

586 

AC WAVEFORMS 

- 1/fmax-

nan OUTPUT 

7Z93781 

Fig. 6 Waveforms showing the clock (nCPn) to 
output (nQn) propagation delays, the clock pulse width, 
the output transition times and the maximum clock frequency. 

Note to AC waveforms 

(1) HC: VM=50%;V1=GNDtoVcc· 
HCT: VM = 1.3V; V1 = GND to 3V. 

''""'"' 1986 j 

nMA INPUT 

nCPn INPUT 

nOn OUTPUT 

7Z93780.1 

Fig. 7 Waveforms showing the master reset (nMR) pulse width, 
the master reset to output ( nQn) propagation delays and 
the master reset to clock (nCP0 ) removal time. 



PC74HC/HCT393 

MSI 

DUAL 4-BIT BINARY RIPPLE COUNTER 

FEATURES 

• Two 4-bit binary counters with 
individual clocks 

• Divide-by any binary module up to 
28 in one package 

• Two master resets to clear each 
4-bit counter individually 

• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT393 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL)_ They are specified in 
compliance with J EDEC standard no. 7. 

The 74HC/HCT393 are 4-bit binary 
ripple counters with separate clocks 
(1CP and 2 CP) and master reset (1 MR 
and 2M R) inputs to each counter. 
The operation of each half of the "393" 
is the same as the "93" except no external 
clock connections are required. 
The counters are triggered by a HIGH-to­
LOW transition of the clock inputs. The 
counter outputs are internally connected 
to provide clock inputs to succeeding 
stages. The outputs of the ripple counter 
do not change synchronously and 
should not be used for high-speed address 
decoding. 

The master resets are active-HIGH 
asynchronous inputs to each 4·bit counter 
identified by the "1" and "2" in the pin 
description. 
A HIGH level on the nMR input overrides 
the clock and sets the outputs LOW. 

Vee 

2MR 

393 

'°1 

Fig. 1 Pin configuration. 

PARAMETER CONDITIONS 
TYPICAL 1 

SYMBOL 

J~""' HCT 
--

propagation delay 
tPHLI nCPto nOo · 20 ns 

tPLH nO to n0n+1 CL=15pF 6 ns 
nMR to nOn Vee= 5 v 11 15 ns 

fmax maximum clock frequency 99 53 I MHz 

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation notes 1 and 2 23 25 pF 
capacitance per counter 

GND = 0 V;Tarnb = 25 °C;t, = t1=6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation !Po in µW): 

Po= Cpo x Vee' x fi + :1: (CL x Vcd x f0 ) where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee supply voltage in V 
~(CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HGT the condition is V1 = GND to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT393P: 14-lead DI L; plastic (SOT-27). 
PC74HC/HCT393T: 14-lead mini-pack; plastic (S0-14; SOT-108A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 13 1CP,2CP clock inputs (HIGH-to-LOW, edge-triggered) 

2, 12 1MR, 2MR asynchronous master reset inputs (active HIGH) 

3, 4, 5, 6, 100 to 103, flip-flop outputs 
11, 10, 9, 8 200 to 203 

7 GND ground (0 V) 

14 Vee positive supply voltage 

CTR4 
1 --0 1CP 100 

CTr 

101 
CT"'O 

10, 

1 MR 103 l 3 

'°o 
CTR4 

13 --0 2CP " 

'{ 201 10 
CT -o 

20, 

12 2MR 203 

7Z93348 7Z93349 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 

January 1986 587 



PC74HC/HCT393 

MSI 

1 1CP 
4-BIT 

Bl NARY 
RIPPLE 

2 1MR COUNTER 

13 2CP 
4-BIT 

BINARY 
RIPPLE 

12 2MA COUNTER 

100 3 

101 4 

102 5 

103 6 

200 11 

201 10 

20, 9 

203 8 

7Z93360 

Fig. 4 Functional diagram. 

0 

G-{~J--{J-+&cp 

di qi 
8 qi 
di qi 
G}--G-GJ-G}---EJ 

7Z93352 

Fig. 5 State diagram. 

0 0 0 

Fig. 6 Logic diagram (one counter). 
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COUNT SEQUENCE FOR 1 COUNTER 

OUTPUTS 
COUNT 

Oo o, 
0 L L 
1 H L 
2 L H 
3 H H 

4 L L 
5 H L 
6 L H 
7 H H 

8 L L 
9 H L 
10 L H 
,11 H H 

12 L L 
13 H L 
14 L H 
15 H H 

H = HIGH voltage level 
L = LOW voltage level 

02 

L 
L 
L 
L 

H 
H 
H 
H 

L 
L 
L 
L 

H 
H 
H 
H 

03 

L 
L 
L 
L 

L 
L 
L 
L 

H 
H 
H 
H 

H 
H 
H 
H 



Dual 4-bit binary ripple counter 

DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND=OV;tr=tt =6ns;CL =50pF 
--

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nCP to nOo 

tPHLI propagation delay 
tPLH nQn to n0n+1 

tPHL propagation delay 
nMR to nOn 

tTHLI output transition time 
tTLH 

clock pulse width 
tw HIGH or LOW 

master reset pulse 
tw width; HIGH 

removal ti me 
trem nMR to nCP 

maximum clock pulse 
fmax frequency 

+25 

min. typ. 

41 
15 
12 

14 
5 
4 

39 
14 
11 

19 
7 
6 

80 17 
16 6 
14 5 

80 19 
16 7 
14 6 

5 0 
5 0 
5 0 

6 30 
30 90 
35 107 

Tamb (oC) 

74HC 
UNIT Vee 

-40to+85 -40to+125 v 

max. min. max. min. max. 

125 155 190 2.0 
25 31 38 ns 4.5 
21 26 32 6.0 

45 55 70 2.0 
9 11 14 ns 4.5 
8 9 12 6.0 

140 175 210 2.0 
28 35 42 ns 4.5 
24 30 36 6.0 

75 95 110 2.0 
15 19 22 ns 4.5 
13 16 19 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

5 5 2.0 
5 5 ns 4.5 
5 5 6.0 

5 4 2.0 
24 20 MHz 4.5 
28 24 6.0 

PC74HC/HCT393 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 7 

Fig. 7 

Fig. 8 

Fig. 7 

Fig. 7 

Fig. 8 

Fig. 8 

Fig. 7 
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PC7 4HC/HCT393 

MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current illlccl for a unit load of 1 is given in the family specifications. 
To determine LI Ice per input, multiply this value by the unit load coefficient shown in the table below. 

---r-
i n ut I unit l_oad 

P coeff1 c1ent 

1CP 
2CP 
1MR 
2MR 

I 0.4 

I DA 
1.0 

L_2:9 __ 

AC CHARACTERISTICS FOR 74HCT 

GND=OV;t,=tt =6ns;CL= 50pF 

~~:,1··· 
·------·-

PARAMETER 

tPHLI 
tPLH 

--i-

i 

--·---------.--·--

propagation delay 
nCP to nOo 
____ ,, _____ 

propagation delay 
nOn to n0n+1 

--
propagation delay 

nMR to nOn 

------~--~------

output transition ti me 

clock pulse width 
HIGH or LOW 

master reset pulse 
width; HIGH 
--------· 

removal time 
nMR to nCP 

maximum clock pulse 
frequency 

·-

590 """"" 19861 

+25 

min. typ. 

24 

6 

18 

7 

19 11 

16 7 

5 0 

27 48 

Tamb (oC) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 
max. min. max. min. max. 

32 40 48 ns 4.5 Fig. 7 

12 15 18 ns 4.5 Fig. 7 

32 40 48 ns 4.5 Fig. 8 

15 19 22 ns 4.5 Fig. 7 

24 29 ns 4.5 Fig. 7 

20 24 ns 4.5 Fig. 8 

-

5 5 ns 4.5 Fig. 8 

22 18 MHz 4.5 Fig. 7 



Dual 4-bit binary ripple counter 

AC WAVEFORMS 

·""~ITU 
I--. tPHL -- 1- tplH 

Fig. 7 Waveforms showing the clock (nCP) to 
output (10n, 20nl propagation delays, the clock 
pulse width, the output transition times and the 
maximum clock frequency. 

Note to AC waveforms 

(1) HC : VM = 50%; V1 = GND to Vee· 
HCT: VM=1.3V;V1=GNDto3V. 

PC74HC/HCT393 

MSI 

nCP INPUT 

nan OUTPUT 

1-''"'11 
\VMl1) I 

7293354 ~----' 

Fig. 8 Waveforms showing the master reset (nMR) 
pulse width, the master reset to output (Onl 
propagation delays and the master reset to clock 
(nCP) removal time. 
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PC74HC/HCT423 

MSI 

DUAL RETRIGGERABLE MONOSTABLE MUL TIVIBRATOR WITH RESET 

FEATURES 

" DC triggered from active HIGH or 
active LOW inputs 

• Retriggerable for very long pulses 
up to 100% duty factor 

• Direct reset terminates output pulse 
• Schmitt-trigger action on all inputs 

except for the reset input 
• Output capability: standard (except 

for nRExT/CExT> 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT423 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT423 are dual 
retriggerable monostable multivibrators 
with output pulse width control by 
two methods. The basic pulse time is 
programmed by selection of an external 
resistor (REXTI and capacitor (CEXTl· 
The external resistor and capacitor are 
normally connected as shown in Fig. 6. 

Once triggered, the basic output pulse 
width may be extended by retriggering 
the gated active LOW-going edge input 
(nA) or the active HIGH-going edge input 
(nB). By repeating this process, the 
output pulse periode (nQ = HIGH, 
nO = LOW) can be made as long as 
desired. When nRD is LOW, it forces the 
nQ output LOW, the nO output HIGH 
and also inhibits the triggering. 

(continued on next page) 

Vee 

423 
20 

2Cexr 

2B 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS 

HC HGT 

propagation delay CL=15pF 
tPHLI nil;. nB Vee= 5 v 
tPLH to nQ, nO REXT = 5 kn 26 26 

nRD to nQ, nO CEXT = 0 pF 20 22 

C1 input capacitance 3.5 3.5 

tw minimum output pulse 
75 75 width nQ, nO 

GND = 0 V; Tamb= 25°C; tr= tf = 6 ns 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT423P: 16-lead DI L; plastic (SOT-38Z). 
PC74HC/HCT423T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PINNO. SYMBOL NAME AND FUNCTION 

1, 9 1A,2A trigger inputs (negative-edge triggered) 
2, 10 1B, 28 trigger inputs (positive-edge triggered) 
3, 11 1Ro. 2i'!D direct reset action (active LOW) 

4, 12 10,20 outputs (active LOW) 

7 2RExTICExT external resistor/capacitor connection 

8 GND ground (0 V) 

13, 5 1Q,2Q outputs (active HIGH) 

14, 6 lCEXT• 2CEXT external capacitor connection 
15 lRExTfeEXT external resistor/capacitor connection 

16 Vee positive supply voltage 

n 
0 

lCEXT 14 

2CEXT 6 

l R Exr/CEXT 15 

2Rexrlcexr 7 

a 10 13 
2Q 5 

TJ'L 
10 n 10 a 4 

Ro 2Q 12 

3 1 R0 

11 2R 0 7Z93295 

7Z93296 

UNIT 

ns 
ns 

pF 

ns 

13 

12 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC7 4HC/HCT 423 

MSI 

11 2Ro 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS OUTPUTS 

nRo nA nB nQ no 

L x x L H 
x H x L H 
x x L L H 

H L t _n_ LJ 
H + H _n_ LJ 

594 Jon"'"' !9861 

GENERAL DESCRIPTION (Cont'd) 

Figures 7 and 8 illustrate pulse control 
by reset. The basic output pulse width is 
essentially determined by the values of 
the external timing co~ponents REXT 
and CEXT· 
For pulse widths, when CEXT < 10 000 pF, 
see Fig. 9. 
When CExT> 10 000 pF, the typical 
output pulse width is defined as: 

tw = 0.45 x REXT x CEXT (typ.), 

where, tw = pulse width in ns; 
R EXT = external resistor in kn; 
CEXT = external capacitor in pF. 

Schmitt-trigger action in the nA and nB 
inputs, makes the circuit highly tolerant to 
slower input rise and fall times. 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
t = LOW-to-HIGH transition 
+ = HIGH-to-LOW transition 
_n_ = one HIGH level output pulse 
l.J = one LOW level output pulse 



Dual retriggerable monostable multivibrator with reset 

1z93290 Vee 

~"'"' 
tonCEXT tonRExr/CEXT 

(pin 14or 6) {pin 15 or7) 

Fig. 6 Timing component connections. 

RExr!CEXT 

CEXT(lJ 

GND 

( 1) It is recommended to ground pins 6 (2CEXTI 
and 14 (1CExTl externally to pin 8 (GND). 

Fig. 5 Logic diagram. 

PC74HC/HCT423 

MSI 
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PC74HC/HCT423 

MSI 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

011tput capability: standard (except for nRExTICExTl 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 
+25 

min. typ. 

tPHLI prc~pagation ~lay 
83 
30 

tPLH nA, nB to nQ, nQ 24 

tPHLI propagation delay 66 
24 

tPLH n"RD to nQ, nQ 19 

tTHLI 
19 

output transition time 7 
tTLH 6 

trigger pulse width 100 19 
tw nA= LOW 20 7 

17 6 

trigger pulse width 
100 19 

tw 20 7 
nB =HIGH 17 6 r------

reset pulse width 100 19 
tw n"RD =LOW 

20 7 
17 6 

output pulse width 
tw nQ= HIGH 450 

nO= LOW 

output pulse width 
tw nQ= HIGH 75 

nO= LOW 

retrigger time 44 trt nA, nB 

REXT external timing resistor 
10 
2 

CEXT external timing capacitor 

596 J'""'"' 19861 

max. 

255 
51 
43 

215 
43 
37 

75 
15 
13 

1000 
1000 

Tamb (oC) 

74HC 
UNIT Vee 

-40to +85 -40to+125 v 

min. max. min. max. 

320 385 2.0 
64 77 ns 4.5 
54 65 6.0 

270 325 2.0 
54 65 ns 4.5 
46 55 6.0 

95 110 2.0 
19 22 ns 4.5 
16 19 6.0 

125 150 2.0 
25 30 ns 4.5 
21 26 6.0 

125 150 2.0 
25 30 ns 4.5 
21 26 6.0 

125 150 2.0 
25 30 ns 4.5 
21 26 6.0 

- - µs 5.0 

- - ns 5.0 

- - ns 5.0 

kn 
2.0 - - 5.0 

no limits pF 5.0 

TEST CONDITIONS 

WAVEFORMS/NOTES 

CEXT = 0 pF; 
RExT= 5 k!1 

CEXT = 0 pF; 
REXT =5 k!1 

Fig. 7 

Fig. 7 

Fig. B 

CEXT = 100 nF; 
REXT = 10 k!1; 
Figs 7 and B 

CEXT = 0 pF; 
REXT = 5 k!1; 
note 1; Figs 7 and B 

CEXT = 0 pF; 
RExT= 5 k!1; 
note 2; Fig. 8 

Fig. 9 

Fig. 9; note 3 



Dual retriggerable monostable multivibrator with reset 

DC CHARACTERISTICS FOR 74HCT 

PC74HC/HCT423 

MSI 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard (except for nRExTICExTl 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (t:.lccl for a unit load of 1 is given in the family specifications. 
To determine t:. lcc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT UNIT LOAD 
COEFFICIENT 

nA,nB 0.35 
nRD 0.35 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pf 

Tamb (°C) TEST CONDITIONS 

74HCT 
SYMBOL PARAMETER UNIT Vee WAVEFORMS/NOTES 

+25 -40to +85 -40to+125 v 
min. typ. max. min. max. min. max. 

tPHLI propagation delay 
30 51 64 77 ns 4.5 CEXT = 0 pF; 

tPLH nA, nB to nQ, nO RExT= 5 kO 

tPHLI propagation delay 
26 46 58 69 ns 4.5 CEXT = 0 pF; 

tPLH nRDto no, no RExT=5 kO 

trnL/ output transition time 7 15 19 22 ns 4.5 
tTLH 

tw 
trigger pulse width 

20 7 25 30 ns 4.5 Fig. 7 
nA= LOW 

tw 
trigger pulse width 

20 7 25 30 ns 4.5 Fig. 7 
nB =HIGH 

tw 
reset pulse width 20 8 25 30 ns 4.5 Fig. 8 

nRD= LOW 

output pulse width CEXT = 100 nF; 
tw nO= HIGH 450 - - µs 5.0 RExT= 1okn; 

nQ= LOW Figs 7 and 8 

output pulse width CEXT = 0 pF; 
tw nO= HIGH 75 - - ns 5.0 RExT=5 kO; 

nQ= LOW note 1; Figs 7 and 8 

retrigger time CEXT =OpF; 
trt nA,nB 75 - - ns 5.0 REXT = 5 kO; 

note 2; Fig. 8 

REXT external timing resistor 2 1000 - - kO 5.0 Fig. 9 

CEXT external timing capacitor no limits pF 5.0 Fig 9; note 3 
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Notes to AC characteristics 

1. For other REXT and CEXT combinations see Fig. 9. 

If CEXT > 10 nF, the next formula is valid: 

tw = K x REXT x CEXT (typ.) 
where, tw = output pulse width in ns; 

REXT =external resistor in kn; CEXT =external capacitor in pF; 
K = constant = 0.45 for V cc = 5.0 V and 0.48 for V CC = 2.0 V. 

The inherent test jig and pin capacitance at pins 15 and 7 (nRexTICexTl is approximately 7 pF. 

2. The time to retrigger the monostable multivibrator depends on the values of RexT and CexT· 

The output pulse width will only be extended when the time between the active-going edges of the 
trigger input pulses meets the minimum retrigger time. 

If CexT > 10 nF, the next formula (at Vee= 5.0 V) for the set-up time of a retrigger pulse is valid: 

trt = 35 + (0.11 x CExTl + (0.04 x REXT x CExTl (typ.) 
where, trt = retrigger time in ns; 

CEXT = external capacitor in pF; 
R EXT = external resistor in kn. 

The inherent test jig and pin capacitance at pins 15 and 7 (nRexTICExTl is approximately 7 pF. 

3. When the device is powered-up, initiate the device via a reset pulse, when CEXT < 50 pF. 
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Dual retriggerable monostable multivibrator with reset PC74HC/HCT423 

MSI 

AC WAVEFORMS 

oB INPUT _Jf f 
- 'w If------~ 

n.A INPUT 

no OUTPUT 

l-•w--1 

nB INPUT _Jf.__ ___ __.f 

-----~ 

I u--­
UTPUT J---1 ~ ~1 I 

nRo INPUT 

1- tw --1 1-- 'w --1 1z93290 

Fig. 7 Output pulse control using retrigger pulse; nRo =HIGH. 8 Output pulse control using reset input nRo; nA = LOW. 

f--+-f-+f+--1-·- 1-
10~~~-~-~u.c '---

1 10 102 

Fig. 9 Typical output pulse width as a function of the external 
capacitor values at Vee= 5.0 V and Tamb = 25 °e. 
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OCTAL D-TVPE TRANSPARENT LATCH; 3-STATE; INVERTING 

FEATURES 

• 3-state inverting outputs for 
bus oriented applications 

• Common 3-state output enable input 
• Output capability: bus driver 
• lcc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT533 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTU. They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT533 are octal D-type 
transparent latches featuring separate 
D-type inputs for each latch and 3-state 
outputs for bus oriented applications. 

_ A latch enable (LE) input and an output 
enable (OE) input are common to all 
latches. 

The "533" consists of eight D-type 
transparent latches with 3-state inverting 
outputs. When LE is HIGH, data at the 
Dn inputs enter the latches. In this 
condition the latches are transparent, i.e. 
a latch output will change state each time 
its corresponding D-input changes. 

When LE is LOW the latches store the 
information that was present at the 
D-inputs a set-up time preceding the 
HIGH-to-LOW transition of LE. 
When OE is LOW, the contents of the 
8 latches are available at the outputs. 
When OE is HIGH, the outputs go to the 
high impedance OFF-state. Operation of 
the OE input does not affect the state of 
the latches. 

The "533" is functionally identical to the 
"373", "563" and "573", but the "373" 
and~"573" have non-inverted outputs and 
the 63" and "573" have a different pin 
arrang ent. 

a, 
D7 

D5 

533 a, 

GND 

7Z90985 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

tPHL/ 
propagation delay 

CL=15pF 
tPLH Dn to Qn Vcc=5 v 14 16 ns 

LE to On 17 19 ns 

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation notes 1 and 2 34 34 pF 
capacitance per latch 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + ~ (CL x Vee' x f0 ) where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
~ (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is Vr = GND to Vee 
For HCT the condition is Vr = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT533P: 20-lead OIL; plastic (SOT-146). 
PC74HC/HCT533T: 20-lead mini-pack; plastic (S0-20; SOT-163A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 m: 3-state output enable input (active LOW) 
2, 5, 6, 9, 12, 

Goto Ci7 3-state latch outputs 
15, 16, 19 
3, 4, 7, 8, 13, 

Do to D7 data inputs 
14, 17, 18 
10 GND ground (0 V) 
11 LE latch enable input (active HIGH) 
20 Vee positive supply voltage 

11 

LE 

oo 
a, 
a, 
03 

13 04 12 

14 o, 15 

17 as 16 

18 o, 19 

OE 

7Z90984.1 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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7Z90986 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

OPERATING. MODES 

enable and read 
register 
(transparent mode) 

latch and read 
register 

latch register and 
disable outputs 

LE 

INPUTS INTERNAL 
OUTPUTS 

OE LE Dn 
LATCHES Oo to 07 

L H L L H 
L H H H L 

L L I L H 
L L h H L 

H x x x z 
H x x x z 

LATCH LATCH LATCH 
3 

LATCH 

4 

LE 

LE 7Z909B7 

Fig. 5 Logic diagram (one latch). 

H HIGH voltage level 
h HIGH voltage level one set-up time 

prior to the LOW-to-HIGH LE transition 
or the HIGH-to-LOW OE transition 

L LOW voltage level 
I LOW voltage level one set-up time 

prior to the LOW-to-HIGH LE transition 
or the HIGH-to-LOW OE transition 

X = don't care 
Z = high impedance OFF-state 

LATCH 
5 

LATCH LATCH 
7 

LATCH 
8 

LELE LELE 

a, 
7290988 

Fig. 6 Logic diagram. 
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Octal D-type transparent latch; 3-state; inverting 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH Dn to On 

tPHLI propagation delay 
tPLH LE to On 

tpzH/ 3-state output enable time 
tpzL OE to On 

tpHz/ 3-state output disable time 
tpLz OE to On 

trnLI 
output transition time tTLH 

LE pulse width 
tw HIGH 

tsu 
set-up time 

Dn to LE 

hold time 
th Dn to LE 

+25 

min. typ. 

47 
17 
14 

55 
20 
16 

44 
16 
13 

50 
18 
14 

14 
5 
4 

80 17 
16 6 
14 5 

50 3 
10 1 
9 1 

35 3 
7 1 
6 1 

Tamb (oC) 

74HC 
UNIT Vee 

-40to+85 -40to+125 v 
max. min. max. min. max. 

150 190 225 2.0 
30 38 45 ns 4.5 
26 33 38 6.0 

175 220 265 2.0 
35 44 53 ns 4.5 
30 37 45 6.0 

150 190 225 2.0 
30 38 45 ns 4.5 
26 33 38 6.0 

150 190 225 2.0 
30 38 45 ns 4.5 
26 33 38 6.0 

60 75 90 2.0 
12 15 18 ns 4.5 
10 13 15 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

65 75 2.0 
13 15 ns 4.5 
11 13 6.0 

45 55 2.0 
9 11 ns 4.5 
8 9 6.0 

PC74HC/HCT533 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 7 

Fig. 8 

Fig. 9 

Fig. 9 

Fig. 7 

Fig. 8 

Fig. 10 

Fig. 10 
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PC74HC/HCT533 

MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

Note to HCT types 
The value of additional quiescent supply current (6 lccl for a unit load of 1 is given in the family specifications. 
To determine 6 lcc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 
UNIT LOAD 
COEFFICIENT 

Dn 0.15 
LE 0.30 
OE 0.55 

L__ 

AC CHARACTERISTICS FOR 74HCT 

--
Tamb (OC) TEST CONDITIONS 

74HCT 
SYMBOL PARAMETER ----- UNIT Vee WAVEFORMS 

+25 -40to +85 -40to+125 v 
min. typ. max. min. max. min. max. 

tPHL/ propagation delay ~ 
T 

19 I 43 51 ns 4.5 Fig. 7 
lPLH Dn to On 

tPHLI propagation delay 
22 38 48 57 ns 4.5 Fig. 8 

lPLH LE to On 

tpzH/ 3-state output enable time 18 35 44 53 ns 4.5 Fig. 9 
tpzL OE to On 

!-----:--
I tpHz/ 3-state output disable time 

18 30 38 45 ns 4.5 Fig. 9 
tpLz OE to On 

tTHLI output transition time 5 12 15 18 ns 4.5 

~~-7----~ tTLH 
t-- --

tw 
LE pulse width 16 6 20 24 ns 4.5 Fig. 8 

~-j 
HIGH 

t---- ----- --

tsu 
set-up time 10 1 13 15 ns 4.5 Fig. 10 

Dn to LE 
----

hold time Fig. 10 th 8 2 10 12 ns 4.5 

J Dn to LE 
-------------~---_J _____ -'------J 
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Octal D-type transparent latch; 3-state; inverting 

AC WAVEFORMS 

Fig. 7 Waveforms showing the data input ( Dnl 
to output (Qnl propagation delays and the 
output transition times. 

OE INPUT 

Qn OUTPUT 

LOW-to-OFF 
OFF-to-LOW 

Qn OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

7296101 

10% 

'"'P"" J ___ outputs __ 1_ outputs 
enabled disabled ellabled 

Fig. 9 Waveforms showing the 3-state enable 
and disable times. 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee· 
HeT: VM = 1.3 V; Vr = GND to 3 v. 

PC74HC/HCT533 

MSI 

Fig. 8 Waveforms showing the latch enable input 
(LE) pulse width, the latch enable input to 
output (Qnl propagation delays and the output 
transition times. 

Dn INPUT 

LE INPUT 

7287866 

Fig. 10 Waveforms showing the data set-up and 
hold times for Dn input to LE input. 

Note to Fig. 10 

The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 
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PC7 4HC/HCT534 

MSI 

OCTAL D·TYPE FLIP-FLOP; POSITIVE EDGE-TRIGGER; 3-STATE; INVERTING 

FEATURES 

• 3-state inverting outputs for bus 
oriented applications 

• 8-bit positive, edge-triggered register 
• Common 3-state output enable input 
• Output capability: bus driver 
• lcc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT534 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JED EC standard no. 7. 

The 74HC/HCT534 are octal D-type 
flip-flops featuring separate D-type inputs 
for each flip-flop and inverting 3-state 
outputs for bus oriented applications. 
A clock (CP) and an output enable (OE) 
input are common to all flip-flops. The 
"534" is functionally identical to the 
"374", but has inverted outputs. 
The "534" consists of eight flip-flops with 
individual D-type inputs and 3-state 
inverting outputs. The 8 flip-flops will 
store the state of their individual D-inputs 
that meet the set-up and hold times 
requirements on the LOW-to-HIGH CP 
transition. 
When 01: is LOW, the contents of the 
8 flip-flops are available at the outputs. 
When 01: is HIGH, the outputs go to the 
high impedance OFF-state. Operation of 
the 01: input does not affect the state of 
the flip-flops. 

Fig. 1 Pin configuration. 

606 ''"""" 19861 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

tPHLI propagatio..!:' delay 
CL= 15 pF 12 13 ns 

tPLH CP to On 
Vee= 5 v 

fmax maximum clock frequency 61 40 MHz 

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation notes 1 and 2 19 19 pF 

capacitance per flip-flop 

GN D = 0 V; T amb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation !Po in µW): 

Po= Cpo x Vee' x fi + ~ (CL x Vee' x fol where: 
fi = input frequency in MHz CL = output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
~ (CL x Vcc 2 x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT534P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT534T: 20-lead mini-pack; plastic (S0-20; SOT-163A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 OE 3-state output enable input (active LOW) 

2, 5, 6, 9, 12, 
Cioto Ci7 3-state outputs 15, 16, 19 

3, 4, 7, 8, 13, 
Do to D7 data inputs 14, 17, 18 

10 GND ground (0 V) 

11 CP clock input (LOW-to-HIGH, edge-triggered) 

20 Vee positive supply voltage 

CP 

Do QO 

01 

03 

13 04 12 

14 05 15 

17 06 16 

18 07 19 

QE 

7Z87495 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 



Octal 0-type flip-flop; positive edge-trigger; 3-state; inverting PC7 4HC/HCT534 

MSI 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS 
INTERNAL OPERATING MODES 

OE CP Dn 
FLIP-FLOPS 

load and read register L t I L 
L t h H 

load register and H t I L 
disable outputs H t h H 

CP 

OE 

OUTPUTS 

Clo to 07 

H 
L 

z 
z 

H = HIGH voltage level 
h = HIGH voltage level one set-up time prior to the 

LOW-to-HIGH CP transition 

L = LOW voltage level 
I = LOW voltage level one set-up time prior to the 

LOW-to-HIGH CP transition 

Z = high impedance OFF-state 
t = LOW-to-HIGH clock transition 

Fig. 5 Logic diagram. 
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PC74HC/HCT534 

MSI 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
tee category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH CP to On 

tpzH/ 
3-state output enable 

time 
tpzL OE to On 

tpHz/ 
3-state output disable 

time 
tpLz OE to On 

tTHLI output transition time 
tTLH 

clock pulse width 
tw HIGH or LOW 

set-up time 
1su Dn to CP 

th 
hold time 

Dn to CP 

maximum clock pulse 
fmax frequency 

608 ''"""' 19861 

+25 

min. typ. 

41 
15 
12 

33 
12 
10 

41 
15 
12 

14 
5 
4 

80 19 
16 7 
14 6 

60 6 
12 2 
10 2 

3 -6 
3 -2 
3 -2 

6 18 
30 55 
35 66 

Tamb (oC) 
---1 

74HC 
UNIT Vee 

-40to +85 -40to+125 v 
max. min. max. min. max. 

165 205 250 2.0 
33 41 50 ns 4.5 
28 35 43 6.0 

150 190 225 2.0 
30 38 45 ns 4.5 
26 33 38 6.0 

150 190 225 2.0 
30 38 45 ns 4.5 
26 33 38 6.0 

60 75 90 2.0 
12 15 18 ns 4.5 
10 13 15 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

75 90 2.0 
15 18 ns 4.5 
13 15 6.0 

3 3 2.0 
3 3 ns 4.5 
3 3 6.0 

5 4 2.0 
24 20 MHz 4.5 
28 24 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 7 

Fig. 7 

Fig. 6 

Fig. 6 

Fig. 8 

Fig. 8 

Fig, 6 



Octal D-type flip-flop; positive edge-trigger; 3-state; inverting 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

Note to HCT types 

PC74HC/HCT534 

MSI 

The value of additional quiescent supply current (ll lccl for a unit load of 1 is given in the family specifications. 
To determine .6lcc per input, multiply this value by the unit !oad coefficient shown in the table below. 

input 
unit load 
coefficient 

OE 1.25 
CP 0.90 
Dn 0.35 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 

trLH CP to On 

tpzH/ 
3-state output enable 

time 
tpzL OE to On 

min. 

+---
tpHzl 

3-state output disable 
time 

tpLz OE to On 

tTHLI output transition time 
lTLH 

tw 
clock pulse width 

23 HIGH or LOW 

tsu 
set-up time 

12 
Dn to CP 

th 
hold time 

3 
Dn to CP 

fmax 
maximum clock pulse 

22 
frequency 

+25 

typ. 

16 

16 

18 

5 

14 

4 

-2 

36 

Tamb (°Cl TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40 to +125 v 

max. min. max. min. max. 

30 38 45 ns 4.5 Fig. 6 

30 38 45 ns 4.5 Fig. 7 

30 38 45 ns 4.5 Fig. 7 

12 15 18 ns 4.5 Fig. 6 

29 35 ns 4.5 Fig. 6 

15 18 ns 4.5 Fig. 8 

3 3 ns 4.5 Fig. 8 

18 15 MHz 4.5 Fig. 6 



PC74HC/HCT534 

MSI 

AC WAVEFORMS 

..._l/fmax---

CP INPUT VM {1) 

Qn OUTPUT 

7Z87479.1P -tTHL 

Fig. 6 Waveforms showing the clock (eP) to 
output !Gnl propagation delays, the clock pulse 
width, output transition times and the maximum 
clock pulse frequency. 

GP INPUT 

o, 
INPUT 

Qn OUTPUT \_ 
7287480,P 

610 

Note to AC waveforms 

(1) HC : VM = 50%; V1 = GND to Vee· 
HeT: VM = 1.3V;V1 =GNDto3V. 

''"""' 19861 

6E INPUT 

Qn OUTPUT 

LOW-to-OFF 
OFF-to-LOW 

Qn OUTPUT 

HIGH-to-OFF 
OFF-to - HIGH 

7Z96101 

t0% 

_,, 

I 
VM!1l 

outputs - - outputs --outputs 
enabled disabled' enabled 

Fig. 7 Waveforms showing the 3-state enable and 
disable ti mes. 

Fig. 8 Waveforms showing the data set-up and 
hold times for Dn input. 

Note to Fig. 8 

The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 



DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. 

PC74HC/HCT540 

MSI 

OCTAL BUFFER/LINE DRIVER; 3-STATE; INVERTING 

FEATURES 

• Inverting outputs 
• Output capability: bus driver 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT540 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT540 are octal inverting 
buffer/line drivers with 3-state outputs. 
The 3-state outputs are controlled by the 
outpui enable inputs OE1 and OE2. 
A HIGH on OEn causes the outputs to 
assume a high impedance OFF-state. 

The "540" is identical to the "541" but 
has inverting outputs. 

FUNCTION TABLE 

INPUTS 

OE1 OE2 An 

L L L 
L L H 
x H x 
H x x 

H = HIGH voltage level 
L = LOW voltage level 
X =don't care 

OUTPUT 

Yn 

H 
L 
z 
z 

Z =high impedance OFF-state 

540 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS 

HC 

tPHLI propagation delay CL= 15pF 9 
tPLH An to Yn Vee =5 v 

C1 input capacitance 3.5 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT540P: 20-lead OIL; plastic (SOT-146). 
PC74HC/HCT540T: 20-lead mini-pack; plastic (S0-20; SOT-163A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

HCT 

10 

3.5 

1, 19 ITT1, OE2 output enable input (active LOW) 

2, 3, 4, 5, 
Ao to A7 data inputs 

6, 7, 8, 9 

10 GND ground (0 V) 
18, 17, 16, 15, 

'i'o to 'i'7 bus outputs 
14, 13, 12, 11 

20 Vee positive supply voltage 

UNIT 

ns 

pF 
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PC74HC/HCT541 

MSI 

DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. 

OCTAL BUFFER/LINE DRIVER; 3-STATE 

FEATURES 

• Non-inverting outputs 
• Output capability: bus driver 
• •cc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT541 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TIL (LSTIL). They are specified in 
compliance with JED EC standard no. 7. 

The 74HC/HCT541 are octal non­
inverting buffer/line drivers with 3-state 
outputs. The 3-state outputs are 
controlled by the output enable inputs 
OE1 and OE2. 
A HIGH on OEn causes the outputs to 
assume a high impedance OFF-state. 

The "541" is identical to the "540" but 
has non-inverting outputs. 

FUNCTION TABLE 

INPUTS OUTPUT 

OE1 OEz An 

L L L 
L L H 
x H x 
H x x 

H =HIGH voltage level 
L = LOW voltage level 
X =don't care 
Z =high impedance OFF-state 

541 

Yn 

L 
H 
z 
z 

Fig. 1 Pin configuration. 
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TYPICAL 
SYMBOL PARAMETER CONDITIONS 

HC 

tPHLI propagation delay CL= 15 pf 
9 

tPLH An to Yn Vee= 5 v 

C1 input capacitance 3.5 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT541P: 20-lead OIL; plastic (SOT-146). 
PC74HC/HCT541T: 20-lead mini-pack; plastic (S0-20; SOT-163A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

HCT 

10 

3.5 

1, 19 OE1. OE2 output enable input (active LOW) 

2, 3,4, 5, 
AQtoA7 data inputs 

6, 7, 8, 9 

10 GND ground (0 V) 

18, 17, 16, 15, 
YotoY7 bus outputs 

14, 13, 12, 11 

20 Vee positive supply voltage 

UNIT 

ns 

pf 



PC74HC/HCT563 

MSI 

OCTAL D-TYPE TRANSPARENT LATCH; 3-STATE; INVERTING 

FEATURES 

• 3-state inverting outputs for b11s 
oriented applications 

• Inputs and outputs on opposite sides 
of package allowing easy interface 
with microprocessor 

• Common 3-state output enable input 

• Output capability: bus driver 
• Ice category: MSI 

GENERAL DESCRIPTION 
The 74HC/HCT563 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JED EC standard no. 7. 

The 74HC/HCT563 are octal D-type 
transparent latches featuring separate 
D-type inputs for each latch and inverting 
3-state outputs for bus oriented 
applications_ 
A latch enable (LE) input and an output 
enable (OE) input are common to all 
latches. 

The "563" is functionally identical to 
the "573", but has inverted outputs. 

The "563" consists of eight D-type 
transparent latches with 3-state inverting 
outputs. The LE and OE are common to 
all latches. 
When LE is HIGH, data at the Dn inputs 
enter the latches. In this condition the 
latches are transparent, i.e. a latch output 
wi II change state each time its 
corresponding D-input changes. 

When LE is LOW the latches store the 
information that was present at the 
D-inputs a set-up time preceding the 
HIGH-to-LOW transition of LE. 
When OE is LOW, the contents of the 
8 latches are available at the outputs. 
When OE is HIGH, the outputs go to the 
high impedance OFF-state. Operation 
of the OE input does not affect the state 
of the latches. 

-----r----- -·----·---· ------, ---
TYPICAL 

SYMBOL PARAMETER CONDITIONS UNIT 
HC HCT 

!------ j------------- -· 

tPHLI propagation delay CL= 15 pF 14 16 ns 
tPLH Dn, LE to On Vee= 5 v 

C1 input capacitance 3.5 3.5 pF 

--+-

Cpo 
power dissipation 

I 
notes 1 and 2 _ l 19 

19 pF 
capacitance per latch 

--
GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= CPD x Vee' x fi + 2: (CL x Vee' x fol where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
~(Cl x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT563P: 20-lead DI L; plastic (SOT-146). 
PC74HC/HCT563T: 20-lead mini-pack; plastic (S0-20; SOT-163A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

2, 3, 4, 5, 6, 
Do to D7 data inputs 

7, 8, 9 

11 LE latch enable input (active H 

1 OE 3-state output enable input 

10 GND ground (0 V) 

19, 18, 17, 16, 
Do to 07 3-state latch outputs 

15, 14, 13, 12 

20 Vee positive supply voltage 

11 

LE 

00 19 

01 18 

a, 17 

03 16 

04 15 

05 14 

a, 13 

a, 12 

OE 

Fig. 2 Logic symbol_ Fig. 3 IEC logic symbol. 

l 

l ?Z«Be< 

--------------------· 
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PC7 4HC/HCT563 

MSI 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS 
OPERATING MODES 

OE LE Dn 

enable and read L H L 
register L H H 

latch and read L L I 
register L L h 

latch register and H L I 
disable outputs H L h 

614 January 1986 

INTERNAL I OUTPUTS 

LATCHES r Oo to 07 

L H 
H L 

L H 
H L 

L z 
H z 

H = HIGH voltage level 
h = HIGH voltage level one set-up time 

prior to the LOW-to-HIGH LE 
transition 

L LOW voltage level 
I LOW voltage level one set-up time 

prior to the LOW-to-HIGH LE 
transition 

Z = high impedance OFF-state 

Fig. 5 Logic diagram. 



Octal D-type transparent latch; 3-state; inverting 

DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
lq:; category: MSI 

AC CHARACTERISTICS FOR 74HC 
GND= 0 V;tr=tt= 6ns;CL =50pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH Dn to Gn 

tPHLI propagation delay 
tPLH LE to <:in 

tpzH/ 3-state output enable ti me 
tpzL OE to On 

tpHz/ 3-state output disable ti me 
tpLz OE to On 

trnLI output transition time 
tTLH 

enable pulse width 
tw HIGH 

set-up time 
lsu Dn to LE 

th 
hold time 

Dn to LE 

+25 

min. typ. 

47 
17 
14 

47 
17 
14 

47 
17 
14 

50 
18 
14 

14 
5 
4 

80 17 
16 6 
14 5 

50 11 
10 4 
9 3 

4 -6 
4 -2 
4 -2 

Tamb (oC) 

74He 
UNIT Vee 

-40to+85 -40to +125 v 

max. min. max. min. max. 

145 180 220 2.0 
29 36 44 ns 4.5 
25 31 38 6.0 

145 180 220 2.0 
29 36 44 ns 4.5 
25 31 38 6.0 

150 190 225 2.0 
30 38 45 ns 4.5 
26 33 38 6.0 

150 190 225 2.0 
30 38 45 ns 4.5 
26 33 38 6.0 

60 75 90 2.0 
12 15 18 ns 4.5 
10 13 15 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

65 75 2.0 
13 15 ns 4.5 
11 13 6.0 

4 4 2.0 
4 4 ns 4.5 
4 4 6.0 

PC74HC/HCT563 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 7 

Fig. 8 

Fig. 8 

Fig. 6 

Fig. 7 

Fig. 9 

Fig. 9 
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PC7 4HC/HCT563 

MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMDS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (I\ Ice) for a unit load of 1 is given in the family specifications. 
To determine /\Ice per input, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient 

Dn 0.35 
LE 0.65 
DE 1.25 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 
--

tPHLI propagation delay 
tPLH Dn to On 

tPHLI propagation delay 
"tPLH LE to On 

tf>zH/ 3-state output enable time 
tpzL OE to On 

tpHz/ 3-state output disable time 
tpLz OE to On 

tTHLI output transition time 
tTLH 

tw 
enable pulse width 

HIGH 

tsu 
set-up time 

Dn to LE 

th 
hold time 

Dn to LE 

616 ''""'" 19861 

+25 

min. typ, 

18 

19 

20 

22 

5 

16 5 

10 3 

5 -1 

lamb (°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 

max. min. max. min. max. 

30 38 45 ns 4.5 Fig. 6 

35 44 53 ns 4.5 Fig. 7 

35 44 53 ns 4.5 Fig. 8 

35 44 53 ns 4.5 Fig. 8 

12 15 18 ns 4.5 Fig. 6 

20 24 ns 4.5 Fig. 7 

13 15 ns 4.5 Fig. 9 

5 5 ns 4.5 Fig. 9 



Octal D-type transparent latch; 3-state; inverting 

AC WAVEFORMS 
·-------- ----------

Fig. 6 Wav"_forms showing the data input (Dnl 
to output (Onl propagation delays and the 
output transition times. 

OE INPUT 

Qn OUTPUT 

LOW-to-OFF 
OFF-lo-LOW 

OFF-to- HIGH 

10% 

90% 

vMl1l 

90% 

-- 1PZH-

I 

VMl11 

outputs --- __ -,-,-,0-,,-; ------~_outputs 
enabled disabled enabled 

Fig. 8 Waveforms showing the 3-state enable 
and disable times. 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee 

HCT: VM=1.3V;V1=GNDto3V. 

PC7 4HC/HCT563 

MSI 

Fig. 7 Waveforms showing the latch enable input 
(LE) pulse width, the latch enable input to 
output (Onl propagation delays and the output 
transition times. 

,-----------------------------~ 

on INPUT 

LE INPUT 

Fig. 9 Waveforms showing the data set-up and 
hold times for Dn input to LE input 

Note to Fig. 9 

The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 
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PC74HC/HCT564 

MSI 

OCTAL 0-TYPE FLIP-FLOP; POSITIVE-EDGE TRIGGER; 3-STATE; INVERTING 

FEATURES 

• 3-state inverting outputs for 
bus oriented applications 

• B·bit positive-edge triggered 
register 

• Common 3-state output enable input 
• Independent register and 3-state 

buffer operation 
• Output capability: bus driver 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT564 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JED EC standard no. 7. 

The 74HC/HCT564 are octal D-type 
flip-flops featuring separate D-type inputs 
for each flip-flop and inverting 3-state 
outputs for .bus oriented applications. 
A clock (CP) and an output enable (OE) 
input are common to all flip-flops. 

The 8 flip-flops will store the state of 
their individual D-inputs that meet the 
set-up and hold times requirements on the 
LOW·to-HIGH CP transition. 
When OE is LOW, the contents of the 
8 flip·f!9ps are available at the outputs. 
When OE is HIGH, the outputs go to the 
high impedance OFF-state. Operation of 
the OE input does not affect the state of 
the flip-flops. 

The "564" is functionally identical to 
the "574", but has inverting outputs. 
The "564" is functionally identical to 
the "534", but has a different pinning. 

564 

7Z93782 

Fig. 1 Pin configuration. 
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TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

tPHLI propagation delay 15 16 ns 
tPLH CPto On CL=15pF 

Vee= 5 v 
fmax maximum clock frequency 115 62 MHz 

C1 input capacitance 3.5 3.5 pf 

Cpo 
power dissipation notes 1and2 27 27 pF 

capacitance per flip-flop 

GND=OV;Tamb =25°C;tr=tf=6ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µ.W): 

Po = Cpo x VcC' x fi + ~ (CL x vcc2 x fol where: 
fi = input frequency in MHz CL = output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
:E (CL x Vcc2 x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT564P: 20-lead OIL; plastic (SOT-146). 
PC74HC/HCT564T: 20-lead mini-pack; plastic (S0-20; SOT-163A). 

PIN DESCRIPTION 

PINNO. SYMBOL NAME AND FUNCTION 

1 01: 3-state output enable input (active LOW) 
2,3,4, 5, 

Doto D7 data inputs 6, 7,8,9 

10 GND ground (0 V) 
11 CP clock input (LOW-to-HIGH, edge-triggered) 
19, 18, 17, 16, 

llo to 07 3-state flip-flop outputs 15, 14, 13, 12 

20 Vee positive supply voltage 

11 

CP 
Do 19 

D1 o1 18 

D2 17 

03 16 

04 16 

05 14 

D5 13 

07 
OE 

12 

7293783 7293784 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 



Octal D-type flip-flop; positive-edge trigger; 3-state; inverting PC74HC/HCT564 

MSI 

Fig. 4 Functional diagram. 

CP 

OE 

FUNCTION TABLE 

INPUTS 
OPERATING MODES 1-----;-·----,-------j 

CP Dn 

INTERNAL 
FLIP-FLOPS 

OUTPUTS 
r---------, 

Cio to 57 
i-------------+----+---1------+-·------------i--------, 

load and read 
register 

load register and 
disable outputs 

H =HIGH voltage level 

L 
L 

H 
H 

I 
h 

L 
H 

L 
H 

H 
L 

z 
z 

h =HIGH voltaqe level one set-up time prior to the LOW-to-HIGH CP transition 
L = LOW voltage level 
I =LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 
Z =high impedance OFF-state 
t =LOW-to-HIGH clock transition 

7Z~7462 

Fig. 5 Logic diagram. 
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PC74HC/HCT564 

MSI 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V;t,= tf =6 ns; CL= 50 pF 

Tamb (°C) 

74HC 

TEST CONDITIONS 

SYMBOL PARAMETER >--------------------<UNIT Vee WAVEFORMS 

tpzH/ 
tpzL 

propagation delay 
CP to O:n 

3-state output enable ti me 
OE to On 

+25 -40 to +85 -40to +125 v 

min. typ. max. min. max. min. max. 

50 165 205 250 2.0 
18 33 41 50 ns 4.5 Fig. 6 
14 28 35 43 6.0 

----+---+----+----+---+---f-
44 140 175 210 2.0 
16 28 35 42 ns 4.5 Fig. 8 
13 24 30 36 6.0 

t----+------------t--+--+----+--+----+---t---+------t---- -----------j 

tw 

3-state output disable time 
OE to On 

output transition time 

50 135 170 205 2.0 
18 27 34 41 ns 4.5 Fig. 8 
14 23 29 35 6.0 

14 60 75 90 2.0 
5 12 15 18 ns 4.5 Fig. 6 
4 10 13 15 6.0 

I clock pulse width 80 14 100 120 2.0 
Fig. 6 I HIGH or LOW 16 5 20 24 ns 4.5 

t----l+-------------+-1_4-+_4_+---+-1_1--1---+--20 __ +---+---+·--6_.o_>-----------

set-uptime 12 2 15 18 1 

60 6 75 90 

Dn to CP 10 2 13 15 
t----t------------1--+--+---+--t---+-

I 
hold time 5 0 5 5 

fmax 

Dn to CP 5 0 5 5 
I 5 0 5 5 

maximum clock pulse 
frequency 

6.0 38 4.8 
30 105 24 
35 125 28 

4.0 
20 
24 

620 January 1986 

2.0 
ns 4.5 Fig. 7 

6.0 
-+·--------~I 

2.0 
ns 4.5 Fig. 7 

6.0 

2.0 
MHz 4.5 Fig. 6 

6.0 



Octal D-type flip-flop; positive-edge trigger; 3-state; inverting 

DC CHARACTERISTICS FOR 74HCT 

j L PC74HC/HCT564 

MSI 
,,,,,.,,,,. ~----------· 

For the DC characteristics see chapter "HCMOS family characteristics", section "Farnilv specifications'' 

Output capability: bus driver 
I ct category: MS I 

Note to HGT types 

The value of additional quiescent supply current (Alce) for a unit load of 1 is given in the familv sµecilir.a1io;is 
To determine A Ice per input, multiply this value by the unit load coefficient shown in the table belov11. 

INPUT 

OE 
Do to D7 
GP 

UNIT LOA] 
C.O. EFFICIENT 

0.80 
0.25 
1.00 

AC CHARACTERISTICS FOR 74HCT 

G ND = 0 \/;tr= tf = 6 ns; C1_ = 50 pF 
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PC74HC/HCT564 

MSI 

622 

AC WAVEFORMS 

- 111max-

CP INPUT 

Qn OUTPUT 

7Z93788 

Fig. 6 Waveforms showing the clock (CP) to output !llnl 
propagation delays, the clock pulse width, the output 
transition times and the maximum clock pulse frequency. 

90 .. 

OE INPUT VM(TJ 

OUTPUT 
LOW-to-OFF 
OFF-to-LOW 

OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

7Z93786 

10 .. 

-- tpzH-

•"'•"" _1_--00-tp-,-.. --J 
enabled disabled 

outputs 
enabled 

Fig. 8 Waveforms showing the 3-state enable and disable 
times. 

January 1986 

CP INPUT 

Dn INPUT 

On OUTPUT 

a.::···· .. ,· 
\VMl11 r 

Fig. 7 Waveforms showing the data set-up and hold times 
for the data input (Dn). 

Note to Fig. 7 
The shaded areas indicate when the input is permitted to 
change for predictable output performance. 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee· 
HCT: VM = 1.3V; V1 = GND to3V. 



PC74HC/HCT573 

MSI 

OCTAL D-TYPE TRANSPARENT LATCH; 3-STATE 

FEATURES 

• Inputs and outputs on opposite sides 
of package allowing easy interface 
with microprocessors 

• Useful as input or output port for 
microprocessors/microcomputers 

• 3-state non-inverting outputs for 
bus oriented applications 

• Common 3-state output enable input 
• Functionally identical to the "563" 

and "373" 
• Output capability: bus driver 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT573 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDECstandard no. 7. 

The 74HC/HCT573 are octal 0-type 
transparent latches featuring separate 
D-type inputs for each latch and 3-state 
outputs for bus oriented applications. 
A latch enable (LE) input and an output 
enable (OE) input are common to 
all latches. 

The "573" consists of eight 0-type 
transparent latches with 3-state true 
outputs. When LE is HIGH, data at the 
Dn inputs enter the latches. In this 
condition the latches are transparent, 
i.e. a latch output wi II change state each 
time its corresponding D-input changes. 

When LE is LOW the latches store the 
information that was present at the 
D-inputs a set-up time preceding the 
HIGH-to-LOW transition of LE. 
When OE is LOW, the contents of the 
8 latches are available at the outputs. 
When OE is HIGH, the outputs go to the 
high impedance OFF-state. Operation of 
the OE input does not affect the state 
of the latches. (continued on next page) 

573 

GND 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

tPHLI 
propagation delay 

CL= 15 pF 
Dn to On 14 17 ns 

tPLH LE to On Vee= 5 v 15 15 ns 

C1 input capacitance 3.5 3.5 pf 

Cpo 
power dissipation notes 1 and 2 26 26 pF 

capacitance per latch 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + ~ (CL x Vee' x fol where: 

fi = input frequency in MHz CL = output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
:E (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT573P: 20-lead OIL; plastic (SOT-146). 
PC74HC/HCT573T: 20-lead mini-pack; plastic (S0-20; SOT-163A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

2, 3, 4, 5, 6, 
Do to D7 data inputs 

7, 8, 9 

11 LE latch enable input (active HIGH) 

1 OE 3-state output enable input (active LOW) 

10 GND ground (0 V) 

19, 18, 17, 16, 
Oo to 07 3-state latch outputs 15, 14, 13, 12 

20 Vee positive supply voltage 

11 

LE 

19 

18 

17 

16 

15 

14 

13 

12 

OE 

1 7Z87875 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCT573 

MSI 

GENERAL DESCRIPTION (Cont'd.} 

The "573" is functionally identical to 
the "563" and "373", but the "563" has 
inverted outputs and the "373" has a 
different pin arrangement. 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS 
OPERATING MODES 

OE LE Dn 

enable and read L H L 
register L H H 
(transparent mode) 

latch and read L L I 
register L L h 

latch register and H L I 
disable outputs H L h 

LATCH 

LE 

624 January 1986 

INTERNAL 
OUTPUTS 

LATCHES Oo to 07 

L L 
H H 

L L 
H H 

L z 
H z· 

LATCH LATCH 

o, 

H = HIGH voltage level 
h = HIGH voltage level one set-up time 

prior to the HIGH-to-LOW LE 
transition 

L = LOW voltage level 
I = LOW voltage level one set-up time 

prior to the HIGH-to-LOW LE 
transition 

Z = high impedance OFF-state 

LATCH LATCH LATCH 

6 
LATCH 

Fig. 5 Logic diagram. 

LATCH 

7Z87871 



Octal D-type transparent latch; 3-state 

DC CHARACTERISTICS FOR 74HC 

PC74HC/HCT573 

MSI 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH Dn to On 

tPHLI propagation delay 
tPLH LE to On 

tpzH/ 3-state output enable time 
tpzL OE to On 

tpHzl 3-state output disable time 
tPLz ITE to On 

lTHLI output transition time 
tTLH 

tw 
enable pulse width 

HIGH 

tsu 
set-up time 

Dn to LE 

th 
hold time 

Dn to LE 

+25 

min. typ. max. 

47 150 
17 30 
14 26 

50 150 
18 30 
14 26 

44 140 
16 28 
13 24 

55 150 
20 30 
16 26 

14 60 
5 12 
4 10 

80 14 
16 5 
14 4 

50 11 
10 4 
9 3 

5 
5 
5 

Tamb (°C) TEST CONDITIONS 

74HC 
UNIT Vee WAVEFORMS 

-40to+85 -40 to +125 v 
min. max. min. max. 

190 225 2.0 
38 45 ns 4.5 Fig. 6 
33 38 6.0 

190 225 2.0 
38 45 ns 4.5 Fig. 7 
33 38 6.0 

175 210 2.0 
35 42 ns 4.5 Fig. 8 
30 36 6.0 

190 225 2.0 
38 45 ns 4.5 Fig. 8 
33 38 6.0 

75 90 2.0 
15 18 ns 4.5 Fig. 6 
13 15 6.0 

100 120 2.0 
20 24 ns 4.5 Fig. 7 
17 20 6.0 

65 75 2.0 
13 15 ns 4.5 Fig. 9 
11 13 6.0 

5 5 2.0 
5 5 ns 4.5 Fig. 9 
5 5 6.0 
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PC74HC/HCT573 

MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (1'1 lccl for a unit load of 1 is given in the family specifications. 
To determine l'llcc per input, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient 

Dn 0.35 
LE 0.65 
OE 1.25 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

lPHLI propagation delay 
lPLH Dn to On 

tPHLI propagation delay 
tPLH LE to On 

tpzH/ 3-state output enable time 
tpzL i'.Jt:to On 

tpHz/ 3-state output disable time 
tpLz m: to On 

tTHLI output transition time 
lTLH 

tw 
enable pulse width 

HIGH 

tsu 
set-up time 

Dn to LE 

th 
hold time 

Dn to LE 

626 J'""''Y 19861 

+25 

min. typ. 

20 

18 

17 

18 

5 

16 6 

13 7 

9 4 

Tamb (oC) TEST CONDITIONS 

74HeT 
UNIT Vee WAVEFORMS 

-40to+85 -40 to+125 v 

max. min. max. min. max. 

35 44 53 ns 4.5 Fig. 6 

35 44 53 ns 4.5 Fig. 7 

30 38 45 ns 4.5 Fig. 8 

30 38 45 ns 4.5 Fig. 8 

12 15 18 ns 4.5 Fig. 6 

20 24 ns 4.5 Fig. 7 

16 20 ns 4.5 Fig. 9 

11 14 ns 4.5 Fig. 9 



Octal D-type transparent latch; 3-state 

AC WAVEFORMS 

an OUTPUT 

Fig. 6 Waveforms showing the data input (Dnl 
to output (Cnl propagation delays and the 
output transition times. 

OE INPUT 

On OUTPUT 
LOW-to-OFF 
OFF-to-LOW 

On OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

7Z93848 

10% 

""""" _I_ °"'P"'' 
enabled disabled 

---outputs 
enabled 

Fig. 8 Waveforms showing the 3-state enable and 
disable times. 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee· 
HCT: VM = 1.3V;V1 =GNDto3V. 

PC74HC/HCT573 

MSI 

"'""'"I 1-"'"Sl 
On OUTPUT vMlll r 

7Z87!!76 ,_-,T-H-L-----l; t_ tTLH 

LE INPUT 

Fig. 7 Waveforms showing the latch enable input 
(LE) pulse width, the latch enable input to 
output (Qnl propagation delays and the output 
transition times. 

0 0 INPUT 

LE INPUT 

Fig. 9 Waveforms showing the data set-up and 
hold times for Dn input to LE input. 

Note to Fig. 9 
The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 
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PC74HC/HCT574 

MS! l ~;~~:~,~~~ :v~c~nfo~~o~ ~ 
specifications are subject to change without notice. 
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-------------------
OCTAL D-TYPE FLIP-FLOP; POSITIVE EDGE-TRIGGER; 3-STATE 

FEATURES 

• 3-state omn-inverting outputs for 
bus oriented applications 

• 8-bit positive edge-triggered 
register 

• Common 3-state output enable 
input 

• Independent register and 3-state 
buffer operation 

• Output capability: bus driver 
• 'cc category: MSI 

GENERAL DESCRIPTION 

The 74HCIHCT574 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are sµecified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT574 are octal D-type 
flip-flops featuring separate D-type inputs 
for each flip-flop and non-inverting 3-state 
outputs for bus oriented applications. 
A clock (CP) and an output enable (OE) 
input are common to a!I flip-flops. 

The 8 flip-flops will store the state of 
their individual D-inputs that meet the 
set-up and hold time requirements on the 
LOW-to-HIGH CP transition. 
When OE is LOW, the contents of the 
8 flip-flops are available at the outputs. 
When OE is H !GH, the outputs go to the 
high impedance Off.state. Operation of 
the OE input does not affect the state of 
the flip-flops. 

The "574" is functionally identical to 
the "564", but has non-inverting outputs. 
The "574" is functionally identical to 
the "374", but has a different pinning. 

15_1 o, 

1~] u, 
~.Jo0 

_12] 07 

~i] CP 

Fig. 1 Pin configuration. 

January 1 ( 

--------, 
TYPICAL 

SYMBOL PARAMETER CONDITIONS UNIT 
HC HCT 

elay 
12 14 ns 

CL~ 15 pF 
Vee~ 5 v 

k frequency 60 60 MHz 

nee 3.5 3.5 pF 

ion 
notes 1 and 2 35 40 pF 

er package 
·-~ 

tpH LI propagation d 
tPLH CP to On 
___ J__ 

f-~-taxi~~~~I~ 
1--~--- in_l"'t capacita 

C power dissipat 
c_PD 1 capacitance p 

GND ~ 0 V;Tamb ~ 25 °C;tr =tf ~ 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (PD in µW): 

Po~ Cpo x Vee' x fi + L (CL x Vee' x fo) where: 

fi = input frequency in MHz CL output load capacitance in pF 
f 0 = output frequency in MHz Vee ~ supply voltage in V 
:!: (CL x Vee' x 10 ) ~sum of outputs 

2. For HC the condition is V1 ~ GND to Vee 
For HCT the condition is V1 = GND to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT574P: 20-lead DI L; plastic (SOT-146). 
PC74HC/HCT574T: 20-lead mini-pack; plastic (S0-20; SOT-163A). 

PIN DESCRIPTION 

PIN NO. 

2, 3, 4, 5, 
6, 7, 8, 9 

10 

11 

19, 18, 17, 16, 
15, 14, 13, 12 

20 

SYMBOL 

Do to 07 

GND 

CP 

1·---------· 
I ,, 

CP 
2-- Do Oo 19 

D1 01 -18 

4- Dz a, 17 

5-· D3 03 --16 

6- D4 04 15 

D5 05 14 

o, o, -13 

9-·- o, 07 12 
OE 

-?-
1 

Fig. 2 Logic symbol. 

NAME AND FUNCTION 1 
----·--·---------·-------~-----

3-state output enable input (active LOW) 

data inputs 

ground (0 V) 

clock input (LOW-to-HIGH, edge-triggered) 

3-state flip-flop outputs 

positive supply voltage 



<( 
I­
<( 
Cl 
1-z 
w 
:ii; 
Q. 
0 
..J 
w 
> w 
Cl 

Octal D-type flip-flop; positive edge-trigger; 3-state PC7 4HC/HCT57 4 

MSI 

3 D1 a1 18 

4 o, a, 17 

5 D3 03 16 

1-f-ltol-1-tl 
3 '.::TAT[ 

6 D4 OUTPUTS 04 15 

7 D5 05 14 

8 D5 05 13 

9 D7 07 12 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS 
INTERNAL OUTPUTS 

OPERATING MODES 
FLIP-FLOPS 

OE CP Dn <lo to 07 

load and read L t I L H 
register L t h H L 

-

load register and H JJJ_~ L 

I 
z 

disable outputs H H z 
H =HIGH voltage level 
h =HIGH voltaqe level one set-up time prior to the LOW-to-HIGH CP transition 
L = LOW voltage level 
I = LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition 
Z =high impedance OFF-state 
t =LOW-to-HIGH clock transition 

rig. 5 Logic diagram. 

I 
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PC74HC/HCT574 

MSI 

DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
I CC category: MS I 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH CPto On 

tpzH/ 3-state output enable time 
tpzL OE to On 

tpHz/ 3-state output disable time 
tpLz OE to On 

tTHLI output transition time 
tTLH 

clock pulse width 
tw HIGH or LOW 

set-up time 
tsu 0 0 to CP 

hold time 
th 0 0 to CP 

maximum clock pulse 
fmax frequency 

630 J'""'"' 19861 

+25 

min. typ. max. 

150 
30 
26 

150 
30 
26 

150 
30 
26 

60 
12 
10 

80 
16 
14 

60 
12 
10 

5 
5 
5 

6 
30 
35 

Tamb (°C) 

74HC 
UNIT Vee 

-40to +85 -40to+125 v 
min. max. min. max. 

190 225 2.0 
35 45 ns 4.5 
33 38 6.0 

190 225 2.0 
38 45 ns 4.5 
33 38 6.0 

190 225 2.0 
38 45 ns 4.5 
33 38 6.0 

75 90 2.0 
15 18 ns 4.5 
13 15 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

75 90 2.0 
15 18 ns 4.5 
13 15 6.0 

5 5 2.0 
5 5 ns 4.5 
5 5 6.0 

5 4 2.0 
24 20 MHz 4.5 
28 24 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 7 

Fig. 7 

Fig. 6 

Fig. 6 

Fig. 8 

Fig. 8 

Fig. 6 
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Octal D-type flip-flop; positive edge-trigger; 3-state 

DC CHARACTERISTICS FOR 74HCT 

PC74HC/HCT574 

MSI 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (ll lcc) for a unit load of 1 is given in the family specifications. 
To determine ll lcc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 
UNIT LOAD 
COEFFICIENT 

Dn 0.5 
OE 1.25 
CP 1.5 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tpHLI propagation delay 
tPLH CP to On 

tpzH/ 3-state output enable time 
tpzL OE to 0 0 

tpHz/ 3-state output disable time 
tpLz OE to On 

trnLI output transition time 
tTLH 

tw 
clock pulse width 

HIGH or LOW 

tsu 
set-up time 

0 0 to CP 

th 
hold time 

Dn to CP 

fmax 
maximum clock pulse 

frequency 

+25 

min. typ. 

16 

12 

5 

30 

Tamb (°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to +85 -40to+125 v 
max. min. max . min. max. 

35 44 53 ns 4.5 Fig. 6 

35 44 53 ns 4.5 Fig. 7 

30 38 45 ns 4.5 Fig. 7 

12 15 18 ns 4.5 Fig. 6 

20 24 ns 4.5 Fig. 6 

15 18 ns 4.5 Fig. 8 

5 5 ns 4.5 Fig. 8 

24 20 MHz 4.5 Fig. 6 
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PC74HC/HCT574 

MS! 

632 

AC WAVEFORMS 

---l/fmax-··--

Fig. 6 Waveforms showing the clock input ICP) pulse width, 
the CP input to output IOnl propagation delays, the output 
transition·times and the maximum clock pulse frequency. 

0 11 INPUT 

GP INPUT 

Fig. 8 Waveforms showing the data set-up and hold times 
for 0 0 input to eP input. 

Note to Fig. 8 

The shaded areas indicate w't1en the input is permitted 
to change for predictable output performance. 

''"""" 19861 

6E 
INPUT 

OUTPUT 
LOW-to-OFF 
OFF-to-LOW 

OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

10% 

90% 

yMl11 

-- 1PZH-

I 
VM(ll 

outputs - __ ---oo_'P_"'_' -_-_-' - outputs 

enabled disabled enabled 

Fig. 7 Waveforms showing the 3-state enable and disable 
times. 

Note to AC waveforms 

(1) He : VM = 50%; V1 = GND to Vee· 
HeT: VM = 1.3V; V1 = GND to 3V. 



DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
PC74HC/HCT583 

MSI 

4-BIT FULL ADDER WITH FAST CARRY 

FEATURES 

• Adds two decimal numbers 
• Full internal look-ahead 
• fast ripple carry for economical 

expansion 
• Output capability: standard 
• lcc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT583 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT583 are high-speed 
4-bit BCD full adders with internal carry 
look-ahead. They accept two 4-bit 
decimal numbers (Ao to A3 and Bo to B3) 
and a carry input (C1Nl· 

The "583" generates the decimal sum 
outputs CE o to 1: 3) and a carry output 
( Cn+4l if the sum is greater than 9. 
See the "283" for the binary version. 

Vee 

., 
•1 

583 
Bo 

,, 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS 

HC 

propagation delay 
tPHLI An, Bn, C1N to Ln CL=15pF 17. 
tPLH C1N to Cn+4 Vee= 5 v 10 

An, Bn to Cn+4 12 

c, input capacitance 3.5 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT583P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT583T: 16-lead mini-pack; plastic (S0-16;SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

5 C1N carry input 

6 Cn+4 carry output 

8 GND ground (0 V) 

11, 10, 7, 9 1:0to1:3 sum outputs 

12, 1, 2, 3 Bo to B3 B operand inputs 

13, 14, 15, 4 Ao to A3 A operand inputs 

16 Vee positive supply voltage 

HCT 

21 
14 
17 

3.5 

UNIT 

ns 
ns 
ns 

pF 



PC74HC/HCT597 

MSI 

DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 

8-BIT SHIFT REGISTER WITH INPUT FLIP-FLOPS 

634 

FEATURES 

• 8-bit parallel storage register inputs 
• Shift register has direct overriding 

load and clear 
• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 
The 74HC/HCT597 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JED EC standard no. 7. 

The 74HC/HCT597 consist each of an 
8-bit storage register feeding a parallel-in, 
serial-out 8-bit shift register. Both the 
storage register and the shift register have 
positive edge-triggered clocks. The shift 
register also has direct load (from 
storage) and clear inputs. 

597 

7Z96103 

Fig. 1 Pin configuration. 

January 1986 

TYPICAL 
SYMBOL PARAMETER CONDITIONS 

HC 

tPHLI propagation delay 
tPLH SHcp to a CL=15pF 17 

Vee= 5 v 
fmax maximum clock frequency 50 

C1 Input capacitance 3.5 

G ND = 0 V; T amb = 25 "C; tr = tf = 6 ns 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT597P: 16-lead DI L; plastic (SOT-38Z). 
PC74HC/HCT597T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

8 GND ground (0 V) 

9 Q serial data output 

HCT 

19 

45 

3.5 

10 MR asynchronous reset input (active LOW) 

UNIT 

ns 

MHz 

pF 

11 SHcp shift clock input (LOW-to-HIGH, edge-triggered) 

12 STcp 

13 PI 
14 Ds 
15, 1, 2, 3, 

Do to D7 4, 5, 6, 7 

16 Vee 

FUNCTION TABLE 

STcp SHcp 

t x 

t x 

no 
clock x 
edge 

x x 

x x 

x t 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 

PI 

x 

L 

L 

L 

H 

H 

t = LOW-to-HIGH GP transition 

storage clock input (LOW-to-HIGH, 
edge-triggered) 

parallel load input (active LOW) 

serial data input 

parallel data inputs 

positive supply voltage 

MR FUNCTION 

x data loaded to input latches 

H data loaded from inputs to shift register 

data transferred from input latches to H shift register 

L 
invalid logic, state of shift register 
indeterminate when signals removed 

L shift register cleared 

H 
shift register clocked 
On= On-1· Oo = Ds 



PC74HC/HCT7597 

MSI 

8-BIT SHIFT REGISTER WITH INPUT LATCHES 

FEATURES 

• 8-bit parallel input latches 
• Shift register has direct overriding 

load and clear 
• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT7597 are high-speed Si-gate 
CMOS devices and are pin compatible with 
low power Schottky TTL I LSTTL). They 
are specified in compliance with JEDEC 
standard no. 7. 

The 74HC/HCT7597 both consist of an 
8-bit storage latch feeding a parallel-in. 
serial-out 8-bit shift register. 

When LE is HIGH, data at the Dn inputs 
enter the latches. In this condition the 
latches are transparent, i.e. a latch output 
will change state each time its corresponding 
D-input changes. 

When LE is LOW the latches store the 
information that was present at the D-inputs, 
a set-up time preceding the HIGH-to-LOW 
transition of LE. 

The shift register has a positive edge­
triggered clock, direct load (from storage) 
and clear inputs. 

7597 

Fig. 1 Pin configuration. 

--------.---

SYMBOL PARAMETER 

propagation delay 

tPHLI 
SHcp too 
LE to Q 

tPLH PL to Q 

D7 to Q 
i-------

fmax 
maximum clock frequency 
SHcp 

C1 input capacitance 
f-----

CpD 
power dissipation 

capacitance per package 

G ND = 0 V; T amb = 25 °C; tr = tt = 6 ns 
Notes 

CONDITIONS 

CL=15pF 
Vee= 5 v 

TYPICAL 
1----- --

HC HCT 

15 17 
22 27 
20 23 
20 24 

99 79 

--+-----
3.5 3.5 

-· 

29 30 

1. CPD is used to determine the dynamic power dissipation IPo in µW): 

PD= Cpo x Vee' x fi + ~ (CL x Vee' x f0 ) where: 

UNIT 

ns 
ns 
ns 
ns 

MHz 

---

pf 

pf 

fi = input frequency in MHz CL output load capacitance in pf 
f 0 = output frequency in MHz Vee = supply voltage in V 
2: (CL x V cc' x f0 ) = sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT7597P: 16-lead DI L; plastic (SOT-382). 
PC74HC/HCT7597T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. 

8 

9 

10 

SYMBO_L ___ I NAME AND FUN_C_T_l_O_N ________ _ 

GND ground (0 V) 

Q 

MR 

11 SHcp 

I~~ I~ 
114 Ds 

serial data output 

asynchronous reset input (active LOW) 

shift clock input (LOW-to-HIGH, edge-triggered) 

latch enable input (active HIGH) 

parallel load input (active LOW) 

serial data input 

parallel data inputs I ~\\~/ ! Do to D7 

~~C ---~-p_o_sitive_su_P_P_l_y_v_o_lt_ag_e __________ ~ 

INPUT 

4 ~ LATCHES 

B·BIT 

SHIFT 

REGISTER 

5 05 

6 D5 

Fig. 2 Logic symbol. 
7Z93804 

Fig, 3 I EC logic symbol. 

635 



PC74HC/HCT7597 

MSI 

1 o, 
2 o, 

5 D5 

6 D5 

INPUT 

LATCHES 

8-BIT 
SHIFT 

REGISTER 

Fig. 4 Functional diagram. 

636 January 1986 

FUNCTION TABLE 

LE SHcp 

H x 

H x 

L x 

x x 

x x 

x x 

x t 

H =HIGH voltage level 
L = LOW voltage level 
X =don't care 

Pt: 

x 

L 

L 

L 

L 

H 

H 

t =LOW-to-HIGH CP transition 

MR FUNCTION 

x data loaded to input latches 

H data loaded from inputs to shift register 

H stored data loaded to shift register 

H 
data transferred from input latches to 
shift register 

L 
invalid logic, state of shift register 
indeterminate when signals removed 

L shift register cleared 

H 
shift register clocked 
On = On-1, Oo = Ds 



8-bit shift register with input latches 

MR------j >---------~ 

SHcp--t>·O--------------if-----~ 
PL-----< >----~ 

LE--t> 

Fig. 5 Logic diagram. 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics'', section "Family specifications". 

Output capability: standard 
Ice category: MS! 

PC74HC/HCT7597 

MSI 

January 1986 637 



PC74HC/HCT7597 

MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V;tr= tf =6 ns; CL= 50 pF 

SYMBOL PARAMETER 

propagation delay 
SHcp too 

propagation delay 
MR to 0 

propagation delay 
LE to Q 

p~agation delay 
PL to 0 

Tamb ('C) TEST CONDITIONS 

74HC 
UNIT Vee WAVEFORMS 

+25 -40 to +85 -40 to +125 v 

min. typ. max. min. max. min. max. 

50 175 220 265 2.0 
18 35 44 53 ns 4.5 Fig. 6 
14 30 37 45 6.0 

52 175 220 265 2.0 
19 35 44 53 ns 4.5 Fig. 7 
15 30 37 45 6.0 

72 250 315 375 2.0 
26 50 63 75 ns 4.5 Fig. 8 
21 43 54 64 6.0 

63 190 240 285 2.0 
23 38 48 57 ns 4.5 Fig. 9 
18 32 41 48 6.0 

·~+-~-+-~-+~~t-~-+-~~-t-~--t~~~~~~~-~ 

63 190 240 285 2.0 
propagation delay 

D7 to 0 
23 38 48 57 ns 4.5 Fig. 10 
18 32 41 48 6.0 

19 75 95 110 2.0 
tTH Li output transition time 7 15 19 22 ns 4.5 
tTLH 6 13 16 19 6.0 

Fig. 9 

~··~·t-~~~~~~~~-t-~~ --+-~·-+~----<1---~-+-~-+-~~f--~--t~~·-t-~~~~~~~~ 

tw 
SHep pulse width 

HIGH or LOW 

80 11 100 120 2.0 
16 4 20 24 ns 4.5 Fig. 6 
14 3 17 20 6.0 

80 11 100 120 2.0 - -~ LE pulse width 4 20 24 4 5 F1 8 

l-_tw~~~l---H-IG_H~~~~~~----\-1-6---j~----\~~-+-~~-~-t~~t-~-t--ns~-t~·~-t-·~g--14 3 17 20 6.0 

tw 
MR pulse width 

LOW 

80 17 100 120 2.0 
16 6 20 24 ns 4.5 Fig. 7 
14 5 17 20 6.0 

80 17 100 120 2.0 
tw PL pulse width 16 6 20 24 ns 4.5 

LOW 14 5 17 20 6.0 
Fig. 9 

~·-+~~~~~~~~~+-5-0-+-_-3--+~~+--6-5-+~~t-75~-t-~-t~~-r-2-.0~t-~~~~~~~ 

removal time 10 -1 13 15 ns 4.5 trem 
MRtoSHcp 9 -1 11 13 6.0 

removal time 
MR to PL 

set·up time 
Dn to LE 

set-up time 
D5 to SHcp 

100 22 125 150 2.0 
20 8 25 30 ns 4.5 
17 6 21 26 6.0 

80 6 100 120 2.0 
16 2 20 24 ns 4.5 
14 2 17 20 6.0 

80 11 100 120 2.0 
16 4 20 24 ns 4.5 
14 3 17 20 6.0 

Fig. 11 

--

Fig. 12 

Fig. 12 

>---~--~;---~~--~~----~ ~-+~--+~~+--~+-~-+-~-~~~+-~~t-~--+~~~~~~~--j 

set-up time 
LE, l5L to SHcp 

638 January 1986 

80 
16 
14 

8 
3 
2 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 



8-bit shift register with input latches 

AC CHARACTERISTICS FOR 74HC (Continued) 

. 
SYMBOL PARAMETER 

+25 

min. typ. 

hold time 4 -3 
th Dn to LE 

4 -1 
4 -1 

hold time 2 -8 
th Ds to SHcp 

2 -3 
2 -2 

hold time 2 -8 
th LE, j5'[ to SHcp 2 -3 

2 -2 

maximum pulse frequency 6.0 30 
fmax 30 90 

SHcp 35 107 

DC CHARACTERISTICS FOR 74HCT 

Tamb (°C) 

74HC 

-40to +85 -40to+125 

max. min. max. min. max. 

4 4 
4 4 
4 4 

2 2 
2 2 
2 2 

2 2 
2 2 
2 2 

4.8 4.0 
24 20 
28 24 

UNIT Vee 
v 

2.0 
ns 4.5 

6.0 

2.0 
ns 4.5 

6.0 

2.0 
ns 4.5 

6.0 

2.0 
MHz 4.5 

6.0 

PC74HC/HCT7597 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 12 

Fig. 12 

Fig. 6 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (lllccl for a unit load of 1 is given in the family specifications. 
To determine lllcc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT UNIT LOAD 
COEFFICIENT 

Ds 0.25 

Q.o - 0.40 
PL, MR, 

1.50 
LE,SHcp 

( J'"""Y 1986 639 



PC74HC/HCT7597 

MSI 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf =6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHL/ propagation delay 
tPLH SHep to a 

tPHL 
propagation delay 

MR to Q 

tPHLI propagation delay 
tPLH LE to Q 

tPHLI propagation delay 
tPLH PL to Q 

tPHLI propagation delay 
tPLH D7 to Q 

--~·-·--·--

tTHL/ output transition time 
tTLH 

tw 
SHep pulse width 

HIGH or LOW 

tw 
LE pulse width 

HIGH 

tw 
MR pulse width 

LOW 

tw 
PC pulse width 

LOW 

removal ti me 
trem MRtoSHcp 

trem 
removal ti me 

MR to PL 

tsu 
set-up time 

Dn to LE 

tsu 
set-up time 

Ds to SHep 

tsu 
set-up time 

LE, Pl to SHcp 

th 
hold time 

Dn to LE 

th 
hold time 

Ds to SHcp 

hold time 
th LE, PL to SHcp 

fmax 
maximum pulse frequency 

SHcp 

640 January 1986 

+25 

min. typ. max. 

20 35 

25 42 

31 53 

27 46 

28 49 

7 15 

16 6 

16 7 

20 11 

18 9 

10 -1 

20 9 

16 5 

16 5 

16 3 

4 -2 

2 -4 

2 -3 

30 72 

Tamb (oC) TEST CONDITIONS 

74HeT 
UNIT Vee WAVEFORMS 

-40 to +85 -40to +125 v 
min. max. min. max. 

44 53 ns 4.5 Fig. 6 

53 63 ns 4.5 Fig. 7 

66 80 ns 4.5 Fig. 8 

58 69 ns 4.5 Fig. 9 

61 74 ns 4.5 Fig. 10 

19 22 ns 4.5 Fig. 9 

20 24 ns 4.5 Fig. 6 

20 24 ns 4.5 Fig. 8 

25 30 ns 4.5 Fig. 7 

23 27 ns 4.5 Fig. 9 

13 15 ns 4.5 Fig. 11 

25 30 ns 4.5 

20 24 ns 4.5 Fig. 12 

20 24 ns 4.5 Fig. 12 

20 24 ns 4.5 

4 4 ns 4.5 Fig. 12 

2 2 ns 4.5 Fig. 12 

2 2 ns 4.5 

24 20 MHz 4.5 Fig. 6 



8-bit shift register with input latches 

AC WAVEFORMS 

l/fmax-~-

SHcp INPUT 

Q OUTPUT 

Fig. 6 Waveforms showing the SHcp input to Q output 
propagation delays, the SHcp pulse width and maximum 
clock pulse frequency. 

tE INPUT 

O OUTPUT 

7Z93808 

Fig. 8 Waveforms showing the LE input to 0 output 
propagation delays and the LE pulse width. 

D7 INPUT 

-~t:·:~ 
Ll". Q OUTPUT yM111 

....,.. ..,..._tTLH 

Fig. 10 Waveforms showing the D7 input to Q output 
propagation delays. 

PC74HC/HCT7597 

MSI 

Mfi INPUT 

Q OUTPUT 

\vM'" / 
~I 

\yM{11 

~---

Fig. 7 Waveforms showing the MR input to 0 output 
propagation delay and the MR pulse width. 

PL INPUT 

Q OUTPUT 

Fig. 9 Waveforms showing the PC input to Q output 
propagation delays, PL pulse width and output transition 
times. 

MR INPUT \· Lr 
LE,SHcp 

yM(1) 
INPUT 

Fig. 11 Waveforms showing the MR input to LE, SHcp 
removal ti mes. 

(J'"""' 1986 
641 
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PC74HC/HCT7597 

MSI 

AC WAVEFORMS (Continued) 

D5. Dn 
INPUT 

SHcp 

INPUT 

LE INPUT 

Fig. 12 Waveforms showing hold and set·up times for 
D5, Dn inputs to SHcp, LE inputs. 

Note to Fig. 12 

The shaded areas indicate when the input is permitted to 
change for predictable output performance. 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vcc­
HCT: VM = 1.3V; V1 = GND to 3 V. 



PC74HC/HCT640 

MSI 

OCTAL BUS TRANSCEIVER; 3-STATE; INVERTING 

FEATURES 

• Octal bidirectional bus interface 
• Inverting 3-state outputs 
• Output capability: bus driver 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT640 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDECstandard no. 7. 

The 74HC/HCT640 are octal 
transceivers featuring inverting 3-state bus 
compatible outputs in both send and 
receive directions. 
The "640" features an output enable 
(OE) input for easy cascading and a 
send/receive (DIR) for direction control. 
OE controls the outputs so that the buses 
are effectively isolated. 
The "640" is similar to the "245" but 
has inverting outputs. 

Vee 

Ao 

•o 

., 
640 

., 
•• 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

tPHLI 
propagation delay 

CL= 15 pf An to Bn; 9 9 ns 
tPLH Bn to An Vee= 5 v 

C1 input capacitance 3.5 3.5 pf 

CIJo input/output capacitance 10 10 pf 

power dissipation 
Cpo capacitance per notes 1 and 2 35 35 pf 

transceiver 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + E (CL x Vee' x f0 ) where: 
fi = input frequency in MHz CL output load capacitance in pf 
f0 = output frequency in MHz Vee = supply voltage in V 
~ (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT640P: 20-lead OIL; plastic (SOT-146). 
PC74HC/HCT640T: 20-lead mini-pack; plastic (S0-20; SOT-163A). 

PIN DESCRIPTION (see next page) 

: . : ., 
9 -11 

87870 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCT640 

MSI 

Fig. 4 Functional diagram. 

644 ''"""" 19861 

PIN DESCRIPTION 

PIN NO. SYMBOL 

1 DIR 

2, 3, 4, 5, Ao to A1 
6, 7, 8, 9 

10 GND 

18, 17, 16, 15, Bo to B7 
14, 13, 12, 11 

19 OE 

20 Vee 

FUNCTION TABLE 

inputs inputs/outputs 

OE DIR An 

L L A=B 
L H inputs 
H x z 

H =HIGH voltage level 
L = LOW voltage level 
X = don't care 

Bn 

inputs 
B=A 
z 

Z =high impedance OFF-state 

NAME AND FUNCTION 

direction control 

data inputs/outputs 

ground (0 V) 
data inputs/outputs 

output enable input (active LOW) 

positive supply voltage 



Octal bus transceiver; 3-state; inverting 

DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

lPHLI 
propagation delay 

An to Bn; 
tPLH Bn to An 

tpzH/ 
3·state output enable time 
OE,DIRtoAn; 

tpzL OE,D1Rto8n 

tpHz/ 
3-state output disable time 

OE, DIR to An; 
tpLz OE, DIR to Bn 

lTHLI output transition time 
lTLH 

+25 

min. typ. max. 

30 90 
11 18 
9 15 

44 150 
16 30 
13 26 

50 150 
18 30 
14 26 

14 60 
5 12 
4 10 

Tamb (oC) 

74HC 
UNIT Vee 

-40to+85 -40to+125 v 
min. max. min. max. 

115 135 2.0 
23 27 ns 4.5 
20 23 6.0 

190 225 2.0 
38 45 ns 4.5 
33 38 6.0 

190 225 2.0 
38 45 ns 4.5 
33 38 6.0 

75 90 2.0 
15 18 ns 4.5 
13 15 6.0 

PC74HC/HCT640 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 5 

Fig. 6 

Fig. 6 

Fig. 5 



PC74HC/HCT640 

MSI 
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DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (LI Ice) for a unit load of 1 is given in the family specifications. 
To determine ~Ice per input, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient --An 1,50 

Bn 1.50 
OE 1.50 
DIR 0.90 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= If= 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

IPHL/ 
propagation delay 

An to Bn; 
tPLH Bn to An 

tpzH/ 
3-state output enable time 

OE, DIR to An; 
tpzL OE, DIR to Bn 

tpHz/ 
3-state output disable time I 

OE, DIR to A0 ; 
tPLZ OE, DIR to Bn j 

ITHLI output transition time 
tTLH 

''"""" 1 •••] 

+25 

min. typ. 

11 

18 

18 

5 

Tamb (oC) 

~' Et'°"""'""' 74HCT 
UN CC WAVEFORMS 

-40to+85 -40to+125 v 
max. min. max. min. max. 

22 28 33 ns 4.5 Fig. 5 

30 38 45 ns 4.5 Fig. 6 

30 38 45 ns 4.5 Fig. 6 

12 15 18 ns 4.5 Fig. 5 

I 



Octal bus transceiver; 3-state; inverting 

AC WAVEFORMS 

An, Bn INPUT 

Bn, An OUTPUT 

Fig. 5 Waveforms showing the input (An, Bn) 
to output (Bn, Anl propagation delays and 
the output transition times. 

Note to AC waveforms 

(1) He : VM = 50%; Vi= GND to Vee· 
HeT: VM = 1.3 V; V1 = GND to 3 V. 

OE INPUT 

OUTPUT 
LOW-to-OFF 
OFF-to-LOW 

OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

7296102 

PC74HC/HCT640 

MSI 

-- tr_... -,, -
10% 

90% 

vMl11 

tpzL 

tPHZ --- _. tpzH-

90% 

I 
VM(l) 

outputs __ --o,-tp-,-,.-~--' - outputs 

enabled disabled enabled 

Fig. 6 Waveforms showing the 3-state enable 
and disable times. 
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PC74HC/HCT643 

MSI 

OCTAL BUS TRANSCEIVER; 3-STATE; TRUE/INVERTING 

FEATURES 

• Octal bidirectional bus interface 
• True and inverting 3-state outputs 
• Output capability: bus driver 
• •cc category: MSI 

GENERAL DESCRIPTION 
The 74HC/HCT643 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL(LSTTL). They are specified in 
compliance with JED EC sttmdard no. 7. 

The 74HC/HCT643 are octal 
transceivers featuring true and inverting 
3-state bus compatible outputs in both 
send and receive directions. 

The "643" features an output enable (OE) 
input for easy cascading and a send/receive 
(DIR) for direction control. OE controls 
the outputs so that the buses are 
effectively isolated. 

FUNCTION TABLE 

INPUTS INPUTS/OUTPUTS 

OE DIR An 

L L A=B 
L H inputs 
H x z 

H = HIGH voltage level 
L = LOW voltage level 
X =don't care 

Bn 

inpu~ 
B=A 
z 

Z =high impedance OFF-state 

Fig. 1 Pin configuration. 

648 ''""'" , ... , 

SYMBOL PARAMETER 

tPHLI 
propagation delay 

An to Bn; inverting 
tPLH Bn to An; true 

C1 input capacitance 

Clfo input/output capacitance 

CpD 
power dissipation 

capacitance per transceiver 

GND = 0 V;Tamb = 25 °C;tr =tf = 6 ns 

Notes 

TYPICAL 
CONDITIONS 

HC HCT 

CL=15pF 7 8 
Vee =5 v B 11 

3.5 3.5 

10 10 

notes 1 and 2 42 44 

1. CPD is used to determine the dynamic power dissipation (Po in µW): 

Po= CPD x vcci x fi + :E (CL x Vee' x f0 ) where: 

UNIT 

ns 
ns 

pF 

pf 

pf 

fi = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz Vee = supply voltage in V 
I: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT643P: 20-lead OIL; plastic (SOT-146). 
PC74HC/HCT643T: 20-lead mini-pack; plastic (S0-20; SOT-163A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 DIR direction control 
2, 3, 4, 5, 

AotoA7 data inputs/outputs 6, 7,8,9 

10 GND ground (0 V) 

1B, 17, 16, 15, 
Bo to B1 data inputs/outputs 14, 13, 12, 11 

19 m: output enable input (active LOW) 

20 Vee positive supply voltage 

ts OE 

1 DIR 

2 Ao 18 

17 

4 16 

4.-1 I~ 4.-: :~ a 
: : : 

9 11 

7Z90993 

7Z90994 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 



Octal bus transceiver; 3-state; true/inverting 

~------~-----------

Fig. 4 Functional diagram. 

PC7 4HC/HCT643 

MSI 
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PC74HC/HCT643 

MSI 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 

650 

Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 
GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

l 
SYMBOL I PARAMETER 

I 

tPHLi 
propagation delay 

An to Bn; 
tPLH inverting 

tPHLi 
propagation delay 

Bn to An; 
tPLH non-inverting (true) 

tpzH/ I 
3-state output enable time 

OE, DIR to An; 
tpzL I OE, DIR to Bn J 

tpHz/ 
3-state output disable time 

OE, DIR to An; 
lPLZ OE, DIR to Bn 

lTHLi output transition time 
lTLH 

January 1986 ( 

+25 

min. typ. max. 

25 90 
9 18 
7 15 

28 90 
10 18 
8 15 

39 150 
14 30 
11 26 

44 150 
16 30 
13 26 

14 60 
5 12 
4 10 

Tamb (OC) 

74HC 
UNIT Vee 

-40 to +85 -40to +125 v 
min. max. min. max. 

t---------1 --·----
115 135 2.0 
23 27 ns 4.5 
20 23 6.0 

115 135 2.0 
23 27 ns 4.5 
20 23 6.0 

190 225 2.0 
38 45 115 4.5 
33 38 6.0 

190 
I 

225 2.0 
38 45 ns 4.5 
33 l 38 6.0 

75 

l 
90 2.0 

15 18 ns 4.5 
13 15 6.0 

TEST CONDITIONS 

WAVEFORMS 

--

Fig. 5 

Fig. 6 

Fig. 7 

Fig. 7 

Figs 5 and 6 



Octal bus transceiver; 3-state; true/inverting PC7 4HC/HCT643 

MSI 

DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
le~ category: MSI 

Note to HCT types 

The value of additional quiescent supply current (Lllccl for a unit load of 1 is given in the family specifications. 
To determine Lllcc per input, multiply this value by the unit load coefficient shown in the table below. 

input 
unit load 
coefficient 

An 1.50 
Bn 0.40 
OE 1.50 
DIR 0.90 

AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

propagation delay 
An to Bn; 
inverting 

propagation delay 
Bn to An; 
non-inverting (true) 

3-state output enable ti me 
OE, DIR to An; 
OE, DIR to Bn 

3-state output disable time 
OE, DIR to An; 
OE, DIR to Bn 

Tamb (oC) TEST CONDITIONS 
"---~------~·--

74HCT 
UNIT Vee WAVEFORMS 

+25 -40 to +85 -40 to +125 v 

min. typ. max. min. max. min. max. 

10 20 25 30 ns 4.5 Fig. 5 

13 23 29 35 ns 4.5 Fig. 6 

16 30 38 45 ns 4.5 Fig. 7 

17 30 38 45 ns 4.5 Fig. 7 

1------+------------4--+---+---+---+---+---+--·--+--~----+-----+------------' 

ns 4.5 output transition ti me 5 12 15 18 

1-----+---·--------~-------'-----.L____.__..--·~- ------- L_ ____ ---------'---------- - -- ---

Figs 5 and 6 

______ J 
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PC74HC/HCT643 

MSI 

652 

AC WAVEFORMS 

A, INPUT JVM 111 

I 
J""'-tPHL-1 

Bn OUTPUT 

7290995 

Fig. 5 Waveforms showing the input (An) to 
output (Bnl propagation delays and the output 
transition times. 

t. ,, 
·~ --

90% 
OE, DIR 

VM!1) 
INPUTS 

10% 

OUTPUT 
LOW-to-OFF 
OFF-to-LOW 

-.. 1PzH-... 

OUTPUT 
HIGH-to-OFF 

'"''"''_!~ 
yM(lJ 

OFF-to-HiGH 

outputs --outputs 
7Z90997 1 enabled disabled enabled 

Fig. 7 Waveforms showing the 3-state enable 
and disable times for OE and DIR inputs. 

An OUTPUT 

7290996 -> -tTLH 

Fig. 6 Waveforms showing the input (Bn) to 
output (An) propagation delays and the output 
transition ti mes. 

Note to AC waveforms 

(1) HC: VM=50%;V1=GNDtoVcc· 
HGT: VM = 1.3 V; V1 = GND to 3 V. 



DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. 

PC74HC/HCT646 

MSI 

OCTAL BUS TRANSCEIVER/REGISTER; 3-STATE 

FEATURES 

• Independent register for A and B 
buses 

• Multiplexed real-time and stored 
data 

• Output capability: bus driver 
• lcc category: MSI 

GENERAL DESCRIPTION 
The 74HC/HCT646 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL I LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT646 consist of bus 
transceiver circuits with 3~state outputs, 
D-type flip-flops, and control circuitry 
arranged for multiplexed transmission of 
data directly from the internal registers. 
Data on the" A" or "B" bus will be 
clocked into the registers as the 
appropriate clock ICP AB and CPsAl 
goes to a HIGH logic level. Output enable 
(OE) and direction (DIR) inputs are 
provided to control the transceiver 
function. In the transceiver mode, data 
present at the high-impedance port may 
be stored in either the "A" or "B" 
register, or in both. The select source 
inputs ISAB and SsAl can multiplex 
stored and real-time (transparent mode) 
data. The direction (DIR) input 
determines which bus will receive data 
when OE is active I LOW). In the isolation 
mode (OE= HIGH), "A" data may be 
stored in the "B" register and/or "B" data 
may be stored in the "A" register. 

(continued on next page) 

81 

646 
82 

83 

84 

A5 85 

85 

GND 87 

7293917 

Fig. 1 Pin configuration. 

SYMBOL PARAMETER 
TYPICAL 

CONDITIONS ---.-----1 UNIT 
HC HCT 

1----------1-----------------+-------+--·--+----+-----; 

propagation delay 
An, Bn to Bn, An 

tPHL/ 
tPLH CL= 15 pf 
r-----+-------------; Vee= 5 v 

fmax maximum clock frequency 

17 19 

60 50 
r-------+--·----------t----·-------·-t-·--· ... - --· 

c-".I input capacitance t: 3.5 3.5 

power dissipation 
Cpo capacitance per package note5__1_'.':'...:__~--~~2 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x Ii+~ (CL x Vee' x 10 ) where: 

ns 

I MHz 

13 
Ii = input frequency in MHz CL output load capacitance in pf 
lo = output frequency in MHz Vee = supply voltage in V 
~ (CL x Vee' x 10 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT646P: 24-lead OIL; plastic ISOT-101A). 
PC74HC/HCT646T: 24-lead mini-pack; plastic IS0-24; SOT· 137 A). 

21 

CPAB 23 

SA8 22 

Ao 20 

•1 19 

18 

17 

A4 16 

As 15 

10 85 14 

11 87 13 
DIR 

7Z93918 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCT646 

MSI 

PIN DESCRIPTION 

PINNO. SYMBOL 

1 ePAB 

2 SAB 
3 DIR 

4,5, 6, 7, 
Ao to A1 B,9, 10, 11 

12 GND 

20, 19, 18, 17, Bo to B7 16, 15, 14, 13 

21 OE 

22 SeA 
23 ePeA 

24 Vee 

7293920 

Fig. 4 Functional diagram. 

654 

NAME AND FUNCTION 

A to B clock input (LOW-to-HIGH, 
edge-triggered) 

select A to B source input 

direction control input 

A data inputs/outputs 

ground (0 V) 

B data inputs/outputs 

output enable input (active LOW) 

select B to A source input 

B to A clock input (LOW-to-HIGH, 
edge-triggered) 

positive supply voltage 

FUNCTION TABLE 

INPUTS 

rn: DIR CPAB ePeA 

H x HorL HorL 
H x t t 

L L x x 
L L x x 

L H x x 
L H HorL x 

SAB Se A 

x x 
x x 

x L 
x H 

L x 
H x 

GENERAL DESCRIPTION (Cont'd) 
When an output function is disabled, the 
input function is still enabled and may be 
used to store and transmit data. 
Only one of the two buses, A or B, may 
be driven at a time. 

The "646" is functionally identical to the 
"648", but has non-inverting data paths. 

DATA 1/0 * 
FUNCTION 

AotoA7 BotoB7 

input input isolation 
store A and B data 

output input real-time B data to A bus 
stored B data to A bus 

input output real-time A data to B bus 
stored A data to B bus 

• The data output functions may be enabled or disabled by various signals at the OE and 
DIR inputs. Data input functions are always enabled, i.e., data at the bus inputs will be 
stored on every LOW-to-HIGH transition on the clock inputs. 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
t = LOW-to-HIGH level transition 
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Octal bus transceiver/register; 3-state 

DIR 
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Fig. 5 Logic diagram. 
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PC74HC/HCT646 

MSI 

DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

656 

Output capability: bus driver 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH An, Bn to Bn .An 

tPHLI propagation delay 
tPLH CP AB•CPBA to Bn.An 

tPHLI propagation delay 
tPLH SAB·SBA to Bn.An 

tpzH/ 3-state output enable ti me 
tpzL OE to An,Bn 

tpHz/ 3-state output disable time 
tpLz OE to An,Bn 

tpzH/ 3-state output enable time 
tpzL DIR to An,Bn 

tpHz/ 3-state output disable time 
tpLz DIR to An,Bn 

tTHLI output transition time 
tTLH 

clock pulse width 
tw HIGH or LOW 

CPAB or CPBA 

tsu 
set-up time 

An,Bn to CP AB·CPBA 

th 
hold time 

An,Bn to CP AB·CPBA 

maximum clock pulse 
fmax frequency 

J'"""' 19861 

+25 

min. typ. max. 

150 
30 
26 

220 
44 
37 

220 
44 
37 

175 
35 
30 

175 
35 
30 

175 
35 
30 

175 
35 
30 

14 60 
5 12 
4 10 

90 
18 
15 

90 
18 
15 

5 
5 
5 

5.4 
27 
32 

Tamb (°Cl 

74HC 
UNIT Vee 

-40to +85 -40to+125 v 
min. max. min. max. 

190 225 2.0 
38 45 ns 4.5 
33 38 6.0 

275 330 2.0 
55 66 ns 4.5 
47 56 6.0 

275 330 2.0 
55 66 ns 4.5 
47 56 6.0 

220 265 2.0 
44 53 ns 4.5 
37 45 6.0 

220 265 2.0 
44 53 ns 4.5 
37 45 6.0 

220 265 2.0 
44 53 ns 4.5 
37 45 6.0 

220 265 2.0 
44 53 ns 4.5 
37 45 6.0 

75 90 2.0 
15 18 ns 4.5 
13 15 6.0 

115 135 2.0 
23 27 ns 4.5 
20 23 6.0 

115 135 2.0 
23 27 ns 4.5 
20 23 6.0 

5 5 2.0 
5 5 ns 4.5 
5 5 6.0 

4.4 3.6 2.0 
22 18 MHz 4.5 
26 21 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 7 

Fig. 8 

Fig. 9 

Fig. 9 

Fig. 10 

Fig. 10 

Figs 6 and 8 

Fig. 7 

Fig. 7 

Fig. 7 

Fig. 7 
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Octal bus transceiver/register; 3-state PC74HC/HCT646 

MSI 

DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Ovtput capability: bus driver 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (lllcc) for a unit load of 1 is given in the family specifications. 
To determine II Ice per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 
UNIT LOAD 
COEFFICIENT 

SAS.SBA 0.60 
Ao to A1 
and 0.75 
Bo to B7 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH An.Bn to Bn.An 

tPHLI propagation delay 
tPLH CP As.CPsA to Bn.An 

tPHLI propagation delay 
tPLH SAs.SBA to Bn.An 

tpzH/ 3~state output enable time 
tpzL OE to An,Bn 

tpHz/ 3-state output disable time 
tpLz OE to An.Bn 

tpzH/ 3-state output enable time 
tpzL DIR to An,Bn 

tpHz/ 3-state output disable time 
tpLz DIR to An,Bn 

tTHLI output transition time 
tTLH 

clock pulse width 
tw HIGH or LOW 

CPAB or CPsA 

tsu 
set-up time 

An.Bn to CP As.CPsA 

th 
hold time 

An.Bn to CPAs.CPsA 

fmax 
maximum clock pulse 
frequency 

INPUT 

CPAB· 
CPBA 
OE 
DIR 

+25 

min. typ. 

5 

25 

25 

5 

20 

UNIT LOAD 
COEFFICIENT 

1.50 

1.50 
1.25 

Tamb l°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to +85 -40to+125 v 
max. min. max. min. max. 

37 46 56 ns 4.5 Fig. 6 

44 55 66 ns 4.5 Fig. 7 

51 64 77 ns 4.5 Fig. 8 

45 56 68 ns 4.5 Fig. 9 

35 44 53 ns 4.5 Fig. 9 

45 56 68 ns 4.5 Fig. 10 

35 44 53 ns 4.5 Fig. 10 

12 15 18 ns 4.5 Figs 6 and 8 

31 38 ns 4.5 Fig. 7 

31 38 ns 4.5 Fig. 7 

5 5 ns 4.5 Fig. 7 

25 30 MHz 4.5 Fig. 7 
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PC74HC/HCT646 

MSI 

AC WAVEFORMS 

7Z93922 

Fig. 6 Waveforms showing the input An, Bn to 
output Bn, An propagation delays and the output 
transition times. 

SAB• SBA l" c"_ 
INPUT 

tPHL-

r-
Bn,An VM(1) 

OUTPUT \_ _j 
7Z93925 tTHL-- 1..-.. _1 ..-tTLH 

Fig. 8 Waveforms showing the input SAB·SBA to 
output Bn.An propagation delays and output 
transition times. 

DIR INPUT VM(1) yM(l) 

+- tpHz -- tpzH--

An OUTPUT yM(1\ 

tpzL--

An OUTPUT yM(l) 

1PHZ--

Bn OUTPUT VM(ll 

- tpzL 1PLZ ..... 

Bn OUTPUT yM\1\ 

CPAB• CPeA 

INPUT 

7Z93921.1 

Fig. 7 Waveforms showing the An,Bn to CP AB•CPsA 
set-up and hold times, clock CP AB·CPsA pulse width, 
maximum clock pulse frequency and the CP AB·CPBA 
to output Bn,An propagation delays. 

90% 

fil INPUT VM(l) 

An,Bn 
OUTPUT 

LOW-to-OFF 
OFF-to-LOW 

An>Bn 
OUTPUT 

HIGH-to-OFF 
OFF-to- HIGH 

7Z93923 

10% 

I 
VM(ll 

outputs __ --o,-,,-,.-',---.....ll-outputs 

enabled disabled enabled 

Fig. 9 Waveforms showing the input OE to output 
An,Bn 3-state enable and disable times. 

7Z93924 

658 

Fig. 10 Waveforms showing the input DIR to output 
An.Bn 3-state enable and disable times. 

J'"""' 19861 

Note to AC waveforms 

(1) HC: VM=50%;V1=GNDtoVcc­
HCT: VM = 1.3 V; V1 = GND to 3 V. 



DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. 

PC74HC/HCT648 

MSI 

OCTAL BUS TRANSCEIVER/REGISTER; 3-STATE; INVERTING 

FEATURES 

• Independent register for A and B 
buses 

• Multiplexed real-time and stored 
data 

• Output capability: bus driver 
• lcc category: MSI 

GENERAL DESCRIPTION 
The 74HC/HCT648 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT648 consist of bus 
transceiver circuits with 3-state inverting 
outputs, D-type flip-flops, and control 
circuitry arranged for multiplexed 
transmission of data directly from the 
internal registers. Data on the "A" or "8" 
bus will be clocked into the registers as 
the appropriate clock (CP AB and CPsA) 
goes to a HIGH logic level. Output enable 
(OE) and direction (DIR) inputs are 
provided to control the transceiver 
function. In the transceiver mode, data 
present at the high-impedance port may 
be stored in either the "A" or "B" 
register, or in both. The select source 
inputs (SAS and SsA) can multiplex 
stored and real-time (transparent mode) 
data. The direction (DIR) input 
determines which bus will receive data 
when OE is active (LOW). In the isolation 
mode (OE= HIGH), "A" data may be 
stored in the "B" register and/or "B" data 
may be stored in the "A" register. 

(continued on next page) 

648 

7Z93927 

Fig. 1 Pin configuration. 

---·--··--------
TYPICAL 

SYMBOL PARAMETER CONDITIONS UNIT 
HC HCT 

tPHL/ propagation delay 14 18 ns 
IPLH An. Bn to Bn, An CL= 15pF 

Vee= 5 v 
fmax maximum clock frequency 60 50 MHz 

C1 input capacitance 3.5 _l 3.5 pF 

Cpo 
power dissipation notes 1 and 2 52 52 pF 

capacitance per package 

GND = 0 V; Tamb = 25 °C; tr= If= 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

PD= Cpo x Vee' x fi + i: (CL x Vee' x f.,) where: 

fi = input frequency in MHz CL output load capacitance in pf 
f0 = output frequency in MHz Vee = supply voltage in V 
~ (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/l-!CT648P: 24-lead DIL; plastic (SOT-101A). 
PC74HC/HCT648T: 24-lead mini-pack; plastic (S0-24; SOT-137A). 

21 

OE 
CPAB CPBA 23 

SAB SBA 22 

Ao 20 

Ai ., 19 ., 18 

A3 B3 17 

A4 •• 16 

As •s 15 

10 A5 •• 14 

11 A1 ., 13 
OIR 

7Z93928 

7Z93929 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT648 

MSI 

PIN DESCRIPTION 

PINNO. SYMBOL 

1 CPAB 

2 SAB 
3 DIR 

4,5, 6, 7, Ao to ·~'7 8, 9, 10, 11 

12 GND 

20, 19, 18, 17, 
Bo to B7 16, 15, 14, 13 

21 OE 

22 SeA 
23 CPeA 

24 Vee 

23 CPBA 

7293930 

Fig. 4 Functional diagram. 
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NAME AND FUNCTION 

A to B clock input (LOW-to-HIGH, 
edge-triggered) 

select A to B source input 

direction control input 

A data inputs/outputs 

ground (0 V) 

B data inputs/outputs 

output enable input (active LOW) 

select B to A source input 

B to A clock input (LOW-to-HIGH, 
edge-triggered) 

positive supply voltage 

FUNCTION TABLE 

INPUTS 

m: DIR CPAB CPeA 

H x HorL HorL 
H x t t 

L L x x 
L L x x 

L H x x 
L H Hor L x 

SAB SeA 

x x 
x x 

x L 
x H 

L x 
H x 

GENERAL DESCRIPTION (Cont'd) 

When an output function is disabled, the 
input function is still enabled and may be 
used to store and transmit data. 
Only one of the two buses, A or B, may 
be driven at a time. 

The "648" is functionally identical to the 
"646", but has inverting data paths. 

DATA.1/0 * 
FUNCTION 

Ao to A1 liotoli7 

input input isolation 
store A and B data 

output input real-time B data to A bus 
stored B data to A bus 

input output real-time A data to B bus 
stored A data to B bus 

• The data output functions may be enabled or disabled by various signals at the ITE and 
DIR inputs. Data input functions are always enabled, i.e., data at the bus inputs will be 
stored on every LOW-to-HIGH transition on the clock inputs. 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
t = LOW-to-HIGH level transition 
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Octal bus transceiver/register; 3-state; inverting PC74HC/HCT648 

MSI 
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Fig. 5 Logic diagram. 
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PC74HC/HCT648 

MSI 

DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
I cc category: MS I 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH An.Sn to Bn,An 

tPHLI propagation delay 
tPLH CP A8·CP8A to Sn.An 

tPHLI propagation d~y-
tPLH SAa.saA to Bn.An 

tpzH/ 3-state output enable time 
tpzL OE to An.Bn 

tpHz/ 3-state output disable time 
tpLz OE to An.Sn 

tpzH/ 3-state output enable time 
tpzL DIR to An.Eln 

tpHz/ 3-state output disable time 
tpLz DIR to An.Sn 

trnLI output transition time 
tTLH 

clock pulse width 
tw HIGH or LOW 

CPAB or CPaA 

tsu 
set-up time 

An.Sn to CP As.CPaA 

th 
hold time 

An.Sn to CP Aa.CPaA 

fmax 
maximum clock pulse 

frequency 

+25 

min. typ. max. 

150 
30 
26 

240 
48 
41 

220 
44 
37 

175 
35 
30 

175 
35 
30 

175 
35 
30 

175 
35 
30 

14 60 
5 12 
4 10 

90 
18 
15 

90 
18 
15 

5 
5 
5 

5.4 
27 
32 

Tamb (OC) 

74HC 
UNIT Vee 

-40to +85 -40to+125 v 
min. max. min. max. 

190 2.25 2.0 
38 4!) ns 4.5 
33 38 6.0 

300 360 2.0 
60 72 ns 4.5 
51 61 6.0 

275 330 2.0 
55 66 ns 4.5 
47 56 6.0 

220 265 2.0 
44 53 ns 4.5 
37 45 6.0 

220 265 2.0 
44 53 ns 4.5 
37 45 6.0 

220 265 2.0 
44 53 ns 4.5 
37 45 6.0 

220 265 2.0 
44 53 ns 4.5 
37 45 6.0 

75 90 2.0 
15 18 ns 4.5 
13 15 6.0 

115 135 2.0 
23 27 ns 4.5 
20 23 6.0 

115 135 2.0 
23 27 ns 4.5 
20 23 ll.O 

5 5 2.0 
5 5 ·ns 4.5 
5 5 6.0 

4.4 3.6 2.0 
22 18 MHz 4.5 
26 21 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 7 

Fig. 8 

Fig. 9 

Fig. 9 

Fig. 10 

Fig. 10 

Figs 6 and 8 

Fig. 7 

Fig. 7 

Fig. 7 

Fig. 7 
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Octal bus transceiver/register; 3-state;,_i_n-ve_rt_i_n_g __________ J_ L:H~=CT648- ---
DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics seP. ch::Jpter "HCMOS family characteristics", 5ection "Family speciflcatiom:" 

Output capability: bus driver 
lc'c category: MSI 

Note to HCT types 

The value of additional quiescent supply current (t-.lccl for a unit load of 1 is given in the family specifications. 
To determine t-. lcc per input, multiply this value by the unit load coefficient shown in the table below. 

-
INPUT UNIT LOAD 

COEFFICIENT INPUT 

?AB· S..BA 
Ao to A1 
and 
Bo to 87 

0.60 

0.75 

CPAB· 
CPBA 
OE 
DIR 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

I r 

SYMBOL PARAMETER 

r 
min. 

tPHLI propagation delay 
tPLH An,Bn to Bn,An 

tPHLI propagation delay 
tPLH CP As,CPBA to Bn,An 

tPHLI propagation d~ay _ 
tPLH SAs,SsA to Bn.An 

tpzH/ 3-state output enable time 
tpzL OE to An,Bn 

tpHz/ 3-state output disable time 
tpLz OE to An,Bn 

tpzH/ 3-state output enable time 
tpzL DIR to An,Bn 

tpHz/ 3-state output disable ti me 
tpLz DIR to An,Bn 

tTHLI output transition time 
tTLH 

clock pulse width 
tw HIGH or LOW 25 

CPAB or CPsA 

tsu 
set-up time 

25 
An,Bn to CP As.CPsA 

th 
hold time 

5 
An,Bn to CP As.CPsA 

fmax 
maximum clock pulse 20 frequency 

+25 

typ. 

5 

UNIT LOAD 
COEFFICIENT 

1.50 

1.50 
1.25 

Tamb (°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to +85 -40to+125 v 
max. min. max. min. max. 

37 46 56 ns 4.5 Fig. 6 

54 68 81 ns 4.5 Fig. 7 

51 64 77 ns 4.5 Fig. 8 

45 56 68 ns 4.5 Fig. 9 

35 44 53 ns 4.5 Fig. 9 

45 56 68 ns 4.5 Fig. 10 

35 44 53 ns 4.5 Fig. 10 

12 15 18 ns 4.5 Figs 6 and 8 

31 38 ns 4.5 Fig. 7 

31 38 ns 4.5 Fig. 7 

5 5 ns 4.5 Fig. 7 

16 13 MHz 4.5 Fig. 7 

--
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AC WAVEFORMS 

DIR 

~ 
jr- .. J~ 
J~I-

Fig. 6 ~av.EO_forms showing the input An,Bn to 
output Bn.An propagation delays and the output 
transition times. 

7293935 

Fig. 8 ~av.EO_forms showing the input SAB·SBA to 
output Bn.An propagation delays and output 
transition times. 

INPUT VM(1) yM(1) 

-- 1PHZ --
1PZH---

An OUTPUT yM(1J 

tpzL ---

An OUTPUT yMlll 

- tpzH 1PHZ---

Bn OUTPUT yMlll 

- 1PZL 1PLZ---

Bn OUTPUT yM(1l 

!:_ig.JO Waveforms showing the input DIR to output 
An.Bn 3-state enable and disable times. 

January 1986 

---tw---
, _____ 111max -----

7Z93931 

Fig. Waveforms showing the An,Bn to CP AB•CPsA 
set-up and hold times, clock CP AB·CPsA pulse width, 
maximum _£_1oc::_k pulse frequency and the CP AB·CPsA 
to output Bn.An propagation delays. 

OE INPUT 

An, Bn 
OUTPUT 

LOW-to-OFF 
OFF-to- LOW 

Aw Bn 

OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

7Z93933 

outputs __ - outputs 
disabled enabled 

Fig. 9 Waveforms showing the input OE to output 
An.Bn 3-state enable and disable times. 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee· 
HCT: VM = 1.3V;V1 = GNDto3V. 



DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. 

PC74HC/HCT670 

MSI 

4 x 4 REGISTER FILE; 3-STATE 

FEATURES 

• Simultaneous and independent read 
and write operations 

• Expandable to almost any word size 
and bit length 

• Output capability: standard 
• •cc category: MSI 

GENERAL DESCRIPTION 
The 74HC/HCT670 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL (LSTTL). They are specified in 
compliance with JED EC standard no. 7. 

The 74HC/HCT670 are 16-bit 3-state 
register files organized as 4 words of 
4 bits each. Separated read and write 
address inputs (RA....!!B and WA, Ws) 
and enable inputs (RE and WE) are 
available, permitting simultaneous 
writing into one word location and 
reading from another location. The 4-bit 
word to be stored is presented to four 
data inputs (Do to D3). The WA and Ws 
inputs determine the location of the 
stored word. When the WE input is LOW, 
the data is entered into the addressed 
location. The addressed location remains 
transparent to the data while the WE 
input is LOW. Data supplied at the 
inputs will be read out in true (non­
inverting) form from the 3-state outputs 
(Oo to 03). Dn and Wn inputs are 
inhibited when WE is HIGH. 

Direct acquisition of data stored in any 
of the four registers is made possible by 
individual read address inputs (RA and 
Rs). The addressed word appears at the 
four outputs when the RE is LOW. 
Data outputs are in the high impedance 
OFF-state when RE is HIGH. This 
permits outputs to be tied together to 
increase the word capacity to very large 
numbers. 

(continued on next page) 

670 

7Z93910 

Fig. 1 Pin configuration. 

SYMBOL PARAMETER 

IPHLi propagation delay 
IPLH Dn to On 

C1 input capacitance 

Cpo 
power dissipation 
capacitance per package 

GND = 0 V;Tamb = 25°C;tr =If =6 ns 

Notes 

TYPICAL 
CONDITIONS 

HC HCT 

CL=15pF 21 21 
Vee =5 v 

3.5 3.5 

notes 1 and 2 - -

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi +:;; (CL x Vee' x f0 ) where: 

UNIT 

ns 

pF 

pF 

fi = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz Vee = supply voltage in V 
:;; (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT670P: 16-lead DI L; plastic (SOT-38Z). 
PC74HC/HCT670T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

5, 4 RA, Rs read address inputs 

8 GND ground (0 V) 

10, 9, 7, 6 Doto 03 data outputs 

11 RE 3-state output read enable input (active LOW) 

12 WE write enable input (active LOW) 

14, 13 WA,WB write address inputs 

15, 1, 2, 3 Do to D3 data inputs 

16 Vee positive supply voltage 

AAM4x4 
14 

0}1A.Q. 
12 15 13 1 3 

WE Do D1 o, D3 
14 WA 

13 w. 
RA 

Rs 

11 RE 
Oo 01 a, 03 

7Z93911 10 

7293912 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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MSI 

666 

15 

LATCHES AND 
WRITE ENABLE LOGIC 

SELECT ANO 
READ ENABLE LOGIC 

10 

Fig. 4 Functional diagram. 

WRITE MODE SELECT TABLE 

OPERATING INPUTS INTERNAL 
MODE WE Dn 

LATCHES* 

write data L L L 
L H H 

data latched H x no change 

* The write address (WA and Ws) to the 
"internal latches" must be stable while 
WE is LOW for conventional operation. 

READ MODE SELECT TABLE 

INPUTS OUTPUT 
OPERATING 
MODE 

RE INTERNAL 
On LATCHES*~ 

read L L L 
L H H 

disabled H x z 
** The selection of the "internal latches" 

by read address (RA and Rs) are not 
constrained by WE or ~operation. 

H =HIGH voltage level 
L = LOW voltage level 
X = don't care 
Z =high impe!lanoe OFF-state 

J'""'"' 19861 

GENERAL DESCRIPTION (Cont'd) 

Design of the read enable signals for the 
stacked devices must ensure that there is 
no overlap in the LOW levels which 
would cause more than one output to be 
active at the same time. Parallel expansion 
to generate n-bit words is accomplished 
by driving the enable and address inputs 
of each device in parallel. 



4 x 4 register file; 3-state J 
---

<{ 
I-
<{ 
Cl 
I-z 
w 
:2: 
a.. 
0 
...J 
w 
> w 
Cl 

Fig. 5 Logic diagram. 

PC7 4HC/HCT670 

MSI 

a, 

a, 
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MSI 

DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

668 

Output capability: standard 
Ice category: MS! 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tw 

propagation delay 
RA, Rg to On 

propagation delay 
WE to On 

propagation delay 
Dn to On 

3-state output enable time 
RE to On 

3-state output disable time 
RE to On 

output transition time 

read enable pulse width 
LOW 

Tamb (oC) TEST CONDITIONS 

74HC 
e.-~~~~~~~~~~~~~~---1 UNIT Vee WAVEFORMS 

+25 -40 to +85 -40to+125 v 

min. typ. max. min. max. min. max. 

225 
45 
38 

250 
50 
43 

250 
50 
43 

175 
35 
30 

175 
35 
30 

19 75 
7 15 
6 13 

280 
56 
48 

315 
63 
54 

315 
63 
54 

220 
44 
37 

220 
44 
37 

95 
19 
16 

340 
68 ns 
58 

375 
75 ns 
64 

375 
75 ns 
64 

265 
53 ns 
45 

265 
53 ns 
45 

110 
22 ns 
19 

2.0 
4.5 Fig. 6 
6.0 

2.0 
4.5 Fig. 7 
6.0 

2.0 
4.5 Fig. 7 
6.0 

2.0 
4.5 Fig. 9 
6.0 

2.0 
4.5 Fig. 9 
6.0 

2.0 
4.5 
6.0 

Fig. 6 

90 115 135 2.0 
18 23 27 ns 4.5 Fig. 9 
15 20 23 6.0 

f---~~~+-~~~~~~~-~~-t----t----~·-+~---jf--~-t--~---j~~-t----~-t--~~t-~~~~~~~-j 

tw 

tsu 

tlatch 

write enable pulse width 
LOW 

set-up time 
Dn to WE 

set-up time 
WA, Wg to WE 

hold time 
Dn to WE 

hold time 
WAWB to WE 

latch time 
WE to RA, Rs 

90 115 135 2.0 
18 23 27 ns 4.5 Fig. 8 
15 20 23 6.0 

60 
12 
10 

60 
12 
10 

5 
5 
5 

5 
5 
5 

225 
45 
38 

75 90 2.0 
15 18 ns 4.5 Fig.8 
13 15 6.0 

75 90 2.0 
15 18 ns 4.5 Fig. 8 
13 15 6.0 

5 5 2.0 
5 5 ns 4.5 Fig. 8 
5 5 6.0 

5 5 2.0 
5 5 ns 4.5 Fig. 8 
5 5 6.0 

230 340 2.0 
56 68 ns 4.5 Fig. 8 
48 58 6.0 
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4 x 4 register file; 3-state J 
---

<( 
f­
<( 
Cl 
f­z 
w 
::!; 
a. 
0 
..J 
w 
> w 
Cl 

DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter "HCMOS family characteristics'', section "Family specifications". 

Output capability: standard 
I CC category: MS I 

Note to HCT types 

The value of additional quiescent supply current (lllccl for a unit load of 1 is given in the family specifications. 
To determine LI Ice per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 
UNIT LOAD 
COEFFICIENT 

12n 0.25 
WE,WA 0.40 
Ws 0.60 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= If= 6 ns; CL= 50 pf 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH RA, Rs to On 

tpH LI propagation delay 
tPLH WE to On 

tpH LI propagation delay 
IPLH Dn to On 

··-

INPUT 
UNIT LOAD 
COEFFICIENT 

RA 0.70 

& 1.10 
RE 1.35 

Tamb (oC) TEST CONDITIONS 

74HCT 
f-------~------.------j UNIT Vee WAVEFORMS 

+25 -40to+85 -40to+125 v 

min. typ. max. min. max. min. max. 
·--·+-----+----+--·-!--·------

50 63 75 ns 4.5 Fig. 6 

53 66 80 ns 4.5 Fig. 7 

50 63 75 ns 4.5 Fig. 7 

f---------·+-----------t---+---+----T---j----r----r----;-----r-----r--------
t p z HI 3-state output enable time 
tpzL RE to On 

40 50 60 ns 4.5 Fig. 9 

35 53 tpHzl 3-state output disable time 
tpLz RE to On 

44 ns 4.5 Fig. 9 

f-----+--·-·---------.. -J.----<---+·----+--·-t---+--·--t---·--+----+-----+-----------
tTH LI output transition time 7 15 19 22 ns 4.5 
lTLH 

Fig. 6 

>------+----------+----+-·-+---·- _,,_t-·-·--- ·-- +· -- -----+---- ----------
tw read enable pulse width 

25 38 31 ns 4.5 Fig. 9 
LOW 

---------+--+---+---+-----+---+----+----+----+-----+-

25 31 38 ns write enable pulse width 
LOW 

4.5 Fig. 8 tw 
r----------+------------+----+----+----1---·-+---+---+------+---+--+---·-------

set-up time 
Dn to WE 

12 15 18 ns 4.5 Fig. 8 

set-up time 18 23 27 
WA, Ws to WE 

'-·---+-------------~---t----t-----+----+-----~---t----+--+------------1 

ns 4.5 Fig. 8 

ns 4.5 hold time 5 5 5 
Dn to WE 

>------+-------·---+--+---+----f--t-----+---r---T-----+--+---------~ 

Fig. 8 

hold time ns 4.5 
WA, Ws to WE 

f-----+------------t--+---+------+---c------r--c----·-;-----i-·--r---------------j 
latch time 

5 5 5 Fig. 8 

WE to RA, Rs 
50 63 75 ns 4.5 Fig. 8 

January 1986 669 



PC74HC/HCT670 

MSI 

670 

AC WAVEFORMS 

l::,j_ 
an OUTPUT ~Miii 

7293913 tTHL I.,._ 

Fig. 6 Waveforms showing the read address input 
(RA, Rs) to output (Onl propagation delays and 
output transition times. · 

WA,WB 

INPUT 

Dn INPUT 

WE INPUT 

90% 

t1atch ------i,.­
vMl11' 

7Z93915.1 

RE INPUT VMl1) 

on OUTPUT 

LOW-to-OFF 
OFF-to-LOW 

On OUTPUT 

HIGH-to-OFF 
OFF-to-HIGH 

7Z93916 

10% 

I 
VM(l) 

outputs - _ outputs ___ outputs 
enabled disabled enabled 

Fig. 9 Waveforms showing the read enable (RE) to 
output (Onl enable and disable times, and the read 
enable pulse width. 

January 1986 

an OUTPUT 

7Z93914.1 

Fi.9:_7 Waveforms showing the write enable input 
(WE) and data input (Dn) to output (On) 
propagation delays, and the write enable pulse width. 

Note to Fig. 8 
The shaded areas indicate when the input is permitted 
to change for predictable output performance. 

The time allowed for the internal output of the latch 
to assume the state of the new data (t1atchl is 
important only when attempting to read from a 
location immediately after that location has received 
new data. This parameter is measured from the 
falling edge of WE to the rising edge of RA or Rs. 
RE must be LOW. 

Fig. 8 Waveforms showing the write address input 
(WA· Ws) and data input (Dn) to write enable (WE) 
set·up, hold and latch times. 

Note to AC waveforms 

(1) HC : VM = 50%; V1 = GND to Vcc­
HCT: VM = 1.3 V; Vr = GND to 3V. 



8-BIT MAGNITUDE COMPARATOR 

FEATURES 

• Compare two 8-bit words 
• Output capability: standard 
• •cc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT688 are high-speed 
Si-gate CMOS devices and are pin 
compatible with low power Schottky 
TTL ( LSTTL). They are specified in 
compliance with JEDECstandard no. 7. 

The 74HC/HCT688 are 8-bit 
magnitude comparators. They perform 
comparison of two 8-bit binary or 
BCD words. 
The output provides P = 0. 

688 

Fig. 1 Pin configuration. 

PC74HC/HCT688 

MSI 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

tPHLI 
propagation delay CL=15pF 14 13 Pn, On to P = 0 ns 

tPLH E to P="IT Vee= 5V 8 9 ns 

C1 input capacitance 3.5 3.5 pf 
f----~ - ~ 

CpD 
power dissipation notes 1 and 2 30 30 pf 

capacitance per package 

GND = 0 V;Tamb = 25 °C; tr =tf = 6 ns 

Notes 
1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + ~ (CL x Vee' x fol where: 
fi = input frequency in MHz CL = output load capacitance in pf 
f 0 = output frequency in MHz Vee = supply voltage in V 
L (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT688P: 20-lead OIL; plastic (SOT-146). 
PC74HC/HCT688T: 20-lead mini-pack; plastic (S0-20; SOT-163A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 E" enable input (active LOW) 

2, 4, 6, 8, 11, Po to P7 word inputs 
13, 15, 17 

3, 5, 7, 9, 12, Oo to 07 word inputs 
14, 16, 18 

10 GND ground (0 V) 

19 ir;ll equal to output 

20 Vee positive supply voltage 

GI COMP 

r 6 
8 

11 
13 
16 

17 
19 

(P•0)1 

} 12 
14 
16 
18 

7ZB7895 

19 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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1 E 

2 Po 

4 P1 

P=Q 19 

7287468.1 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS OUTPUT 

DATA ENABLE 
Pn, On E 

p = Q L 
x H 

P>Q L 
P<O L 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 

P=Q 

L 
H 
H 
H 

672 ''""''Y 19861 

Fig. 5 Logic diagram. 



8-bit magnitude comparator J 
----

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH Pn, Qn to P=O: 

tPHLI propagation delay 
tPLH EtoP=Q 

tTHLI output transition time 
!TLH 

+25 

min. typ. max. 

47 170 
17 34 
14 29 

28 120 
10 24 
8 20 

19 75 
7 15 
6 13 

Tamb (OC) 

74HC 
UNIT Vee 

-40to+B5 -40to +125 v 
min. max. min. max. 

215 255 2.0 
43 51 ns 4.5 
37 43 ' 6.0 

150 180 2.0 
30 36 ns 4.5 
26 31 6.0 

95 110 2.0 
19 22 ns 4.5 
16 1g 6.0 

PC74HC/HCT688 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 7 

Figs 6 and 7 
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DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (Li Ice) for a unit load of 1 is given in the family specifications. 
To determine nice per input, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient 

Pn 0.35 
On 0.35 
E" 0.70 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pf 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH Pn, On to P = Q 

tPHLI propagation delay 
tPLH EtoP=O 

!THLI output transition time 
tTLH 

674 January 1986 

+25 

min. typ. 

16 

11 

7 

Tamb (°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 
max. min. max. min. max. 

31 39 47 ns 4.5 Fig. 6 

20 25 30 ns 4.5 Fig. 7 

15 19 22 ns 4.5 Figs 6 and 7 



8-bit magnitude comparator J 
---

PC74HC/HCT688 

MSI 

AC WAVEFORMS 

E INPUT ~y~\1) 

Lt" -·"·i P=Q OUTPUT vMflJ 

7Z87897.1 tTHL.... -. 

Fig. 6 Waveforms show~e enable input (E) 
to the equal to output (P =ll) propagation 
delays and the output transition times. 

Note to AC waveforms 

(1) HC : VM = 50%; V1 = GND to Vee· 
HCT: VM = 1.3V; V1 = GND to 3V. 

Pn,Qn INPUT ~yM11l ~ 
1-tPHll 1-- 1PLH--

Ir-
p;;Q OUTPUT l~Mltl j 

7Z87898 tTHL- 1-- -1 -tTLH 

Fig. 7 Waveforms showing the word inputs (Pn. 
Onl to the equal to output (P=Ci) propagation 
delays and the output transition times. 
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DUAL 4-INPUT NOR GATE 

FEATURES 

• Output capability: standard 

• I CC category: SS I 

GENERAL DESCRIPTION 

The 74HC/HCT4002 are high-speed 
Si-gate CMOS devices and are pin 
compatible with "4002" of the 
"4000B" series. The are specified in 
compliance with JED EC standard no. 7. 

The 74HC/HCT4002 provide the 
4-input NDR function. 

4002 

Fig. 1 Pin configuration. 

PC74HC/HCT4002 

SSI 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

tPHLI propagation delay CL= 15 pF 
9 11 ns 

tPLH nA, nB, nC, nD to nY Vee= 5 v 

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation notes 1 and 2 16 22 pF 

capacitance per gate 

GND =0 V;Tamh = 25 °C;tr =tt = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + l: (CL x Vee' x f0 ) where: 

fi = input frequency in MHz CL output load capacitance in pF 
fo = output frequency in MHz Vee = supply voltage in V 
:!: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT4002P: 14-lead DIL; plastic (SOT-27). 
PC74HC/HCT4002T: 14-lead mini-pack; plastic (S0-14; SOT-108A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 13 1Y,2Y data outputs 

2,9 1A,2A data inputs 

3, 10 1B,2B data inputs 

4, 11 1C,2C data inputs 

5, 12 1D,2D data inputs 

6, 8 n.c. not connected 

7 GND ground (0 V) 

14 Vee positive supply voltage 

~ 1 

7293167 

13 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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678 

Fig. 4 Functional diagram. 

Fig. 5 Logic diagram PC54/74HC4002 
(one gate). 

''"""" 19861 

FUNCTION TABLE 

INPUTS 

nA nB nC 

L L L 

H x x 
x H x 
x x H 
x x x 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 

OUTPUT 

nD nY 

L H 

x L 
x L 
x L 
H L 

y 

Fig. 6 Logic diagram PC54/74HCT4002 (one gate). 



~~~~D-u_a_l_4_·in_p_u_t_N_O~R-ga~te~~~~~~~~~~~~~~~~~~---~ 
DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: SSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr = tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nA, nB, nC, nD to nY 

!THU output transition time 
tTLH 

min. 

+25 

typ. max. 

30 100 
11 20 
9 17 

19 75 
7 15 
6 13 

·--~· - - -------.-
Tamb !°Cl 

74HC 
UNIT Vee 

-40to+B5 -40to+125 v 
min. max. min. max. 

.125 150 2.0 
25 30 ns 4.5 
21 26 6.0 

95 110 2.0 
19 22 ns 4.5 
16 19 6.0 

PC74HC/HCT4002 

SSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 7 

Fig. 7 
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PC74HC/HCT4002 

SSI 

DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: SS! 

Note to HCT types 

The value of additional quiescent supply current (t>lcc) for a unit load of 1 is given in the family specifications. 
To determine t>lcc per input, multiply this value by the unit load coefficient shown in the table below. 

input unit load 
coefficient 

nA, nB, 
0.45 nC,nD 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V:tr =tf= 6 ns;CL = 50 pF 

SYMBOL PARAMETER 

tPHLf propagation delay 
tPLH nA, nB, nC, nD to nY 

tTHLI output transition time 
tTLH 

AC WAVEFORMS 

nY OUTPUT 

7293170 

+25 

min. typ. max. 

13 22 

7 15 

.J 

Fig. 7 Waveforms showing the input (nA, nB, 
nC, nD) to output (nY) propagation delays and 
the output transition times. 

680 January 1986 

Tamb (°C) 

74HCT 

-40to+85 

min. max. 

28 

19 

TEST CONDITIONS 

UNIT Vee WAVEFORMS 
-40to+125 v 
min. max. 

33 ns 4.5 Fig. 7 

22 ns 4.5 Fig. 7 

Note to AC waveforms 

(1) HC: VM=50%;V1=GNDtoVcc­
HCT: VM = 1.3V; V1 = GND to 3V. 



DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 

PC74HC/HCT4015 

MSI 

DUAL 4-BIT SERIAL-IN/PARALLEL-OUT SHIFT REGISTER 

FEATURES 

• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT4015 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the "4015" of the 
"40008" series. They are specified in 
compliance with JEOEC standard no. 7. 

The74HC/HCT4015 are dual edge­
triggered 4-bit static shift registers 
(serial-to-parallel converters). Each shift 
register has a serial data input 110 and 
20), a clock input 11 CP and 2CP), four 
fully buffared parallel outputs l10o to 
103 and 200 to 203) and an overriding 
asynchronous master reset 11MR and 
2MR). Information present on nO is 
shifted to the first register position, and 
all data in the register is shifted one 
position to the right on the LOW-to-HIGH 
transition of nCP. A HIGH on nMR clears 
the register and forces nOo to n03 to 
LOW, independent of nCP and nO. 

APPLICATIONS 

• Serial-to-parallel converter 
• Buffer stores 
• General purpose register 

~~--~-~-~---~ 

4015 

Fig. 1 Pin configuration. 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT4015P: 16 lead DI L; plastic (SOT 38Z). 
PC74HC/HCT4015T: 16-lead mini-pack; plastic (S0-16; SOT109A). 

PIN DESCRIPTION 
,--------,-- --- ----------,--------------

PIN NO. SYMBOL 
1---

5, 4, 3, 10 100 to 103 

6, 14 lMR, 2MR 

7, 15 10, 20 

8 GNO 

9, 1 1CP, 2CP 

13, 12, 11, 2 200 to 203 

16 Vee 

FUNCTION TABLE 

INPUTS OUTPUTS 

NAME AND FUNCTION 

flip-flop outputs 

asynchronous master reset inputs (active HIGH) 

serial data inputs 

ground 10 V) 

clock inputs (LOW-to-HIGH, edge-triggered) 

flip-flop outputs 

positive supply voltage 

n nCP nD nMR nOo n01 n02 n03 

1 t 01 L o, x x x 
2 t 02 L D2 01 x x 
3 t 03 L D3 02 01 x 
4 t 04 L 04 03 02 D1 

.j, x L no change 
x x H LjLjLjL 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 
t = LOW-to-HIGH clock transition 
+ = HIGH-to-LOW clock transition 
n = number of clock pulse transitions 
0 11 =either HIGH or LOW 

------~------------------------------------..... 
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QUAD BILATERAL SWITCHES 

FEATURES 

• Low "ON" resistance: 
90 D. (typ.) at Vee= 4.5 V 
80 Q (typ.) at Vee= 6.0 V 
65 Q (typ.) at Vee= 9.0 V 

• Individual switch controls 
• Typical "break before make" built in 
• Output capability: non-standard 
• Ice category: SSI 

GENERAL DESCRIPTION 

The 74HC/HCT4016 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the "4016" of the 
"40008" series. They are specified in 
compliance with JEOEC standard no. 7. 

The 74HC/HCT4016 have four 
independent analog switches (transmission 
gates). 
Each switch has two input/output 
terminals (Y n• Znl and an active HIGH 
enable input (Enl. When En is connected 
to Vee, a low bidirectional path between 
Y n and Zn is established (ON condition). 
When En is connected to ground (GNO), 
the switch is disabled and a high 
impedance between Y n and Zn is 
established (OFF condition). 

Current through a switch will not cause 
additional V CC current provided the 
voltage at the terminals of the switch is 
maintained within the supply voltage 
range; Vee;.. (Vy, Vz);.. GNO. 
Inputs Y n and Zn are electrically 
equivalent terminals. 

4016 

Z3 

Fig. 1 Pin configuration. 

PC74HC/HCT4016 

SSI 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

tpzH/ turn "ON" time 
17 21 

tpzL EntoV0 s CL= 15 pF 
ns 

RL = 1 kS1 
tpHz/ turn "OFF" time Vee= 5 v 14 16 
tpLz En to Vos 

ns 

----+ ... --- +--- . -------I 

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation 

notes 1 and 2 
capacitance per switch 

12 12 pF 

---I ------!---

Cs max. switch capacitance 5 5 pF 
'---

GNO = 0 V;Tamb = 25 °C;tr =tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi +:!:((CL+ Csl x Vee' x f0 : where: 

fi = input frequency in MHz 
f0 = output frequency in MHz 
:!:{(CL+ Cs) x Vee' x f0 ) =sum of outputs 

CL =output load capacitance in pF 
Cs = max. switch capacitance in pF 
V cc= supply voltage in V 

2. For HC the condition is V1 = GNO to Vee 
For HCT the condition is Vi= GND to Vee - 1.5 V 

ORDERING INFORMATIOl~/PACKAGE OUTLINES 

PC74HC/HCT4016P: 14-lead OIL; plastic (SOT-27). 
PC74HC/HCT4016T: 14-lead mini-pack; plastic (S0-14; SOT-108A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 
~-

1, 4, 8, 11 Yo to Y3 independent inputs/outputs 

7 GNO ground (0 V) 

2, 3, 9, 10 Zo to Z3 independent inputs/outputs 

13, 5, 6, 12 Eo to E3 enable inputs (active HIGH) 

14 Vee positive supply voltage 

Yo -1 
13 'o Zo 

11 
12 

10 

7Z93301 12 :/t 

------~ 

.J 

l Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCT4016 

SSI 

Fig. 4 Functional diagram. 

-·-----··------------------! 

684 

FUNCTION TABLE ____ [ __________ J 
INPUT CHANNEL 

En IMPEDANCE 
~--------high 

H ____ L ____ low ____ _ 

H =HIGH voltage level 
L = LOW voltage level 

7Z93304 

Fig. 5 Schematic diagram (one switch). 

..._GND 

APPLICATIONS 

• Signal gating 
• Modulation 
• Demodulation 
• Chopper 



RATINGS 

PC74HC/HCT4016 

SSI 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltages are referenced to GND (ground= O V) 

SYMBOL PARAMETER MIN. MAX. UNIT CONDITIONS 
---- -------· 

Vee DC supply voltage -0.5 +11.0 v 
- --·--··-··· 

±l1K DC digital input diode current 20 mA forV1 < ··0.5 VorV1 >Vee +0.5V 
--1 ·---

±lsK DC switch diode current 20 mA for Vs< -0.5 V or Vs> Vee+ 0.5 V 
·-

±Is DC switch current 25 mA for -0.5 v <Vs< Vee+ 0.5 v 
--------~--

±Ice: DC Vee or GND current 50 mA 
±IGND 

-- -- ----~--- -- - -··----····- --

Tstg storage temperature range -65 +150 oc 

Ptot power dissipation per package for temperature range: -40 to + 125 °C 
74HC/HCT 

plastic DI L 500 mW above +70 °C: derate linearly with 8 mW/ K 
--j --- ----j --- ------

plastic mini-pack (SO) 400 mW above +70 °C: derate linearly with 6 mW/ K 

Ps power dissipation per switch 100 mW 

RECOMMENDED OPERATING CONDITIONS 

SYMBOL PARAMETER CONDITIONS 

l------+---------------1----+--+---·-+---+---+---+-.. ----t-----··-------~ 

Vee DC supply voltage 2.0 

DC input voltage range GND 

DC switch voltage range GND 

Tamb operating ambient temperature range -40 

operating ambient temperature range -40 

input rise and fall times 

5.0 

6.0 

10.0 4.5 

Vee GND 

Vee GND 

+85 -40 

+125 -40 

1000 
500 
400 
250 

5.0 

6.0 

5.5 v 

Vee v 
t------t-- - ----- .. ---·--

Vee v 
- --t----------

+85 oc 
see DC and AC 

+125 +-:c- CHARACTERISTICS 

500 ns 
Vee= 2.0 v 
Vcc=4.5V 
vcc=6.ov 
Vee= 10._.o_v __ __. 
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PC74HC/HCT4016 

SSI 

DC CHARACTERISTICS FOR 74HC/HCT 

For 74He: Vee= 2.0, 4.5, 6.0 and 9.0 v 
For 74HeT: Vee= 4.5 v 

SYMBOL PARAMETER 

min. 

RoN ON resistance 

RoN ON resistance 

RoN ON resistance 

maximum t>ON resistance 
t>RoN between any two channels 

Notes to DC characteristics 

+25 

typ. 

-
160 
120 
85 

160 
80 
70 
60 

170 
90 
80 
65 

-
16 
12 
9 

Tamb (oe) 

74HC/HCT 

-40 to +85 

max. min. max. 

- -
320 400 
240 300 
170 213 

- -
160 200 
140 175 
120 150 

- -
180 225 
160 200 
135 170 

TEST CONDITIONS 

UNIT Vee lg V;s v, 
-40to+125 v µ.A 

min. max. 

- n 2.0 100 
Vee V1H 480 n 4.5 1000 

360 n 6.0 1000 to or 

255 n 9.0 1000 
GND V1L 

- n 2.0 100 
V1H 240 n 4.5 1000 

210 n 6.0 1000 GND or 

180 n 9.0 1000 V1L 

- n 2.0 100 
V1H 270 n 4.5 1000 

240 n 6.0 1000 Vee or 

205 n 9.0 1000 VIL 

n 2.0 
Vee V1H n 4.5 

n 6.0 
to or 

n 9.0 
GND V1L 

1. At supply voltages approaching 2.0 V the analog switch ON-resistance becomes extremely non-linear. Therefore it is recommended 
that these devices be used to transmit digital signals only, when using these supply voltages. 

2. For test circuit measuring RoN see Fig. 6. 

HIGH 
(from enable inputs) 

Vis=OtoVcc-GND 
,,, 

7Z93305.1 

Fig. 6 Test circuit for measuring RoN· 

LOW 

(from enable inputs) 

Vi"' Vee or GNO v0 = GND or Vee 

,,br,---------- GND 

Fig. 7 Test circuit for measuring OFF-state current. 
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Quad bilateral switches J 
---

HIGH 

(from enable inputs} 

Vo (open circuit) 

~,,-------7-2-93-96-8 -GND 

Fig. 8 Test circuit for measuring ON-state current. 

_/J_ vcc=4,5V 

~~e.-+ll._,,.[]"L....lcs:.\-1---1--+-+-+---+-~ 
-1hl•v ···vv-r-- l"'-

~ .h v 

·~~~~~~~~~~~ 

0 1.8 3.6 5.4 7.2 9 
vis (V) 

Fig. 9 Typical RoN as a function of input voltage 
Vis for Vis= o to Vee-

PC74HC/HCT4016 

SSI 
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PC7 4HC/HCT 4016 

SSI 

DC CHARACTERISTICS FOR 74HC 

Voltages are referenced to GND (ground = O V) 

SYMBOL PARAMETER 

V1H HIGH level input voltage 

VfL LOW level input voltage 

±11 input leakage current 

±Is 
analog switch OFF-state 
current per channel 

±Is 
analog switch ON-state 

current 
--· 

'cc quiescent supply current 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tpLH Vis to Vos 

tpzH/ turn "ON" time 
tpzL En to Vos 

tpHz/ turn "OFF" time 
tpLz En to Vos 

min. 

1.5 
3.15 
4.2 
6.3 

min. 

+25 

typ. 

1.2 
2.4 
3.2 
4.3 

0.8 
2.1 
2.8 
4.3 

+25 

typ. 

17 
6 
5 
4 

55 
20 
16 
14 

47 
17 
14 
11 

--·-- ... - _,, __ 

max. 

0.50 
1.35 
1.80 
2.70 

0.1 
0.2 

0.1 

0.1 

2.0 
4.0 

max. 

60 
12 
10 
8 

190 
38 
32 
28 

145 
29 
25 
22 

Tamb (°C) TEST CONDITIONS 

74HC 
UNIT Vee V1 OTHER 

-40 to +85 -40to+125 v 
min. max. min. max. 

1.5 1.5 2.0 
3.15 3.15 v 4.5 
4.2 4.2 6.0 
6.3 6.3 9.0 

0.50 0.50 2.0 
1.35 1.35 v 4.5 
1.80 1.80 6.0 
2.70 2.70 9.0 

1.0 1.0 6.0 Vee 

2.0 2.0 µA 10.0 or 
GND 

V1H IVsl= 
1.0 1.0 µA 10.0 or Vee- GND 

VfL (see Fig. 7) 

V1H IVsl= 
1.0 1.0 µA 10.0 or Vee- GND 

V1L (see Fig. 8) 

20.0 40.0 6.0 Vee Vis= GNDor 

40.0 80.0 
µA 

10.0 
or Vee; Vos= 
GND VccorGND 

Tamb (oC) TEST CONDITIONS 

74HC 
UNIT Vee OTHER 

-40 to +85 -40to+ 125 v 
min. max. min. max. 

75 90 2.0 
15 18 4.5 RL=~;CL=50pF 

13 15 
ns 

6.0 (see Fig. 16) 
10 12 9.0 

240 235 2.0 
48 57 4.5 RL=1 kf2;CL=50pF 
41 48 

ns 6.0 (see Figs 17 and 18) 
35 42 9.0 

180 220 2.0 
36 44 ns 4.5 RL=1 kf2;CL=50pF 
31 38 6.0 (see Figs 17 and 18) 
28 33 9.0 

·- ···- ____ .. _____ 
-·-··- ... ........ ,, _______ -
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Quad bilateral switches J PC74HC/HCT4016 

SSI 

---

DC CHARACTERISTICS FOR 74HCT 

Voltages are referenced to Gl\lD (gruurni UV) 

~~- -~~~---- --- .. ~ - TEST~~~-;;-l~IONS 

1r -------I74
Hcr UNIT 

1 
~c~l v, 1 OTHER 

'---,-+25 _ -40t
0
0+85 -40to+125 I v I I 

I -- -l-- -
SYMBOL I PARAMETER 

I min.\ typ. I max. mm.1 max. mm. i max. \ 1 I J 
r~:---- HIG: l~v:::~~~t:-12~~-~L---~~ 1 ·-~~Ii~ ·1:0°·--!1-·-1-+------
t------+--- 1 -J .. ~2.+-- --

! 4.5 I 

:,',' :,::,,::::::,::::.,, l 1
1 
' ' :: :: :: I ::-j~:~~?ZI 

analog switch OFF-state 0 1 1 1 0 1 .O µA 5_5 or Vee_ GND 

-~- ____ ti - c---+--~ , ~;~~~I: 
±Is 

~-

±Is 

Note 

current per channel -+1 : _ __]_ __ __i______ VIL (see fig. ~7) 
I - I ··v;-~ IVs 1-::----

analog switch ON-state 0 1 1 0 µ.A 5.5 or Vee_ GND 

current 1 -·-· ----+--+-·--- _4_;:J~VJ~ILC (see Fig._BI 

1 

~ I Ve V;s~GNDor 
quiescent supply current 2.0 0 40 0 µA to I or Vee; V 0 s ~ 

5.5 Gl~D Vee or GND 

additional quiescent supply 
current per input pin for 
unit load coefficient is 1 
(note 1) 

"" :, 1=0 •oo j ,~- 1°: vff v ~:~~":;• ; 

1. The value of additional quiescent supply current (lllecl for a unit load of 1 is given here. 
To determine lllcc per input, multiply this value by the unit load coefficient shown in the table below. 

I I UNIT LOt'.D I 
j INPUT I COEFFICIENT I 

t~~=-1·, · 0~~=-==I 
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PC74HC/HCT 4016 

SSI 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

Tamb (°C) 

74HCT 

+25 -40 to +85 -40to+125 

min. typ. max. min. 

tPHLI propagation delay 6 12 
tPLH Vis to Vos 

tpzH 
turn "ON" time 17 35 

En to V0 s 

tpzL 
turn "ON" time 

25 52 
EntoV0 s 

tpHzl turn "OFF" time 
19 35 

tpLz En to Vos 

ADDITIONAL AC CHARACTERISTICS FOR 74HC/HCT 

Recommended conditions and typical values 

GND = 0 V; tr= tf = 6 ns 

SYMBOL PARAMETER 

sine·wave distortion 
f =1 kHz 

sine-wave distortion 
f = 10 kHz 

switch "OFF" signal 
feed-through 

crosstalk between 
any two switches 

crosstalk voltage between 

V(p-p) 
enable or address input 
to any switch 
(peak-to-peak value) 

fmax 
minimum frequency response 

(-3dB) 

Cs maximum switch capacitance 

Notes to AC characteristics 

General note 

typ. UNIT 

0.80 % 
0.40 % 

2.40 % 
1.20 % 

-50 dB 
-50 dB 

-60 dB 
-60 dB 

110 mV 
220 mV 

150 MHz 
160 MHz 

5 pF 

max. min. 

15 

44 

65 

44 

Vee 
v 

4.5 
9.0 

4.5 
9.0 

4.5 
9.0 

4.5 
9.0 

4.5 
9.0 

4.5 
9.0 

Vis is the input voltage at a Yn or Zn terminal, whichever is assigned as an input. 
Vos is the output voltage at a Yn or Zn terminal, whichever is assigned as an output. 

Notes 

1. Adjust input voltage Vis to 0 dBm level (0 dBm = 1 mW into 600 Sl). 

max. 

18 

53 

78 

53 

Vis(p-p) 
v 

4.0 
8.0 

4.0 
8.0 

note 1 

note 1 

note 2 

2. Adjust input' voltage Vis to 0 dBm level at Vos for 10 kHz (0 dBm= 1 mW into 50 n). 

... ''""'"' 19861 

TEST CONDITIONS 

UNIT Vee OTHER 
v 

ns 4.5 RL =~;CL= 50 pF 
(see Fig. 16) 

ns 4.5 RL = 1 kSl; CL= 50 pF 
(see Figs 17 ana 18) 

ns 4.5 RL = 1 kSl; CL= 50 pF 
(see Figs 17 and 18) 

ns 4.5 RL=1 kSl;CL=50pF 
(see Figs 17 and 18) 

CONDITIONS 

RL = 10 kSl; CL= 50 pF 
(see Fig. 14) 

RL = 10 kSl; CL= 50 pF 
(see Fig. 14) 

RL = 600 Sl; CL= 50 pF; 
f = 1 MHz (see Figs 10 and 15) 

RL=600Sl;CL=50pF; 
f = 1 MHz (see Fig. 12) 

RL =600 Sl; CL= 50 pF; 
f = 1 MHz (En, square wave 
between Vee and GND, 
tr= tf = 6 ns) (see Fig. 13) 

RL=50Sl;CL=10pF 
(see Figs 11 and 14) 



Quad bilateral switches J 
---

PC74HC/HCT4016 

SSI 

(dBi 

-50 

-100 
10 

(dB) 

-5 
10 

2 
10 2 

102 

)::71 
k'. 

/ 

10' 10• 

103 104 

k-: 
J."' 

105 

I'-

3 
~ 

10• 

7Z93945 

f(kHz) 

7293990 

f (kHz) 10• 

Fig. 10 Typical switch "OFF" signal 
feed-through as a function of frequency. 

Note to Figs 10 and 11 

Test conditions: 
Vcc=4.5V;GND=OV; 
RL = 50 O; Rsource = 1 kO. 

Fig. 11 Typical frequency response. 
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PC74HC/HCT4016 

SSI 

channel 
ON 

(a) 

Vee Vee 

t--~--GND 

Fig. 12 Test circuit for measuring crosstalk between any two switches. 
(a) channel ON condition; (b) channel OFF condition. 

692 

Fig. 13 Test circuit for measuring crosstalk between 
control and any switch. 

channel 

ON GND 

7Z93972 

Fig. 14 Test circuit for measuring sine-wave 
distortion and minimum frequency response. 

''""'"' 19861 

Note to Fig. 13 
The crosstalk is defined as follows 
(oscilloscope output): 

channel 

OFF GND 

7Z93973 

Fig. 15 Test circuit for measuring switch "OFF" 
signal feed-through. 



Quad bilateral switches J 
---

PC74HC/HCT4016 

SSI 

AC WAVEFORMS 

-- t1 -­

r--------.~--·- Vee 

GND 

50% 

Fig. 16 Waveforms showing the input (Visl to 
output (V 0s) propagation delays. 

90% 

En INPUT VMl11 L 
R 

10% 

_.... lPLZ --

V0 s OUTPUT % 

__ ,__ ___ 10% 

"""' PZH ---

90% 

V05 OUTPUT 

I 
50% 

switch _....,_ ___ --,-wi_"_h -_-_-_--'_ - switch 

7Z93307.2 "ON" "OFF" "ON" 

Fig. 17 Waveforms showing the turn-ON and 
turn-OFF times. 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vcc­
HCT: VM= 1.3V;V1 = GND to3V. 
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PC74HC/HCT4016 
SSI 

TEST CIRCUIT AND WAVEFORMS 

Conditions 

TEST SWITCH Vis 

tpzH GND Vee 
tpzL Vee GND 
tpHz GND Vee 
tPLZ Vee GND 
others open pulse 

7Z93974 

Fig. 18 Test circuit for measuring AC performance. 

694 

Definitions for Figs 18 and 19: 

load capacitance including jig and 
probe capacitance 
(see AC CHARACTERISTICS for 
values). 
termination resistance should be equal 
to the output impedance Zo of the 
pulse generator. 
tf = 6 ns; when measuring f max• there 
is no constraint on tr, tf with 50% 
duty factor. 

''"""" 19861 

'w 
AMPLITUDE 

NEGATIVE 
INPUT 
PULSE 

'"" ov 

AMPLITUDE 
POSITIVE 

90% 

INPUT 
PULSE 

ov 
'w 

7Z87476.3 

Fig. 19 Input pulse definitions. 

t.; tf 

FAMILY AMPLITUDE VM 
fmax: 

PULSE WIDTH 
OTHER 

74HC Vee 50% < 2 ns 6 ns 

74HCT 3.0V 1.3V < 2 ns 6 ns 



PC74HC/HCT4017 

MSI 

JOHNSON DECADE COUNTER WITH 10 DECODED OUTPUTS 

FEATURES 

• Output capability: standard 
• lcc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT4017 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the "4017" of the 
"40008" series. They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT4017 are 5-stage 
Johnson decade counters with 1 O decoded 
active HIGH outputs ( Oo to 09), an 
active LOW output from the most 
significant flip-flop ((15.9), active HIGH 
and active LOW clock inputs (CPo and 
CP1) and an overriding asynchronous 
master reset input (MR). 

The counter is advanced by either a 
LOW-to-HIGH transition at CPo while 
CJS1 is LOW or a HIGH-to-LOW 
transition at CF>1 while CPo is HIGH 
(see also function table). 

When cascading counters, the 05.9 
output, which is LOW while the counter 
is in states 5, 6, 7, 8 and 9, can be used 
to drive the CPo input of the next 
counter. 

A HIGH on MR resets the counter to zero 
(0o = i'.15.9 =HIGH; 01 to 09 = LOW) 
independent of the clock inputs (CPo and 
CP"1). 

Automatic code correction of the counter 
is provided by an internal circuit: 
following any illegal code the counter 
returns to a proper counting mode within 
11 clock pulses. 

Vee 

MR 

CPo 

4017 
0:5.9 

7Z93662 

Fig. 1 Pin configuration. 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH CPo. CP1 to On 

fmax maximum clock frequency 

c, input capacitance 

Cpo 
power dissipation 
capacitance per package 

GND=OV;Tamb =25°C;tr=tf=6ns 

Notes 

TYPICAL 
CONDITIONS 

HC HCT 

CL= 15pF 20 21 

Vee= 5 v 
77 67 

3.5 3.5 

notes 1 and 2 35 36 

1. CPD is used to determine the dynamic power dissipation (Po in µ.W): 

Po= Cpo x Vee' x fi + 1: (CL x Vee' x fol where: 

UNIT 

ns 

MHz 

pf 

pF 

fi = input frequency in MHz CL = output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
~ (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is Vi= GND to Vee 
For HCT the condition is Vi = GNb to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT4017P: 16-lead DIL; plastic (SOT·38Z). 
PC74HC/HCT4017T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. 

3, 2, 4, 7, 10, 
1, 5, 6, 9, 11 

8 

12 

13 

14 

15 

16 

13 

14 

15 

SYMBOL 

Oo to 09 

GND 

05.9 

Cl51 

CPo 

MR 

Vee 

MR 

oo 
01 

02 

03 

04 10 

o, 
oa 
o, 
oa 
09 11 

05_9 0-12 

7Z93863 

Fig. 2 Logic symbol. 

NAME AND FUNCTION 

decoded outputs 

ground (0 V) 

carry output (active LOW) 

clock input (HIGH-to-LOW, edge-triggered) 

clock input (LOW-to-HIGH, edge-triggered) 

master reset input (active HIGH) 

positive supply voltage 

CTROIV10/ 
DEC 

7Z9J654 

Fig. 3 I EC logic symbol. 
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PC74HC/HCT4017 

MSI 

13 EP, 
14 CPo 

15 MR 

7Z93665 

696 
''"""" 1986 l 

5- STAGE JOHNSON COUNTER 

DECODING AND OUTPUT CIRCUITRY 

7 10 1 

Fig. 4 Functional diagram. 

Fig. 5 Logic diagram. 

FUNCTION TABLE 

MR CPo CP1 

H x x 
L H + 
L t L 
L L x 
L x H 
L H t 
L + L 

H =HIGH voltage level 
L = LOW voltage level 
X = don't care 

·--
OPERATION 

Go= 05.9= H; 
01to09 = L 
counter advances 
counter advances 
no change 
no change 
no change 
no change 

t =LOW-to-HIGH clock transition 
+ = HIGH-to-LOW clock transition 

7Z93666 



Johnson decade counter with 10 decoded outputs 

CPolNPUT ~--­

CP1 INPUT _fl r-
MR INPUT 

o 0 OUTPUT ---; 

l'--~l--~l--~l--~l--~l--~+-~+-~+-~1 

01 OUTPUT 
r--. 

02 OUTPUT ___, 

03 OUTPUT 

1,----;1 
04 OUTPUT 

~~~~~~~~ 

I,.---, 
05 OUTPUT 

05 OUTPUT 

07 OUTPUT 

03 OUTPUT 
~~~~~~~~~-+~~~~~~ 

Og OUTPUT 
~~~~~~~~~-+~~~~~~~~ 

Q 5_g OUTPUT 

Fig. 6 Timing diagram. 

PC74HC/HCT4017 

MSI 

January 1986 697 



DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family .characteristics", section "Family specifications". 

Output capability: standard 
I CC category: MS I 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH CPo to On 

tPHLI propagat~n delay 
tPLH CPoto 05.9 

tPHLI propagation delay 
tPLH Cl'1 to On 

tPHLI propagation delay 
tPLH Cl'1to05.9 

propagation delay 
tPHL MR to01-9 

propagat_!En delay 
tpLH MR to 05.9. Oo 

tTHLI 
output transition time tTLH 

clock pulse width 
tw HIGH or LOW 

master reset pulse 
tw width; HIGH 

removal time 
trem MR to CPo. CP1 

set-up time 
tsu CP1 to CPo; 

CPo to a>1 

hold time 

th CPoto Cl'1; 
a>1 to CPo 

maximum clock pulse 
fmax frequency 

698 January 1986 

+25 

min. typ. max. 

63 230 
23 46 
18 39 

63 230 
23 46 
18 39 

61 250 
22 50 
18 43 

61 250 
22 50 
18 43 

55 230 
20 46 
16 39 

55 230 
20 46 
16 39 

19 75 
7 15 
6 13 

80 17 
16 6 
14 5 

80 19 
16 7 
14 6 

5 -17 
5 -6 
5 -5 

50 -8 
10 -3 
9 -2 

50 17 
10 6 
9 5 

6.0 23 
30 70 
25 83 

Tamb (oC) 

74HC 
UNIT Vee 

-40to +85 -40to+125 v 
min. max. min. max. 

290 345 2.0 
·58 69 ns 4.5 
49 59 6.0 

290 345 2.0 
58 69 ns 4.5 
49 59 6.0 

315 375 2.0 
63 75 ns 4.5 
54 64 6.0 

315 375 2.0 
63 75 ns 4.5 
54 64 6.0 

290 345 2.0 
58 69 ns 4.5 
49 59 6.0 

290 345 2.0 
58 69 ns 4.5 
49 59 6.0 

95 110 2.0 
19 22 ns 4.5 
16 19 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

5 5 2.0 
5 5 ns 4.5 
5 5 6.0 

65 75 2.0 
13 15 ns 4.5 
11 13 6.0 

65 75 2.0 
13 15 ns 4.5 
11 13 6.0 

4.8 4.0 2.0 
24 20 MHz 4.5 
28 24 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 9 

Fig. 9 

Fig. 9 

Fig. 9 

Fig. 8 

Fig. 8 

Fig. 9 

Fig. 8 

Fig. 8 

Fig. 8 

Fig. 7 

Fig. 7 

Fig. 8 



Johnson decade counter with 10 decoded outputs 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

PC74HC/HCT 4017 

MSI 

The value of additional quiescent supply current (ll lccl for a unit load of 1 is given in the family specifications. 
To determine fl Ice per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 
UNIT LOAD 
COEFFICIENT 

CP1 0.40 
CPo 0.25 
MR 0.50 

AC CHARACTERISTICS FOR 74HCT 

GND= OV;tr= tf =6 ns;CL = 50pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH CPo to On 

tPHLI propagation delay 
tPLH CPo to 05.9 

tPHLI P!£Pagation delay 
tPLH CP1 to On 

tPHLI propagat~n delay 
tPLH CP1 to 05.9 

tPHLI propagation delay 
tPLH MR too1_ 9 

tPLH 
propagation delay 

MR to 55.9, Oo 

tTHLI output transition time 
tTLH 

tw 
clock pulse width 

HIGH or LOW 

tw 
master reset pulse 

width; HIGH 

trem 
removal ti me 

MR to CPo. CP1 

set-up time 
tsu CP1 to CPo; 

CPo to CP1 

hold time 
th CPoto CP1; 

CP1 to CPo 

fmax 
maximum clock pulse 
frequency 

+25 

min. typ. 

25 

25 

25 

25 

22 

20 

7 

16 7 

16 4 

5 -5 

10 -3 

10 6 

30 61 

Tamb (°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to +85 -40to+125 v 
max. min. max. min. max. 

46 58 69 ns 4.5 Fig. 9 

46 58 69 ns 4.5 Fig. 9 

50 63 75 ns 4.5 Fig. 9 

50 63 75 ns 4.5 Fig. 9 

46 58 69 ns 4.5 Fig. 8 

46 58 69 ns 4.5 Fig. 8 

15 19 22 ns 4.5 Fig. 9 

20 24 ns 4.5 Fig. 8 

20 24 ns 4.5 Fig. 8 

5 5 ns 4.5 Fig. 8 

13 15 ns 4.5 Fig. 7 

13 15 ns 4.5 Fig. 7 

24 20 MHz 4.5 Fig. 8 
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';pe>74H€/HCT4017 

MSI l_. ---

700 

AC WAVEFORMS 

7Z93868 

Bil· 7 W~forms showing hold and set-up times for CPo to 
CP1 and CP1 to CPo. 

CPo INPUT 

MR INPUT 

a 1-a9 

OUTPUT 

Oo, 05_9 

OUTPUT 

-1/fmax-

-'w 

--'w­
.- trem 

-tw-

7Z93669 

!:!iJ. 8 Waveforms showing the minimum pulse widths for CPQ, 
CP1 and MR inputs; the recovery time for MR and the', 
propagation delays for MR to On and 05_9 outputs. 

Note to Figs 8 and 9 

Conditions: 
CP1 =LOW while CPo is triggered!!!! a LOW-to-HIGH 
transition and CPo =HIGH, while CP1 is triggered on a 
HIGH-to-LOW transition. 

January 1986 

CPo INPUT 

CP, INPUT 

a 1-a9 

OUTPUT 

7Z93883 

-tPHL-

-tPLH-

Fig. 9 Waveforms showing the propagation delays for CPo, 
Cl51 to On, 05.9 outputs and the output transition times. 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee· 
HCT: VM = 1.3 V; V1 = GND to 3 V. 



Johnson decade counter with 10 decoded outputs PC74HC/HCT4017 

MSI 

APPLICATION INFORMATION 

Some applications for the "4017" are: 

• Decade counter with decimal decoding 
• J out of n decoding counter (when cascaded) 
• Sequential controller 
• Timer 

first stage 

Note to Fig. 10 

It is essential not to enable the counter on CP1 
when CPo is HIGH, or on CPo when Ci51 is LOW, 
as this would cause an extra count. 

Figure 10 shows a technique for extending the number of 
decoded output states for the "4017". 
Decoded outputs are sequential within each stage and from 
stage to stage, with no dead time (except propagation delay). 

8 decoded 
outputs 

7Z93667 

intermediate stages last stage 

Fig. 10 Counter expansion 
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PC74HC/HCT4020 
MSI 

14-STAGE BINARY RIPPLE COUNTER 

FEATURES 

• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT4020 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the "4020" of the 
"4000B" series. They are specified in 
compliance with JE DEC standard no. 7. 

The 74HC/HCT4020 are 14-stage 
binary ripple counters with a clock input 
(CP), an overriding asynchronous master 
reset input (MR) and twelve fully 
buffered parallel outputs (Oo, 03 to 013). 

The counter is advanced on the HIGH-to­
LOW transition of CP. 
A HIGH on MR clears all counter stages 
and forces all outputs LOW, independent 
of the state of CP. 
Each counter stage is a static toggle 
flip-flop. 

•cc 

010 

a, 
4020 

03 CP 

7Z93380 

Fig. 1 Pin configuration. 

SYMBOL PARAMETER 

propagation delay 

tPHLI CP to Oo 
tpLH On to On+1 

MR to On 

fmax maximum clock frequency 

C1 input capacitance 

Cpo 
power dissipation 

capacitance per package 

GND = 0 V; Tamb = 25 'C; tr= tf = 6 ns 

Notes 

TYPICAL 
CONDITIONS 

HC HCT 

11 15 
CL=15pF 6 6 
Vee= 5 v 17 19 

101 52 

3.5 3.5 

notes 1 and 2 19 20 

1. CPD is used to determine the dynamic power dissipation (Po in µW): 

Po= CPD x Vee' x fi + i: (CL x Vee' x fol where: 

UNIT 

ns 
ns 
ns 

MHz 

pF 

pF 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
I: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT4020P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT4020T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

9, 7, 5, 4, 6, 
13, 12, 14, 15, Oo. 03 to 013 parallel outputs 
1, 2, 3 

8 GND ground (0 V) 

10 Cl' clock input (HIGH-to-LOW, edge-triggered) 

11 MR master reset input (active HIGH) 

16 Vee positive supply voltage 

CTR14 

10 

11 CT=O 

10 
CP CT=O 

13 

05 
CT 

11 12 
MR a, 14 

0 10 15 

a,, 
o,, 
0 13 

7293381 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT4020 
MS'f':··~ 

7Z93387 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS 

crs MR 

t L 
+ L 
x H 

H =HIGH voltage level 
L = LOW voltage level 
X = don't care 

OUTPUTS 

ao. 03 to 013 

no change 
count 

L 

t =LOW-to-HIGH clock transition 
+ =HIGH-to-LOW clock transition 

7Z93383 °1a 

Fig. 5 Logic diagram. 

1 2 4 8 16 32 64 128 256 512 1024 2048 4096 8192 16384 

CPINPUT LfliUU1JU1JUU1J1_[1_[1_fU1_[1_[1_[ 
MR INPUT --i__ 

OoOUTPUT _.s-L. L 1-l_ l_ LL 1-LL LL LL 
030UTPUT r-i_ 1-1-LL LL LL LL 
040UTPUT r-i_ LL LL LL LL L 
~~ 1-LLLLLLL 
o 6 ouTPUT LL LL LL L 
~~ LL LL LL 
050UTPUT L 1-LL L 
OgOUTPUT LL LL 
0100UTPUT LL L 
0 11 ouTPUT r-i_ L L 
012 OUTPUT 

013 OUTPUT 

704 January 1986 

7ZB3386 

Fig. 6 Timing diagram. 



14-stage binary ripple counter 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL~ 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH GP to Oo 

tPHLI propagation delay 
tPLH On to On+1 

propagation delay 
tPHL MR to On 

tTHLI output transition time 
tTLH 

clock pulse width 
tw HIGH 

master reset pulse width 
tw HIGH 

trem 
removal time 

MR to GP 

maximum clock pulse 
lmax frequency 

+25 

min. typ. 

39 
14 
11 

22 
8 
6 

55 
20 
16 

19 
7 
6 

80 14 
16 5 
14 4 

80 17 
16 6 
14 5 

50 6 
10 2 
9 2 

6.0 30 
30 92 
35 109 

Tamb (0 e) 

74He 
UNIT Vee 

-40to+85 -40 to +125 v 

max. min. max. min. max. 

140 175 210 2.0 
28 35 42 ns 4.5 
24 30 36 6.0 

75 95 110 2.0 
15 19 22 ns 4.5 
13 16 19 6.0 

170 215 225 2.0 
34 43 51 ns 4.5 
29 37 43 6.0 

75 95 110 2.0 
15 19 22 ns 4.5 
13 16 19 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

65 75 2.0 
13 15 ns 4.5 
11 13 6.0 

4.8 4.0 2.0 
24 20 MHz 4.5 
28 24 6.0 

PC74HC/HCT4020 
MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 7 

Fig. 7 

Fig. 8 

Fig. 7 

Fig. 7 

Fig. 8 

Fig. 8 

Fig. 7 



Pt:74HC/l-lcT4020 
MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (LI.Ice) for a unit load of 1 is given in the family specifications. 
To determine LI.Ice per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT UNIT LOAD 
COEFFICIENT 

CP 0.85 
MR 1.10 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= lf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

lPHLI propagation delay 
lPLH CP to Oo 

lPHLI propagation delay 
lPLH On to On+1 

lPHL 
propagation delay 

MR to On 

tTHLI output transition time 
lTLH 

tw 
clock pulse width 

HIGH 

tw 
master reset pulse width 

HIGH 

lrem 
removal time 

MR to CP 

fmax 
maximum clock pulse 

frequency 

706 ''""'"' 19861 

+25 

min. typ. 

18 

8 

22 

7 

20 7 

20 8 

10 2 

25 47 

Tamb (°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to+85 -40 to +125 v 
max. min. max. min. max. 

36 45 54 ns 4.5 Fig. 7 

15 19 22 ns 4.5 Fig. 7 

45 56 68 ns 4.5 Fig. 8 

15 19 22 ns 4.5 Fig. 7 

25 30 ns 4.5 Fig. 7 

25 30 ns 4.5 Fig. 8 

13 15 ns 4.5 Fig. 8 

20 17 MHz 4.5 Fig. 7 



14-stage binary ripple counter 

AC WAVEFORMS 

CP INPUT 

-- tw __ J__. tPLH--

On OUTPUT 

Fig. 7 Waveforms showing the clock (CP) to 
output IOnl propagation delays, the clock 
pulse width, the output transition times and the 
maximum clock frequency. 

Note to AC waveforms 

(1) HC: VM=50%;V1=GNDtoVcc­
HCT: VM = 1.3 V; V1 = GND to 3 V, 

PC74HC/HCT4020 
MSI 

MR INPUT 

GP INPUT 

On OUTPUT 

Fig. 8 Waveforms showing the master reset (MR) 
pulse width, the master reset to output (On) 
propagation delays and the master reset to clock 
(CP) removal time. 
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PC7 4HC/HCT 4024 

MSI 

7-STAGE BINARY RIPPLE COUNTER 

FEATURES 

• Output capability: standard 
• •cc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT4024 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the "4024" of the 
"4000B" series. They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT4024 are 7-stage 
binary ripple counters with a clock input 
(CP). an overriding asynchronous master 
reset input (MR) and seven fully 
buffered parallel outputs (no to 0£). 
The counter advances on the HIGH-to­
LOW transition of CP. 

A HIGH on MR clears all counter stages 
and forces all outputs LOW, independent 
of the state of CP. 

Each counter stage is a static toggle 
flip-flop. 

APPLICATIONS 

• Frequency dividing circuits 
• Time delay circuits 

4024 

Fig. 1 Pin configuration. 

SYMBOL PARAMETER 

tpHL/ propagation delay 
tPLH Cl'to n0 

fmax maximum clock frequency 

C1 input capacitance 

Cpo 
power dissipation 
capacitance per package 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

TYPICAL 
CONDITIONS 

HC HCT 

CL=15pF 14 14 
Vee= 5 v 

90 70 

3.5 3.5 

notes 1 and 2 25 27 

1. Cpo is used to determine the dynamic power dissipation (PD in µW): 

Po= Cpo x Vee' x fi + ~ (CL x Vee' x fol where: 

UNIT 

ns 

MHz 

pF 

pF 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
L (CL x V cc' x f0 ) = sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT4024P: 14-lead DI L; plastic (SOT-27). 
PC74HC/HCT4024T: 14-lead mini-pack; plastic (50-14; SOT-108A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 CP clock input (HIGH-to-LOW, edge-triggered) 

2 MR master reset input (active HIGH) 

12, 11, 9, 6, n0 to n6 parallel outputs 
5,4,3 

7 GND ground (0 V) 

8, 10, 13 n.c. not connected 
14 Vee positive supply voltage 

CTR7 
12 

ao~12 11 

1~ CP a1~11 

0 21-- 9 
CT.,O 

o, 1-- 6 CT 3 

2- MR 04t--s 
05 t-- 4 

06 t-- 3 

7293873 7Z93872 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCT4024 

MSI 

7-STAGE COUNTER 

7Z93875 
12 11 

Fig. 4 Functional diagram. 

710 January 1986 

FUNCTION TABLE 

INPUTS 

CP MR 

t L 
,f L 
x H 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 

OUTPUTS 

On 

no change 
count 

L 

t = LOW-to-HIGH clock transition 
,f =HIGH-to-LOW clock transition 

Fig. 5 Logic diagram. 



7-stage binary ripple counter 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tpLH CP to Oo 

propagation delay 
tPHL MR to Oo 

tPHLI propagation delay 
tPLH On to On+1 

tTHLI output transition time 
tTLH 

clock pulse width 
tw HIGH or LOW 

master reset pulse width 
tw HIGH 

removal time 
trem MR to CP 

maximum clock pulse 
lmax frequency 

/ 

+25 

min. typ. 

47 
17 
14 

63 
23 
18 

25 
9 
7 

19 
7 
6 

80 17 
16 6 
14 5 

80 22 
16 8 
14 6 

50 6 
10 2 
9 2 

6 27 
30 82 
35 98 

L 
Tamb (°Cl 

74HC 
UNIT Vee 

-40to +85 -40to+125 v 
max. min. max. min. max. 

175 220 265 2.0 
35 44 53 ns· 4.5 
30 37 45 6.0 

200 250 300 2.0 
40 50 60 ns 4.5 
34 43 51 6.0 

80 100 120 2.0 
16 20 24 ns 4.5 
14 17 20 6.0 

75 95 110 2.0 
15 19 22 ns 4.5 
13 16 19 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

65 75 2.0 
13 15 ns 4.5 
11 13 6.0 

4.8 4.0 2.0 
24 20 MHz 4.5 
28 24 6.0 

PC74HC/HCT 4024 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 6 

Fig. 6 

Fig. 6 

Fig. 6 

Fig. 6 

Fig. 6 

Fig. 6 
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PC7 4HC/HCT 4024 

MSI 

DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (I'> I cc) for a unit load of 1 is given in the family specifications. 
To determine i'> Ice per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 
UNIT LOAD 
COEFFICIENT 

CP 0.75 
MR 0.85 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tpHL/ propagation delay 
tPLH CPto Oo 

tPHL 
propagation delay 

MR to Oo 

tpHL/ propagation delay 
tPLH On to On+1 

tTHL/ output transition time 
tnH 

tw 
clock pulse width 

HIGH or LOW 

tw 
master reset pulse width 

HIGH 

trem 
removal time 

MR to CP 

fmax 
maximum clock pulse 

frequency 

712 ''"""' 19861 

+25 

min. typ. 

17 

21 

9 

7 

16 9 

16 6 

10 0 

30 64 

Tamb (°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to +85 -40to+125 v 
max. min. max. min. max. 

35 44 53 ns 4.5 Fig. 6 

40 50 60 ns 4.5 Fig. 6 

16 20 24 ns 4.5 Fig. 6 

15 19 22 ns 4.5 Fig. 6 

20 24 ns 4.5 Fig. 6 

20 24 ns 4.5 Fig. 6 

13 15 ns 4.5 Fig. 6 

24 20 MHz 4.5 Fig. 6 



7-stage binary ripple counter 

AC WAVEFORMS 

a 0 or On 

OUTPUT 

7Z93B76 

.......__.... tw - ---1/fmax----------1 
.-trem 

r yMlll ~ ~tTHL 
Fig. 6 Waveforms showing the clock (eP) to output IOnl 
propagation delays, the clock pulse width, the output 
transition times and the maximum clock frequency. 

Also showing the master reset (MR) pulse width, the 
master reset to output (Onl propagation delays and the 
master reset to clock (GP) removal time. 

PC74HC/HCT4024 

MSI 

Note to AC waveforms 

(1) He : VM = 50%; Vi= GND to Vee· 
HeT: VM = 1.3V; V1 = GND to 3V. 
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PC74HC/HCT4040 

MSI 

12-STAGE BINARY RIPPLE COUNTER 

FEATURES 

• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT4040 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the "4040" of the 
"40008" series. They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT4040 are 12-stage 
binary ripple counters with a clock input 
(CP). an overriding asynchronous master 
reset input (MR) and twelve parallel 
outputs (Oo to 0 11 ). 

The counter is advances on the HIGH-to­
LOW transition of CP. 

A HIGH on MR clears all counter stages 
and forces all outputs LOW, independent 
of the state of CP. 

Each counter stage is a static toggle 
flip-flop. 

APPLICATIONS 

• Frequency dividing circuits 
• Time delay circuits 
• Control counters 

010 

4040 

CP 

7Z93B77 

Fig. 1 Pin configuration. 

-- -i TYPICAL 

,_;_;_~·-~_:_O_L_-r-_:_~-~-~_;_;~~~'''' :~:~::_ ~~~ 1~ ;:· t ;n 
f max maximum clock frequency 90 70 MHz 

f----:-~-D __ ____,_~n_o_Pw_u_~r-c:-~-s:-~~;~:: --+-notes 1 and _2 __ 1-~ __ -_0_~_1;.l:-
capacitance per package . _ 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation !Po in µW): 

Po= Cpo x Vee' x fi + L (CL x Vee' x f0 ) where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
:1: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT4040P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT4040T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

8 GND ground (0 V) 
9, 7, 6, 5, 3, 
2, 4, 13, 12, Oo to 011 parallel outputs 
14, 15, 1 

10 CP clock input (HIGH-to-LOW, edge-triggered) 

11 MR master reset input (active HIGH) 

16 Vee positive supply voltage --
01 10 

11 
CT=O 

10-0 CP 

CT 

11 MR 13 

12 

14 

15 

o11 

7293878 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 



i:l074Hf:/HCT 4040 
MSt· 

7Z93880 

12-STAGE COUNTER 

9 13 12 14 15 1 

Fig. 4 Functional diagram. 

Q 

FF 
12 

Ro 

MR ">a--__,_-+--_.__-+-_ - - ___ _j 

a, 

Fig. 5 Logic diagram. 
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FUNCTION TABLE 

INPUTS 

CP MR 

t L 
t L 
x H 

H =HIGH voltage level 
L = LOW voltage level 
X =don't care 

OUTPUTS 

On 

no change 
count 

L 

t =LOW-to-HIGH clock transition 
t =HIGH-to-LOW clock transition 



12-stage binary ripple counter 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
I CC category: MS I 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf =6 ns; CL= 50 pf 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH CPto ao 

tPHLI propagation delay 
tPLH On to On+1 

propagation delay 
tPHL MR to On 

tTHLI output transition ti me 
tTLH 

clock pulse width 
tw HIGH or LOW 

master reset pulse 
tw width; HIGH 

removal time 
trem MR to GP 

maximum clock pulse 
fmax frequency 

+25 

min. typ. 

47 
17 
14 

28 
10 
8 

61 
22 
18 

19 
7 
6 

BO 14 
16 5 
14 4 

80 22 
16 8 
14 6 

50 8 
10 3 
9 2 

6.0 27 
30 82 
35 98 

Tamb (oC) 

74HC 
UNIT Vee 

-40to+85 -40to+125 v 
max. min. max. min. max. 

150 190 225 2.0 
30 38 45 ns 4.5 
26 33 38 6.0 

100 125 150 2.0 
20 25 30 ns 4.5 
17 21 26 6.0 

185 230 280 2.0 
37 46 56 ns 4.5 
31 39 48 6.0 

75 95 110 2.0 
15 19 22 ns 4.5 
13 16 19 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

65 75 2.0 
13 15 ns 4.5 
11 13 6.0 

4.8 4.0 2.0 
24 20 MHz 4.5 
28 24 6.0 

P&74KefHCT4l>40 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 6 

Fig. 6 

Fig. 6 

Fig. 6 

Fig. 6 

Fig. 6 

Fig. 6 



(~21tWl.~~J.~o~p 
MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
tee category: MSI 

Note to HCT types 
The value of additional quiescent supply current (II tee) for a unit load of 1 is given in the family specifications. 
To determine Ill cc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT UNIT LOAD 
COEFFICIENT 

CP 0.85 
MR 1.10 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

Tamb (°C) TEST CONDITIONS 

74HCT 
SYMBOL PARAMETER UNIT Vee WAVEFORMS 

+25 -40to +85 -40to+125 v 
min. typ. max. min. max. min. max. 

tPHLI propagation delay 
19 40 50 60 ns 4.5 Fig. 6 

tPLH CP to Oo 

tPHLI propagation delay 
10 20 25 30 ns 4.5 Fig. 6 

tPLH On to On+1 

tPHL 
propagation delay 23 45 56 68 ns 4.5 Fig. 6 

MR to On 

tTHLI output transition time 7 15 19 22. ns 4.5 Fig. 6 
tTLH 

tw 
clock pulse width 

16 7 20 24 ns 4.5 Fig. 6 HIGH or LOW 

tw 
master reset pulse 

16 6 20 24 ns 4.5 Fig. 6 width; HIGH 

trem 
removal time 10 2 

MR to CP 
13 15 ns 4.5 Fig. 6 

fmax 
maximum clock pulse 

30 72 24 20 MHz 4.5 Fig. 6 
frequency 



12-stage binary ripple counter 

AC WAVEFORMS 

MR INPUT VMlll 

C'P INPUT 

Go or On 

OUTPUT 

7293882 

-tw- -1/fmax-
-1rem 

•

-
1PHL l'PLH 

"""'"'°""'4.---_; - 1TLH r VM(l) ~ :.1THL 

Fig. 6 Waveforms showing the clock (CP) to output (Qn) 
propagation delays, the clock pulse width, the output 
transition times and the maximum clock pulse frequency. 

Also showing the master reset (MR) pulse width, the 
master reset to output (Qn) propagation delays and the 
master reset to clock (CP) removal time. 

PC74HC/HCT4040 

MSI 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee· 
HCT: VM = 1.3 V; V1 = GND to 3 V. 
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PHASE-LOCKED-LOOP WITH VCO 

FEATURES 

• Low power consumption 
• Centre frequency of up to 

17 MHz (typ.) at Vee= 4.5 V 
• Choice of three phase comparators: 

EXCLUSIVE-OR; 
edge-triggered JK flip-flop; 
edge-triggered RS flip-flop 

• Excellent VCO frequency linearity 
• VCO-inhibit control for ON/OFF 

keying and for low standby 
power consumption 

• Minimal frequency drift 

SYMBOL PARAMETER 

fa VCO centre frequency 

C1 input capacitance (pin 5) 

Cpo 
power dissipation 

capacitance per package 

GND = 0 V; Tamb = 25 °C 

CONDITIONS 

Cl = 40 pF 
R1 = 3 k.\2 
Vee= 5 v 

note 1 

PC74HC/HCT4046A 

MSI 

TYPICAL 
UNIT 

HC HCT 

18 18 MHz 

3.5 3.5 pF 

38 39 pf 

• Operating power supply voltage 
range: Note 1 
VCO section 3.0 to 6.0 V 
digital section 2.0 to 6.0 V 

• Zero voltage offset due to op-amp 

buffering 
• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT4046A are high-speed 
Si-gate CMOS devices and are pin 
compatible with the "4046" of the 
"40008" series. They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT4046A are phase-locked­
loop circuits that comprise a linear 
voltage-controlled oscillator (VCO) and 
three different phase comparators (PC1, 
PC2 and PC3) with a common signal input 
amplifier and a common comparator input. 

Vee 

PC3ouT 

SIGIN 

PC2our 
4046A 

R2 

DEMour 

7Z96023 

Fig. 1 Pin configuration. 

Applies to phase comparator section only (VCO disabled). 
For power dissipation of VCO and demodulator sections 
see Figs 22, 23 and 24. 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT4046AP: 16-lead OIL; plastic (SOT-382). 
PC74HC/HCT4046AT: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

APPLICATIONS 

The signal input can be directly coupled • FM modulation and demodulation 
to large voltage signals, or indirectly 
coupled (with a series capacitor) to small 
voltage signals. A self-bias input circuit 
keeps small voltage signals within the linear 
region of the input amplifiers. With a 
passive low-pass filter, the "4046A" forms 
a second-order loop PLL. The excellent 
VCO linearity is achieved by the use of 
linear op-amp techniques. 

(continued on next page) 

PClouT 
COMP1N 

PC3ouT 15 
f3 

PC2our 13 
14 SIG1N 

PCP our 

e1A 
e1 8 

vcoour 
11 R1 

VeO 
12 R2 

DEMouT 10 
VCOIN 

INH 

• Frequency synthesis and 
multiplication 

• Frequency discrimination 
• Tone decoding 
• Data synchronization and 

conditioning 
• Voltage-to-frequency conversion 
• Motor-speed control 

<!> 
Pll 

4046A PCOI 
14 

S!GN PCOll 
13 

COMP PCOlll 
15 

ex PP 

ex 

RX n 10 
RX 
veo veo #4 

5# 
INH 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 

(''"""" 1986 
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PC74HC/HCT4046A 

MSI 

PIN DESCRIPTION 

PINNO. SYMBOL 

1 PCPouT 
2 PC1ouT 
3 COMP1N 
4 VCOouT 
5 INH 

6 C1A 
7 C1s 
8 GND 

9 VC01N 
10 DEMouT 
11 R1 
12 R2 
13 PC2ouT 
14 SIG1N 
15 PC3ouT 
16 Vee 

C1 

"' 
DEMour INH vco,N 
10 5 

•• 

l_· --------

NAME AND FUNCTION 

phase comparator pulse output 

phase comparator 1 output 

comparator input 

VCO output 

inhibit input 

capacitor C1 connection A 

capacitor C1 connection B 

ground (0 V) 

VCO input 

demodulator output 

resistor R 1 connection 

resistor R2 connection 

phase comparator 2 output 

signal input 

phase comparator 3 output 

positive supply voltage 

PHASE 
COMPARATOR 

1 

PHASE 
COMPARATOR 

3 

PHASE 
COMPARATOR 

2 

7Z81026 

GENERAL DESCRIPTION (Cont'd) 
vco 
The VCO requires one external capacitor 
C1 (between C1 A and C1 sl and one 
external resistor R 1 (between Fl 1 and 
GND) or two external resistors R1 and R2 
(between R1 and GND, and R2 and GND). 
Resistor R1 and capacitor C1 determine· 
the frequency range of the VCO. Resistor 
R2 enables the VCO to have a frequency 
offset if required. 

The high input impedancie of the VCO 
simplifies the design of low-pass filters by 
giving the designer a wide choice of 
resistor/capacitor ranges. In order not to 
load the low-pass filter, a demodulator 
output of the VCO input voltage Is 
provided at pin 10 (DEMouT>· In contrast 
to conventional techniques where the 
DEMouT voltage is one threshold voltage 
lower than the VCO input voltage, here 
the DEMouT voltage equals that of the 
VCO input. If DEMouT is used, a load 
resistor (Rs) should be connected from 
DEMouT to GND; if unused, DEMouT 
should be left open. The VCO output 
(VCOouT> can be connected directly to 
the comparator input (COMP1N), or 
connected via a frequency-divider. The 
VCO output signal has a guaranteed duty 
factor of 50%. A LOW level at the inhibit 
input (INH) enables the VCO and 
demodulator, while a HIGH level turns 
both off to minimize standby power 
consumption. 

PhMe comparators 

The signal input (SIG1N) can be directly 
coupled to the self-biasing amplifier at 
pin 14, provided that the signal swing is 
between the standard HC family input 
logic levels. Capacitive coupling ls required 
for signals with smaller swings. 

Phase comparator 1 (PC1) 

This is an EXCLUSIVE-OR network. The 
signal and comparator input frequencies 
(fi) must have a 50% duty factor to obtain 
the maximum locking range. The transfer 
characteristic of PC1, assuming ripple · 
(fr= 2fi) is suppressed, is: 

VoeMOuT • ~(;ls1G1N - i/tcOMPINl 

where VoEMOUT is the demodulator 
outputat pin 1 O; 
VoeMOUT • Vpc10uT (via low-pass · 
filter). 
The average output voltage from PC1 , fed 
to the VCO Input via the low-Jiass filter 
and seen at the demodulator output at 
pin 10 (VoEMOUT), is the resultant of 

Fig. 4 Functional diagram. the phase differences of signals (SIG1N) 
and the comparator input (COMP1N) as 
shown in Fig. 6. The average of VoEMOUT 
is equal to 1 /2 V cc when there is no signal 

722 J'"'""' 19861 



Phase-locked-loop with VCO 

Cl 

CP 

'\' 

!NH VCOIN 

or noise at SIG1N and with this input the 
VCO oscillates at the centre frequency (f0 ). 

Typical waveforms for the PC1 loop locked 
atf0 areshown in Fig. 7. 

The frequency capture range (2fcl is 
defined as the frequency range of input 
signals on which the PLL will lock if it was 
initially out-of-lock. The frequency lock 
range (2fL) is defined as the frequency 
range of input signals on which the loop 
will stay locked if it was initially in lock. 
The capture range is smaller or equal to 
the lock range. 

With PC1, the capture range depends on 
the low-pass filter characteristics and can 
be made as large as the lock range. 
This configuration retains lock even with 
very noisy input signals. Typical behaviour 
of this type of phase comparator is that it 
can lock to input frequencies close to the 
harmonics of the VCO centre frequency. 

Fig. 5 Logic diagram. 

7Z96027 
Vee -------~ 

VDEMOUT (AV} 

112 Vee 

a~----<-----< 
ao 900 0oEMOUT 1800 

Fig. 6 Phase comparator 1: average 

output voltage versus input phase 

difference: 

VoEMOUT = Vpc1 OUT= 

~(if>slGIN - ¢COMPINl 

¢DEMOUT = (¢SIGIN - ¢COMPIN). 

COMPrN 

vcoaur 

PC1ouT 

PClouT 2 

PC3ouT 15 

PC 2ouT 13 

GND 

1_ 

PC74HC/HCT4046A 

MSI 

' 
' ' ' I 

' ' I I 
I I 
I I 
>I 

'' '' I> 
I' 

'' '' ,, ,, 

"' ,, ,, 
" ,1 

\\ R3 
,. ... -~.• 

-Vee 
~ 

-GND 

Fig. 7 Typical waveforms for PLL using 

phase comparator 1, loop locked at f 0 . 
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GENERAL DESCRIPTION (Cont'd) 

Phase comparators (Cont'd) 

Phase comparator 2 (PC2) 

This is a positive edge-triggered phase and 
frequency detector. When the PLL is 
using this comparator, the loop is 
controlled by positive signal transitions 
and the duty factors of SIG\N and 
COMP1 N are not important. PC2 
comprises two D-type flip-flops, 
control-gating and a 3-state output stage. 
The circuit functions as an up-down 
counter (Fig. 5) where SIG\N causes an 
up-count and COMP\N a down-count. 
The transfer function of PC2, assuming 
ripple (fr= fi) is suppressed, is: 

VDEMOUT = W!<t>s1G1N - <l>COMPJN) 

where VoEMOUT is the demodulator 
output at pin 10; 
VoEMOUT = Vpc2ouT (via low-pass 
filter). 

Yee 

VDEMOUT (AV) 

112 Vee 

The average output voltage from PC2, fed 
to the VCO via the low-pass filter and seen 
at the demodulator output at pin 10 
(VoEMOUTL is the resultant of the phase 
differences of SIGJN and COMPJN as 
shown in Fig. 8. Typical waveforms for the 
PC2 loop locked at f0 are shown in Fig. 9. 

When the frequencies of SIG1N and 
COMP\N are equal but the phase of SIGJN 
leads that of COMP\N· the p-type output 
driver at PC2ouT is held "ON" for a time 
corresponding to the phase difference 
(¢DEMOUT). When the phase of SIG\N 
lags that of COMP JN. the n·type driver is 
held "ON". 

When the frequency of SIGJN is higher 
than that of COMP\ N. the p-type output 
driver is held "ON" for most of the input 
signal cycle time, and for the remainder of 
the cycle both n and p- type drivers are 
"OFF" (3-state). If the SIG\N frequency 
is lower than the COMP\ N frequency, then 
it is the n-type driver that is held "ON" 
for most of the cycle. Subsequently, the 

7Z96029 

voltage at the capacitor ( C2) of the 
low-pass filter connected to PC2ouT 
varies until the signal and comparator 
inputs are equal in both phase and 
frequency. At this stable point the voltage 
on C2 remains constant as the PC2 output 
is in 3-state and the VCO input at pin 9 is 
a high impedance. Also in this condition, 
the signal at the phase comparator pulse 
output (PCPouT) is a HIGH level and so 
can be used for indicating a locked 
condition. 

Thus, for PC2, no phase difference exists 
between SIGJN and COMPJN over the full 
frequency range of the VCO. Moreover, 
the power dissipation due to the low-pass 
filter is reduced because both p and n-type 
drivers are "OFF" for most of the signal 
input cycle. It should be noted that the 
PLL lock range for this type of phase 
comparator is equal to the capture range 
and is independent of the low-pass filter. 
With no signal present at SIG\N the VCO 
adjusts, via PC2, to its lowest frequency. 

Sl_ ___ _fl_ ___ _n_ 
COMP IN 

vcoour 

PC2ouT 

__J[_ ___ 1l__ ___ J[__ 

___fL----------------~ Yee 

/---high impedance OFF-state GND 

VC01N _,,,,---------------..........__, 

0 ~----~----_, 

PCPour u-----------u-:0so30 -360° o0 +360° 
BDEMOUT 

Fig. 8 Phase comparator 2: average output voltage 
versus input phase difference: 

VDEMOUT = Vpc2ouT = 

~(¢sJGIN - <l>COMP\Nl 

¢DEMOUT = (<f>SJGIN - ¢COMP\N). 

''°""Y 19861 

Fig. 9 Typical waveforms for PLL using phase 
comparator 2, loop locked at f0 . 
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MSI 

Phase comparator 3 (PC3) 

This is a positive edge-triggered sequential 
phase detector using an RS-type flip-flop. 
When the PLL is using this comparator, 
the loop is controlled by positive signal 
transitions and the duty factors of SIG IN 
and COMP1N are not important. The 
transfer characteristic of PC3, assuming 
ripple (fr= fi) is suppressed, is: 

VDEMOUT = ~(¢slGIN - <l>COMPIN) 

where VoEMOUT is the demodulator 
output at pin 1 O; 
VoEMOUT = Vpc30UT (via low-pass 
filter). 

The average output from PC3, fed to the VCO 
via the low-pass filter and seen at the demod­
ulator output at pin 10 (VoEMOUTL is 
the resultant of the phase differences of 
SIG1N and COMP1N as shown in Fig. 10. 
Typical waveforms for the PC3 loop 
locked at 10 are shown in Fig. 11. 

The phase-to-output response 
characteristic of PC3 (Fig. 10) differs from 
that of PC2 in that the phase angle 
between SIG1N and COMP1N varies 
between 0° and 360° and is 180° at the 
centre frequency. Also PC3 gives a greater 
voltage swing than PC2 for input phase 
differences but as a consequence the ripple 

7296031 
Vee -------

VoEMOUT (AV) 

112vcc 

0 "------i------j 
00 180° 360° 

.0oEMOUT 

COMP1N 

vcoour 

PC3our 

content of the VCO input signal is higher. 
With no signal present at SIG1N the VCO 
adjusts, via PC3, to its highest frequency. 

-GND 
7Z96032 

Fig. 10 Phase comparator 3: average output voltage 
versus input phase difference: 

VoEMOUT = Vpc30UT = 

Fig. 11 Typical waveforms for PLL using phase 
comparator 3, loop locked at f 0 . 

~(¢slGIN - <l>COMPIN) 

<l>DEMOUT = (<l>SIGIN - <l>COMPIN). 
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~d74HC/l.fCt4046A 
MSI l_. ---

RECOMMENDED OPERATING CONDITIONS FOR 74HC/HCT 

74HC 74HCT 
SYMBOL PARAMETER UNIT CONDITIONS 

min. typ. max. min. typ. max. 

Vee DC supply voltage 3.0 5.0 6.0 4.5 5.0 5.5 v 

Vee 
DC supply voltage if 

2.0 5.0 6.0 4.5 5.0 5.5 v VCO section is not used 

V1 DC input voltage range 0 Vee 0 Vee v 

Vo DC output voltage range 0 Vee 0 Vee v 

Tamb operating ambient temperature range -40 +85 -40 +85 ·c see DC and AC 

Tamb operating ambient temperature range -40 +125 -40 +125 ·c CHARACTERISTICS 

1000 Vee= 2.0 v 
tr, t1 input rise and fall times !pin 5) 6.0 500 6.0 500 ns Vcc=4.5V 

400 Vcc=6.ov 

RATINGS 
Limiting values in accordance with the Absolute Maximum System 11 EC 134) 

Voltages are referenced to GND !ground= 0 V) 

SYMBOL PARAMETER MIN. MAX. UNIT CONDITIONS 

Vee DC supply voltage -0.5 +7 v 

±l1K I 
DC input diode current 

20 mA for V1 < -0.5 V or Vi> Vee+ 0.5 V 
except C1A, C1 B 

±l1K 
DC input diode current 

10 mA for V1 < -0.5 Vor Vt> Vee +0.5 V 
C1A, C1s 

±loK DC output diode current 20 mA for Vo< -0.5 v or Vo> Vee+ 0.5 v 

±to 
I DC output source or sink 

~nt 
25 mA for -0.5 v <Vo< Vee+ o.5 v 

±Ice; DC Vee or GND current 50 mA 
±IGND 

Tstg storage temperature range -65 +150 ·c 

power dissipation per package for temperature range: - 40 to + 125 °C 
74HC/HCT 

I 
Ptot plastic DI L 500 mW above +70 °C: derate linearly with 8 mW/K 

plastic mini-pack ISO) 400 mW above +70 °C: derate linearly with 6 mW/K 

12• J'"""Y ····I 



Phase-locked-loop with VCO J 
---

DC CHARACTERISTICS FOR 74HC 

Quiescent supply current 

Voltages are referenced to GND (ground= 0 V) 

SYMBOL PARAMETER 

min. 

quiescent supply current 
Ice (VCO disabled) 

Phase comparator section 

Voltages are referenced to GND (ground= 0 V) 

SYMBOL PARAMETER 

min. 

DC coupled 1.5 
V1H HIGH level input voltage 3.15 

SIG1N, COMP1N 4.2 

DC coupled 
V1L LOW level input voltage 

SIG1N, COMP1N 

HIGH level output voltage 1.9 
VoH PCPouT, PCnOUT 

4.4 
5.9 

HIGH level output voltage 3.98 
VoH PCPour. PCnOUT 5.48 

LOW level output voltage 
Vol PCPour. PCnoUT 

LOW level output voltage 
Vol PCPour. PCnoUT 

input leakage current 
±11 

SIGIN• COMP1N 

3-state 
±loz OFF-state current 

PC2ouT 

input resistance 
R1 SIGIN• COMP1N 

+25 

typ. 

+25 

typ. 

1.2 
2.4 
3.2 

0.8 
2.1 
2.8 

2.0 
4.5 
6.0 

4.32 
5.81 

0 
0 
0 

0.15 
0,.16 

800 
250 
150 

Tamb (OC) 

74HC 
UNIT Vee 

-40 to +85 -40to+125 v 
max. min. max. min. max. 

8.0 80.0 160.0 µA 6.0 

Tamb (°C) 

74HC 
UNIT Vee 

-40 to +85 -40to+125 v 

max. min. max. min. max. 

1.5 1.5 2.0 
3.15 3.15 v 4.5 
4.2 4.2 6.0 

0.5 0.5 0.5 2.0 
1.35 1.35 1.35 v 4.5 
1.8 1.8 1.8 6.0 

1.9 1.9 2.0 
4.4 4.4 v 4.5 
5.9 5.9 6.0 

3.84 3.7 4.5 
5.34 5.2 v 6.0 

0.1 0.1 0.1 2.0 
0.1 0.1 0.1 v 4.5 
0.1 0.1 0.1 6.0 

0.26 0.33 0.4 4.5 
0.26 0.33 0.4 

v 6.0 

3.0 4.0 5.0 2.0 
7.0 9.0 11.0 3.0 
18.0 23.0 27.0 

µA 
4.5 

30.0 38.0 45.0 6.0 

0.5 5.0 10.0 µA 6.0 

3.0 
kn 4.5 

6.0 

PC74HC/HCT4046A 

MSI 

TEST CONDITIONS 

OTHER 

pins 3, 5, and 14 at Vee; 
pin 9 at GND; 11 at pins 
3 and 14 to be excluded 

TEST CONDITIONS 

V1 OTHER 

V1H -lo= 20µA 
or -lo =20µA 
V1L -lo=20µA 

V1H -lo =4.0 mA or -lo= 5.2 mA 
V1L 

V1H IQ= 20µA 
or lo =20µA 
V1L IQ =20µA 

V1H lo=4.0mA or 10 =5.2 mA 
V1L 

Vee 
or 
GND 

V1H v0 =Vee or or GND 
V1L 

V1 at self-bias operating 
point; 6 V1 = 0.5 V; 
see Figs 12, 13 and 14 
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PC74HC/HCT4046A 

MSI 

DC CHARACTERISTICS FOR 74HC (Cont'd) 

VCOsection 

Voltages are referenced to GND (ground= 0 V) 

SYMBOL PARAMETER 
+25 

min. typ. 

HIGH level 2.1 1.2 
V1H input voltage 3.15 2.4 

INH 4.2 3.2 

LOW level 0.8 
V1L input voltage 2.1 

INH 2.8 

HIGH level 2.9 3.0 
VoH output voltage 4.4 4.5 

VCOouT 5.9 6.0 

'HIGH level 
3.98 4.32 

VoH output voltage 
veoouT 

5.48 5.81 

LOW level 0 
Vol output voltage 0 

veoouT 0 

LOW level 
0.15 

Vol output voltage 
veoouT 

0.16 

LOW level output 
Vol voltage e1A, e1g 

(test purposes only) 

input leakage current 
±11 INH, Ve01N 

3.0 
R1 resistor range 3.0 

3.0 

3.0 
R2 resistor range 3.0 

3.0 

40 
e1 capacitor range 40 

40 

operating voltage 0.9 
VveOIN 0.9 range at veo1N 0.9 

Notes 

Tamb (°CI 

74HC 

-40to +85 

max. min. max. 

2.1 
3.15 
4.2 

0.9 0.9 
1.35 1.35 
1.8 1.8 

2.9 
4.4 
5.9 

3.84 
5.34 

0.1 0.1 
0.1 0.1 
0.1 0.1 

0.26 0.33 
0.26 0.33 

0.40 0.47 
0.40 0.47 

0.1 1.0 

300 
300 
300 

300 
300 
300 

no 
limit 

1.9 
3.2 
4.6 

1. The parallel value of R1 and R2 should be more than 2.7 kSl. 

TEST CONDITIONS 

UNIT Vee V1 OTHER 
-40to+125 v 

min. max. 

2.1 3.0 
3.15 v 4.5 
4.2 6.0 

0.9 3.0 
1.35 v 4.5 
1.8 6.0 

2.9 3.0 V1H -lo =20µA 
4.4 v 4.5 or -lo=20µA 
5.9 6.0 V1L -lo= 20µA 

3.7 4.5 V1H -lo =4.0mA v or 5.2 6.0 
V1L 

-lo =5.2 mA 

0.1 2.0 V1H lo=20µA 
0.1 v 4.5 or lo =20µA 
0.1 6.0 V1L lo =20µA 

0.4 4.5 V1H lo= 4.0 mA v or 0.4 6.0 
VIL 

lo =5.2 mA 

0.54. 4.5 V1H lo =4.0 mA v or 
0.54 6.0 

V1L 
lo=5.2 mA 

Vee 
1.0 µA 6.0 or 

GND 

3.0 
kSl 4.5 note 1 

6.0 

3.0 
kn 4.5 note 1 

6.0 

3.0 
pF 4.5 

6.0 

over the range 
3.0 .specified for R1; 

v 4.5 for linearity see 
6.0 Figs 20 and 21. 

Refer to note 2 

2. The maximum operating voltage can be as high as Vee - 0.9 V, however, this may result in an increased offset voltage. 
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~~~~P-h-a-se---lo_c_k-ed_-_lo_o_p~w-it_h_V_C~O~~~~~~~~~~~~~~~~~~~ 
Demodulator section 

Voltages are referenced to GND (ground= 0 V) 

Tamb (°C) 

74HC 
SYMBOL PARAMETER UNIT Vee 

+25 -40 to +85 -40to+125 v 
f----
I min. typ. max. min. max. min. max. 

50 300 3.0 

Rs resistor range 50 300 k!1 4.5 
50 300 6.0 

-

offset voltage 
±30 3.0 

Vo FF ±20 mV 4.5 
veo1N to VoEMOUT ±10 6.0 

25 3.0 

Ro 
dynamic output 

25 !1 4.5 
resistance at DEMouT 25 6.0 

PC74HC/HCT4046A 

MSI 

TEST CONDITIONS 

OTHER 

at Rs> 300 k!1 
the leakage current can 
influence VoEMOUT 

Vi= VvcOIN = 1/2 Vee; 
values taken over Rs range; 
see Fig. 15 

VoEMOUT = 1/2 Vee 



PC74HC/HCT4046A 

MSI 

AC CHARACTERISTICS FOR 74HC 

Phase comparator section 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI 
propagation delay 

SIGIN• COMP1N 
tPLH to PC1ouT 

tPHLI 
propagation delay 

SIGIN· COMP1N 
tPLH to PCPour 

tPHLI 
propagation delay 

SIG1N, COMP1N 
tPLH to PC3our 

trHLI output transition time 
trLH 

tpzH/ 
3-state output enable 

time SIG1N. COMP1N 
tpzL to PC2our 

tpHz/ 
3-state output disable 
time SIGIN• COMP1N 

tpLz to PC2our 

AC coupled input sensitivity 
Vl(p-p) (peak-to-peak value) at 

SIG1N or COMP1N 

VCO section 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

frequency stability 
MIT with temperature 

change 

VCO centre frequency 
fo (duty factor= 50%) 

Mvco VCO frequency linearity 

6vco duty factor at VCOouT 

730 ''""'"' 19861 

+25 

min. typ. max. 

63 200 
23 40 
18 34 

96 340 
35 68 
28 58 

77 270 
28 54 
22 46 

19 75 
7 15 
6 13 

83 280 
30 56 
24 48 

99 325 
36 65 
29 55 

0.05 
0.05 
0.05 
0.05 

+25 

min. typ. max. 

3.0 10.0 
11.0 17.0 
13.0 21.0 

1.0 
0.4 
0.3 

50 
50 
50 

Tamb (°C) TEST CONDITIONS 

74HC 
UNIT Vee OTHER 

-40 to +85 -40to+125 v 

min. max. min. max. 

250 300 2.0 
50 60 ns 4.5 Fig. 16 
43 51 6.0 

425 510 2.0 
85 102 ns 4.5 Fig. 16 
72 87 6.0 

340 405 2.0 
68 81 ns 4.5 Fig. 16 
58 69 6.0 

95 110 2.0 
19 22 ns 4.5 Fig. 16 
16 19 6.0 

350 420 2.0 
70 84 ns 4.5 Fig. 17 
60 71.4 6.0 

405 490 2.0 
81 98 ns 4.5 Fig. 17 
69 83 6.0 

2.0 
3.0 fi = 1 MHz 

v 
4.5 CL=15pF 
6.0 

lamb (°C) TEST CONDITIONS 

74He 
UNIT Vee OTHER 

-40 to +85 -40to+125 v 

typ. max. min. max. 

0.20 3.0 V1=VvcOIN=1/2 Vee: 
0.15 %/K 4.5 R1 =100kU;R2==; 
0.14 6.0 C1=100 pF; see Fig. 18 

3.0 Vvco1N = 112 Vee: 
MHz 4.5 R1 =3 kU; R2==; 

6.0 C1=40 pF; see Fig. 19 

3.0 R1=100kU;R2==; 
% 4.5 C1 = 100 pF; 

6.0 see Figs 20 and 21 

3.0 
% 4.5 

6.0 



Phase-locked-loop with VCO J 
---

DC CHARACTERISTICS FOR 74HCT 
Quiescent supply current 

Voltages are referenced to GND (ground = 0 V) 

SYMBOL PARAMETER 

min. 

•cc 
quiescent supply current 

(VCO disabled) 

additional quiescent supply 
current per input pin for 

lllcc unit load coefficient is 1 
(note 1) 
V1=Vcc-2.1 v 

Note 

+25 

typ. 

100 

Tamb (OC) 

74HCT 

-40to +85 -40to+125 

max. min. max. min. max. 

8.0 80.0 160.0 

360 450 490 

1. The value of additional quiescent supply current (lllccl for a unit load of 1 is given above. 

UNIT Vee 
v 

µA 6.0 

4.5 
µA to 

5.5 

To determine II Ice per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 

INH 

UNIT LOAD 
COEFFICIENT 

1.00 

PC74HC/HCT4046A 

MSI 

TEST CONDITIONS 

OTHER 

pins 3, 5 and 14 at Vee; 
pin 9 at GND; 11 at pins 
3 and 14 to be excluded 

pins 3 and 14 at Vee; 
pin 9 at GND; 11 at pins 
3 and 14 to be excluded 
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PC74HC/HCT4046A 

MSI 

DC CHARACTERISTICS FOR 74HCT (Cont'd) 

Phase comparator section 

Voltages are referenced to GND (ground= 0 V) 

SYMBOL PARAMETER 
+25 

min. typ. 

DC coupled 
V1H HIGH level input voltage 3.15 2.4 

SIGIN· COMP1N 

DC coupled 
VIL LOW level input voltage 

SIGIN• COMP1N 
2.1 

HIGH level output voltage 
VoH 4.4 4.5 

PCPouT. PCnoUT 

HIGH level output voltage 
VoH 3.98 4.32 

PCPouT· PCnoUT 

LOW level output voltage 
Vol 0 

PCPouT· PCnOUT 

LOW level output voltage 
Vol 0.15 

PCPoUT· PCnOUT 

input leakage current 
±11 

SIGIN• COMP1N 

3-state 
±loz OFF-state current 

PC2ouT 

input resistance 
R1 250 

SIG1N. COMP1N 

732 Jon""Y 19861 

max. 

1.35 

0.1 

0.26 

30 

0.5 

Tamb l°Cl TEST CONDITIONS 

74HCT 
UNIT Vee V1 OTHER 

-40to +85 -40to+125 v 

min. max. min. max. 

v 4.5 

v 4.5 

V1H 
4.4 4.4 v 4.5 or -lo=20µA 

V1L 

V1H 
3.84 3.7 v 4.5 or -lo =4.0 mA 

VIL 

V1H 
0.1 0.1 v 4.5 or lo=20µA 

V1L 

V1H 
0.33 0.4 v 4.5 or lo=4.0mA 

V1L 

Vee 
38 45 µA 5.5 or 

GND 

V1H Vo=Vccor 5.0 10.0 µA 5.5 or GND 
V1L 

VI at self-bias operating 
kO 4.5 point;llV1 =0.5V; 

see Figs 12, 13 and 14 



Phase-locked-loop with VCO J 
---

PC74HC/HCT4046A 

MSI 

DC CHARACTERISTICS FOR 74HCT (Cont'd} 

VCO section 

Voltages are referenced to GND (ground= 0 V) 

SYMBOL PARAMETER 
+25 

min. typ. 

HIGH level 
V1H input voltage 2.0 1.6 

INH 

LOW level 
V1L input voltage 1.2 

INH 

HIGH level 
VoH output voltage 4.4 4.5 

veoouT 

HIGH level 
VoH output voltage 3.98 4.32 

veoouT 

LOW level 
Vol output voltage 0 

veoouT 

LOW level 
Vol output voltage 0.15 

veoouT 

LOW level output 
VOL voltage e1 A· e1 B 

(test purposes only) 

input leakage current 
±11 INH, Ve01N 

R1 resistor range 3.0 

R2 resistor range 3.0 

e1 capacitor range 40 

operating voltage 
Vveo1N range at veo1N 0.9 

Notes 

Tamb l°CI 

74HCT 

-40to +85 

max. min. max. 

2.0 

0.8 0.8 

4.4 

3.84 

0.1 0.1 

0.26 0.33 

0.40 0.47 

0.1 1.0 

300 

300 

no 
limit 

3.2 

1. The parallel value of RI and R2 should be more than 2.7 kil. 

TEST CONDITIONS 

UNIT Vee V1 OTHER 
-40to+125 v 

min. max. 

4.5 
2.0 v to 

5.5 

4.5 
0.8 v to 

5.5 

·' V1H 
4.4 v 4.5 or -lo =20µA 

V1L 

V1H 
3.7 v 4.5 or -lo =4.0mA 

VIL 

V1H 
0.1 v 4.5 or lo=20µA 

V1L 

V1H 
0.4 v 4.5 or lo=4.0mA 

V1L 

V1H 
0.54 v 4.5 or lo =4.0 mA 

VIL 

Vee 
1.0 µA 5.5 or 

GND 

kil 4.5 note 1 

kn 4.5 note 1 

pF 4.5 

over the range 
specified for R 1; 

v 4.5 for linearity see 
Figs 20 and 21. 
Refer to note 2 

2. The maximum operating voltage can be as high as Vee - 0.9 V, however, this may result in an increased offset voltage. 
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PC74HC/HCT4046A 

MSI 

DC CHARACTERISTICS FOR 74HCT (Cont'd) 

Demodulator section 

Voltages are referenced to GND (ground= 0 V) 

SYMBOL PARAMETER 
+25 

min. typ. 

Rs resistor range 50 

offset voltage 
VoFF VC01N to VoEMOUT 

±20 

Ro 
dynamic output 25 

resistance at DEMouT 

734 J'"""" 19861 

max. 

300 

Tamb (°Cl TEST CONDITIONS 

74HCT 
UNIT Vee OTHER 

-40to +85 -40to+125 v 

min. max. min. max. 

at Rs> 300 kn 
kn 4.5 the leakage current can 

influence VoEMOUT 

V1=VveOIN=1/2 Vee; 
mV 4.5 values taken over Rs range; 

see Fig. 15 

n 4.5 VoEMOUT = 1/2 Vee 



Phase-locked-loop with VCO J 
---

PC74HC/HCT4046A 

MSI 

AC CHARACTERISTICS FOR 74HCT 

Phase comparator section 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

Tamb (QC) TEST CONDITIONS 

74HCT 
SYMBOL PARAMETER UNIT Vee OTHER 

+25 -40 to +85 -40to +125 v 

min. typ. max. min. max. min. max. 

tPHLI 
propagation delay 

SIGIN· COMP1N 26 45 56 68 ns 4.5 Fig. 16 
tPLH to PC1ouT 

tPHLI 
propagation delay 
SIGIN· COMP1N 38 68 85 102 ns 4.5 Fig. 16 

tPLH to PCPouT 

tPHL/ 
propagation delay 

SIGIN· COMP1N 34 60 75 90 ns 4.5 Fig. 16 
tPLH to PC3ouT 

tTHL/ output transition time 7 15 19 22 ns 4.5 Fig. 16 
tTLH 

tpzH/ 
3-state output enable 

time SIGIN· COMP1N 35 60 75 90 ns 4.5 Fig. 17 
tpzL to PC2ouT 

tpHz/ 
3-state output disable 

time SIGIN· COMP1N 40 70 88 105 ns 4.5 Fig. 17 
tpLz to PC2ouT 

AC coupled input sensitivity fi = 1 MHz 
V1 (p-p) (peak-to-peak value) at 0.05 v 4.5 

SIG1N or COMP1N 
CL= 15 pF 

VCO section 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

Tamb (QC) TEST CONDITIONS 

74HCT 
SYMBOL PARAMETER -- UNIT Vee OTHER 

+25 -40 to +85 -40to+125 v 

min. typ. max. typ. max. min. max. 

frequency stabi I ity Vi= Vvco1N within 

MIT with temperature 0.15 %/K 4.5 recommended range; 
R1 = 100 k.Q; R2 = oo; 

change C1 = 100 pF;see Fig. 18b 

VCO centre frequency VvcOIN = 1/2 Vee: 
fo (duty factor= 50%) 

11.0 17.0 MHz 4.5 R1=3k.Q;R2=oo; 
C1 =40pF;see Fig.19 

R1 = 100 k.Q; R2 = oo; 

Mvco VCO frequency linearity 0.4 % 4.5 C1=100 pF; 
see Figs 20 and 21 

svco duty factor at VCOouT 50 % 4.5 
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PC74HC/HCT4046A 

MSI 

FIGURE REFERENCES FOR DC CHARACTERISTICS 

7Z96033 

self·bias operating point 

/ 
v, 

Fig. 12 Typical input resistance curve at SIG1N. 
COMPIN· 

+s,-,--,---,-,---,---,--.---r'z=•T"~"~' 
Vcc=s.ov k'.:j 

,, 17"-·~ 
(µAl f-+-+-+--t--+--lr.>".,..-'F--+-'+--1 iL 3.0V 

3.0V kfl 

-61--~~~-+--+--+-~-+-+---< 

1/2 Vcc-0.25 112vcc Vt IVl 112vcc+o.2s 

Fig. 14 Input current at SIG1N. COMP1N with 
AV1 = 0.5 Vat self-bias point. 

736 ,'""'"' 1986 I 

800 ..--.--,-,----,--,--,----,-,-7 z-•...,•0~"...,' 
., 

(kill "'h._ Vcc•3.ov V 
800 \\ ,_, 

•oo r-+-+-+--+--+--+--11lL'-+J-+~ 
ll _j_ 

200 r-+--.-i"h. l 1 J2( H 
~~ _16.0V 

of-L-.L.._J_...L.:=t=--L-1........L--'---J 
112vcc-o.2s 112vcc v, IV) 112vcc+o.2s 

Fig. 13 Input resistance at SIG1N. COMP1N with 
AV1 = 0.5 Vat self-bias point. 

-40>--+-~~~-+--+--+-~-+~ 

1/2Vcc-2 1/2Vcc 112vcc+2 

VvCOIN (VJ 

-Rs=50kn 
- - - Rs= 300 kn 

Fig. 15 Offset voltage at demodulator output as 
a function.of VC01N and Rs. 



Ph--lockod-loop with VCO J 
---

PC74HC/HCT4046A 

MSI 

AC WAVEFORMS 

SIGIN• COMP1N 'rMln L". INPUTS 

l_...tPHL---
...--

PCPour, PC1our, ]VMln 
PC3our OUTPUTS _J 

trHL -- -- -.tTLH 

Fig. 16 Waveforms showing input ISIG1N. COMP1NI 
to output IPCPoUT· PC1 OUT· PC3ouTI propagation 
delays and the output transition times. 

Note to AC waveforms 

11) HC: VM=50%;V1=GNDtoVcc· 
HGT: VM = 1.3 V; V1 = GND to 3 V. 

SIGIN 

INPUT 

COMPIN 

INPUT 

PC2our 
OUTPUT 

~ 
-hf'"-ZH -

90% 

Fig. 17 Waveforms showing the 3-state enable and 
disable times for PC2oUT· 
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PC74HC/HCT4046A 

MSI 

AC WAVEFORMS (Continued) 

+15 

Of 

(%) 

+10 

+5 

-5 

-10 

-15 
-50 

R1=300knj_ 

~ 
i 

JJR1• 
JL1ook~ -

ff 
t 
f 

R1 "" 
!--:: L 

f 
Vf__ 

-l 
/_L 

I I/ 
z 

+50 +100 
Tamb (OC) 

(a) Vee= 3.0 v 

+15 

'" (%) 

+10 

+5 

7Z96040 

R1 =300kn 

2 
L 

rP 
u-_Rl = 100kn 

1 
l-- !---

Rl =3kn 

y V2 

t 
-1 

IL 1ookn 

-5 

I, 300kn 

I_ 
-10 

-15 
-50 +50 + 100 

lamb (OC) 

(bl Vee= 4.5 v 

Of 
1%1 

+ 10 f----+---+--+--R+1-· 3-oo-,+-"L _ _, 

~ 
-1 + 5 f----t---+--+--+~-H-R1-•+-10-0-kU_, 

f J-

-5f------r+---+--+--+---1----+ 

i 
/ 3ookn 

-10 f-----+---+--+--+---1----+ 

-15 ~~-~-~-~-~~ 
-50 

(c) Vee= 6.0 v 

Fig_ 18 Frequency stability versus ambient temperature: C1 = 100 pF; R2 = ~; VvcOI N = 1 /2 V CC· 
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Phase-locked-loop with VCO J 
---

PC74HC/HCT4046A 

MSI 

I---- -+-+--+--+---+ - -[71 
fvco ~ -+-+--+--+--+--+--+-+~+--

1 MHd 1---t--t- --+-t--+--+--+-Jl'--L·il--t­
vcc=6.0v_j_ 

25 f---+-+--+--+--+---t-1t-y--+---+-t--it-1-+ I a) R 1 = 3 k!.1; 
1--+--+--+--+-l---+-->1JL-+--+-+---+ Cl =40pF 

---¥4.5V 
20 f-c ---r---r---r---tQjf-fr--+--+--t---t--t--j 

-j_ 

cf-----lt---+H-+J_,,~~-+-~-cir-v--1_,t-_-+__-;1_-++--+,_:-t--1-+ 

10 f-+--11-~-+--+-l---+---+-+--+-+---+ 

o~~~~~~~~~-~~ 

1000 

tvco 
(kHz) 

800 

600 

400 

200 

0 

0 4 6 
Vvco1N (V) 

,----,--,--

vcc=s.ovz 

rt 
451_ J_ 

JJL 
3.o?_ J_f 

I/ 'j_ 

1f ? 
r/; ~ 
~ 1 

0 

YvcOIN (V) 

(c) R1 = 300 k.11; 
Cl = 40 pF 

fvco 

(kH,) -+f--+-+-+-+- -l--+-l---+-+--+-_, (b) R 1 = 3 k.11; 
vcc=s.ov C1 = 100 nF 

4.svT J 
l--t-r-·-+--t-+---it---+-1t-t---t--t--j 

3.0V 
40f--+-+-+-+--+--+--Jl---#-+-f--+---+ 

1 

J 
~LL 

2 0 f---l-+-f-ll-1Jl_,_,_vf--+--+--jf--+--+--j 

VJi 

4 6 
YvcOIN (V) 

f vco f---+-+--+--+--t---t--+--+-+-f--
I Hz) 

r-+-- --- t--+--+ --1 

Vcc·•.ovj_ (d) R 1 = 300 k.11; 
400 -+-+-+--+--+--+--+-+--+-hl{H----1 Cl = 100 nF 

45Y_j_ j_ 
300 f--+-+-+-+---+--+--+1!-++VI--+---+--+--+ 

llJJ, 

j_ 
/u 

,ovLLT 
200 f--+-+-+-+-T;.+;~_,,_-+-+--+--+-+ 

_M 

100 f--+-+_b__,_,,_W_,__--+--+--+--+--+--+---+ 

'Jf!_ 

o~~~~~~~~~~~~ 

0 4 6 
Vyco1N (V) 

Fig. 19 Graphs showing 
VCO frequency (fvco) 
as a function of the 
VCO input voltage 
1vvco1N). 
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PC74HC/HCT4046A 

MSI 

AC WAVEFORMS (Continued) 

,, 
'o 
'o' 

'1 
I 
l~~v-!---~v-1 

min 1/2Vcc 

----- YvcotN 

7296047 

+ 10 1---H-t+ttttt-H-++ttttt---+-+-H+lffi 

.6.fvco v -
(%) ~g~~ 

+Sf---H-tt-1"\11!ti'f-Ct-1+•1Tµ~Ftttt---+--t-H+lffi 

4.svN 
6.0V 

vcc-4.sv 
C1=100pf 

l 
~C1•40pF 

Fig, 20 Definition of VCO frequency linearity: 

n V = 0,5 V over the Vee range: 
10 102 Rl (k,Q) 103 

for VCO linearity 

f'o = f1 + t2 
2 ' 

f'o- fo 
linearity =rox 100% 

10" ~:i=:i=a=lllll=i=:i:mmi===i='Ei'El"~°'lll' 
'" 1 1---H-t+Httt-H-++ttttt---+-+-H+lffi 
(µWI c---t-t-++Httt-t-1-H-Hitt--+-+t+++CH 

10
' f:==R$1;ttm=R=m1111==1$rm111 

102 ~-~~~-+~=~~~illll[]]]W 
1 10 102 R1 (kfl) 103 

-C1=40pF 
- - - C1=1 µF 

Fig, 22 Power dissipation versus the 
value of R1: CL= 50 pF; R2 =00; 

VvcOIN = 1/2 Vee; Tamb = 25 'C, 

740 J'""'"' 19861 

Fig, 21 Frequency linearity as a function of R 1, 
C1 and Vee: R2 ==andnV=0,5 v. 

10' ~:i=ffflllll=r=i=mmi:::::i==:'R'=i:"i:r°'111' 
PR 2 C---t-t-++Httt-t-++++tttt----+--H-+ttffl 

(µW) C--+--.<-1-1-<fH#C--t-+-+++++++--+--H-+++ffl 

1o'f:=$:']:~m!$;;:::1R=U$111$=1:$$!!J11 
~ 

-C1 =40pF 
· - -C1=1 µF 

Fig, 23 Power dissipatio~ versus the 
value of R2: CL= 50 pf; R1 ==; 
Vvco1N = GND = 0 V; Tamb = 25 'c. 
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POEM 

(µW) 

10 2 

10 
10 

~ 
::sJ 

~ 

Vee"' 
6.0V 

41sv 
_u 

" 31 0~ Ti 

Fig, 24 Typical de power dissipation of 
demodulator section as a function of R5: 
R1 = R2 = 00; Tamb = 25 'C, 



Phase-locked-loop with VCO J 
---

PC47HC/HCT4046A 

MSI 

APPLICATION INFORMATION 

This information is a guide for the 
approximation of values of external 
components to be used with the 
741'iC/HCT4046A in a phase-lock-loop 
system. 

References should be made to Figs 29, 
30 and 31 as indicated in the table. 

SUBJECT PHASE 
COMPARATOR 

VCO frequency PC1, PC2 or PC3 
without extra 
offset 

PC1 

PC2 or PC3 

VCO frequency PC1, PC2 or PC3 
with extra 
offset 

PC1, PC2 or PC3 

Values of the selected components 
should be within the following ranges: 

R 1 between 3 k!1 and 300 k.11; 

R2 between 3 k.11 and 300 k.11; 

R1 + R2 parallel value> 2.7 k.11; 

C1 greater than 40 pF. 

DESIGN CONSIDERATIONS 

VCO frequency characteristic 

With R2 ==and R1 within the range 3 k.11 < R1 < 300 k.11, the characteristics of 
the VCO operation will be as shown in Fig. 25. 
(Due to R1, C1 time constant a small offset remains when R2 = =.) 

7Z96051 

fmax --------- -

I 
) 1vco I 

I ,, ----
I 2fL 

I I 

j I I 
I I 

fmin 
min. 1/2Vcc max. 

Vvco1N 

Fig. 25 Frequency characteristic of VCO operating without 
offset: f0 =centre frequency; 2fL =frequency lock range. 

Selection of R 1 and C1 

Given f0 , determine the values of R1 and C1 using Fig. 29. 

Given fmax and f0 , determine the values of R1 and C1 using Fig. 29, use Fig. 31 to 
obtain 2fL and then use this to calculate fmin· 

VCO frequency characteristic 
With R 1 and R2 within the ranges 3 k.11 < R1 < 300 k.11, 3 k.11 < R2 < 300 k.11, 
the characteristics of the VCO operation will be as shown in Fig. 26. 

7296052 

fmax 

kL!' tvco ,, 
"' 

1min -+ r-1 
I I 
I I 
I I 

mm 1/2Vcc max. 
VvcOIN 

Fig. 26 Frequency characteristic of VCO operating with 
offset: f0 =centre frequency; 2fL =frequency lock range. 

Selection of R1, R2 and C1 

Given f0 and fL, determine the value of product R1C1 by using Fig. 
Calculate foff from the equation foff = f0 - 4.3fL. 

31. 

Obtain the values of C1 and R2 by using Fig. 30. 
Calculate the value of R1 from the value of C1 and the product R 1 C1. 

(J'""'"' 1986 
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PC74HC/HCT4046A 

MSI 

APPLICATION IN FORMATION (Continued) 

SUBJECT 

PLL conditions 
with no signal at 
the SIG1N input 

PLL frequency 
capture range 

PLL locks on 
harmonics at 
centre frequency 

noise rejection at 
signal input 

AC ripple content 
when PLL is 
locked 

PHASE 
COMPARATOR 

PC1 

PC2 

PC3 

PC1, PC2 or PC3 

PC1 or PC3 

PC2 

PC1 

PC2 or PC3 

PC1 

PC2 

PC3 

742 January 1986 

DESIGN CONSIDERATIONS 

VCO adjusts to f 0 with ¢DEMOUT = 90° and VvcOIN = 1/2 Vee (see Fig. 6). 

VCO adjusts to f 0 with ¢DEM OUT= -360° and VvcOIN = 0 V (see Fig. 8). 

VCO adjusts to f 0 with ¢DEMOUT = +360° and VvcOIN =Vee (see Fig. 10). 

Loop filter component selection 

(a) 7 = R3 x C2 (b) amplitude characteristic (c) pole-zero diagram 

A small capture range (2fc) is obtained if 7 > 2fc"' 1/irv'2irfL/7. 

Fig. 27 Simple loop filter for PLL without offset. 

l'<>':ll~ . "' l±tm-R3+R4 
1/73 1/72 w 7296054 

(a) 71 = R3 x C2; (b) amplitude characteristic (c) pole-zero diagram 
72 = R4 x C2; 
73 = ( R3 + R4) x C2 

Fig. 28 Simple loop filter for PLL with offset. 

yes 

no 

high 

low 

fr= 2fi, large ripple content at ¢DEMOUT = 90° 

fr= fi, small ripple content at ¢DEMO UT= 0° 

fr= fs1GIN' large ripple content at ¢DEMOUT = 180° 



Phase-locked-loop with VCO J 
---

Fig. 29 Typical value of VCO centre frequency (f0 ) as 
a function of Cl: R2 = ~; Vvco 1 N = 1 /2 V cc: 
INH = GND; Tamb = 25 °C. 

PC74HC/HCT4046A 

MSI 

January 1986 743 



PC74HC/HCT4046A 

MSI 

APPLICATION INFORMATION (Continued) 

10 

744 J'""'"' 19861 

)i.;; ~~ 3.0V I-

105 C1 (pF) 106 

Fig. 30 Typical value of frequency offset as a function 
of e1: R1 = ~; VveOIN = 1/2 Vee; INH = GND; 
Tamb = 25 ·e. 
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MSI 

7296058 

~ 

L'-

10 
10-1 10-6 10-5 10-4 10-3 10-2 

R1 C1 10-1 

Fig. 31 Typical frequency lock range ( 2fLI versus the 
product R1e1: VveOIN range= 0.9 to (Vee - 0.9) V; 
Vee=4.5V; R2=~. 
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PC74HC4049 

SSI 

HEX INVERTING HIGH-TO-LOW LEVEL SHIFTER 

FEATURES 

• Output capability: standard 
• Ice category: SSI 

GENERAL DESCRIPTION 

The 74HC4049 is a high-speed 
Si-gate CMOS device and is pin 
compatible with the "4049" of the 
"40008" series. It is specified in 
compliance with JEOEC standard no. 7. 

The 74HC4049 provides six inverting 
buffers with a modified input 
protection structure, which has no 
diode connected to Vee. Input 
voltages of up to 15 V may therefore be 
used. 
This feature enables the inverting 
buffers to be used as logic 
level translators, which will convert 
high level logic to low level logic, 
while operating from a low voltage 
power supply. For example 
15 V logic ("40008 series") can be 
converted down to 2 V logic. 

The actual input switch level remains 
related to the V cc and is the same as 
mentioned in the family 
characteristics. At the same time each 
part can be used as a simple inverter 
without level translation. 

APPLICATIONS 

• Converting 15 V logic ("4000B" 
series) down to 2 V logic. 

4049 

7293753 

Fig. 1 Pin configuration. 

~YPICAL UNIT 
SYMBOL PARAMETER CONDIT ---

HC 

tPHLI propagat~n de lay CL= 15 pf 
8 ns 

tPLH nA to nY Vee= 5 v 

C1 input capacitance 3.5 pF 

power dissipation I 

L:'.'O I capacitance per buffer I 
note 1 14 

I 
pf 

GNO = 0 V; Tamb = 25 °C; tr= tf = 6ns 

Note 

1. epo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + L ICL x Vee' x fol where: 

fi = input frequency in MHz CL output load capacitance in pf 
f0 = output frequency in MHz Vee = supply voltage in V 
~(CL x Vee' x f 0 ) =sum of outputs 

ORDERING INFORMATION/PACKAGE OUTLINES 

Pe74HC4049P: 16-lead OIL; plastic (SOT-38Z). 
Pe74HC4049T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 Vee positive supply voltage 

2, 4, 6, 10, - -

12, 15 
1Y to 6Y data outputs 

3, 5, 7, 9, 
1A to 6A data inputs 

11, 14 

8 GNO ground (0 V) 

13, 16 n.c. not connected 

10 

11 12 

14 15 

7Z93754 

7293755 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 

January 1986 
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PC74HC4049 

SSI 

11 

14 

10 

12 

15 

Fig. 4 Functional diagram. 

A --t>-{>o--{>o- y 

7Z93908 

Fig. 6 Logic diagram (one level shifter). 

FUNCTION TABLE 

INPUT 

nA 

L 
H 

H =HIGH voltage level 
L = LOW voltage level 

OUTPUT 
-

nY 

H 
L 

Fig. 5 Input protection for HC4049. 
Single sided thick oxide field effect 
transistor as input protection. 



Hex inverting HIGH-to-LOW level shifter 

RATINGS 

PC74HC4049 

SSI 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltages are referenced to GND (ground= 0 V) 

SYMBOL PARAMETER MIN. MAX. UNIT CONDITIONS 

Vee DC supply voltage -0.5 +7 v 

V1K DC input voltage range -0.5 +16 v 

-l1K DC input diode current 20 mA for V1 <-0.5 V 

±loK DC output diode current 20 mA for Vo< -0.5 v or Vo> Vee+ 0.5 v 

±10 DC output source or sink for -0.5 v <Vo< Vee+ 0.5 v 
current 
- standard outputs 25 mA 

r------ - -------

±Ice; DC V CC or G ND current 
±IGND for types with: 

- standard outputs 50 mA 

Tstg storage temperature range -65 +150 oc 

power dissipation per package for temperature range: -40 to +125 °C 
74HC 

Ptot 
plastic DI L 500 mW above +70 °C: derate linearly with 8 mW/K 

plastic mini-pack (SO) 400 mW above +70 °C: derate linearly with 6 mW/K 

January 1986 749 



PC74HC4049 

SSI 

DC CHARACTERISTICS FOR 74HC 

Voltages are referenced to GND (ground= 0 V) 

Tamb (cC) TEST CONDITIONS 

74HC 
SYMBOL PARAMETER f--~~~~~~~~~~.,--~~~--j UNIT Vee V1 OTHER 

VoH 

VoH 

Vol 

+25 -40 to+S5 -40 to +125 V 

min. typ. max. min. max. min. max. 

1.5 1.3 
HIGH level input voltage 3.15 2.4 

4.2 3.1 

LOW level input voltage 

HIGH level output voltage 1 ·9 
all outputs 4.4 

5.9 

HIGH level output voltage 3.98 
standard outputs 5.48 

LOW level output voltage 
all outputs 

0.7 0.5 
1.8 1.35 
2.3 1.8 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

1.5 
3.15 
4.2 

1.9 
4.4 
5.9 

3.84 
5.34 

0.5 
1.35 
1.8 

0.1 
0.1 
0.1 

1.5 
3.15 
4.2 

1.9 
4.4 
5.9 

3.7 
5.2 

v 

0.5 
1.35 v 
1.8 

0.1 
0.1 
0.1 

v. 

v 

v 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

4.5 
6.0 

2.0 
4.5 
6.0 

V1H -lo=20µA 
or -lo=20µA 
V1L -lo=20µA 

-lo =4.0 mA 
-lo =5.2 mA 

V1H lo=20µA 
or lo=20µA 
V1L lo=20µA 

V1H LOW level output voltage 0.26 0.33 0.4 V 4.5 or Io = 4.0 mA 
standard outputs 0.26 0.33 0.4 6.0 V Io = 5.2 mA 

t--~~~+-----~--~-·~~~+-~-+-~-+~~+-~-+-~--t~~+-~~t--~--t~~+--;-:;~-~-~~~~ 
Vee 

± I 1 input leakage current 

Ice quiescent supply current 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagati_!:>n delay 
tPLH nA to nY 

tTHLI output transition time 
tTLH 

750 January 1986 

0.1 

0.5 

2.0 

+25 

min. typ. max. 

28 85 
10 17 
8 14 

19 75 
7 15 
6 13 

1.0 1.0 µA 

5.0 5.0 µA 

20.0 40.0 µA 

Tamb (cC) 

74HC 
UNIT 

-40 to +85 -40 to +125 

min. max. min. max. 

105 130 
21 26 ns 
18 22 

95 110 
19 22 ns 
16 19 

6.0 

2.0 
to 
6.0 

6.0 

Vee 
v 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

or 
GND 

15V 

15V 
or 
GND 

TEST CONDITIONS 

WAVEFORMS 

Fig. 7 

Fig. 7 



Hex inverting HIGH-to-LOW level shifter 

AC WAVEFORMS 

nA INPUT 

-t:] L"t, nY OUTPUT VM!l) 

7Z93756 tTHL --

Fig. 7 Waveforms showing the input (nA) 
to output (nY) propagation delays and the 
output transition ti mes. Note to AC waveforms 

(1) He : VM = 50%; V1 = GND to Vee· 
HeT: VM=1.3V;V1=GNDto3V. 

PC74HC4049 

SSI 

January 1986 751 





PC74HC4050 

SSI 

HEX HIGH-TO-LOW LEVEL SHIFTER 

FEATURES 

• Output capability: standard 
• Ice category: SSI 

GENERAL DESCRIPTION 

The 74HC4050 is a high-speed 
Si-gate CMOS device and is pin 
compatible with the "4050" of the 
"40008" series. It is specified in 
compliance with JEDEC standard no. 7. 

The 74HC4050 provides six non-inverting 
buffers with a modified input 
protection structure, which has no 
diode connected to Vee. Input 
voltages of up to 15 V may therefore be 
used. This feature enables the non-inverting 
buffers to be used as logic level 
translators, which will convert 
high level logic to low level logic, 
while operating from a low voltage 
power supply. For example 
15 V logic ("40008 series") can be 
converted down to 2 V logic. 

The actual input switch level remains 
related to the Vee and is the same as 
mentioned in the family 
characteristics. 

APPLICATIONS 

• Converting 15 V logic ("40008" 
series) down to 2 V logic. 

4050 

7293757 

Fig. 1 Pin configuration. 

TYPICAL UNIT 
SYMBOL PARAMETER CONDITIONS 

HC 

tPHLI propagation delay CL= 15 pF 7 ns 
tPLH nA to nY Vee= 5 v 

C1 input capacitance 3.5 pF 
-----··-

Cpo 
power dissipation •note 1 14 pF 

capacitance per buffer 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Note 
1. Cpo is used to determine the dynamic power dissipation !Po in µW): 

Po= Cpo x Vee' x fi + i: (CL x Vee' x fol where: 

fi = input frequency in MHz CL = output load capacitance in pF 
fo = output frequency in MHz Vee = supply voltage in V 
:!; (CL x Vee' x f0 ) =sum of outputs 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC4050P: 16·1ead DIL; plastic (SOT-38Z). 
PC74HC4050T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 Vee positive supply voltage 

2, 4, 6, 10, 1Y to SY data outputs 
12, 15 

3, 5, 7, 9, 1A to SA data inputs 
11, 14 

8 GND ground (0 V) 

13, 16 n.c. not connected 

10 

11 12 

14 15 

7Z93758 

I> 

7Z93759 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC4050 

SSI 

11 

14 

10 

12 

15 

7Z93758 

Fig. 4 Functional diagram. 

7Z93909 

Fig. 6 Logic diagram (one level shifter). 

FUNCTION TABLE 

INPUT 

nA 

L 
H 

H =HIGH voltage level 
L = LOW voltage level 

OUTPUT 

nV 

L 
H 

''""'"' 19861 

Fig. 5 Input protection for HC4050. 
Single sided thick oxide field effect 
transistor as input protection. 



Hex HIGH-to-LOW level shifter J 
---

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 1341 

Voltages are referenced to GND (ground= 0 VI 

SYMBOL PARAMETER MIN. MAX. UNIT CONDITIONS 

Vee DC supply voltage -0.5 +7 v 

V1K DC input voltage range -0.5 +16 v 

-l1K DC input diode current 20 mA for V1 <-0.5 V 

±IOK DC output diode current 20 mA for Vo< -0.5 v or Vo> Vee+ 0.5 v 

±10 DC output source or sink for-0.5V <Vo <Vcc+0.5V 
current 
- standard outputs 25 mA 

±Ice; DC Vee or GND current 
±IGND for types with: 

- standard outputs 50 mA 

Tstg storage temperature range -65 +150 oc 

power dissipation per package for temperature range: -40 to +125 °C 
74HC 

Ptot 

PC74HC4050 

SSI 

plastic DI L 500 mW above +70 °C: derate linearly with 8 mW/K 

plastic mini-pack (SOI 400 mW above +70 °C: derate linearly with 6 mW/K 

755 



PC74HC4050 
SSI 

DC CHARACTERISTICS FOR 74HC 

Voltages are referenced to GND (ground= 0 V) 

SYMBOL PARAMETER 

min. 

1.5 
V1H HIGH level input voltage 3.15 

4.2 

V1L LOW level input voltage 

HIGH level output voltage 1.9 
VQH 4.4 

all outputs 5.9 

HIGH level output voltage 3.98 
VoH standard outputs 5.48 

LOW level output voltage 
VOL all outputs 

LOW level output voltage 
Vol standard outputs 

± 11 input leakage current 

ice quiescent supply current 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

min. 

tPHLI propagation delay 
tPLH nA to nY 

tTHLI output transition time 
tTLH 

._____ _ __,___ 

756 ''""'"' 19861 

+25 

typ. max. 

1.3 
2.4 
3.1 

0.7 0.5 
1.8 1.35 
2.3 1.8 

2.0 
4.5 
6.0 

0.1 
0.1 
0.1 

0.26 
0.26 

0.1 

0.5 

2.0 

+25 

typ. max. 

25 85 
9 17 
7 14 

19 75 
7 15 
6 13 

Tamb (°C) TEST CONDITIONS 

74HC 
UNIT Vee V1 OTHER 

-40to+;95 -40to+125 v 
min. max. min. max. 

1.5 1.5 2.0 
3.15 3.15 v 4.5 
4.2 4.2 6.0 

0.5 0.5 2.0 
1.35 1.35 v 4.5 
1.8 1.8 6.0 

1.9 1.9 2.0 V1H -IQ= 20µA 
4.4 4.4 v 4.5 or -lo=20µA 
5.9 5.9 6.0 V1L -lo=20µA 

3.84 3.7 4.5 V1H -lo=4.0mA 
5.34 5.2 

v 
6.0 or 

-lo= 5.2 mA 
V1L 

0.1 0.1 2.0 V1H IQ =20µA 
0.1 0.1 v 4.5 or lo= 20µA 
0.1 0.1 6.0 V1L IQ= 20µA 

0.33 0.4 4.5 V1H 10=4.0mA v or 0.33 0.4 6.0 
V1L 

10=5.2 mA 

Vee 
1.0 1.0 µA 6.0 or 

GND 

2.0 
5.0 5.0 µA to 15V 

6.0 

15V 
20.0 40.0 µA 6.0 or 

GND 

Tamb (°C) TEST CONDITIONS 

74HC 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 
min. max. min. max. 

105 130 2.0 
21 26 ns 4.5 Fig. 7 
18 22 6.0 

95 110 2.0 
19 22 ns 4.5 Fig. 7 I 
16 19 6.0 



Hex HIGH-to-LOW level shifter J 
---

AC WAVEFORMS 

Fig. 7 Waveforms showing the input (nAJ 
to output (nY) propagation delays and the 
output transition times. Note to AC waveforms 

(1 I HC : VM = 50%; Vi= GND to Vee· 
HCT: VM = 1.3 V; V1 = GND to 3 V. 

PC74HC4050 

SSI 
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PC74HC/HCT4051 

MSI 

8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 

FEATURES 

• Wide analog input voltage range: 
± 5 V. 

• Low "ON" resistance: 
80 D (typ.) at Vee - VEE= 4.5 V 
70 D (typ.) at Vee - VEE= 6.0 V 
60 D (typ.) at Vee - VEE= 9.0 V 

• Logic level translation: 
to enable 5 V logic to communicate 
with ± 5 V analog signals 

• Typical "break before make" built in 
• Output capability: non-standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT4051 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the "4051" of the 
"40008" series. They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT4051 are 8-channel analog 
multiplexers/demultiplexers with three 
digital select inputs (So to S2), an active 
LOW enable input (E), eight independent 
inputs/outputs (Yo to Y7) and a common 
input/output (Z). 

With E LOW, one of the eight switches is 
selected (low impedance ON-state) by So 
to S2. With E HIGH, all switches are in the 
high impedance OFF-state, independent of 
So to S2. 
Vee and GND are the supply voltage pins 
for the digital control inputs (So to S2, 
and E). The Vee to GND ranges are 2.0 to 
10.0 V for HC and 4.5to 5.5 Vfor HCT. 
The analog inputs/outputs (Yo to Y7, and 
Z) can swing between Vee as a positive 
limit and VEE as a negative limit. 
Vee - VEE may not exceed 10.0 V. 
For operation as a digital 
multiplexer/demultiplexer, VEE is 
connected to GND (typically ground). 

Vee 

Y1 

Yo 
4051 

S1 

7293208 

Fig. 1 Pin configuration. 

SYMBOL PARAMETER CONDITIONS 

tpzH/ 
turn "ON" time 
E to V0 s 

tpzL Sn to V0 s CL=15pF 
RL = 1 kn 

1PHz/ 
turn "OFF" time Vee= 5 v 
E to V0 s 

tpLz Sn to Vos 

CJ input capacitance 

Cpo 
power dissipation notes 1 and 2 capacitance per switch 

max. switch capacitance 
Cg independent 

common 

VEE= GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 
Notes 

TYPICAL 

HC HCT 

22 22 
20 24 

18 16 
19 20 

3.5 3.5 

22 24 

5 5 
25 25 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + 1;{(CL +Cg) x Vee' x f0 )where: 

UNIT 

ns 
ns 

ns 
ns 

pF 

pF 

pf 
pF 

fi =input frequency in MHz CL =output load capacitance in pf 
f0 =output frequency in MHz Cg =max. switch capacitance in pf 
1;{(CL +Cg) x Vcc2 xf0 )=sumofoutputs Vcc=supplyvoltage in V 

2. For HC the condition is Vi= GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT4051P: 16-lead OIL; plastic (SOT-38Z). 
PC74HC/HCT4051T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

3 z common input/output 
6 I: enable input (active LOW) 
7 VEE negative supply voltage 
8 GND ground (0 V) 
11, 10, 9 So to S2 select inputs 
13, 14, 15, 

Yo to Y7 independent inputs/outputs 
12, 1, 5, 2, 4 
16 Vee positive supply voltage 

MUXDX 
11 

:} BM 
11 So Yo 13 

10 s, Y1 14 

Y2 15 
s, 

Y3 " 
Y4 

Y5 

Ya 

Y7 

7Z93210.1 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 

(J'"""" 1986 
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PC74HC/HCT4051 

MSI 

11 80 

10 s, 

9 s, 

•' 

16 

Vee 

LOGIC 
LEVEL 

CONVERSION 

GND 

Fig. 4 Functional diagram. 

from logic 

760 J'"""'I 19861 

APPLI CA Tl ONS 

• Analog multiplexing and 
demultiplexing 

• Digital multiplexing and 
demultiplexing 

• Signal gating 

FUNCTION TABLE 

INPUTS 

E S2 s, 
L L L 
L L L 
L L H 
L L H 

L H L 
L H L 
L H H 
L H H 

H x x 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 

Fig. 5 Schematic diagram (one switch). 

So 

L 
H 
L 
H 

L 

' 
H 
L 
H 

x 

--
channel 

ON 

Yo-Z 
Y1 -Z 
Y2-Z 
Y3-Z 

Y4-Z 
Y5-Z 
Y6-Z 
Y7-Z 

none 



8-channel analog multiplexer/demultiplexer PC74HC/HCT4051 

MSI 

RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltages are referenced to VEE= GND (ground= 0 V) 

SYMBOL PARAMETER MIN. MAX. UNIT CONDITIONS 

Vee DC supply voltage -0.5 +11.0 v 

±l1K DC digital input diode current 20 mA for V1 < -0.5 v or V1>Vee+0.5 v 

±lsK DC switch diode current 20 mA for Vs< -0.5 v or Vs> Vee+ 0.5 v 

±Is DC switch current 25 mA for -0.5 v <Vs< Vee+ 0.5 v 

±IEE DC VEE current 20 mA 

±Ice; DC Vee or GND current 50 mA 
±IGND 

Tstg storage temperature range -65 +150 ·c 

Ptot power dissipation per package for temperature range: -40 to +125 °C 
74HC/HCT 

plastic DI L 500 mW above +70 °C: derate linearly with 8 mW/K 

plastic mini·pack (SO) 400 mW above +70 °C: derate linearly with 6 mW/K 

Ps power dissipation per switch 100 mW 

Note to ratings 

To avoid drawing Vee current out of terminal Z, when switch current flows in terminals Y n. the voltage drop across the bidirectional 
switch must not exceed 0.4 V. If the switch current flows into terminal Z, no Vr.c current will flow out of terminals Y n· In this case 
there is no limit for the voltage drop across the switch, but the voltages at Yn and Z may not exceed Vee or VEE· 

RECOMMENDED OPERATING CONDITIONS 

74HC 74HCT 
SYMBOL PARAMETER UNIT CONDITIONS 

min. typ. max. min. typ. max. 

Vee DC supply voltage Vcc--GND 2.0 5.0 10.0 4.5 5.0 5.5 v see Figs 6 and 7 

- Vee DC supply voltage Vee-VEE 2.0 5.0 10.0 2.0 5.0 10.0 v see Figs 6 and 7 

V1 DC input voltage range GND Vee GND Vee v 

Vs DC switch voltage range VEE Vee VEE Vee v 

Tamb operating ambient temperature range -40 +85 -40 +85 ·c 
see DC and AC 

Tamb operating ambient temperature range -40 +125 -40 +125 ·c CHARACTERISTICS 

1000 Vee =2.ov 
tr. tf input rise and fall times 6.0 500 6.0 500 ns Vcc=4.5 v 

400 vcc =6.ov 
250 Vee= 10.0 v 
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PC74HC/HCT4051 

MSI 

10~~~~~-,,--,,--,,---,--,,---,, 

Vee. GND ~+---l---JL---¥---,IC--,l'--,l"--,1'--;~ 
(VI 

00 10 

Fig. 6 Guaranteed operating area as a function of the 
supply voltages for 74HC4051. 

DC CHARACTERISTICS FOR 74HC/HCT 

For 74HC: Vee - GND or Vee - VEE =2.0, 4.5, 6.0 and 9.0 v 

7293214 1 

10 

Fig. 7 Guaranteed operating area as a function of the 
supply voltages for 74~HCT4051. 

For 74HCT: Vee - GND =4.5 and 5.5 V; Vee - VEE =2.0, 4.5, 6.0 and 9.0 V 

Tamb (oC) TEST CONDITIONS 

74HC/HCT 
SYMBOL PARAMETER UNIT Vee VEE Is Vis V1 

+25 -40to +85 -40to+125 v v µA 

min. typ. max. min. max. min. max. 

- - - - n 2.0 0 100 
Vee VIN 

ON resistance (peak) 100 180 225 270 n 4.5 0 1000 
RoN 90 160 200 240 n 6.0 0 1000 to or 

70 130 165 195 n 4.5 -4.5 1000 VEE V1L 

150 - - - n 2.0 0 100 
V1H 80 140 175 210 n 4.5 0 1000 

RoN ON resistance 
70 120 150 180 n 6.0 0 1000 VEE or 

I 60 105 130 160 n 4.5 -4.5 1000 V1L 

150 - - - n 2.0 0 100 
V1H 90 160 200 240 n 4.5 0 1000 

RoN ON resistance 
80 140 175 210 n 6.0 0 1000 Vee or 

65 120 150 180 n 4.5 -4.5 1000 VIL 

- n 2.0 0 
Vee V1H maximum LION resistance 9 n 4.5 0 

llRoN between any two channels 8 n 6.0 0 
to or 

6 n 4.5 -4.5 VEE V1L 

Notes to DC characteristics 

1. At supply voltages (Vee - VEE) approaching 2.0 V the analog switch ON-resistance becomes extremely non-linear. There it is 
recommended that these devices be used to transmit digital signals only, when using these supply voltages. 

2. For test circuit measuring RoN see Fig. 8. 



8-channel analog multiplexer/demultiplexer 

DC CHARACTERISTICS FOR 74HC 

Voltages are referenced to GND (ground= 0 V) 

SYMBOL PARAMETER 

min. 

1.5 

HIGH level input voltage 3.15 
V1H 4.2 

6.3 

V1L LOW level input voltage 

±11 input leakage current 

analog switch OFF-state 
±Is current per channel 

analog switch OFF-state 
±Is current all channels 

analog switch ON-state 
±Is current 

ice quiescent supply current 

+25 

typ. 

1.2 
2.4 
3.2 
4.7 

0.8 
2.1 
2.8 
4.3 

Tamb (oC) 

74HC 

-40to +85 

max. min. max. 

1.5 
3.15 
4.2 
6.3 

0.5 0.5 
1.35 1.35 
1.8 1.8 
2.7 2.7 

0.1 1.0 
0.2 2.0 

0.1 1.0 

0.4 4.0 

0.4 4.0 

8.0 80.0 
16.0 160.0 

UNIT 
-40to+125 

min. max. 

1.5 
3.15 v 
4.2 
6.3 

0.5 
1.35 v 1.8 
2.7 

1.0 
2.0 

µA 

1.0 µA 

4.0 µA 

4.0 µA 

160.0 
320.0 

µA 

Vee 
v 

2.0 
4.5 
6.0 
9.0 

2.0 
4.5 
6.0 
9.0 

6.0 
10.0 

10.0 

10.0 

10.0 

6.0 
10.0 

PC74HC/HCT4051 

MSI 

TEST CONDITIONS 

VEE V1 OTHER 
v 

0 Vee 

0 
or 
GND 

V1H IVsl= 
0 or Vee-VEE 

V1L (see Fig. 1 O) 

V1H IVsl= 
0 or Vee-VEE 

VtL (see Fig. 10) 

VtH IVsl= 
0 or Vee-VEE 

V1L (see Fig. 11) 

Vee 
Vis= VEE 

0 or Vee; 
0 

or Vos= Vee 
GND or VEE 
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PC74HC/HCT4051 

MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH Vis to Vos 

tpzH/ turn "ON" time 
tpzL E to Vos 

tpzH/ turn "ON" time 
tpzL Sn to Vos 

tpHzl turn "OFF" time 
tPLZ E to Vos 

tpHz/ turn "OFF" time 
tPLZ Sn to Vos 

764 J'""'"' 19861 

+25 

min. typ. max. 

14 60 
5 12 
4 10 
4 8 

72 225 
26 45 
21 38 
16 32 

66 225 
24 45 
19 38 
16 32 

58 225 
21 45 
17 38 
16 32 

61 225 
22 45 
18 38 
16 32 

Tamb (°C) TEST CONDITIONS 

74HC 
UNIT Vee VEE OTHER 

-40to +85 -40to+125 v v 

min. max. min. max. 

75 90 2.0 0 
15 18 4.5 0 RL=~;CL=50pF 
13 15 

ns 6.0 0 (see Fig. 17) 
10 12 4.5 -4.5 

280 340 2.0 0 
56 68 4.5 0 RL=1 kU;CL=50pF 
48 58 

ns 6.0 0 (see Figs 18, 19 and 20) 
40 48 4.5 -4.5 

280 340 2.0 0 
56 68 4.5 0 R L = 1 kU; CL= 50 pF 
48 58 

ns 
6.0 0 (see Figs 18, 19 and 20) 

40 48 4.5 -4.5 

280 340 2.0 0 
56 68 4.5 0 RL = 1 kU; CL= 50 pF 
48 58 ns 6.0 0 (see Figs 18, 19 and 20) 
40 48 4.5 -4.5 

280 340 2.0 0 
56 68 4.5 0 R L = 1 kU; CL = 50 pF 
48 58 ns 6.0 0 (see Figs 18, 19 and 20) 
40 48 4.5 --4.5 



8-channel analog multiplexer/demultiplexer 

DC CHARACTERISTICS FOR 74HCT 

Voltages are referenced to GND (ground= 0) 

SYMBOL PARAMETER 

min. 

V1H HIGH level input voltage 2.0 

V1L LOW level input voltage 

±11 input leakage current 

analog switch 0 FF-state 
±Is current per channel 

analog switch OFF-state 
±Is current all channels 

analog switch ON-state 
±Is current 

ice quiescent supply current 

additional quiescent supply 

lllec 
current per input pin for 
unit load coefficient is 1 
(note 1) 

Note to HCT types 

+25 

typ. 

1.6 

1.2 

100 

Tamb (°C) 

74HCT 

-40to +85 -40to+125 

max. min. max. min. max. 

2.0 2.0 

0.8 0.8 0.8 

0.1 1.0 1.0 

0.1 1.0 1.0 

0.4 4.0 4.0 

0.4 4.0 4.0 

8.0 80.0 160.0 
16.0 160.0 320.0 

360 450 490 

1. The value of additional quiescent supply current (11 lecl for a unit load of 1 is given here. 

UNIT Vee 
v 

4.5 
v to 

5.5 

4.5 
v to 

5.5 

µA 5.5 

µA 10.0 

µA 10.0 

µA 10.0 

µ.A 5.5 
5.0 

4.5 
µA to 

5.5 

PC74HC/HCT4051 

MSI 

TEST CONDITIONS 

Vee V1 OTHER 
v 

Vee 
0 or 

GND 

V1H IVsl= 
0 or Vee-VEE 

V1L (see Fig. 10) 

V1H IVs!= 
0 or Vee -VEE 

VIL (see Fig. 10) 

V1H IVs/= 
0 or Vee-VEE 

V1L (see Fig. 11) 

Vee Vis= VEE 
0 or or Vee; 
-5.0 GND Vos =Vee 

or VEE 

other inputs 
0 Vee at Vee or -2.!V 

GND 

To determine 11 lec per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 
UNIT LOAD 
COEFFICIENT 

Sn 0.50 
E 0.50 
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PC74HC/HCT4051 

MSI 

AC CHARACTERISTICS FOR 74HCT 

GND= 0 V;tr =tt= 6 ns;CL = 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH Vis to Vos 

tpzH/ turn "ON" time 
tpzL E to Vos 

tpzH/ turn "ON" time 
tpzL Sn to V05 

tpHz/ turn "OFF" time 
tpLz E to Vos 

tpHz/ turn "OFF" time 
tpLz Sn to Vos 

min. 

HIGH o---..--l ~>0---l-~ 
(from select inputs) 

+25 

typ. 

5 
4 

26 
16 

28 
16 

19 
16 

23 
16 

Fig. 8 Test circuit for measuring RoN· 

LOW 
(from select inputs) 

Tamb {°C) 

74HCT 

-40 to +85 

max. min. max. 

12 15 
8 10 

55 69 
39 49 

55 69 
39 49 

45 56 
32 40 

45 56 
32 40 

---------------~VEE 

HIGH 

TEST CONDITIONS 

UNIT Vee VEE OTHER 
-40to+125 v v 
min. max. 

18 4.5 0 RL=~;CL=50pF 
12 

ns 
4.5 -4.5 (see Fig. 17) 

83 4.5 0 RL=1 kl1;CL=50pF 
59 

ns 
4.5 -4.5 (see Figs 18, 19 and 20) 

83 4.5 0 RL = 1 k!1; CL= 50 pF 
59 

ns 
4.5 -4.5 (see Figs 18, 19 and 20) 

68 4.5 0 RL=1 kl1;CL=50pF 
48 

ns 
4.5 -4.5 (see Figs 18, 19 and 20) 

68 4.5 0 RL=1 kl1;CL=50pF 
48 

ns 
4.5 -4.5 {see Figs 18, 19 and 20) 

20-+-+--+--+---+--+-f--+-+-~ 

1.8 3.6 5.4 7.2 

Fig. 9 Typical RoN as a function of input voltage Vis 
for Vis= 0 to Vee - VEE· 

Fig. 10 Test circuit for measuring OFF-state current. 

(from select inputs) 

Vo (open circuit) 

Fig. 11 Test circuit for measuring ON-state current. -------------~v,, 
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8-channel analog multiplexer/demultiplexer 

ADDITIONAL AC CHARACTERISTICS FOR 74HC/HCT 
Recommended conditions and typical values 

GND = 0 V; Tamb = 25 °C 

SYMBOL PARAMETER 

sine-wave distortion 
f = 1 kHz 

sine-wave distortion 
f=10kHz 

switch "OFF" signal 
feed-through 

crosstalk voltage between 
V(p-p) control and any switch 

(peak-to-peak value) 

fmax 
minimum frequency 

response (-3dB) 

maximum switch 

Cs 
capacitance 

independent 
common 

Notes to AC characteristics 

General note 

typ. UNIT 

0.04 % 
0.02 % 

0.12 % 
0.06 % 

-50 dB 
-50 dB 

110 mV 
220 mV 

170 MHz 
180 MHz 

5 pF 
25 pF 

Vee Vee 
v v 

2.25 -2.25 
4.5 -4.5 
--f----

2.25 -2.25 
4.5 -4.5 

2.25 -2.25 
4.5 -4.5 

4.5 0 
4.5 -4.5 

2.25 -2.25 
4.5 -4.5 

Vis is the input voltage at a V n or Z terminal. whichever is assigned as an input. 
Vos is the output voltage at a V nor Z terminal, whichever is assigned as an output. 

Notes 

1. Adjust input voltage Vis to 0 dBm level (0 dBm= 1 mW into 600 Ill. 

Viszy-p) 

4.0 
8.0 

4.0 
8.0 

note 1 

note 2 

PC74HC/HCT4051 

MSI 

CONDITIONS 

RL = 10 kll;CL =50pF 
(see Fig. 14) 

RL=10kll;CL=50pF 
(see Fig. 14) 

R L = 600 Il; CL= 50 pF 
(see Figs 12 and 15) 

RL = 600 Il; CL= 50 pF; 
f = 1 MHz (E or Sn. 
square-wave between Vee 
and GND, tr= tf = 6 ns) 
(see Fig. 16) 

R L = 50 Il; CL= 10 pF 
(see Figs 13 and 14) 

2. Adjust input voltage Vis to 0 dBm level at Vos for 10 kHz (0 dBm= 1 mW into 50 Il). 

(dB) 

-50 

-100 
10 

Lt1 

}-

v 
k'.'.'.:'. 

7Z93945 

IL:: 

f(kHz) 

Fig. 12 Typical switch "OFF" signal 
feed-through as a function of frequency, 

"'"""" 1986 
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MSI 

768 

(dB) 

-5 
10 

vis --t 

"' channel 
ON 

10' 

Z/Yn 
Vo, 

GND 
7293947 

Fig. 14 Test circuit for measuring sine-wave distortion and 
minimum frequency response. 

oscilloscope 

O-----<--.__-+---+---_._--+---GND 

~----+----------VEE 
7293950 

Fig. 16 Test circuit for measuring crosstalk between control 
and any switch. 

J'""'"l 19861 

~ 

7Z93946 

f (kHz) 

Vis--t 

Note to Figs 12 and 13 

Test conditions: 
Vee= 4.5 V; GND = 0 V; VEE= -4.5 V; 
RL = 50 fl; Rsource = 1 kfl 

Fig. 13 Typical frequency response. 

Z/Yn 
Vo, 

"' c, dB 

channel 

OFF GND 
7Z93948 

Fig. 15 Test circuit for measuring switch "OFF" signal 
feed-through. 

Note to Fig. 16 

The crosstalk is defined as follows (oscilloscope output): 

-~- v,! 
~--L_j·p) 
7293949 t 



8-channel analog multiplexer/demultiplexer 

AC WAVEFORMS 

vis INPUT 

V05 OUTPUT 

~0% 

'"} 
50% 

7Z93249.1 

Fig. 17 Waveforms showing the input (Visl to output (V 0sl 
propagation delays. 

PC74H/HCT4051 

MSI 

90% 

E.sn INPUTS VMl11 

10% 

V05 OUTPUT 

V05 OUTPUT 

_., 

-- tpzH--

50% 

switch --switch 
"OFF" "ON" 

Fig. 18 Waveforms showing the turn-ON and turn-OFF times. 

Note to Fig. 18 

(1) He : VM = 50%; V1 = GND to Vee· 
HeT: VM=1.3V;V1=GNDto3V. 
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PC74HC/HCT4051 

MSI 

TEST CIRCUIT AND WAVEFORMS 

Vee Vis 

PULSE 
GENERATOR 

Vee 

AL 
oopen 

CL 
SWITCH 

GND 

VEE 

Fig. 19 Test circuit for measuring AC performance. 

770 

Conditions 

TEST SWITCH Vis 

tpzH Vee Vee 
tpzL Vee Vee 
tpHz Vee Vee 
tpLz Vee Vee 
others open pulse 

Definitions for Figs 19 and 20: 

CL = load capacitance including jig and 
probe capacitance 
(see AC CHARACTERISTICS for 
values). 

RT= termination resistance should be equal 
to the output impedance Zo of the 
pulse generator. 

tr = tf = 6 ns; when measuring fmax• there 
is no constraint to tr, tf with 50% 
duty factor. 

''""'" 19861 

NEGATIVE 
INPUT 
PULSE 

POSITIVE 
INPUT 
PULSE 

7Z87478.3 

Fig. 20 Input pulse definitions. 

t,; tf 
FAMILY AMPLITUDE VM 

fmax; OTHER 
PULSE WIDTH 

74HC Vee 50% < 2 ns 6 ns 

74HCT 3.0V 1.3V < 2 ns 6 ns 



PC74HC/HCT4052 

MSI 

DUAL 4-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 

FEATURES 

• Wide analog input voltage range: 
± 5 v. 

• Low "ON" resistance: 
80 .Q (typ.) at Vee - VEE= 4.5 V 
70 .Q (typ.) at Vee - VEE= 6.0 V 
60 .Q (typ.) at Vee - VEE= 9.0 V 

• Logic level translation: 
to enable 5 V logic to communicate 
with ± 5 V analog signals 

• Typical "break before make" built ir 
• Output capability: non-standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT4052 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the "4052"' of the 
"40008" series. They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT4052 are dual 4-channel 
analog multiplexers/demultiplexers with 
common select logic. Each multiplexer has 
four independent inputs/outputs (nYo to 
nY3) and a common input/output (nZ). 
The common channel select logics include 
two digital select inputs (So and S1) and 
an active LOW enable input (E). 

With E LOW, one of the four switches 
is selected (low impedance ON-state) by 
So and S1. With E HIGH. all switches are 
in the high impedance OFF-state, 
independent of So and S1. 

Vee and GND are the supply voltage pins 
for the digital control inputs (So and S1, 
and E). The Vee to GND ranges are 2.0 
to 10.0 Vfor HCand 4.5to 5.5 V for HCT. 
The analog inputs/outputs (nYo to nY3, 
and nZ) can swing between Vee as a 
positive limit and VEE as a negative limit. 
Vee - VEE may not exceed 10.0 V. 

For operation as a digital 
multiplexer/demultiplexer, VEE is 
connected to GND (typically ground). 

1Yz 

4052 

So 

Fig. 1 Pin configuration. 

SYMBOL PARAMETER CONDITIONS 

tpzH/ turn "ON" time 
tpzL E or Sn to Vos CL= 15 pF 

RL = 1 kD. 
tpHz/ turn "OFF" time Vee= 5 v 
tPLz E or Sn to Vos 

C1 input capacitance 

Cpo 
power dissipation 

notes 1 and 2 
capacitance per switch 

max. switch capacitance 
Cs l ndependent 

common 

VEE= GND = 0 V;Tamb = 25 °C;tr =tf = 6 ns 
Notes 

TYPICAL 

HC HCT 

28 18 

21 13 

3.5 3.5 

57 57 

5 5 
12 12 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vcc2 x fi + :l:((CL + Csl x Vcc 2 x f 0 }where: 

UNIT 

ns 

ns 

pF 

pF 

pF 
pF 

fi = input frequency in MHz CL = output load capacitance in pF 
f0 =output frequency in MHz Cs =max. switch capacitance in pF 
:l: ((CL+ Cs) x Vcc2 x f0 } =sum of outputs Vee= supply voltage in V 

2. For HC the condition is VI = G ND to V cc 
For HCT the condition is Vi = GND to V cc - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT4052P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT4052T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 5, 2, 4 2Yo to 2Y3 independent inputs/outputs 

6 E enable input (active LOW) 

7 VEE negative supply voltage 

8 GND ground (0 V) 

10, 9 So, S1 select inputs 

12, 14, 15, 11 1Yoto 1Y3 independent inputs/outputs 

13,3 1Z,2Z common inputs/outputs 

16 Vee positive supply voltage 

10 0 }4x.2. 13 

1Z 
1 3 

1Yo 12 
G4 

!O So 1Y1 14 
MUXDX 

S1 lY2 15 

1Y3 11 

2Yo 

2Y1 

2Yz 

6--0 E 2Y3 13 

2Z 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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10 So 

9 s, 

6 E" 

16 

LOGIC 
LEVEL 

CONVERSION 

GND 

1-of-4 
DECODER 

Fig. 4 Functional diagram. 

from logic 

772 January 1986 

7Z93955 

APPLICATIONS 

• Analog multiplexing and 
demultiplexing 

• Digital multiplexing and 
• demultiplexing 
• Signal gating 

FUNCTION TABLE 

INPUTS 

E 81 So 

L L L 
L L H 
L H L 
L H H 

H x 
' 

x 

H = HIGH voltage level 
L = LOW voltage level 
X =don't care 

CHANNEL 
ON 

nYo - nZ 
nY1 - nZ 
nY2 - nZ 
nY3 - nZ 

none 

Fig. 5 Schematic diagram (one switch). 



Dual 4-channel analog multiplexer/demultiplexer PC74HC/HCT4052 

MSI 

RATINGS 
Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltages are referenced to VEE= GND (ground = 0 V) 

SYMBOL PARAMETER MIN. MAX. UNIT CON'DITIONS 

Vee DC supply voltage -0.5 +11.0 v 

±l1K DC digital input diode current 20 mA forV1 <-0.5 VorV1 > Vcc+0.5V 

±lsK DC switch diode current 20 mA for Vs< -0.5 v or Vs> Vee+ 0.5 v 

±Is DC switch current 25 mA for -0.5 v <Vs< Vee+ o.5 v 

±IEE DC VEE current 20 mA 

±Ice; DC Vee or GND current 50 mA 
±IGND 

Tstg storage temperature range -65 +150 'C 

Ptot power dissipation per package for temperature range: -40 to +125 'C 
74HC/HCT 

plastic OIL 500 mW above +70 'C: derate linearly with 8 mW/K 

plastic mini-pack (SO) 400 mW above +70 'C: derate linearly with 6 mW/K 

Ps power dissipation per switch 100 mW 

Note to ratings 

To avoid drawing Vee current out of terminals nZ, when switch current flows in terminals nY n· the voltage drop across the 
bidirectional switch must not exceed 0.4 V. If the switch current flows into terminals nZ, no Vee current will flow out of 
terminals nY n· In this case there is no limit for the voltage drop across the switch, but the voltages at nY n and nZ may not 
exceed Vee or VEE· 

RECOMMENDED OPERATING CONDITIONS 

74HC 74HCT 
SYMBOL PARAMETER UNIT CONDITIONS 

min. typ. max. min. typ. max. 

Vee DC supply voltage V cc-G ND 2.0 5.0 10.0 4.5 5.0 5.5 v see Figs 6 and 7 

Vee DC supply voltage V cc-VEE 2.0 5.0 10.0 2.0 5.0 10.0 v see Figs 6 and 7 

V1 DC input voltage range GND Vee GND Vee v 

Vs DC switch voltage range VEE Vee VEE Vee v 

Tamb operating ambient temperature range -40 +85 -40 +85 'c 
see DC and AC 

·---i 

·-

··-

Tamb operating ambient temperature range -40 +125 -40 +125 'c CHARACTERISTICS 

1000 Vcc=2.ov 
tr, tf input rise and fall times 6.0 500 6.0 500 ns Vcc=4.5V 

400 vcc=6.ov 
250 Vee= 10.0 v 
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PC74HC/HCT 4052 

MSI 

10~~~~~~~~~~~ 

Vcc·GND >-+--+-+-,,.._-;l'--;f--,1"--,f'-,I'--;< 

(V) 

Fig. 6 Guaranteed operating area as a function of the 
supply voltages for 74HC4052. 

DC CHARACTERISTICS FOR 74HC/HCT 

For 74He: Vee - GND or Vee - VEE =2.0, 4.5, 6.0 and 9.0 v 

7Z932141 

Fig. 7 Guaranteed operating area as a function of the 
supply voltages for 74HeT4052. 

For 74HeT: Vee - GND =4.5 and 5.5 V; Vee - VEE =2.0, 4.5, 6.0 and 9.0 V 

Tamb (oC) TEST CONDITIONS 

74HC/HCT 
SYMBOL PARAMETER UNIT Vee VEE Is Vis V1 

+25 -40to +85 -40to+125 v v µA 

min. typ. max. min. max. min. max. 

- - - - n 2.0 0 100 
Vee V1N 100 180 225 270 n 4.5 0 1000 

RoN ON resistance (peak) 
90 160 200 240 n 6.0 0 1000 to or 

70 130 165 195 n 4.5 -4.5 1000 VEE V1L 

150 - - - n 2.0 0 100 
V1H 80 140 175 210 n 4.5 0 1000 

RoN ON resistance 
70 120 150 180 n 6.0 0 1000 VEE or 

60 105 130 160 n 4.5 -4.5 1000 V1L 

150 - - - n 2.0 0 100 
V1H 90 160 200 240 n 4.5 0 1000 

RoN ON resistance 
80 140 175 210 n 6.0 0 1000 Vee or 

65 120 150 180 n 4.5 -4.5 1000 V1L 

- n 2.0 0 
Vee V1H maximum t.ON resistance 9 n 4.5 0 

LiRQN between any two channels 8 n 6.0 0 to or 

6 n 4.5 -4.5 VEE V1L 

Notes to DC characteristics 

1. At supply voltages (Vee - VE El approaching 2.0 V the analog switch ON-resistance becomes extremely non-linear. There it is 
recommended that these devices be used to transmit digital signals only, when using these supply voltages. 

2. For test circuit measuring RoN see Fig. 8. 
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Dual 4-channel analog multiplexer/demultiplexer PC74HC/HCT4052 

MSI 

DC CHARACTERISTICS FOR 74HC 

Voltages are referenced to GND (ground= 0 V) 

SYMBOL PARAMETER 

min. 

+25 

typ. max. 

Tamb (oC) TEST CONDITIONS 

74HC 
UNIT Vee Vee V1 OTHER 

-40 to +85 -40to+125 v v 

min. max. min. max. 
r----+-----··~-----+----j---+---+----j--+--~---t-----~-- ---+--f----f-----+-------< 

HIGH level input voltage 

LOW level input voltage 

1.5 
3.15 
4.2 
6.3 

1.2 
2.4 
3.2 
4.7 

1.5 
3.15 
4.2 
6.3 

1.5 
3.15 
4.2 
6.3 

0.8 0.5 0.5 0.5 
2.1 1.35 1.35 1.35 
2.8 1.8 1.8 1.8 
4.3 2.7 2.7 2.7 

v 

v 

2.0 
4.5 
6.0 
9.0 

2.0 
4.5 
6.0 
9.0 

f------+-----------"-- - -+---- t--------1 ---+-- -+-----+ ----t--~-1---+--+---+-----I 

±Is 

±Is 

input leakage current 

analog switch OFF-state 
current per channel 

analog switch OFF-state 
current all channels 

0.1 1.0 1.0 
0.2 2.0 2.0 

µA 

0.1 1.0 1.0 µA 

0.2 2.0 2.0 µA 

6.0 0 
10.0 0 

10.0 0 

10.0 0 

Vee 
or 
GND 

V1H IVsl= 
or Vee -VEE 
V1 L (see Fig. 10) 

--
V1H IV5I 
or Vee Vt t-_ 

Vi L (see Fi!l· 1()) 
t-----j-----------1---t---t-----t--t---1---t---+---t---I---!----+---- -- -----

±Is 

ice 

analog switch ON-state 
current 

quiescent supply current 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHL/ propagation delay 

tPLH Vis to Vos 

turn "ON" time 
tpzH/ E to V0 s 
tpzL Sn to Vos 

turn "OFF" time 
tpHz/ E to V0 s 
tpLz SntoV0 s 

+25 

min. typ. 

14 
5 
4 
4 

105 
38 
30 
26 

74 
27 
22 
22 

0.2 

8.0 

16.0 

Tamb (°C) 

74HC 

2.0 

80.0 
160.0 

2.0 µA 

160.0 
320.0 µA 

UNIT 
-40 to +85 -40to+125 

max. min. max. min. max. 

60 75 90 
12 15 18 ns 
10 13 15 
8 10 12 

325 405 490 
65 81 98 
55 69 83 

ns 

46 58 69 

250 315 375 
50 63 75 ns 
43 54 64 
38 48 57 

10.0 0 

6.0 0 

10.0 0 

V1H IV5I = 
or Vee - VEE 
V1L (see Fig. 11) 

Vee 
or 
GND 

Vis= VEE 
or Vee: 
Vos= Vee 
or VEE 

TEST CONDITIONS 

Vee VEE OTHER 

v v 

2.0 0 
4.5 0 RL==;CL=50pF 
6.0 0 (see Fig. 18) 
4.5 -4.5 

2.0 0 
4.5 0 RL==;CL=50pF 
6.0 0 (see Figs 19, 20 and 21) 
4.5 -4.5 

2.0 0 
4.5 0 RL=1 kO;CL= 50pF 
6.0 0 (see Figs 19, 20and 21) 
4.5 -4.5 
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PC7 4HC/HCT 4052 

MSI 

DC CHARACTERISTICS FOR 74HCT 
Voltages are referenced to GND (ground= 0) 

SYMBOL PARAMETER 

min. 

V1H HIGH level input voltage 2.0 

VIL LOW level input voltage 

±11 input leakage current 

analog switch OFF-state 
±Is current per channel 

analog switch OFF-state , Is 
current all channels 

analog switch ON-state 
±Is current 

Ice quiescent supply current 

additional quiescent supply 

11 1ce 
current per input pin for 
unit load coefficient is 1 
(note 1) 

Note to HCT types 

+25 

typ. 

1.6 

1.2 

100 

Tamb (°C) 

74HCT 

-40 to +85 -40to+125 

max. min. max. min. max. 

2.0 2.0 

0.8 0.8 0.8 

0.1 1.0 1.0 

0.1 1.0 1.0 

0.2 2.0 2.0 

0.2 2.0 2.0 

8.0 80.0 160.0 
16.0 160.0 320.0 

360 450 490 

1. The value of additional quiescent supply current (I\ Ice) for a unit load of 1 is given here. 

UNIT Vee 
v 

4.5 
v to 

5.5 

4.5 
v to 

5.5 

µA 5.5 

µA 10.0 

µA 10.0 

µA 10.0 

µA 5.5 
5.0 

4.5 
µA to 

5.5 

To determine /\Ice per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT UNIT LOAD 
COEFFICIENT 

Sn 0.45 
E 0.45 

776 January 1986 

TEST CONDITIONS 

VEE Vi OTHER 
v 

Vee 
0 or 

GND 

V1H IVsl= 
0 or Vee -VEE 

V1L (see Fig. 10) 

V1H IVsl= 
0 or Vee -VEE 

V1L (see Fig. 10) 

V1H IVsl= 
0 or Vee-VEE 

VIL (see Fig. 11) 

Vee 
Vis= VEE 

0 or or Vee; 
-5.0 

GND Vos= Vee 
or VEE 

other inputs 
0 Vee at Vee or -2.1V 

GND 



Dual 4-channel analog multiplexer/demultiplexer 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH Vis to Vos 

tpzH/ 
turn "ON" time 

tpzL 
E to V0 s 
Sn to Vos 

tpHz/ 
turn "OFF" time 

tpLz 
E to V0 s 
Sn to V0 s 

HIGH 
(from select inputs) 

+25 

min. typ. 

5 
4 

41 
28 

26 
21 

Fig. 8 Test circuit for measuring RON· 

LOW 
{from select inputs) 

Tamb (°C) 

74HCT 

-40to +85 

max. min. max. 

12 15 
8 10 

70 88 
48 60 

50 63 
38 48 

7Z93967 

HIGH 

UNIT Vee 
-40to+125 v 
min. max. 

18 4.5 
12 ns 4.5 

105 4.5 
72 

ns 4.5 

75 4.5 
57 

ns 4.5 

PC74HC/HCT4052 

MSI 

TEST CONDITIONS 

VEE OTHER 

v 

0 AL=~;CL=50pF 
-4.5 !see Fig. 18) 

0 RL=1 krl.;CL=50pF 
-4.5 !see Figs 19, 20and 21) 

0 AL=1 krl.;CL=50pF 
-4.5 !see Figs 19, 20 and 21) 

7Z93942 1 

•of--+-+---+--+-+__,~+--+-+--_, 

1.6 3.6 5.4 7.2 

Fig. 9 Typical RoN as a function of input voltage Vis 
for Vis = O to Vee - VEE· 

Fig. 10 Test circuit for measuring OFF-state current. 

(from select inputs) 

v0 (open circuit) 

Fig. 11 Test circuit for measuring ON-state current. 
7Z93958 
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PC7 4HC/HCT 4052 

MSI 

ADDITIONAL AC CHARACTERISTICS FOR 74HC/HCT 
Recommended conditions and typical values 

GND=OV;Tamb=25°C 

SYMBOL PARAMETER 

sine-wave distortion 
f = 1 kHz 

sine-wave distortion 
f = 10 kHz 

switch "OFF" signal 
feed-through 

crosstalk between 
any two switches/ 
multiplexers 

crosstalk voltage between 
V(p-p) control and any switch 

(peak-to-peak value) 

fmax 
minimum frequency 

response (-Jd BI 

maximum switch 

Cs 
capacitance 

independent 
common 

Notes to AC characteristics 

General note 

typ. UNIT 

0.04 % 
0.02 % 

0.12 % 
0.06 % 

-50 dB 
-50 dB 

-60 dB 
-60 dB 

110 mV 
220 mV 

170 MHz 
180 MHz 

5 pF 
12 pF 

Vee VEE 
v v 

2.25 -2.25 
4.5 -4.5 

2.25 -2.25 
4.5 --4.5 

2.25 -2.25 
4.5 --4.5 

2.25 -2.25 
4.5 --4.5 

4.5 0 
4.5 -4.5 

2.25 -2.25 
4.5 --4.5 

Vis is the input voltage at an nY nor nZ terminal. whichever is assigned as an input. 
V05 is the output voltage at an nY nor nZ terminal, whichever is assigned as an output. 

Notas 

1. Adjust input voltage Vis to 0 dBm level (0 dBm= 1 mW into 600 n). 

Vis(p-p) 
v 

4.0 
8.0 

4.0 
8.0 

note 1 

note 1 

note 2 

2. Adjust input voltage Vis to 0 dBm level at Vos for 10 kHz (0 dBm= 1 mW into 50 n). 

{dB I I/ 
)..-

-60 
.j.. 

V1 

v 

CONDITIONS 

RL=10k'2;CL=50pF 
(see Fig. 14) 

RL = 10 kll; CL= 50 pF 
(see Fig. 14) 

RL = 600 '2; CL= 50 pF; 
f = 1 MHz 
(see Figs 12 and 15) 

RL=600'2;CL=50pF; 
f = 1 MHz (see Fig. 16) 

RL=600'2_i.CL=50pF; 
f= 1 MHz (E or Sn. 
square-wave between Vee 
and GND, tr= tf = 6 ns) 
(see Fig. 171 

RL = 50 '2; CL= 50 pF 
(see Figs 13 and 141 

-100 
10 

/ 
102 

Fig. 12 Typical switch "OFF" signal 
feed-through as a function of frequency. 

f(kHz) 10• 
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Dual 4-channel analog multiplexer/demultiplexer 

II =t 11 -+-- ij f~ ·- ' 

(dB) 

.I. t J.. 
~ LI 

I I 11 I I I 

=R 
-5 

10 10' 

w 
10' 

nZ/nYn 
:1--~--.----.~-o-- Vos 

channel 

ON 1---.._ _ _._ ___ GND 

Fig. 14 Test circuit for measuring sine-wave distortion and 
minimum frequency response. 

channel 

ON 
1--..._--GND 

(a) 

f (kHz) 

Note to Figs 12 and 13 

Test c:mditions: 

PC74HC/HCT4052 

MSI 

Vee= 4.5 V; GND = 0 V; VEE= -4.5 V; 
R L = 50 !1; Rsource= 1 k!1. 

Fig. 13 Typical frequency response. 

channel 
OFF 1---.._ _ _.__~GNO 

Fig. 15 Test circuit for measuring switch "OFF" signal 
feed-through. 

channel 

OFF 

1----+-------'-~'---._-~GND 

(b) 

Fig. 16 Test circuits for measuring crosstalk between any two switches/multiplexers. 
la) channel ON condition; lb) channel OFF condition. 

2RL CL oscilloscope 

1-----f---._-+--+---+--_._---GND 
~---+---+--------VEE 

7Z93962 

Fig. 17 Test circuit for measuring crosstalk between control 
and any switch. 

Note to Fig. 17 

The crosstalk is defined as follows (oscilloscope output): 

~vl~Pl 
7Z93949 ----
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PC74HC/Hci,T4052 
MS! 

~~-~~~~~~~-

780 

AC WAVEFORMS 

_f ~ 
1~- ... ''."'l---~ 

\I O"o QI I ffiJT }'0% L 

Fig. 18 Wavefocrns showing the input (Visl to output (V0 sl 
propagation de!ays. 

90% 

E.sn 'INPUTS vM11J 

10% 

V0s OUTPUT 

...,. tpzH-

90% 

Vm OUTPUT 

I 
50% 

switch _____ ~,-wi_<c_h ___ J - switch 

"ON" "OFF" "ON" 

Fig. 19 Waveforms showing the turn-ON and turn-OFF times. 

Note to Fig. 19 

111 HC : VM = 50%; v, = GND to Vcc­
HCT: VM = 1.3 V; V1 = GND to 3 V. 



Dual 4-channel analog multiplexer/demultiplexer 

TEST CIRCUIT AND WAVEFORMS 

Vee Vis Vee 

PULSE RL 

GENERATOR 
oopen 

e, SWITCH 

GND 

VEE 

Fig. 20 Test circuit for measuring AC performance. 

Conditions 

TEST SWITCH Vis 

tpzH VEE Vee 
tpzL Vee VEE 
tpHz VEE Vee 
tpLz Vee VEE 
others open pulse 

Definitions for Figs 20 and 21: 

CL = load capacitance including jig and 
probe capacitance 
(see AC CHARACTERISTICS for 
values). 

RT= termination resistance should be equal 
to the output impedance Zo of the 
pulse generator. 

tr tf = 6 ns; when measuring fmax• there 
is no constraint to tr. tf with 50% 
duty factor. 

NEGATIVE 
INPUT 
PULSE 

POSITIVE 
INPUT 

PULSE 

FAMILY 

74HC 

74HCT 

PC74HC/HCT4052 

MSI 

,-----tw ---------1 
AMPLITUDE 

ov 

ov 

7Z87476.3 

Fig. 21 Input pulse definitions. 

t,; tf 
AMPLITUDE VM 

fmax: 
OTHER i PULSE WIDTH 

t 
Vee 50% J < 2 ns 6 ns 

3.0 v 1.3 V < 2 ns 6 ns 
------
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PC74HC/HCT4053 

MSI 

TRIPLE 2-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 

FEATURES 

• Low .,ON" resistance: 
80 S1 (typ.) at Vee - VEE= 4.5 V 
70 S1 (typ.) at Vee - VEE= 6.0 V 
60 S1 (typ.) at Vee - VEE= 9.0 V 

• Logic level translation: 
to enable 5 V logic to communicate 
with± 5 V analog signals 

• Typical "break before make" built in 
• Output capability: non-standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT4053 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the "4053" of the 
"40008" series. They are specified in 
compliance with JED EC standard no. 7. 

The 74HC/HCT4053 are triple 2-channel 
analog multiplexers/demultiplexers with 
a common enable input IE). Each 
multiplexer/demultiplexer has two 
independent inputs/outputs lnYo and 
nY 1 I, a common input/output lnZ) and 
three digital select inputs ISo to S2I. 

With E LOW, one of the two switches is 
selected !low impedance ON-state) by 
So to S2. With E HIGH, al I switches are 
in the high impedance OFF-state, 
independent of So to S2. 

Vee and GND are the supply voltage pins 
for the digital control inputs I So to S2, 
and El. The Vee to GND ranges are 
2.0 to 10.0 V for HC and 4.5 to 5.5 V for 
HGT. The analog inputs/outputs lnYo 
and nY1, and nZI can swing between 
Vee as a positive limit and VEE as a 
negative limit. Vee - VEE may not 
exceed 10.0 V. 

For operation as a digital 
multiplexer/demultiplexer, VEE is 
connected to GND !typically ground). 

4053 

7293963 

Fig, 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS· UNIT 

HC HCT 

tpzH/ 
turn "ON" time 

E to V0 s 17 23 ns 
tpzL Sn to V0 s CL= 15 pF 21 21 ns 

RL = 1 kS1 

tpHz/ 
turn "OFF" time Vee= 5 v 

E to V0 s 18 20 ns 
tpLz SntoV0 s 17 19 ns 

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation 

notes 1 and 2 36 36 pF capacitance per switch 

max. switch capacitance 
Cs independent 5 5 pF 

common 8 8 pF 

VEE= GND = 0 V;Tamb = 25 °C;tr =tf =6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + L((CL +Cs) x Vee' x f0 )where: 

fi =input frequency in MHz CL =output load capacitance in pF 
f0 =output frequency in MHz Cs =max. switch capacitance in pF 
L (ICL + Csl x Vcc2 x f 0 } =sum of outputs Vee= supply voltage in V 

2. For HC the condition is V1 = GND to Vee 
For HGT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT4053P: 16-lead DI L; plastic ISOT-38Z). 
PC74HC/HCT4053T: 16-lead mini-pack; plastic IS0-16; SOT-109A). 

14 

12 

11 So 1Yo 12 

10 '1 1Y1 13 

'2 2Yo 

2Y1 

3Yo 

3Y1 

6-0 E 

22 32 

15 

7Z93965 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC7 4HC/HCT 4053 

MSI 

PIN DESCRIPTION 

PIN NO. 

2, 1 

5,3 

6 

7 

8 

11, 10, 9 

12, 13 

14, 15, 4 

16 

SYMBOL 

2Yo, 2Y1 

3YQ, 3Y1 

E 
VEE 
GND 

So to S2 

1Yo, 1Y1 

1Z to 3Z 

Vee 

16 

11 So 

10 s, 

LOGIC 
LEVEL 

CONVERSION 
9 s, 

e E 

GND 

NAME AND FUNCTION 

independent inputs/outputs 

independent inputs/outputs 

enable input (active LOW) 

negative supply voltage 

ground (O VI 

select inputs 

independent inputs/outputs 

common inputs/outputs 

positive supply voltage 

Fig. 4 Functional diagram. 

from logic 

Fig. 5 Schematic diagram (one switch). 
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APPLICATIONS 

• Analog multiplexing and 
demultiplexing 

• Digital multiplexing and 
demultiplexing 

• Signal gating 

FUNCTION TABLE 

INPUTS 

E Sn 

L L 
L H 

H x 

H =HIGH voltage level 
L = LOW voltage level 
X =don't care 

CHANNEL 
ON 

nYo - nZ 
nY1 - nZ 

none 



Triple 2-channel analog multiplexer/demultiplexer PC74HC/HCT4053 

MSI 

RATINGS 
Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Voltages are referenced to VEE= GND (ground= 0 VI 

SYMBOL PARAMETER MIN. MAX. UNIT CONDITIONS 

Vee DC supply voltage -0.5 +11.0 v 

±l1K DC digital input diode current 20 mA for V1 < -0.5 v ur V1>Vee+0.5 V 

±lsK DC switch diode current 20 mA for Vs< -0.5 v or Vs> Vee+ 0.5 v 

±Is DC switch current 25 mA for -o.5 v <Vs< Vee+ 0.5 v 

±IEE DC VEE current 20 mA 

±Ice; DC Vee or GND current 50 mA 
±IGND 

Tstg storage temperature range -65 +150 oc 

Ptot power dissipation per package for temperature range: -40to+125 °C 
74HC/HCT 

plastic DI L 500 mW above +70 °C: derate linearly with 8 mW/K 

plastic mini-pack (SO) 400 mW above +70 °C: derate linearly with 6 mW/K 

Ps power dissipation per switch 100 mW 

Note to ratings 

To avoid drawing Vee current out of terminals nZ, when switch current flows in terminals nY n• the voltage drop across the 
bidirectional switch must not exceed 0.4 V. If the switch current flows into terminals nZ, no Vee current will flow out of 
terminals n Y n· In this case there is no limit for the voltage drop across the switch, but the voltages at nY n and nZ may not 
exceed Vee or Vee-

RECOMMENDED OPERATING CONDITIONS 

74HC 74HCT 
SYMBOL PARAMETER UNIT CONDITIONS 

min. typ. max. min. typ. max. 

Vee DC supply voltage Vcc-GND 2.0 5.0 10.0 4.5 5.0 5.5 v see Figs 6 and 7 

Vee DC supply voltage Vee-VEE 2.0 5.0 10.0 2.0 5.0 10.0 v see Figs 6 and 7 

V1 DC input voltage range GND Vee GND Vee v 

Vs DC switch voltage range Vee Vee Vee Vee v 

Tamb operating ambient temperature range -40 +85 -40 +85 oc 
see DC and AC 

Tamb operating ambient temperature range -40 +125 -40 +125 oc CHARACTERISTICS 

1000 Vcc=2.ov 
tr, tf input rise and fall times 6.0 500 6.0 500 ns Vcc=4.5V 

400 Vee= 6.o v 
250 Vee= 10.0 v 
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PC74HC/HCT4053 

MSI 

10~~~~~~~~~"-"~'-"~·' 

Vee. GND f--+-+--¥--,1'-,IL--,/"--,l'--;f'----J''--;I 
!VI 

00 8 10 
Vee· Vee (V) 

Fig. 6 Guaranteed operating area as a function of 
the supply voltages for 74HC4053. 

DC CHARACTERISTICS FOR 74HC/HCT 

For 74HC: Vee - GND or Vee - VEE =2.0, 4.5, 6.0 and 9.0 v 

7Z932141 

00~~~~~~~~~.~~10 

Vee· Vee (VJ 

Fig. 7 Guaranteed operating area as a function of 
the supply voltages for 74HCT4053. 

For 74HCT: Vee - GND =4.5 and 5.5 V; Vee - VEE =2.0, 4.5, 6.0 and 9.0 v 

Tamb (°CJ TEST CONDITIONS 

74HC/HCT 
SYMBOL PARAMETER UNIT Vee VEE Is Vis V1 

+25 -40to +85 -40to+125 v v µA 

min. typ. max. min. max. min. max. 

- - - - 0 2.0 0 100 
Vee V1N 100 180 225 270 0 4.5 0 1000 

RoN ON resistance (peak) 
90 160 200 240 0 6.0 0 1000 to or 

70 130 165 195 0 4.5 -4.5 1000 VEE V1L 

150 - - - 0 2.0 0 100 
V1H 80 140 175 210 0 4.5 0 1000 

RoN ON resistance 
70 120 150 180 0 6.0 0 1000 VEE or 

60 105 130 160 0 4.5 -4.5 1000 V1L 

150 - - - 0 2.0 0 .100 
V1H 90 160 200 240 0 4.5 0 1000 

RoN ON resistance 
BO 140 175 210 0 6.0 0 1000 Vee or 

65 120 150 180 0 4.5 -4.5 1000 VIL 

- 0 2.0 0 
Vee V1H maximum i'>ON resistance 9 0 4.5 0 

l'>RQN between any two channels 8 0 6.0 0 to or 

6 0 4.5 -4.5 VEE VIL 

.. 
Notes to DC character1st1cs 

1. At supply voltages (Vee - VEE) approaching 2.0 V the analog switch ON-resistance becomes extremely non-linear. There it is 
recommended that these devices be used to transmit digital signals only, when using these supply voltages. 

2. For test circuit measuring RoN see Fig. 8. 
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Triple 2-channel analog multiplexer/demultiplexer 

DC CHARACTERISTICS FOR 74HC 
Voltages are referenced to GND (ground= O V) 

SYMBOL PARAMETER 

min. 

1.5 

V1H HIGH level input voltage 
3.15 
4.2 
6.3 

VtL LOW level input voltage 

±It input leakage current 

analog switch OFF-state 
±Is current per channel 

analog switch OFF-state 
±Is current all channels 

analog switch ON-state 
±Is current 

Ice quiescent supply current 

Tamb (oC) 

74HC 

+25 -40 to +85 

typ. max. min. max. 

1.2 1.5 
2.4 3.15 
3.2 4.2 
4.7 6.3 

0.8 0.5 0.5 
2.1 1.35 1.35 
2.8 1.8 1.8 
4.3 2.7 2.7 

0.1 1.0 
0.2 2.0 

0.1 1.0 

0.1 1.0 

0.1 1.0 

8.0 80.0 
16.0 160.0 

UNIT 
-40to+125 

min. max. 

1.5 
3.15 v 4.2 
6.3 

0.5 
1.35 v 1.8 
2.7 

1.0 
2.0 µA 

1.0 µA 

1.0 µA 

1.0 µA 

160.0 
320.0 µA 

Vee 
v 

2.0 
4.5 
6.0 
9.0 

2.0 
4.5 
6.0 
9.0 

6.0 
10.0 

10.0 

10.0 

10.0 

6.0 
10.0 

PC74HC/HCT4053 

MSI 

TEST CONDITIONS 

VEE v, OTHER 
v 

0 Vee 

0 
or 
GND 

VtH IVsl= 
0 or Vee- VEE 

VtL (see Fig. 10) 

VtH IVsl= 
0 or Vee- VEE 

VtL (see Fig. 10) 

V1H IVsl= 
0 or Vee- Vee 

VtL (see Fig. 11) 

0 Vee Vis= VeEor 

0 
or Vee; Vos= 
GND Vee or VEE 

( ''""'"' 1986 787 
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MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL .~···" 

tPHLI propagation delay 
tPLH Vis to Vos 

tpzH/ turn "ON" time 
tpzL E to V0 s 

tpzH/ turn "ON" time 
tpzL Sn to V0 s 

tpHz/ turn "OFF" time 
tPLz E to V0 s 

tpHz/ turn "OFF" time 
tpLz Sn to V0 s 

788 ''"""' , ... , 

+25 

min. typ. max. 

15 60 
5 12 
4 10 
4 8 

60 220 
20 44 
16 37 
15 31 

75 220 
25 44 
20 37 
15 31 

63 210 
21 42 
17 36 
15 29 

60 210 
20 42 
16 36 
15 29 

Tamb 1°CI TEST CONDITIONS 

74HC 
UNIT Vee Vee OTHER 

-40to +85 -40to+125 v v 
min. max. min. max. 

75 90 2.0 0 RL =oo; 
15 18 4.5 0 
13 15 ns 

6.0 0 
CL= 50 pF 

10 12 4.5 -4.5 
(see Fig. 181 

275 330 2.0 0 RL = 1 kSl; 
55 66 4.5 0 CL= 50 pF 
47 56 ns 6.0 0 (see Figs 19, 
39 47 4.5 -4.5 20 and 21) 

275 330 2.0 0 RL = 1 k.Q; 
55 66 4.5 0 CL= 50 pF 
47 56 ns 

6.0 0 (see Figs 19, 
39 47 4.5 -4.5 20 and 21) 

265 315 2.0 0 RL = 1 kn; 
53 63 4.5 0 CL= 50 pF 
45 54 ns 6.0 ·O (see Figs 19, 
36 44 4.5 -4.5 20 and 21) 

265 315 2.0 0 RL = 1 k.Q; 
53 63 4.5 0 CL= 50 pF 
45 54 ns 

6.0 0 (see Figs 19, 
36 44 4.5 -4.5 20and211 



Triple 2-channel analog multiplexer/demultiplexer L PC74HC/HCT4053 

MSI 

·--~--~~~~~~ 

DC CHARACTERISTICS FOR 74HCT 

Voltages are referenced to GND (ground= 0 V) 
r------,---------,---------------~--~---- ---

Tamb (°C) TEST CONDITIONS 

SYMBOL 1--------7-4H_C_T ______ ---l UNIT 1-~cv]ll ~-VE:i V11 ~T~ER --- -
+25 -40to+85 -40to+125 

PARAMETER 

min. typ. max. min. max. min. max. r ~ 

1_v_1 H---+-H_1_G_H_1_ev_•_' _in_p_ut_v_o_it_a_ge--+-2-.o-+-1-._6-+--·f---2-.0-+---+-2-.o-f---+-V----l ~; ~··· t-l =~~ 
VIL LOW level input voltage 1.2 0.8 0.8 0.8 V to [ l 
1----t----------1~-1--t----+--+--+----+--+----+ -~~- - --1~~~+------· 

±It input leakage current 0.1 1.0 1.0 µA 5.5 0 ~ND I 

1------f-a-n-al_o_g-sw-i-tc_h_O_F_F--st-a-te---+---+--l---t---f---l--t---l-µ-A-'---l--·-,-::::-- -~;;~-1-fc~cT~-VEE 
±ts current per channel 0· 1 1 ·0 1.0 

t----+----------f--f--+---+--+---+---+---+-----+--- ---~II~--· j· 1~;1:ig:~O} 
analog switch OFF-state 
current all channels O.l 1.0 1·0 µA lO.O O or Vee - VEE 

r----+----------1---1---+---+--+---+---+---+---1-----l----+-V:...t L::_ (see Fig. 10) 
±Is 

±Is analog switch ON-state O. l 1.0 1.0 µA 10.0 o ~~ H 
current 

f----+----------1---11---+---l----1----l---+---+---1---------- VtL 

IVsl= 
Vee- VEE 
(""'Fig. 11) 

~6~o ~~~o ~~g:g µA ~:~ ~5.0 ~,cc I ~~;; ~~;~' 
f----+----------f--lr---+---+--l---+---l----+--1----·+-- ~-~~j ~c_c or VEE 

additional quiescent supply 4 .5 v r oth ·r inputs 
current per input pin for CC i E 
unit load coefficient is 1 100 360 450 490 µA to 0 -2.1 lat Vee or 

~---~-(n_o_t_e_1_l _____ ~~~--~-~-~----'--~----'--~L-5_._5_,___l~ __ <;~-~----

Ice quiescent supply current 

lltcc 

Note to HCT types 
1. The value of additional quiescent supply current (II tee) for a unit load of 1 is given here. 

To determine Lit cc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT UNIT LOAD 
COEFFICIENT 

Sn 0.50 
E 0.50 
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PC74HC/HCT 4053 

MSI 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pf 

SYMBOL PARAMETER 

tPHL/ propagation delay 
tPLH Vis to Vos 

tpZHI turn "ON" time 
tpzL E to Vos 

tpzH/ turn "ON" time 
tpzL Sn to V05 

tpHz/ turn "OFF" time 
tpLz E to V0 s 

tpHz/ turn "OFF" time 
tpLz Sn to Vos 

,.. ,.00.'Y .... , I 

min. 

Tamb (°CI 

74HCT 

+25 -40to+85 

typ. max. min. max. 

5 12 15 
4 8 10 

27 48 60 
16 34 43 

25 48 60 
16 34 43 

24 44 55 
15 31 39 

22 44 55 
15 31 39 

TEST CONDITIONS 

UNIT Vee VEE OTHER 
-40to+125 v v 
min. max. 

18 4.5 0 RL= ~; 
ns CL= 50 pf 12 4.5 -4.5 

(see Fig. 18) 

4.5 
RL = 1 kSl; 

72 ns 0 CL= 50 pF 
51 4.5 -4.5 (see Figs 19, 

20and21) 

4.5 
RL=1kSl; 

72 ns 0 CL= 50 pF 
51 4.5 -4.5 (see Figs 19, 

20and 21) 

RL = 1 kSl; 
66 4.5 0 CL= 50 pf 
47 

ns 4.5 -4.5 (see Figs 19, 
20 and 21) 

RL = 1 kSl; 
66 4.5 0 CL= 50 pF 
47 

ns 
4.5 -4.5 (see Figs 19, 

20 and 21) 



Triple 2-channel analog multiplexer/demultiplexer PC74HC/HCT4053 

MSI 

7Z939421 

vcc=4,sv 

HIGH 
(from select inputs) 

40r-+--+--+---l-+--+--+--+-t--i 
~-----------<--v,, 

7Z93956 

20f--+-+--+--+-t---+--t--+--l--j 

1.B 3.6 5.4 7.2 

Fig. 8 Test circuit for measuring RoN· Fig. 9 Typical RoN as a function of input voltage 
Vis for Vis= 0 to Vee - VEE· 

LOW 
UromSfllectinputs) 

----------------~v,, 
7Z93957 

Fig. 10 Test circuit for measuring OFF-state current. 

HIGH 

(from select inputs) 

v1 •VEE or Vee Vo (open circuit) 

---------------VEE 
7Z93958 

Fig. 11 Test circuit for measuring ON-state current. 
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ADDITIONAL AC CHARACTERISTICS FOR 74HC/HCT 
Recommended conditions and typical values 

GND = 0 V; Tamb = 25 °C 

SYMBOL PARAMETER typ. UNIT 

sine-wave distortion 0.04 % 
f =1 kHz 0.02 'lo 

sine-wave distortion 0.12 0/o 
f = 10 kHz 0.06 'lo 

switch "OFF" signal -50 dB 
feed-through -50 dB 

crosstalk between -60 dB 
any two switches/ -60 dB 
multiplexers 

crosstalk voltage between 110 mV 
V(p-p) control and any switch 220 mV 

(peak-to-peak value) 

fmax 
minimum frequency response 160 MHz 

(-3dB) 170 MHz 

maximum switch capacitance 
Cs independent 5 pF 

common 8 pf 

Notes to AC characteristics 

General note 

Vee VEE 
v v 

2.25 -2.25 
4.5 -4.5 

2.25 -2.25 
4.5 -4.5 

2.25 -2.25 
4.5 -4.5 

2.25 -2.25 
4.5 -4.5 

4.5 0 
4.5 -4.5 

2.25 -2.25 
4.5 -4.5 

Vis is the input voltage at an nY nor nZ terminal, whichever is assigned as an input. 

V;s(p-p) CONDITIONS v 

4.0 RL = 10 k!2; CL= 50 pf 
8.0 (see Fig. 14) 

4.0 RL = 10 k!2; CL= 50 pf 
8.0 (see Fig. 14) 

note 1 RL=600!2;CL=50pF 
f = 1 MHz (see Figs 12 and 15) 

RL = 600 !2; CL= 50 pf; 
note 1 f = 1 MHz (see Fig. 16) 

RL = 600 !2; CL= 50 pF; 
f = 1 MHz (E or Sn, 
square-wave between Vee 
and GND, tr= tf = 6 ns) 
(see Fig. 17) 

note 2 
RL=50!2;CL=10pF 
(see Figs 13and 14) 

V 0s is the output voltage at an nY n or nZ terminal, whichever is assigned as an output. 

Notes 

1. Adjust input voltage Vis to 0 dBm level (0 dBm= 1 mW into 600 !2). 
2. Adjust input voltage Vis to 0 dBm level at Vos for 10 kHz (0 dBm= 1 mW into 50 !],). 

(dB I 

-50 

-100 
10 

/ 

792 J'""'"' 19861 

.} 

v 

k'.".:: 
1--v 

10• 10• 

93945 

f (kHz) 

Fig. 12 Typical switch "OFF" signal 
feed-through as a function of frequency. 



Triple 2-channel analog multiplexer/demultiplexer 

(dB) 

-5 
10 10' 

nZ/nYn _,_ _ _,, _ _, __ ,_-o-- v" 

channel 
ON 

7Z93959 

Fig. 14 Test circuit for measuring sine-wave 
distortion and minimum frequency response. 

channel 

ON 

+--~--GND 

(a) 

Ill~ 

7293946 
r-

f (kHz) 

Note to Figs 12and 13 

Test conditions: 

PC74HC/HCT4053 

MSI 

Vee= 4.5 V; GND = 0 V; VEE= -4.5 V; 
R L = 50 .11; Rsource = 1 k.11. 

Fig. 13 Typical frequency response. 

nZ/nYn 
.>----...-_,--r-~- Vo, 

channel 

OFF 

Fig. 15 Test circuit for measuring switch "OFF" 
signal feed-through. 

(b) 

Fig. 16 Test circuits for measuring crosstalk between any two switches/multiplexers. 
la) channel DN condition; (b) channel OFF condition. 

Vee 

2RL 2RL 

nY11 /nZ nZ/nYn 

1------<l---._-t---+--~-----GND 

~-------1-------- VEE 
7293962 

Fig. 17 Test circuit for measuring crosstalk between 
control and any switch. 

Note to Fig. 17 

The crosstalk is defined as follows 
(oscilloscope output): 

~~-=I ~--L v!p-p) 

7Z93949 ----1 
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MSI 

794 

AC WAVEFORMS 

vis INPUT 

V05 OUTPUT 

Fig. 18 Waveforms showing the input (Visl to 
output (V 0sl propagation delays. 

''"""" 19861 

E.sn INPUTS 

V05 OUTPUT 

-- 1PZH-

V05 OUTPUT 

I 
50% 

switch ___ ---,w-;,-,h-~--' _switch 

"ON" "OFF" ''ON" 

Fig. 19 Waveforms showing the turn-ON and turn-OFF times. 

Note to Fig. 19 

(1) HC : VM ~ 50%; Vi~ GND to Vee· 
HGT: VM ~ 1.3 V; V1 ~ GND to 3 V. 



Triple 2-channel analog multiplexer/demultiplexer 

TEST CIRCUIT AND WAVEFORMS 

Vee 

I 
RL 

oopen 

e, SWITCH 

GND 

VEE 

Fig. 20 Test circuit for measuring AC performance. 

Conditions 

TEST SWITCH Vis 

tpzH VEE Vee 
tpzL Vee VEE 
tpHz VEE Vee 
tpLz Vee VEE 
others open pulse 

Definitions for Figs 20 and 21: 

CL = load capacitance including jig and 
probe capacitance 
(see AC CHARACTERISTICS for 
values). 

RT= termination resistance should be equal 
to the output impedance Zo of the 
pulse generator. 

tr tf = 6 ns; when measuring fmax• there 
is no constraint on tr, tf with 50% 
duty factor. 

NEGATIVE 
INPUT 
PULSE 

POSITIVE 

INPUT 

PULSE 

FAMILY 

74HC 

74HCT 

PC74HC/HCT4053 

MSI 

,-----'w _____ , 
AMPLITUDE 

10% 

~ 
AMPLITUDE 

DV 

w -
7Z87476.J 

Fig. 21 Input pulse definitions. 

tr: tf 
AMPLITUDE VM 

fmax: 
OTHER 

PULSE WIDTH 

Vee 50% < 2 ns 6 ns 

3.0V 1.3 v < 2 ns 6 ns 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
PC74HC/HCT4059 

MSI 

PROGRAMMABLE DIVIDE-BY-N COUNTER 

FEATURES 

• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT4059 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the "4059" of the 
"40008" series. They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT4059 are divide-by-n 
counters which can be programmed to 
divide an input frequency by any number 
(n I from 3 to 15 999. The output signal is a 
one clock-cycle wide pulse and occurs at 
a rate equal to the input frequency 
divided by n. The down counter is preset 
by means of 16 jam inputs (J 1 to J rnl. 
The three mode selection inputs (S1 to S3) 
determine the modulus ("divide-by" 
number) of the first and last counting 
sections in accordance with the function 
table. Every time the first (fastest) 
counting section goes through one cycle, 
it reduces by 1, the number that has been 
preset (jammed) into the three decades of 
the intermediate counting section and 
into the last counting section (which 
consists of flip-flops that are not needed 
for operating the first counting section). 

For example, in divide-by-2 mode, only 
one flip-flop is needed in the first 
counting section. Therefore the last (5th) 
counting section has three flip-flops that 
can be preset to a maximum count of 
seven with a place value of thousands. 

This counting mode is selected when S1, 
S2 and S3 are set HIGH. In this case input 
J1 is used to preset the first counting 
section and J2 to J4 are used to preset 
the last (5th) counting section. 

(continued on next page} 

4059 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS 

HC 

tPHLI propagation delay 
tPLH CP to Q CL= 15 pF 17 

Vee= 5 v 
fmax maximum clock frequency 40 

C1 input capacitance 3.5 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT4059P: 24-lead OIL; plastic (SOT-101A). 
PC74HC/HCT4059T: 24-lead mini-pack; plastic (S0-24; SOT-137A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

HCT 

19 

40 

3.5 

UNIT 

ns 

MHz 

pF 

1 CP clock input (LOW-to-HIGH, edge-triggered) 

2 LE latch enable (active HIGH) 

3, 4, 5,6, 
22, 21, 20, 19, 

J1 to Jrn programmable jam inputs (BCD) 
18, 17, 16, 15, 
10,9,8, 7 

12 GND ground (0 V) 

14, 13, 11 S1 to S3 mode select inputs 

23 Q divide-by-n output 

24 Vee positive supply voltage 

(J'"""' 1986 
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798 

GENERAL DESCRIPTION (Cont'd) 
If divide-by 10 mode is desired for the 
first section, S1 is set HIGH, S2 HIGH 
and S3 LOW. The jam inputs J1 to J4 are 
used to preset the first counting section 
and there is no last counting section. 
The intermediate counting section consists 
of three cascaded BCD decade (divide-by-
1 O) counters, presettable by means of the 
jam inputs J5toJ16· 

When clock pulses are applied to the clock 
input (CP) after a number "n" has been 
preset into the counter, the counter counts 
down until the DETECTION circuit 
detects the zero state. At this time the 
PRESET ENABLE circuit is enabled to 
preset again the number "n" into the 
counter and to produce an output pulse. 

The preset of the counter to a desired 
divide-by-n is achieved as follows: 

n =(MODE*) (1000 x decade 5 preset+ 
+ 100 x decade 4 preset + 
+ 10 x decade 3 preset + 
+ 1 x decade 2 preset) + 
+ decade 1 preset 

*MODE= first counting section divider 
(10, 8, 5, 4 or 2). 

To calculate preset values for any "n" 
count, divide the "n" count by the 
selected mode. The resultant is the 
corresponding preset value of the 5th to 
the 2nd decade with the remainder being 
equal to the 1ste decade value; 
preset value= n/mode. 

If n = 8479, and the selected mode= 5, 
the preset value= 8479/5 = 1695 with a 
remainder of 4, thus the jam inputs must 
be set as shown in Table 1. 

The mode select inputs permit frequency­
synthesizer channel separations of 10, 
12.5, 20, 25 and 50 parts. These inputs 
set the maximum value of "n" at 9999 
(when the first counting section divides 
by 5 or 10) or at 15 999 (when the first 
counting section divides by 8, 4 or 2). 

The three decades of the intermediate 
counting section can be preset to a binary 
15 instead of a binary 9. In this case the 
first cycle of a counter consists of 
15 count pulses, the next cycles consisting 
of 10 counting pulses. Thus the place 
value of the three decades are still 1, 10 
and 100. For example, in the divide-by-8 
mode, the number from which the 

T bl 1 a e 

4 1 

J1 J2 J3 J4 Js 

L L H H H 

''"""'I 19861 

Js 

L 

intermediate counting section begins to 
count-down can be preset to: 

3rd decade: 1500 
2nd decade: 150 
1st decade:~ 

1665 

The last counting section can be preset to 
a maximum of 1, with a place value of 
1000. The total of these numbers (2665) 
times 8 equals 21 320. The first counting 
section can be preset to a maximum of 7. 
Therefore, 21 327 is the maximum possible 
count in the divide-by-8 mode. The highest 
count of the various modes is shown in the 
function table, in the column entitled 
"extended counter range". Control inputs 
S2 and S3 can be used to initiate and lock 
the counter in the "master preset" mode. 
In this condition the flip-flops in the 
counter are preset in accordance with the 
jam inputs and the counter remains in 
that mode as long as S2 and S3 both 
remain LOW. The counter begins to run 
down from the preset state when a 
counting mode other than the "master 
preset" mode is selected. Whenever the 
"master preset" mode is used, control 
signals S2 = S3 = LOW must be applied 
for at least 3 full clock pulses. After the 
master preset mode inputs have been 
changed to one of the counting modes, 
the next positive-going clock transition 
changes an internal flip-flop so that the 
count-down can begin at the second 
positive-going clock transition. Thus, after 
a "master preset" mode, there is always 
one extra count before the output goes 
HIGH. Figure 2 illustrates the operation 
of the counter in the divide-by-8 mode 
starting from the preset state 3. 

CP INPUT 

internal state 
of counter 

Q OUTPUT 

If the "master preset" mode is started 
two clock cycles or less before an output 
pulse, the output pulse will appear at the 
time due. If the "master preset" mode is 
not used the counter is preset in 
accordance with the jam inputs when the 
output pulse appears. A HIGH level at the 
latch enable input (LE) will cause the 
counter output to remain in the HIGH 
state until the LE input returns to LOW. 
If the LE input is LOW, the output pulse 
will remain HIGH for only one cycle of 
the clock input signal. 

When s1 =LOW, S2 =HIGH, S3 =LOW 
and LE = LOW, the counter operates in 

the "preset inhibit" mode, with which the 
dividend of the counter is fixed to 10 000, 
independent of the state of the jam inputs. 

When in the same state of mode select 
inputs LE= HIGH, the counter operates 
in the normal divide-by-10 mode, however, 
without the latch operation at the output. 

7293362 

Fig. 2 Total count of 3. 

5 9 6 

J7 Ja Jg J10 J11 J12 J13 J14 J15 J1s 

H L H L L H L H H L 



Programmable divide-by-n counter 

FUNCTION TABLE 

LATCH MODE 
ENABLE SELECT 
INPUT INPUTS 

LE s, S2 

x H H 

x L H 

x H L 

x L L 

x H H 

H L H 

L L H 

x x L 

H = HIGH voltage level 
L = LOW voltage level 
X =don't care 

S3 

H 

H 

H 

H 

L 

L 

L 

L 

~-

FIRST COUNTING SECTION 

MODE MAX. JAM 
DIVIDES PRESET INPUTS 

BY STATE USED 

2 1 J1 

4 3 JiJ2 

5 4 j 1 J2J3 

8 7 J1J2J3 
-

10 9 JihJ3J4 

10 9 JiJ2J3J4 

preset inhibited 

master preset 

LAST COUNTING SECTION 

MODE MAX. JAM 
DIVIDES PRESET INPUTS 

BY STATE USED 

8 7 hJ3J4 

4 3 J3J4 

2 1 J4 

2 1 J4 

1 0 -

1 0 -

preset inhibited 

master preset 

PC74HC/HCT4059 

MSI 

COUNTER RANGE 

DESIGN EXTENDED 

MAX. MAX. 

15 999 17 331 

15 999 18 663 

9 999 13 329 

15 999 21 327 

9 999 16 659 

9 999 16 659 

fixed -
10 000 

- -
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MSI 

14-STAGE BINARY RIPPLE COUNTER WITH OSCILLATOR 

FEATURES 

• All active components on chip 
• RC or crystal oscillator 

'configuration 
• Output capability: standard (except 

for RTc and CTcl 
• lcc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT4060 are high-speed 
Si-gate CMOS devices and are pin 
compatible with "4060" of the "4000B" 
series. They are specified in compliance 
with JED EC standard no. 7. 

The 74HC/HCT4060 are 14-stage 
ripple-carry counter/dividers and 
oscillators with three oscillator terminals 
(RS, RTc and CTcl. ten buffered outputs 
(03 to Og and 011 to 013) and an 
overriding asynchronous master reset 
(MR). 
The oscillator configuration allows design 
of either RC or crystal oscillator circuits. 
The oscillator may be replaced by an 
external clock signal at input RS. 
In this case keep the other oscillator 
pins ( RTc and CTcl floating. 

The counter advances on the negative­
going transition of RS. A HIGH level on 
MR resets the counter (03 to Og and 
011 to 013 = LOW), independent of 
other input conditions. 

In the HCT version, the MR input is TTL 
compatible, but the RS input has CMOS 
input switching levels and can be driven 
by a TTL output by using a pull-up 
resistor to V CC· 

4060 

7293320 

Fig. 1 Pin configuration. 

800 J'"""Y 19861 

SYMBOL PARAMETER 

tPHLI 
propagation delay 

RS to 03 
tPLH Onto0n+1 

tPHL MR to On 

fmax maximum clock frequency 

C1 input capacitance 

Cpo 
power dissipation 

capacitance per package 

GND = 0 V;Tamb = 25 °C;tr = tf = 6 ns 

Notes 

TYPICAL 
CONDITIONS 

HC HCT 

CL=15pF 31 31 
Vee= 5 v 6 6 

17 18 

87 87 

3.5 3.5 

notes 1, 2 and 3 40 40 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

PD= Cpo x Vee' x fi + ~ (CL x Vee' x fol where: 

UNIT 

ns 
ns 

ns 

MHz 

pF 

pF 

fi = input frequency in MHz CL output load capacitance in pF 
f 0 = output frequency in MHz Vee = supply voltage in V 
L (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is Vt = GND to Vee - 1.5 V 

3. For formula on dynamic power dissipation see next page. 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT4060P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT4060T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL 

1, 2, 3 011to013 
7, 5, 4, 6, 

03 to Og 14, 13, 15 
8 GND 
9 CTc 
10 RTC 
11 RS 
12 MR 
16 Vee 

7Z93321 

Fig. 2 Logic symbol. 

14 

13 

15 

NAME AND FUNCTION 

counter outputs 

counter outputs 

ground (0 V) 
external capacitor connection 
external resistor connection 
clock input/oscillator pin 
master reset 
positive supply voltage 

CTR14 

Fig. 3 I EC logic symbol. 



14-stage binary ripple counter with oscillator PC74HC/HCT4060 

MSI 

DYNAMIC POWER DISSIPATION FOR 74HC 

PARAMETER Vee TYPICAL FORMULA FOR Po (µW) (note 1) 
v 

total dynamic power 2.0 Cpo x fosc x Vee' + i: (CL x Vee' x f 0 ) + 2Ct x Vee' x f0 sc + 60x Vee 
dissipation when using the 4.5 CpoxfoscxVcc' +i:(CLxVcc' xf0 )+2CtxVcc' xf0 sc+1750xVcc 
on-chip oscillator (Po) 6.0 Cpo x fosc x Vee' + i: (CL x Vee' x f0 ) + 2Ct x Vee' x f 0 sc + 3 BOO x Vee 

GNO=OV;Tamb= 25°C 

DYNAMIC POWER DISSIPATION FOR 74HCT 

PARAMETER Vee TYPICAL FORMULA FOR Po (µW) (note 1) 
v 

total dynamic power 
dissipation when using the 4.5 Cpo x fosc x Vee'+ :E(CL x Vee' x f 0 ) + 2Ct x Vee' x fosc + 1 750 x Vee 
on-chip oscillator (Po) 

GNO = 0 V;Tamb = 25 °c 

Notes 

1. Where: f 0 = output frequency in MHz 
f0 sc = oscillator frequency in MHz 

.L (CL x Vee' x f 0 ) =sum of outputs 

10 

ATC CTC 

CL =output load capacitance in pF 
Ct =timing capacitance in pF 
Vee= supply voltage in V 

14-STAGE BINARY COUNTER 

03 o, o, Oo o, 
14 

Fig. 4 Functional diagram. 

CTc------~ 

RTc---­

RS 

MR 

o, Og 

13 15 1 

Og 

Fig. 5 Logic diagram. 

APPLICATIONS 

• Control counters 
• Timers 
• Frequency dividers 
• Time-delay circuits 

o,, 013 

801 



PC74HC/HCT4060 

MSI 

DC CHARACTERISTICS FOR 74HC 

Output capability: standard (except for RTc and CTcl 
Ice category: MSI 
Voltages are referenced to GND (ground= 0 V) 

SYMBOL PARAMETER 
+25 

min. typ. 

HIGH level input voltage 
1.5 1.3 

V1H 3.15 2.4 
MR input 4.2 3.1 

0.7 
V1L 

LOW level input voltage 1.8 
MR input 2.3 

HIGH level input voltage 
1.7 

V1H 3.6 
RS input 

4.8 

LOW level input voltage 
V1L RS input 

3.98 
5.48 

3.98 
5.48 

VoH 
HIGH level output voltage 

RTc output 1.9 2.0 
4.4 4.5 
5.9 6.0 

1.9 2.0 
4.4 4.5 
5.9 6.0 

HIGH level output voltage 3.98 
VoH CTc output 5.48 

HIGH level output voltage 1.9 2.0 
VoH except RTc output 4.4 4.5 

5.9 6.0 

HIGH level output voltage 3.98 
VoH except RTc and CTc 5.48 outputs 

LOW level output voltage 
VoL RTc output 0 

0 
0 

LOW level output voltage 
Vol CTc output 

(continued on next page) 

... J'""'"' .... J 

max. 

0.3 
0.9 
1.2 

0.3 
0.9 
1.2 

0.26 
0.26 

0.1 
0.1 
0.1 

0.26 
0.26 

Tamb (oe) TEST CONDITIONS 

74He 
UNIT Vee V1 OTHER 

-40to+85 -40to+125 v 
min. max. min. max. 

1.5 1.5 2.0 
3.15 3.15 v 4.5 
4.2 4.2 6.0 

0.3 0.3 2.0 
0.9 0.9 v 4.5 
1.2 1.2 6.0 

1.7 1.7 2.0 
3.6 3.6 v· 4.5 
4.8 4.8 6.0 

0.3 0.3 2.0 
0.9 0.9 v 4.5 
1.2 1.2 6.0 

3.84 3.7 4.5 
RS=GND -lo =2.6 mA v and 

5.34 5.2 6.0 
MR=GND 

-lo =3.3 mA 

3.84 3.7 4.5 RS= Vee -lo= 0.65 mA 
5.34 5.2 v 6.0 

and 
-lo =0,85 mA 

MR=Vcc 

1.9 1.9 2.0 RS=GND -lo= 20µA 
4.4 4.4 v 4.5 and -lo= 20µA 
5.9 5.9 6.0 MR=GND -lo =20µA 

1.9 1.9 2.0 RS=Vcc -10 =20µA 
4.4 4.4 v 4.5 and -lo= 20µA 
5.9 5.9 6.0 MR=Vcc -lo= 20µA 

3.84 3.7 4.5 RS=V1H -lo =3.2 mA 
5.34 5.2 v 6.0 and -lo=4.2mA 

MR=V1L 

1.9 1.9 2.0 V1H -lo= 20µA 
4.4 4.4 v 4.5 or -lo= 20µA 
5.9 5.9 6.0 VIL -lo =20µA 

3.84 3.7 4.5 V1H -lo=4.0mA 
5.34 5.2 v 6.0 or -lo=5.2mA 

V1L 

0.33 0.4 4.5 RS=Vcc lo= 2.6 mA 
and 

0.33 0.4 6.0 MR=GND lo =3.3 mA 

0.1 0.1 2.0 RS=Vcc lo= 20µA 
0.1 0.1 v 4.5 and lo= 20µA 
0.1 0.1 6.0 MR=GND lo=20µA 

0.33 0.4 4.5 RS=V1L lo =3.2 mA v and 
0.33 0.4 6.0 

MR=V1H 
lo =4.2 mA 



14-stage binary ripple counter with oscillator 

DC CHARACTERISTICS FOR 74HC (continued) 

Voltages are referenced to GND (ground= O V) 

SYMBOL PARAMETER 
+25 

min. typ. 

LOW level output voltage 0 
Vol except RTc output 0 

0 

LOW level output voltage 
Vol except RTc and CTc 

outputs 

±11 input leakage current 

ice quiescent supply current 

max. 

0.1 
0.1 
0.1 

0.26 
0.26 

0.1 

8.0 

Tamb (°C) 

74HC 

-40to+85 

min. max. 

0.1 
0.1 
0.1 

0.33 
0.33 

1.0 

80.0 

UNIT Vee 
-40to+125 v 
min. max. 

0.1 2.0 
0.1 v 4.5 
0.1 6.0 

0.4 4.5 
0.4 v 6.0 

1.0 µA 6.0 

160.0 µA 6.0 

PC74HC/HCT4060 

MSI 

TEST CONDITIONS 

V1 OTHER 

V1H lo= 20µA 
or lo= 20µA 
V1L lo= 20µA 

V1H lo=4.0mA or 
lo= 5.2mA 

VIL 

Vee 
or 
GND 

Vee 
or lo=O 
GND 



PC74HC/HCT 4060 

MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH RS to 03 

tPHLI propagation delay 
tPLH On to On+1 

tPHL 
propagation delay 

MR to On 

tTHLI output transition time 
tTLH 

tw 
clock pulse width 

RS; HIGH or LOW 

tw 
master reset pulse 

width MR; HIGH 

trem 
removal ti me 

MR to RS 

fmax 
maximum clock pulse 
frequency 

804 J'"""' 19861 

+25 

min. typ. max. 

99 30 
36 60 
29 51 

22 80 
8 16 
6 14 

55 175 
20 35 
16 30 

19 75 
7 15 
6 13 

80 17 
16 6 
14 5 

80 25 
16 9 
14 7 

100 28 
20 10 
17 8 

6 26 
30 80 
35 95 

Tamb (oC) TEST CONDITIONS 

74HC 
UNIT Vee WAVEFORMS 

-40to +85 -40to +125 v 
-··r-

min. max. min. max. 

375 450 2.0 
75 90 ns 4.5 Fig. 11 
64 77 6.0 

100 120 2.0 
20 24 ns 4.5 Fig. 13 
17 20 6.0 

220 265 2.0 
44 53 ns 4.5 Fig. 12 
37 45 6.0 

95 110 2.0 
19 22 ns 4.5 Fig. 11 
16 19 6.0 

100 120 2.0 
20 24 ns 4.5 Fig. 11 
17 20 6.0 

100 120 2.0 
20 24 ns 4.5 Fig. 12 
17 20 6.0 

125 150 2.0 
25 30 ns 4.5 Fig. 12 
21 26 6.0 

4.8 4.0 2.0 
24 20 MHz 4.5 Fig. 11 
28 24 6.0 



14-stage binary ripple counter with oscillator 

DC CHARACTERISTICS FOR 74HCT 

Output capability: standard (except for RTc and CTcl 
Ice category: MSI 

Voltages are referenced to GND (ground= 0 VI 

SYMBOL PARAMETER 
+25 

min. typ. 

V1H HIGH level input voltage 2.0 

V1L LOW level input voltage 

3.98 

3.98 

VoH 
HIGH level output voltage 

RTc output 
4.4 4.5 

4.4 4.5 

HIGH level output voltage 
VoH CTc output 

3.98 

HIGH level output voltage 
VoH except RTc output 

4.4 4.5 

HIGH level output voltage 
VoH except RTc and CTc 3.98 

outputs 

LOW level output voltage 
Vol RTc output 

0 

LOW level output voltage 
Vol CTc output 

max. 

0.8 

0.26 

0.1 

0.26 

-+---
LOW level output voltage 

Vol except RTc output 
0 0.1 

LOW level output voltage 
Vol except RTc and CTc 0.26 

outputs 

±Ir input leakage current 0.1 

(continued on next page) 

Tamb (°CI 

74HCT 

-40to+85 

min. max. 

2.0 

0.8 

3.84 

3.84 

4.4 

4.4 

3.84 

4.4 

3.84 

0.33 

0.1 

0.33 

0.1 

0.33 

1.0 

UNIT 
-40to+125 

min. max. 

2.0 v 

0.8 v 

3.7 v 

3.7 v 

4.4 v 

4.4 v 

3.7 v 

4.4 v 

3.7 v 

I 

0.4 v 

0.1 v 

0.4 v 

0.1 v 

0.4 v 

1.0 µA 

Vee 
v 

4.5 
to 
5.5 

4.5 
to 
5.5 

4.5 

4.5 

4.5 

4.5 

4.5 

4.5 

4.5 

4.5 

4.5 

4.5 

4.5 

4.5 

5.5 

PC74HC/HCT4060 

MSI 

TEST CONDITIONS 

Vi OTHER 

note 2 

--

note 2 

RS=GND 
and -lo= 2.6 mA 
MR=GND 

RS= Vee 
and -lo= 0.65 mA 
MR=Vcc 

RS=GND 
and -lo= 20µA 
MR=GND 

RS= Vee 
and -lo= 20µA 
MR= Vee 

RS=V1H 
and -lo= 3.2 mA 
MR=V1L 

V1H 
or -lo= 20µA 
VIL 

V1H 
or -lo= 4.0 mA 
VIL 

RS=Vcc 
and lo= 2.6 mA 
MR=GND 

RS=Vcc 
and lo= 20µA 
MR=GND 

RS=V1L 
and lo= 3.2 mA 
MR=V1H 

V1H 
or lo=20µA 
VIL 

V1H 
or lo= 4.0 mA 
VIL 

Vee 
or 
GND 

(J'"""'I 1986 805 



PC74HC/HCT4060 

MSI 

DC CHARACTERISTICS FOR 74HCT (continued) 

Voltages are referenced to GND (ground = 0 V) 

SYMBOL PARAMETER 
+25 

min. typ. 

Ice quiescent supply current 

additional quiescent supply 

Alec 
current per input pin for 

100 unit load coefficient is 1 
(note 1) 

Notes to HCT types 

max. 

8.0 

360 

Tamb (°C) 

74HCT 
UNIT Vee 

-40to+85 -40to+125 v 
min. max. min. max. 

80.0 160.0 µ.A 5.5 

4.5 
450 490 µA to 

5.5 

1. The value of additional quiescent supply current (Alec) for a unit load of 1 is given here. 
To determine Alec per input, multiply this value by the unit load coefficient shown in the table below. 

2. Only input MR (pin 12) has TTL input switching levels for the HCT versions. 

input 

MR 

unit load 
coefficient 

0.40 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH RS to 03 

tPHLI propagation delay 
tPLH On to On+1 

tPHL 
propagation delay 

MR to On 

tTHLf output transition time 
tTLH 

tw 
clock pulse width 

RS; HIGH or LOW 

tw 
master reset pulse 
width MR; HIGH 

trem 
removal ti me 
MR to RS 

fmax 
maximum clock pulse 
frequency 

806 Jooo•"I 19861 

min. 

16 

16 

26 

30 

Tamb (OC) 

74HCT 

+25 -40to+85 -40 to+125 

typ. max. min. max. min. max. 

33 66 83 99 

8 16 20 24 

21 44 55 66 

7 15 19 22 

6 20 24 

7 20 24 

13 33 39 

80 24 20 

UNIT Vee 
v 

ns 4.5 

ns 4.5 

ns 4.5 

ns 4.5 

ns 4.5 

ns 4.5 

ns 4.5 

MHz 4.5 

TEST CONDITIONS 

V1 OTHER 

Vee 
or lo=O 
GND 

other inputs at 
Vee Vee or GND; -2.1 v 

lo=O 

TEST CONDITIONS 

WAVEFORMS 

Fig. 11 

Fig. 13 

Fig. 12 

Fig. 11 

Fig. 11 

Fig. 12 

Fig. 12 

Fig. 11 



14-stage binary ripple counter with oscillator PC74HC/HCT4060 

MSI 

Rbias=560k.U 

0.47µF input 

o-jl-+--o-----< 

(f"' tkHz) 

Fig. 6 Test set-up for measuring forward 
transconductance gfs = di0 /dvi at 
v0 is constant (see also graph Fig. 7); 
MR= LOW. 

105 

'•"' 
(Hz) 

104 

10 

~ 

10' 

10-4 

~ 

~ 

104 

10-3 

" 
~ 

105 Rt (Il) 106 

10-2 Ct (µFJ 10-1 

Fig. 8 RC oscillator frequency as a function 
of Rt and Ct at Vee= 2.0 to 6.0 V; 
Tamb = 25 •c. 
Ct curve at Rt= 100 k!J; R2 = 200 k!1. 
Rt curve at Ct= 1 nF; R2 = 2 x Rt. 

TIMING COMPONENT LIMITATIONS 

'" (mA/Vl 

7Z93326 
14 ,,--,-

121--l----+--+-+--+-+-+-l--l--.l"...-1"'j v 
10f--f--f--f------+--+--+-+p-,<.\---+--l---1 

r-f--+J--+----1--· -+--+---1 ~ 
IZ 

2~~~~~~~~~~~~ 

0 

Vee IVl 

Fig. 7 Typical forward transconductance gfs 
as a function of the supply voltage Vee at 
Tamb = 25 •c. 

RC OSCILLATOR 

MR {from logic) 

11 RS 

R2 

Fig. 9 Example of a RC oscillator. 

Typical formula for oscillator frequency: 
f 1 
osc 2.5 x Rt x Ct 

The oscillator frequency is mainly determined by RtCt. provided R2"' 2Rt and R2C2 < RtCt. The function of R2 is to minimize the 
influence of the forward voltage across the input protection diodes on the frequency. The stray capacitance C2 should be kept as small 
as possible. In consideration of accuracy, Ct must be larger than the inherent stray capacitance. Rt must be larger than the "ON" 
resistance in series with it, which typically is 280 !1 at Vee= 2.0 V, 130 !1 at Vee= 4.5 V and 100 !1 at Vee= 6.0 V. 
The recommended values for these components to maintain agreement with the typical oscillation formula are: 

Ct> 50 pF, up to any practical value, 

10k!1< Rt< 1 M!1. 
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PC74HC/HCT4060 

MSI 

TYPICAL CRYSTAL OSCILLATOR 

In Fig. 10, R2 is the power limiting resistor. 
For starting and maintaining oscillation a minimum 
transconductance is necessary, so R2 should not 
be too large. A practical value for R2 is 2.2 k!l. 

Fig. 10 External components connection for a 
crystal oscillator. 

AC WAVEFORMS 

- 1/fmax-

RS INPUT 

7Z93330 

Fig. 11 Waveforms showing the clock (RS) to 
output (03) propagation delays, the clock pulse 
width, the output transition times and the 
maximum clock frequency. 

On+1 OUTPUT 

7Z93332 

Fig. 13 Waveforms showing the output (Onl to 
On+1 propagation delays. 

J'""'"' 1986 I 

MA INPUT 

-tw-

RS INPUT 

0 0 OUTPUT 

7Z93331 

Fig. 12 Waveforms showing the master reset 
(MR) pulse width, the master reset to output 
(Onl propagation delays and the master reset 
to clock (RS) removal time. 

Note to AC waveforms 

(1) HC : VM = 50%; VJ= GND to Vee· 
HeT: VM=1.3V;VJ=GNDto3V. 



DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
PC74HC/HCT4066 

SSI 

QUAD BILATERAL SWITCHES 

FEATURES 

• Very low "ON" resistance: 
50 Q (typ.) at Vee= 4.5 V 
45 Q (typ.) at Vee= 6.0 V 
35 Q (typ.) at Vee= 9.0 V 

• Output capability: non-standard 
• Ice category: SSI 

GENERAL DESCRIPTION 
The 74HC/HCT4066 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the "4066" of the 
"4000B" series. They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT 4066 have four 
independent analog switches. 
Each switch has two input/output 
terminals (nY, nZ) and an active HIGH 
enable input (nE). When nE is LOW 
the belonging analog switch is turned off. 

The "4066" is pin compatible with the 
"4016" but exhibits a much lower "ON" 
resistance. In addition, the "ON" 
resistance is relatively constant over the 
full input signal range. 

FUNCTION TABLE 

INPUT 
nE 

L 
H 

H =HIGH voltage level 
L = LOW voltage level 

4066 

SWITCH 

off 
on 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS 

HC 

tpzL/ propagation delay 
RL = 1 k.11 

tpzH turn-on time 
CL= 50 pF 17 

tpLz/ propagation delay 
Vee= 5 v 

tpHz turn-off time 15 

C1 input capacitance 3.5 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT4066P: 14-lead DI L; plastic (SOT-27). 
PC74HC/HCT4066T: 14-lead mini-pack; plastic (S0-14; SOT-108A). 

PIN DESCRIPTION 

PIN NO. 

1, 4, 8, 11 

2, 3, 9, 10 

7 

13, 5, 6, 12 

14 

SYMBOL NAME AND FUNCTION 

1Y to 4Y independent inputs/outputs 

1Z to 4Z independent inputs/outputs 

GND ground (0 VI 

1 E to 4E enable inputs (active HIGH I 

Vee positive supply voltage 

1l 
Vee - 2 v 

200 

160 

~ 1- ~ Vcc=4,sv 

i-s..._ ,,,,.6,0V 

120 

80 

40 

0 
0 1,2 2,4 3,6 4,8 

vis (V) 

Fig. 2 Typical RoN as a function of input 
voltage Vis for Vis = 0 to V CC· 

HGT 

19 

17 

3.5 

January 1986 

UNIT 

ns 

ns 

pF 
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PC74HC/HCT4067 

MSI 

DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. 

16-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER 

FEATURES 

• Low "ON" resistance: 
80 Q (typ.j at Vee; 4.5 V 
70 Q (typ.) at Vee; 6.0 V 
60 Q (typ.) at Vee; 9.0 V 

• Output capability: non-standard 
• Ice category: MSI 
GENERAL DESCRIPTION 
The 74HC/HCT4067 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the "4067" of the 
"40008" series. They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT4067 are 16-channel 
analog multiplexers/demultiplexers with 
four address inputs (Soto S3), an active 
LOW enable input (E), sixteen 
independent inputs/outputs (Yo to Y 15) 
and a common input/output (Z). 

The "4067" contains sixteen bidirectional 
analog switches, each with one side 
connected to an independent input/output 
(Yo to Y 15) and the other side connected 
to a common input/output (Z). 

With E LOW, one of the sixteen switches 
is selected (low impedance ON·state) by 
So to S3. All unselected switches are in the 
high impedance OFF-state. With E HIGH, 
all switches are in the high impedance 
OFF-state, independent of So to S3. 

The analog inputs/outputs (Yo to Y 15· 
and Z) can swing between V CC as a 
positive limit and GND as a negative limit. 
Vee to GND may not exceed 6.0 V. 
APPLICATIONS 

• Analog multiplexing and 
demultiplexing 

• Digital multiplexing and 
demultiplexing 

• Signal gating 

4067 

So 

Fig. 1 Pin configuration. 

810 January 1986 

TYPICAL 
SYMBOL PARAMETER CONDITIONS 

HC 

tpzL/ propagation del~y RL = 1 k.Q 
tpzH turn-on time CL=50pF 27 

tpLz/ propagation delay Vee= 5 v 
tpHz turn-off time 25 

C1 input capacitance 3.5 

GND = 0 V;Tamb = 25 °C;tr =tf =6 ns 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT4067P: 24-lead DIL; plastic (SOT-101A). 
PC74HC/HCT4067T: 24-lead mini-pack; plastic (S0-24; SOT-137A). 

PIN DESCRIPTION 

PIN NO. 

1 

9, 8, 7, 6, 
5, 4, 3, 2, 
23, 22, 21, 20, 
19, 18, 17, 16 

10, 11, 14, 13 

12 

15 

24 

SYMBOL NAME AND FUNCTION 

z common input/output 

YotoY15 independent inputs/outputs 

So to S3 address inputs 

GND ground (0 V) 
E enable inp"t (active LOW) 

Vee positive supply voltage 

,---,--,--
Vcc=4,5V 

RON 

1n1 
80 

60 

100 

\J 
/~ l7 6V L.j 

Ir-. v 9V 

p l'-.. J7 Ji"'-
" ..J7 1-

40 

20 

1.8 3.6 5.4 7.2 

Fig. 2 Typical RoN as a function of input 
voltage Vis for Vis= 0 to V CC· 

HGT 

29 

27 

3.5 

UNIT 

ns 

ns 
+---

pF 



~ 
~ 
1-z 
w 
:iE 
a. 
0 
...I 
w 
> w 
c 

16~hannel analog multiplexer/demultiplexer 

FUNCTION TABLE 

INPUTS 

E SJ Sz 

L L L 
L L L 
L L L 
L L L 

L L H 
L L H 
L L H 
L L H 

L H L 
L H L 
L H L 
L H L 

L H H 
L H H 
L H H 
L H H 

H x x 
H = HIGH voltage level 
L = LOW voltage level 
X = don't care 

CHANNEL 

S1 So 
ON 

L L Yo - z 
L H Y1 - z 
H L Y2 - z 
H H Y3 - z 

L L Y4 - z 
L H Y5 - z 
H L Y5 - z 
H H Y7 - z 

L L Ya - z 
L H Yg - Z 
H L Y10- Z 
H H Y11- z 

L L Y12- z 
L H Y13- Z 
H L Y14- z 
H H Y15- Z 

x x none 

PC74HC/HCT 4067 

MSI 

January 1986 811 



PC7 4HC/HCT 4075 

SSI 

812 

TRIPLE 3-INPUT OR GATE 

FEATURES 

• Output capability: standa.rd 
• Ice category: SS I 

GENERAL DESCRIPTION 
The 74HC/HCT4075 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the "4075" of the 
"40008" series. They are specified in 
compliance with JEDEC standard no. 7. 
The 74HC/HCT4075 provide the 
3-input OR function. 

-------1 
Vee 

3C 

4075 

LG~: 6 

Fig.~-Pin configuration. 

---~ 

January 1986 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 
>-----+-----------··---j----------+---1-----j>-----j 

propagation delay 
nA, nB, nC to nY 

CL=15pF 
Vee= 5 v 8 10 ns 

C1 input capacitance 

power dissipation 
capacitance per gate 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

3.5 

notes 1 and 2 28 

1. Cpo is used to determine the dynamic power dissipation (Po in µWl: 

Po= Cpo x Vee' x fi + L (CL x Vee' x fol where: 

3.5 pF 

32 pF 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
J: (CL x Vee' x f0 l =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HGT the condition is V1 = GND to Vcc-1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT4075P: 14-lead DIL; plastic (SOT-27l. 
PC74HC/HCT4075T: 14-lead mini-pack; plastic (S0-14; SOT-108Al. 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

3, 1, 11 1A to 3A data inputs 

4, 2, 12 16 to 36 data inputs 

5, 8, 13 1C to 3C data inputs 

6, 9, 10 1Y to 3Y data outputs 

7 GND ground (0 Vl 

14 Vee positive supply voltage 
---

10 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 



Triple 3-input OR gate J 
---

PC7 4HC/HCT 4075 

SSI 

Fig. 4 Functional diagram. Fig. 5 Logic diagram (one gate). 

DC CHARACTERISTICS FOR 74HC 

FUNCTION TABLE 

INPUTS 

nA nB nC 

L L L 
H x x 
x H x 
x x H 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 

OUTPUT 

nY 

L 
H 
H 
H 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
I cc category: SS I 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nA, nB, nC to nY 

tTHLI output transition time 
tTLH 

min. 

+25 

typ. max. 

28 100 
10 20 
B 17 

19 75 
7 15 
6 13 

Tamb (oC) TEST CONDITIONS 

74HC 
UNIT Vee WAVEFORMS 

-40to+85 -40to+125 v 
min. max. min. max. 

125 150 2.0 
25 30 ns 4.5 Fig. 6 
21 26 6.0 

95 110 2.0 
19 22 ns 4.5 Fig. 6 
16 19 6.0 
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PC74HC/HCT4075 

SSI 

DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: SSI 

Note to HCT types 

The value of additional quiescent supply current (LI Ice) for a unit load of 1 is given in the family specifications. 
To determine lllcc per input, multiply this value by the unit load coefficient shown in the table below. 

input 
unit load 
coefficient 

nA, nB, nC 1.60 

AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nA, nB, nC to nY 

tTHLf output transition time 
!TLH 

AC WAVEFORMS 

nY OUTPUT 

7293183 

+25 

min. typ. max. 

12 24 

7 15 

Fig. 6 Waveforms showing the input (nA, nB, 
nC) to output (n Y) propagation delays and the 
output transition times. 

814 January 1986 

Tamb (°Cl 

74HCT 

-40to+85 

min. max. 

30 

19 

TEST CONDITIONS 

UNIT Vee WAVEFORMS 
-40to+125 v 
min. max. 

36 ns 4.5 Fig. 6 

22 ns 4.5 Fig. 6 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee· 
HCT: VM=1.3V;V1=GNDto3V. 



PC74HC/HCT4094 

MSI 

8-STAGE SHIFT-AND-STORE BUS REGISTER 

FEATURES 

• Ouput capability: standard 

• lcc catagory: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT4094 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the "4094" of the 
"40008" series. They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT4094 are 8-stage serial 
shift registers having a storage latch 
associated with each stage for strobing 
data from the serial input (D) to the 
parallel buffered 3-state outputs (OPo 
to OP7). The parallel outputs may be 
connected directly to common bus lines. 
Data is shifted on the positive-going 
clock (CP) transitions. The data in each 
shift register stage is transferred to the 
storage register when the strobe input 
(STR) is HIGH. Data in the storage 
register appears at the outputs when­
ever the output enable input (OE) 
signal is HIGH. 

Two serial outputs (OS1 and OS2) are 
available for cascading a number of 
"4094" devices. Data is available at OS1 
on the positive-going clock edges to 
allow high-speed operation in cascaded 
systems in which the clock rise time is 
fast. The same serial information is 
available at OS2 on the next negative­
going clock edge and is for cascading 
"4094" devices when the clock rise 
time is slow. 

APPLICATIONS 

• Serial-to-parallel data conversion 
• Remote control holding register 

4094 

Fig. 1 Pin configuration. 

SYMBOL PARAMETER 

propagation delay 
CP to OS1 

tPHLI CP to OS2 
tPLH CPtoOPn 

STR to QPn 

fmax maximum clock frequency 

C1 input capacitance 

CpD 
power dissipation 

capacitance per package 

GND = 0 V; Tamb = 25 'C; tr= tf = 6 ns 

Notes 

CONDITIONS 

CL=15pF 
Vee= 5 v 

notes 1 and 2 

TYPICAL 

HC HCT 

15 19 
13 18 
20 21 
18 19 

95 86 

3.5 3.5 

83 92 

1. CPD is used to determine the dynamic power dissipation (PD in µW): 

PD= CPD x Vee' x fi + L (CL x Vee' x f0 ) where: 

UNIT 

ns 
ns 
ns 
ns 

MHz 

pF 

pF 

fi = input frequency in MHz CL output load capacitance in pF 
fo = output frequency in MHz VCC = supply voltage in V 
~ (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT4094P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT4094T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 
--

PIN NO. SYMBOL NAME AND FUNCTION 

1 STR strobe input 

2 D serial input 

3 GP clock input 

4, 5, 6, 7, 
OPo to OP7 parallel outputs 

14, 13, 12, 11 

8 GND ground (0 V) 

9, 10 OS1, OS2 serial outputs 

15 OE output enable input 

16 Vee positive supply vo.ltage 

CP STR 

OS1 

10 

OP1 

OP2 

14 

OP5 13 

OP6 12 

OPy 11 

OE 

15 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 

( ''"""' 1986 815 



PC74HC/HCT4094 

MSI 

8·STAGE SHIFT 

REGISTER 

8-BIT STORAGE 
REGISTER 

3- ST ATE OUTPUTS 

7293857 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS 

CP OE 

t L 
.j, L 
t H 
t H 
t H 
-I H 

H =HIGH voltage level 
L = LOW voltage level 
X =don't care 

STR 

x 
x 
L 
H 
H 
H 

Z =high impedance OFF-state 
NC = no change 
t =LOW-to-HIGH CP transition 
-1 =HIGH-to-LOW CP transition 

D 

x 
x 
x 
L 
H 
H 

CP 

STR 

OE 

Fig. 5 Logic diagram. 

PARALLEL SERIAL 
OUTPUTS OUTPUTS 

OPo OPn as, OS2 

z z 0'5 NC 
z z NC OP7 
NC NC 0'5 NC 
L 0Pn·1 0'5 NC 
H OPn-1 0'5 NC 
NC NC NC OP7 

0'5 =the information in the seventh register stage is transferred to the 8th register stage 
and OSn output at the positive clock edge 

CLOCK INPUT CP 

DATA INPUT 

STROBE INPUT STR 

OUTPUT ENABLE OE 
INPUT 

INTERNAL O'o (FFO) 

OUTPUT aPo 

INTERNAL a·s (FF6) 

OUTPUT ap6 

SERIAL OUTPUT as1 

SERIAL OUT~UT as, 

Fig. 6 Timing diagram. 
7293859 

816 J'"""" 19861 
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8-stage shift-and-store bus register 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

Tamb ('Cl 

74HC 
SYMBOL PARAMETER UNIT Vee 

+25 -40 to +85 -40 to +125 v 

min. typ. max. min. max. min. max. 

tPHL/ propagation delay 50 150 190 225 2.0 
18 30 38 45 ns 4.5 

tPLH CP to 051 14 26 33 38 6.0 

tPHLI propagation delay 44 135 170 205 2.0 
16 27 34 41 ns 4.5 

tPLH CP to OS2 
13 23 29 35 6.0 

tPHL/ propagation delay 63 195 245 295 2.0 
23 39 49 59 ns 4.5 

tPLH CP to OPn 18 33 42 50 6.0 

tPHLI propagation delay 58 180 225 270 2.0 
21 36 45 54 ns 4.5 

tPLH STR to OPn 
17 31 38 46 6.0 

tTHL/ 
19 75 95 110 2.0 

output transition time 7 15 19 22 ns 4.5 
tTLH 6 13 16 19 6.0 

tpzH/ 
3-state output 55 175 220 265 2.0 

enable time 20 35 44 53 ns 4.5 
tpzL OE to OPn 16 30 37 45 6.0 

tpHz/ 
3-state output 41 125 155 190 2.0 

disable time 15 25 31 38 ns 4.5 
tPLz OE to OPn 12 21 26 32 6.0 

clock pulse width 80 19 100 120 2.0 
tw 16 7 20 24 ns 4.5 

HIGH or LOW 
14 6 17 20 6.0 

strobe pulse width 80 19 100 120 2.0 

tw 16 7 20 24 ns 4.5 
HIGH or LOW 14 6 17 20 6.0 

set-up time 50 14 65 75 2.0 
tsu 10 5 13 15 ns 4.5 

D to CP 9 4 11 13 6.0 

hold time 
3 -6 3 3 2.0 

th D to CP 3 -2 3 3 ns 4.5 
3 -2 3 3 6.0 

maximum clock pulse 6 28 4.8 4.0 2.0 
fmax 30 87 24 20 MHz 4.5 

frequency 35 103 28 24 6.0 

PC74HC/HCT4094 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 7 

Fig. 7 

Fig. 7 

Fig. 8 

Fig. 7 

Fig. 9 

Fig. 9 

Fig. 7 

Fig. 8 

Fig. 10 

Fig. 10 

Fig. 7 
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PC74HC/HCT 4094 

MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (~Ice) for a unit load of 1 is given in the family specifications. 
To determine ~Ice per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 
UNIT LOAD 
COEFFICIENT 

OE, CP 1.50 
D 0.40 
STR 1.00 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

Tamb ('C) TEST CONDITIONS 

74HCT 
SYMBOL PARAMETER UNIT Vee WAVEFORMS 

+25 -40 to +85 -40 to +125 v 

min. typ. max. min. max. min. max. 

tPHL/ propagation delay 
22 39 

tPLH CP to OS1 
49 59 ns 4.5 Fig. 7 

tPHL/ propagation delay 
21 36 

tPLH CP to OS2 
45 54 ns 4.5 Fig. 7 

tPHL/ propagation delay 
25 43 

tPLH CP to QPn 
54 65 ns 4.5 Fig. 7 

tPHL/ propagation delay 
22 39 49 59 ns 4.5 Fig. 8 

tPLH STR to QPn 

trnL/ output transition time 7 15 19 22 ns 4.5 Fig. 7 
tTLH 

tpZH/ 
3-state output 

enable time 20 35 44 53 ns 4.5 Fig. 9 
tpzL OE to QPn 

tpHz/ 
3-state output 

disable time 20 35 44 53 ns 4.5 Fig. 9 
tpLz OE to QPn 

tw 
clock pulse width 

16 7 
HIGH or LOW 

20 24 ns 4.5 Fig. 7 

tw 
strobe pulse width 

16 7 
HIGH or LOW 

20 24 ns 4.5 Fig. 8 

tsu 
set-up time 

10 4 
D to CP 

13 15 ns 4.5 Fig. 10 

th 
hold time 

D to CP 
4 -1 4 4 ns 4.5 Fig. 10 

fmax 
maximum clock pulse 

30 80 24 20 MHz 4.5 Fig. 7 
frequency 
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8-stage shift-and-store bus register 

AC WAVEFORMS 

OPw as1 

OUTPUT 

052 OUTPUT 

7Z93860 

---1/fmax 

-tw­
tPLH 

- ~+'PLH 
VM(1) 

-------
..... --tTLH 

Fig. 7 Waveforms showing the clock (CP) to 
output (OPn, OS1, 052) propagation 
delays, the clock pulse width and the 
maximum clock frequency. 

90% 

OE INPUT VMl1J 

OP0 

OUTPUT 
LOW-to-OFF 
OFF-to-LOW 

..--tpzH--
OP0 

OUTPUT 

HIGH-to-OFF 
OFF-to-HIGH 

,,tp, .. _I_ '"'P"'' 
enabled disabled 

---outputs 
enabled 

Fig. 9 Waveforms showing the 3-state enable 
and disable times for input OE. 

Note to AC waveforms 

(1) HC : VM = 50%; V1 = GND to Vee· 
HCT: VM= 1.3V;V1 =GNDto3V. 

PC74HC/HCT4094 

MSI 

STR INPUT 

OPn OUTPUT 

7Z93861 

Fig. 8 Waveforms showing the strobe (STR) 
to output (OPnl propagation delays and 
the strobe pulse width. 

CP INPUT 

0 INPUT 

OPw as1,os2 

OUTPUT /M'" --------

Fig. 10 Waveforms showing the data set-up 
and hold times for the data input (D). 

Note to Fig. 10 

The shaded areas indicate when the input 
is permitted to change for predictable 
output performance. 

January 1986 
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QUAD BILATERAL SWITCHES 

FEATURES 

• Low "ON" resistance: 
90 S1 (typ.) at Vee - VEE= 4.5 V 
80 S1 (typ.) at Vee - VEE= 6.0 V 
65 S1 (typ.) at Vee - VEE = 9.0 V 

• Logic level translation: 
to enable 5 V logic to communicate 
with ± 5 V analog signals 

• Typical "break before make" built in 
• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT4316 are high·speed 
Si-gate CMOS devices. 
They are specified in compliance 
with JED EC standard no. 7. 

The 74HC/HCT4316 have four 
independent analog switches. 
Each switch has two input/output 
terminals (nY. nZ) and an active HIGH 
select input (nS). When the enable input 
(E') is HIGH, all four analog switches are 
turned off. 

Current through a switch will not cause 
additional Vee current provided the 
voltage at the terminals of the switch is 
maintained within the supply voltage 
range; Vee> (Vy, Vz) >VEE· 
Inputs nY and nZ are electrically 
equivalent terminals. 

Vee and GND are the supply voltage pins 
for the digital control inputs (E and nS). 
The Vee to GND ranges are 2.0 to 10.0 V 
for HC and 4.5 to 5.5 V for HCT. 
The analog inputs/outputs (nY and nZ) 
can swing between Vee as a positive limit 
and VEE as a negative limit. 
Vee - VEE may not exceed 10.0 V. 

See the "4016" for the version without 
logic level translation. 

4316 

3Z 

Fig. 1 Pin configuration. 

PC74HC/HCT4316 

MSI 

~---~----·------------------,---·-·-·-·~-·--

SYMBOL 

tpzH 

PARAMETER 

turn "ON" time 
E to V 0 s 

CONDITIONS 
TYPICAL 

HC HCT 

19 19 
16 17 

UNIT 

ns 
ns nSto Vos 

turn "ON" time 
E to V0 s 

1----+-·-----'----J 

tpzL 

Cpo 

Cs 

nS to Vos 

turn "OFF" time 
E to V0 s 
nS to Vos 

input capacitance 

power dissipation 
capacitance per switch 

max. switch capacitance 

CL=15pF 
AL= 1 k!1 
Vee= 5 v 

notes 1 and 2 

VEE= GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

19 24 
16 21 

20 21 
16 19 

3.5 3.5 

13 14 

5 5 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cp0 x Vee' x ti+ L((CL + Csl x Vee' x f 0 )where: 

ns 
ns 

ns 
ns 

pF 

pF 

pF 

fi =input frequency in MHz CL =output load capacitance in pf 
f 0 =output frequency in MHz Cs =max. switch capacitance in pF 
2: {(CL+ Cs) x Vee' x f 0 } =sum of outputs Vee= supply voltage in V 

2. For HG the condition is Vi= GND to Vee 
For HCT the condition is Vi= GND to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT4316P: 16-lead DI l; plastic (SOT·38Z). 
PC74HC/HCT4316T: 16-lead mini·pack; plastic (S0-16; SOT109A). 

1 y 
15 1 s 

1 z 
)Y__Jf 

ZY 
ZS , n 

zz ------3Y 11 _5 1t 
3S 

3Z -10 12_0 ---4Y 12 
14 4S 

4Z 13 

E' 
"14 .tt 

4 

10 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCT4316 

MSI 

PIN DESCRIPTION 

PINNO. 

1, 4, 10, 13 

2,3, 11, 12 

7 

8 

9 

15, 5, 6, 14 

16 

SYMBOL NAME AND FUNCTION 

1Z to 4Z independent inputs/outputs 

1Yto4Y independent inputs/outputs 

E enable input (active LOW) 

GND ground (0 V) 

VEE negative supply voltage 

1Sto 45 select inputs !active HIGH) 

Vee 

oS 

15 1S 

5 2S 

positive supply voltage 

16 

Vee 

LOGIC LEVEL 
CONVERSION 

6 3S ANO CONTROL 

14 4S 

1 e 

Fig. 4 Functional diagram. 

LOGIC LEVEL 
CONVERSION 

LOGIC LEVEL 
CONVERSION 

7Z93979 

Fig. 5 Schematic diagram (one switch). 

822 January 1986 

FUNCTION TABLE 

INPUTS 

E nS 

L L 
L H 

H x 

H =HIGH voltage level 
L = LOW voltage level 
X =don't care 

APPLICATIONS 

• Signal gating 
• Modulation 
• Demodulation 
• Chopper 

oY 

oz 

SWITCH 

off 
on 

off 



Quad bilateral switches J 
---

PC74HC/HCT4316 

MSI 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltages are referenced to VEE= GND (ground = 0 VI 

SYMBOL PARAMETER MIN. MAX. UNIT CONDITIONS 

Vee DC supply voltage -0.5 +11.0 v 

±l1K DC digital input diode current 20 mA for Vi< -0.5 V or V1>Vee+0.5 v 

±lsK DC switch diode current 20 mA for Vs< -0.5 v or Vs> Vee+ 0.5 v 

±Is DC switch current 25 mA for -0.5 v <Vs< Vee+ 0.5 v 

±IEE DC VEE current 20 mA 

±Ice; DC Vee or GND current 50 mA 
±IGND 

Tstg storage temperature range -65 +150 oc 

Ptot power dissipation per package for temperature range: -40 to +125 °C 
74HC/HCT 

plastic DIL 500 mW above +70 °C: derate linearly with 8 mW/K 

plastic mini-pack ISO) 400 mW above +70 °C: derate linearly with 6 mW/K 

Ps power dissipation per switch 100 mW 

RECOMMENDED OPERATING CONDITIONS 

74HC 74HCT 
SYMBOL PARAMETER UNIT CONDITIONS 

min. typ. max. min. typ. max. 

Vee DC supply voltage Vcc-<>ND 2.0 5.0 10.0 4.5 5.0 5.5 v see Figs 6 and 7 

Vee DC supply voltage Vee-VEE 2.0 5.0 10.0 2.0 5.0 10.0 v see Figs 6 and 7 

V1 DC input voltage range GND Vee GND Vee v 

Vs DC switch voltage range VEE Vee VEE Vee v 

Tamb operating ambient temperature range -40 +85 -40 +85 oc 
see DC and AC 

Tamb operating ambient temperature range -40 +125 -40 +125 oc CHARACTERISTICS 

1000 vcc=2.ov 
tr, tf input rise and fall times 6.0 500 6.0 500 ns vcc=4.5V 

400 vcc=s.ov 
250 Vee= 10.0 v 
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PC74HC/HCT4316 

MSI 

10~~~~~~~~~=.;-"-" 

Vcc·GND f--1----1---¥--?-J<'..-¥--¥'---l<'--.l<"--.I 
IVI 

0 oL__L__L__J__l__L__J___J__j_.___l__J10 

Vee-VEE (V) 

Fig. 6 Guaranteed operating area as a function of the 
supply voltages for 74He4316. 

DC CHARACTERISTICS FOR 74HC/HCT 

For 74He: Vee - GND or Vee - VEE= 2.0, 4.5, 6.0 and 9.0 v 

7Z932141 

Fig. 7 Guaranteed operating area as a function of the 
supply voltages for 74HeT4316. 

For 74HeT: Vee - GND = 4.5 and 5.5 V; Vee - VEE= 2.0, 4.5, 6.0 and 9.0 v 

Tamb (0 e) TEST CONDITIONS 

74He/HCT 
SYMBOL PARAMETER UNIT Vee VEE Is Vis Vt 

+25 -40to +85 -40to+125 v v µA 

min. typ: max. min. max. min. max. 

- - - - n 2.0 0 100 
Vee V1H 

RoN ON resistance 
160 320 400 480 n 4.5 0 1000 
120 240 300 360 n 6.0 0 1000 to or 

85 170 215 255 n 4.5 -4.5 1000 VEE V1L 

160 - - - n 2.0 0 100 
V1H 

RoN ON resistance 80 160 200 240 n 4.5 0 1000 
70 140 175 210 n 6.0 0 1000 VEE or 

60 120 150 180 n 4.5 -4.5 1000 V1L 

170 - - - n 2.0 0 100 
V1H 

RoN ON resistance 90 180 225 270 n 4.5 0 1000 
80 160 200 240 n 6.0 0 1000 Vee or 

65 135 170 205 n 4.5 -4.5 1000 V1L 

- n 2.0 0 
Vee V1H maximum 60N resistance 16 n 4.5 0 

t>RoN between any two channels 9 n 6.0 0 
to or 

6 n 4.5 -4.5 VEE V1L 

Notes to DC characteristics 

1. At supply voltages (Vee - VEE) approaching 2.0 V the analog switch ON-resistance becomes extremely non-linear. Therefore it is 
recommended that these devices be used to transmit digital signals only, when using these supply voltages. 

2. For test circuit measuring RoN see Fig. 8. 
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Quad bilateral switches J 
---

DC CHARACTERISTICS FOR 74HC 

Voltages are referenced to GND (ground= 0 V) 

Tamb (°C) 

74HC 
SYMBOL PARAMETER UNIT Vee 

+25 -40 to +85 -40to+125 v 

min. typ. max. min. max. min. max. 

1.5 1.2 1.5 1.5 2.0 

Vitt HIGH level input voltage 
3.15 2.4 3.15 3.15 v 4.5 
4.2 3.2 4.2 4.2 6.0 
6.3 4.3 6.3 6.3 9.0 

0.8 0.5 0.5 0.5 2.0 

V1L LOW level input voltage 
2.1 1.35 1.35 1.35 v 4.5 
2.8 1.8 1.8 1.8 6.0 
4.3 2.7 2.7 2.7 9.0 

0.1 1.0 1.0 6.0 
±11 input leakage current 0.2 2.0 2.0 µA 10.0 

analog switch 0 FF-state 
±Is current 0.1 1.0 1.0 µA 10.0 

±Is 
analog switch ON-state 

current 0.1 1.0 1.0 µA 10.0 

8.0 80.0 160.0 6.0 
Ice quiescent supply current 16.0 160.0 320.0 µA 10.0 

PC74HC/HCT 4316 

MSI 

TEST CONDITIONS 

VEE Vi OTHER 
v 

0 Vee 

0 
or 
GND 

Vitt IVsl= 
0 or Vee- VEE 

V1L (see Fig. 10) 

V1H IV5I= 
0 or Vee- VEE 

V1L (see Fig. 11) 

0 Vee Vis= VEE or 

0 
or Vee; Vos= 
GND Vee or VEE 
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PC74HC/HCT4316 

MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH Vis to Vos 

tpzHI turn "ON" time 

tpzL E to V0 s 

tpzH/ turn "ON" time 
tpzL nS to Vos 

tpHz/ turn "OFF" time 
tpLz E to Vos 

tpHz/ turn "OFF" time 
tpLz nS to Vos 

826 January 1986 

+25 

min. typ. 

17 
6 
5 
4 

61 
22 
18 
19 

52 
19 
15 
17 

63 
23 
18 
21 

52 
19 
15 
18 

Tamb (°C) 

74HC 

-40to +85 

max. min. max. 

60 75 
12 15 
10 13 
8 10 

205 255 
41 51 
35 43 
37 47 

175 220 
35 44 
30 37 
34 43 

220 275 
44 55 
37 47 
39 49 

175 220 
35 44 
30 37 
36 45 

TEST CONDITIONS 

UNIT Vee Vee OTHER 
-40to+125 v v 
min. max. 

90 2.0 0 
18 4.5 0 RL=~;CL=50pF 
15 ns 6.0 0 (see Fig. 18) 
12 4.5 -4.5 

310 2.0 0 RL = 1 k!1; 
62 4.5 0 CL= 50 pF 
53 

ns 6.0 0 (see Figs 19, 20 
56 4.5 -4.5 and 21) 

265 2.0 0 RL = 1 k!1; 
53 4.5 0 CL= 50 pF 
45 ns 6.0 0 (see Figs 19, 20 
51 4.5 -4.5 and 21) 

330 2.0 0 RL=1k!1; 
66 4.5 0 CL= 50 pF 
56 

ns 6.0 0 (see Figs 19, 20 
59 4.5 -4.5 and 21) 

265 2.0 0 RL = 1 k!1; 
53 4.5 0 CL= 5QpJ'-
45 ns 6.0 0 (see Figs 19, 20 
54 4.5 -4.5 and 21) 



Quad bilateral switches J 
---

DC CHARACTERISTICS FOR 74HCT 

Voltages are referenced to GND (ground= 0) 

Tamb (oC) 

74HCT 
SYMBOL PARAMETER UNIT Vee 

+25 -40to +85 -40to+125 v 
min. typ. max. min. max. min. max. 

4.5 
V1H HIGH level input voltage 2.0 1.6 2.0 2.0 v to 

5.5 

4.5 
V1L LOW level input voltage 1.2 0.8 0.8 0.8 v to 

5.5 

±11 input leakage current 0.1 1.0 1.0 µA, 5.5 

analog switch OFF-state 
±Is 0.1 1.0 1.0 µA 10.0 current 

analog switch ON-state 
±Is current 0.1 1.0 1.0 µA 10.0 

Ice quiescent supply current 8.0 80.0 160.0 µA 5.5 
16.0 160.0 320.0 5.0 

additional quiescent supply 
4.5 

lllcc 
current per input pin for 

100 360 450 490 µA to unit load coefficient is 1 
(note 1) 5.5 

Note to HCT types 

1. The value of additional quiescent supply current (ll lcc) for a unit load of 1 is given here. 
To determine lllcc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT UNIT LOAD 
COEFFICIENT 

Sn 0.50 
E 0.50 

PC74HC/HCT4316 

MSI 

TEST CONDITIONS 

VEE Vi OTHER 
v 

Vee 
0 or 

GND 

V1H IVsl= 
0 or Vee-VEE 

VIL (see Fig. 10) 

V1H IVsl= 
0 or Vee-VEE 

V1L (see Fig. 11) 

Vee Vis= VEE 
0 or or Vee; 
-5.0 GND Vos= Vee 

or VEE 

other inputs 
0 Vee at Vee or -2.1V 

GND 
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MSI 

HIGH 
(from select inputs) 

oY 
10017 

I/' ./ "' 1'-1--I v 17~ v 1-t-

o~~~~~-~~~~-~ 

0 10 

Fig. 8 Test circuit for measuring RQN· Fig. 9 Typical RoN as a function of input voltage 
Vis for Vis= Oto Vee - VEE. 

LOW 

(from select inputs) -~·--f> 

oY 

Fig. 10 Test circuit for measuring OFF-state current. 

HIGH !'....~ ol 

'":~~:::,~:':~~ ~v _ _,__ __ v_~ v0 '""" ''""''1 

--------------- v,, 
7Z93982 

Fig. 11 Test circuit for measuring ON-state current. 
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~~~-Q-u_a_d~b-il-a-te_r_a_l_s_w_it_c_h_e_s~~~~~~~~~~~~~~~~~~~~~~~ 
AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

Tamb ('Cl 

74HCT 
SYMBOL PARAMETER UNIT Vee 

+25 -40 to +85 -40to +125 v 
mm. typ. max. min. max. min. max. 

tPHLI propagation delay 6 12 15 18 4.5 

tPLH V;sto V0 s 4 8 10 12 
ns 4.5 

tpzH 
turn "ON" time 22 44 55 66 ns 

4.5 
E to V0 s 21 42 53 63 4.5 

turn "ON" time 28 56 70 85 4.5 
tpzL E to Vos 21 42 53 63 

ns 
4.5 

tpzH 
turn "ON" time 20 40 53 60 4.5 
nStoV0 s 17 34 43 51 

ns 
4.5 

turn "ON" time 25 50 63 75 4.5 
tpzL nS to Vos 17 34 43 51 

ns 
4.5 

tpHz/ turn "OFF" time 25 50 53 75 4.5 
tPLz E to V0 s 23 46 58 69 

ns 4.5 

tpHz/ turn "OFF" time 22 44 55 66 4.5 
tpLz nS to V0 s 20 40 50 60 

ns 
4.5 

PC74HC/HCT4316 

MSI 

TEST CONDITIONS 

VEE OTHER 

v 

0 RL==;CL=50pF 
-4.5 (see Fig. 18) 

0 RL = 1 kD.; 
-4.5 CL= 50 pF 

0 (see Figs 19, 20 

-4.5 and 21 I 

0 RL = 1 kD.; 
-4.5 CL= 50 pF 

0 (see Figs 19, 20 

-4.5 and 21) 

RL=1kD.; 
0 CL= 50 pF 
-4.5 (see Figs 19, 20 

and 21 I 

RL = 1 kD.; 
0 CL =50 pF 
-4.5 (see Figs 19, 20 

and 21) 

January 1986 829 



PC74HC/HCT4316 

MSI 

ADDITIONAL AC CHARACTERISTICS FOR 74HC/HCT 

Recommended conditions and typical values 

GND = 0 V; Tamb = 25 °C 

SYMBOL 

V(p-p) 

fmax 

Cs 

(dB l 

-50 

-100 
10 

PARAMETER 

sine-wave distortion 
f = 1 kHz 

sine-wave distortion 
f=10kHz 

switch "OFF" signal 
feed-through 

crosstalk between 
any two switches 

crosstalk voltage between 
control and any switch 
(peak-to-peak value) 

minimum frequency response 
(-3 dB) 

maximum switch capacitance 

J..-
k-' 

z 
10' 

830 January 1986 

typ. UNIT 

O.BO % 
0.40 % 

2.40 % 
1.20 % 

-50 dB 
-50 dB 

-60 dB 
-60 dB 

110 mV 
220 mV 

150 MHz 
160 MHz 

5 pF 

J2: 
y 

v 

ill 
10' 

Vee VEE 

v v 

2.25 -2.25 
4.5 -4.5 

2.25 -2.25 
4.5 -4.5 

2.25 -2.25 
4.5 -4.5 

2.25 -2.25 
4.5 -4.5 

4.5 0 
4.5 -4.5 

2.25 -2.25 
4.5 -4.5 

7293945 

V;s(p-p) 

v CONDITIONS 

4.0 R L = 10 kfl; CL = 50 pF 
8.0 (see Fig. 14) 

4.0 RL = 10 kfl; CL= 50 pF 
B.O (see Fig. 14) 

note 1 RL=600fl;CL=50pF 
(see Figs 12 and 15) 

note 1 RL = 600 fl; CL= 50 pF; 
f = 1 MHz; (see Fig. 16) 

RL = 600 fl_!_ CL= 50 pF; 
f = 1 MHz (E or nS, 
square-wave between V cc 
and GND, tr= tf = 6 ns) 
(see Fig. 17) 

note 2 RL =50 n;cL = 10 pF 
(see Figs 13 and 14) 

Fig. 12 Typical switch "OFF" signal 

feed-through as a function of frequency. 



Quad bilateral switches J PC74HC/HCT4316 

MSI 

---

I 

-5 
10 

--· 

102 103 10• 

Fig. 14 Test circuit for measuring sine-wave 
distortion and minimum frequency response. 

channel 
ON 

nZ/nY 

)' 

t---+---- GND 

(a) 

~ 
f (kHz) 106 

nY/nZ 

Note to Figs 12 and 13 

Test conditions: 
Vee= 4.5 V; GND = 0 V; VEE= -4.5 V; 
Rl = 50 .12; Rsource = 1 k.12. 

Fig. 13 Typical frequency response. 

Fig. 15 Test circuit for measuring switch "OFF" 
signal feed-through. 

7Z93986 

(b) 

Fig. 16 Test circuit for measuring crosstalk between any two switches. 
(a) channel ON condition; (b) channel OFF condition. 

nY/nZ nZ/nY 

CL oscilloscope 

t---1--->--+--+--_._ _ _. ___ GND 

._ __ __...._,_. ________ VEE 

7Z93988 

Fig. 17 Test circuit for measuring crosstalk between 
control and any switch. 

Note to Fig. 17 

The crosstalk is defined as follows 
(oscilloscope output): 

~-pl 
7Z93949 • 
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PC74HC/HCT4316 
MSI 

AC WAVEFORMS 

vis INPUT 

V05 OUTPUT 

7293249.1 

Fig. 18 Waveforms showing the input (Visl to output 
(V0 sl propagation delays. 

832 

90% 

nS INPUT vMl1l 

V05 OUTPUT 

V05 OUTPUT 

E INPUT 

10% 

V05 OUTPUT 

V05 OUTPUT 

7Z93989.1 
switch 
"ON" 

--tPzH--

50% 

switch ~-- switch 
"OFF" "ON" 

_. tpzH--

90% 

J~~ --,w-;t<-h ---' 

"OFF" 

50% 

switch 
"ON" 

Fig. 19 Waveforms showing the turn-ON and 
turn-OFF times. 

Notes to Fig. 19 

(1) He : VM = 50%; Vi= GND to Vee· 
HeT: VM=1.3V;V1=GNDto3V. 



Quad bilateral switches J 
---

TEST CIRCUIT AND WAVEFORMS 

PULSE 

GENERATOR 

7Z93961 

Vee 

oopen 

SWITCH 

~-+----+---+----+--<------'f--GND 

~-------+---VEE 

NEGATIVE 

INPUT 
PULSE 

POSITIVE 
INPUT 
PULSE 

PC74HC/HCT 4316 
MSI 

Fig. 20 Test circuit for measuring AC performance. Fig. 21 Input pulse definitions. 

Conditions 

TEST SWITCH Vis 

tpzH VEE Vee 
tpzL Vee VEE 
tpHz VEE Vee 
tpLz Vee VEE 
others open pulse 

Definitions for Figs 20 and 21: 

CL = load capacitance including jig and 
probe capacitance 
(see AC CHARACTERISTICS for 
values). 

RT= termination resistance should be equal 
to the output impedance Zo of the 
pulse generator. 

tr = tf = 6 ns; when measuring f max• there 
is no constraint on tr, tf with 50% 
duty factor. 

tr; tf 
FAMILY AMPLITUDE VM 

fmax; 
OTHER PULSE WIDTH 

74HC Vee 50% < 2 ns 6 ns 

74HCT 3.0V 1.3V <2ns 6 ns 
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PC74HC/HCT4351 

MSI 

8-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER WITH LATCH 

FEATURES 

• Wide analog input voltage range: 
±5V 

• Low "ON" resistance: 
80 n (typ.) at Vee - VEE= 4.5 v 
70 n (typ.) at Vee - VEE= 6.0 v 
60 n (typ.) at Vee - VEE= 9.0 V 

• Logic level translation: 
to enable 5 V logic to communicate 
with ± 5 V analog signals 

• Typical "break before make" built in 
• Address latches provided 
• Output capability: non-standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT4351 are high-speed 
Si-gate CMOS devices. They are specified 
in compliance with JEOEC standard no. 7. 

The 74HC/HCT4351 are 8-channel analog 
multiplexers/demultiplexers with three 
select inputs (So to S2), two enable inputs 
(E1 and E2), a latch enable input (LE), 
eight independent inputs/outputs (Yo to 
Y7) and a common input/output (Z). 

With E1 LOW and E2 is HIGH, one of the 
eight switches is selected (low impedance 
ON-state) by So to 52. The data at the 
select inputs may be latched by using the 
active LOW latch enable input (LE). 
When LE is HIGH the latch is transparent. 
When either of the two enable inputs, 
E1 (active LOW) and E2 (active HIGH). 
is inactive, all 8 analog switches are 
turned off. 

(continued on next page) 

4351 

7Z96059 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

tpzttl turn "ON" time 
27 35 tpzL E1, E2 or Sn to Vos CL= 15 pF ns 

RL = 1 kn 
tpHz/ turn "OFF" time Vee =5 v 21 23 tpLz E1. E2 or Sn to V0 s ns 

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation 

notes 1 and 2 28 29 pF capacitance per switch 

max. switch capacitance 
Cs independent 5 5 pF 

common 25 25 pF 

VEE = GNO = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vcc2 x fi + l:{(CL + Csl x Vcc2 x f0 } where: 

fi = input frequency in MHz CL =output load capacitance in pf 
f0 = output frequency in MHz Cs = max. switch capacitance in pF 
l:{(CL + Csl x Vcc2 x f0 } =sum of outputs Vee= supply voltage in V 

2. For HC the condition is Vi= GNO to Vee 
For HCT the condition is Vi= GNO to Vee -1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT4351P: 20-lead OIL; plastic (SOT-146). 
PC74HC/HCT4351T: 20-lead mini-pack; plastic (S0-20; SOT-163A). 

15 So 

13 

12 

17 

18 

19 

16 

7Z96060 

Fig. 2 Logic symbol. 

IN 
PROGRESS 

Fig. 3 IEC logic symbol. 
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PC74HC/HCT4351 

MSI 

PIN DESCRIPTION 

PINNO. SYMBOL 

5 z 
3, 14 n.c. 

7 E1 
8 E2 
9 VEE 
10 GND 

11 LE 

15, 13, 12 So to S:2 
17, 18, 19, 16, 

YotoY7 1, 6, 2, 4 

20 Vee 

FUNCTION TABLE 

INPUTS 

E1 E2 LE 82 

H x x x 
x L x x 

L H H L 
L H H L 
L H H L 
L H H L 

L H H H 
L H H H 
L H H H 
L H H H 

L H L x 
x x i x 

NAME AND FUNCTION 

common 

not connected 

enable input (active LOW) 

enable input (active HIGH) 

negative supply voltage 

ground (0 V) 

latch enable input (active LOW) 

select inputs 

independent inputs/outputs 

positive supply voltage 

CHANNEL 

81 So 
ON 

x x none 
x x none 

L L Yo 
L H Y1 
H L Y2 
H H Y3 

L L Y4 
L H Y5 
H L Y5 
H H Y7 

x x . 
x x .. 

H =HIGH voltage level •Last selected channel "ON". 
L = LOW voltage level •• Selected channels latched. 
X = don't care 
i =HIGH-to-LOW LE transition 

APPLICATIONS 

• Analog multiplexing and 
demultiplexing 

• Digital multiplexing and 
demultiplexing 

• Signal gating 

836 J'"""" 1986 ~ 

GENERAL DESCRIPTION (Cont'd.) 

Vee and GND are the supply voltage pins 
for t~e digital control inputs (So to S2. 
LE, El and E2)· The Vee to GND ranges 
are 2.0 to 10.0 V for HC and 4.5 to 5.5 V 
for HGT. The analog inputs/outputs (Yo 
to Y7, and Z) can swing between Vee as 
a positive limit and VEE as a negative 
limit. Vee-VEE may not exceed 10.0V. 

For operation as a digital 
multiplexer/demultiplexer, VEE is 
connected to GND (typically ground). 



8-channel analog multiplexer/demultiplexer with latch 

from logic 

15 So 

11 LE 

8 ,, 

LOGIC LEVEL 
CONVERSION 

LATCHES 

GND 

10 

Fig. 4 Functional diagram. 

Fig. 5 Schematic diagram (one switch). 

PC74HC/HCT4351 

MSI 
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MSI 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltages are referenced to VEE= GND (ground= 0 V) 

SYMBOL PARAMETER MIN. MAX. UNIT CONDITIONS 

Vee DC supply voltage -0.5 +11.0 v 

±l1K DC digital input diode current 20 mA for Vi< -0.5 v or V1>Vee+0.5 v 

±lsK DC switch diode current 20 mA for Vs< -0.5 V or Vs> Vee+ 0.5 V 

±Is DC switch current 25 mA for-0.5 v <Vs< Vcc+0.5 v 

±IEE DC VEE current 20 mA 

±Ice; DC V CC or GND current 50 mA 
±IGND 

Tstg storage temperature range -65 +150 "c 

Ptot power dissipation per package for temperature range: -40 to + 125 °C 
74HC/HCT 

plastic DI L 500 mW above +70 °C: derate linearly with 8 mW/K 

plastic mini-pack ISO) 400 mW above +70 °C: derate linearly with 6 mW/K 

Ps power dissipation per switch 100 mW 

Note to ratings 

To avoid drawing Vee current out of terminal Z, when switch current flows in terminals Y n• the voltage drop across the bidirectional 
switch must not exceed 0.4 V. If the switch current flows into terminal Z, no Vee current will flow out of terminals Y n· In this case 
there is no limit for the voltage drop across the switch, but the voltages at Y n and Z may not exceed V CC or VEE· 

RECOMMENDED OPERATING CONDITIONS 

74HC 74HCT 
SYMBOL PARAMETER UNIT CONDITIONS 

min. typ. max. min. typ. max. 

Vee DC supply voltage Vcc-GND 2.0 5.0 10.0 4.5 5.0 5.5 v see Figs 6 and 7 

Vee DC supply voltage Vee-VEE 2.0 5.0 10.0 2.0 5.0 10.0 v see Figs 6 and 7 

V1 DC input voltage range GND Vee GND Vee v 

Vs DC switch voltage range VEE Vee VEE Vee v 

Tamb operating ambient temperature range -40 +85 -40 +85 "c 
see DC and AC 

Tamb operating ambient temperature range -40 +125 -40 +125 "c CHARACTERISTICS 

1000 Vcc=2_ov 
t,, tf input rise and fall times 6.0 500 6.0 500 ns Vcc=4.5V 

400 Vcc=6.ov 
250 Vee= 10.0 v 

838 ''"""" 19861 



8-channel analog multiplexer/demultiplexer with latch 

10~~~~~7r1~~-,,-'"-7i'--'-;, 

Vee · GND f--t-+--if---+-~-+-+-,f-->''--->I 
IVI 

Fig. 6 Guaranteed operating area as a function of 
the supply voltages for 74He4351. 

DC CHARACTERISTICS FOR 74HC/HCT 

For 74He: Vee - GND or Vee - VEE =2.0, 4.5, 6.0 and 9.0 v 

PC74HC/HCT4351 

MSI 

7Z932141 

Fig. 7 Guaranteed operating area as a function of 
the supply voltages for 74HeT4351. 

For 74HeT: Vee - GND =4.5 and 5.5 V; Vee - VEE =2.0, 4.5, 6.0 and 9.0 V 

Tamb (°Cl TEST CONDITIONS 

74HC/HCT 
SYMBOL PARAMETER UNIT Vee VEE Is Vis V1 

+25 -40to +85 -40to +125 v v µA 

min. typ. max. min. max. min. max. 

- - - - n 2.0 0 100 
Vee V1N 100 180 225 270 n 4.5 0 1000 

RoN ON resistance (peak) 
90 160 200 240 n 6.0 0 1000 to or 

70 130 165 195 n 4.5 -4.5 1000 VEE V1L 

150 - - - n 2.0 0 100 
V1H 80 140 175 210 n 4.5 0 1000 

RoN ON resistance 
70 120 150 180 n 6.0 0 1000 VEE or 

60 105 130 160 n 4.5 -4.5 1000 VIL 

150 - - - n 2.0 0 100 
V1H 90 160 200 240 n 4.5 0 1000 

RoN 0 N resistance 
80 140 175 210 n 6.0 0 1000 Vee or 

65 120 150 180 n 4.5 -4.5 1000 V1L 

- n 2.0 0 
Vee V1H maximum LION resistance 9 n 4.5 0 

llRoN between any two channels 8 n 6.0 0 to or 

6 n 4.5 -4.5 VEE V1L 

Notes to DC characteristics 

1. At supply voltages (Vee - VEE) approaching 2.0 V the analog switch ON-resistance becomes extremely non-linear. There it is 
recommended that these devices be used to transmit digital signals only; when using these supply voltages. 

2. For test circuit measuring RoN see Fig. 8. 
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MSI 

DC CHARACTERISTICS FOR 74HC 

Voltages are referenced to GND (ground= 0 V) 

l 

SYMBOL PARAMETER 

min. 

1.5 
3.15 

V1H HIGH level input voltage 4.2 
6.3 

V1L LOW level input voltage 

±11 input leakage current 

analog switch OFF-state 
±Is current per channel 

analog switch OFF-state 
±Is current all channels 

analog switch ON-state 
±Is current 

ice quiescent supply current 

840 ''""'"' , ···I 

Tamb (°C) 

74HC 

+25 -40to +85 

typ. max. min. max. 

1.2 1.5 
2.4 3.15 
3.2 4.2 
4.7 6.3 

0.8 0.5 0.5 
2.1 1.35 1.35 
2.8 1.8 1.8 
4.3 2.7 2.7 

0.1 1.0 
0.2 2.0 

0.1 1.0 

0.4 4.0 

0.4 4.0 

8.0 80.0 

16.0 160.0 

TEST CONDITIONS I 

UNIT Vee VEE v, OTHER 
-40to+125 v v 
min. max. 

1.5 2.0 
3.15 v 4.5 
4.2 6.0 
6.3 9.0 

0.5 2.0 
1.35 v 4.5 
1.8 6.0 
2.7 9.0 

1.0 6.0 0 Vee 
µA or 

2.0 10.0 0 GND 

V1H IVsl= 
1.0 µA 10.0 0 or Vee-VEE 

V1L (see Fig. 10) 

V1H IVsl= 
4.0 µA 10.0 0 or Vee-VEE 

V1L (see Fig. 10) 

V1H IVsl= 
4.0 µA 10.0 0 or Vee-VEE 

V1L (see Fig. 11) 

Vee 
Vis - VEE 

160.0 6.0 0 or Vee: 
320.0 

µA 
10.0 0 

or Vos= Vee 
GND or VEE 



8-channel analog multiplexer/demultiplexer with latch 

AC CHARACTERISTICS FOR 74HC 
GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH Vis to Vos 

tpzH/ turn "ON" time 
tpzL E1 to Vos 

tpzH/ turn "ON" time 
tpzL E2toV0 s 

tpzH/ turn "ON" time 
tpzL LE to Vos 

tpzH/ turn "ON" time 
tpzL SntoV0 s 

tpHz/ turn "OFF" time 
tpLz E1 to V05 

tpHz/ turn "OFF" time 
tpLz E2toV0 s 

tpHz/ turn "OFF" time 
tpLz LE to V0 s 

tpHz/ turn "OFF" time 
tpLz Sn to Vos 

set-up time 
tsu Sn to LE 

hold time 
th Sn to LE 

LE minimum pulse width 
tw HIGH 

I 
min. 

Tamb (oC) 

74HC 

+25 -40 to +85 

typ. max. min. max. 

17 60 75 
6 12 15 
5 10 13 
4 8 10 

85 300 375 
31 60 75 
25 51 64 
28 55 69 

85 300 375 
31 60 75 
25 51 64 
25 55 69 

91 300 375 
33 60 75 
26 51 64 
27 55 69 

88 300 375 
32 60 75 
26 51 64 
25 50 63 

69 250 315 
25 50 63 
20 43 54 
20 40 50 

72 250 315 
26 50 63 
21 43 54 
19 40 50 

83 275 345 
30 55 69 
24 47 59 
26 45 56 

80 275 345 
29 55 69 
23 47 59 
24 48 60 

17 60 75 
6 12 15 
5 10 13 
9 18 23 

-8 5 5 
-3 5 5 
-2 5 5 
-4 5 5 

28 100 125 
10 20 25 
8 17 21 
14 25 31 

UNIT 
-40 to +125 

min. max. 

90 
18 
15 

ns 

12 

450 
90 
77 

ns 

83 

450 
90 
77 

ns 

83 

450 
90 
77 

ns 

83 

450 
90 
77 

ns 

75 

375 
75 
64 ns 

60 

375 
75 
64 

ns 

60 

415 
83 
71 

ns 

68 

415 
83 
71 ns 

71 

90 
18 
15 ns 

27 

5 
5 
5 

ns 

5 

150 
30 
26 ns 

38 

Vee 
v 

2.0 
4.5 
6.0 
4.5 

2.0 
4.5 
6.0 
4.5 

2.0 
4.5 
6.0 
4.5 

2.0 
4.5 
6.0 
4.5 

2.0 
4.5 
6.0 
4.5 

2.0 
4.5 
6.0 
4.5 

2.0 
4.5 
6.0 
4.5 

2.0 
4.5 
6.0 
4.5 

2.0 
4.5 
6.0 
4.5 

2.0 
4.5 
6.0 
4.5 

2.0 
4.5 
6.0 
4.5 

2.0 
4.5 
6.0 
4.5 

PC74HC/HCT4351 

MSI 

TEST CONDITIONS 

VEE OTHER 
v 

0 
RL = =; 0 

0 CL=50pF 

-4.5 
(see Fig. 17) 

0 
RL=lkn; 0 

0 CL= 50 pF 

-4.5 
(see Fig. 18) 

0 
RL=lkn; 0 

0 CL= 50 pF 

-4.5 
(see Fig. 18) 

0 
RL=1kn; 0 

0 CL= 50 pF 

-4.5 
(see Fig. 18) 

0 
RL = 1 kn; 0 

0 CL= 50 pF 

-4.5 
(see Fig. 18) 

0 
0 RL=1kn; 

0 CL= 50 pF 

-4.5 
(see Fig. 18) 

0 RL = 1 kn; 0 
0 CL= 50 pF 

-4.5 
(see Fig. 18) 

0 
RL=lkn; 0 

0 CL= 50 pF 

-4.5 
(see Fig. 18) 

0 
RL = 1 kn; 0 

0 CL= 50 pF 

-4.5 
(see Fig. 18) 

0 
RL = 1 kn; 0 

0 CL= 50 pF 

-4.5 
(see Fig. 19) 

0 
RL=1 kn; 0 

0 CL= 50 pF 

-4.5 
(see Fig. 19) 

0 R1_=1 kn; 0 
0 CL= 50 pF 

-4.5 (see Fig. 19) 

IJ'"""' .•.. .. . 



PC74HC/HCT4351 

MSI 

DC CHARACTERISTICS FOR 74HCT 

Voltages are referenced to GND (ground= 0) 

SYMBOL PARAMETER 

min. 

V1H HIGH level input voltage 2.0 

VIL LOW level input voltage 

±11 input leakage current 

analog switch OFF-state 
±Is current per channel 

analog switch 0 FF-state 
±Is current all channels 

analog switch ON-state 
±Is current 

ice quiescent supply current 

additional quiescent supply 

LI Ice 
current per input pin for 
unit load coefficient is 1 
(note 1) 

Note to HCT types 

+25 

typ. 

1.6 

1.2 

100 

Tamb (°Cl 

74HCT 
UNIT 

-40to +85 -40to+125 

max. min. max. min. max. 

2.0 2.0 v 

0.8 0.8 0.8 v 

0.1 1.0 1.0 ·'µ.A 

0.1 1.0 1.0 µ.A 

0.4 4.0 4.0 µ.A 

0.4 4.0 4.0 µ.A 

8.0 80.0 160.0 µ.A 
16.0 160.0 320.0 

360 450 490 µ.A 

1. The value of additional quiescent supply current (LI lccl for a unit load of 1 is given here. 

Vee 
v 

4.5 
to 
5.5 

4.5 
to 
5.5 

5.5 

10.0 

10.0 

10.0 

5.5 
5.0 

4.5 
to 
5.5 

To determine LI Ice per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 
UNIT LOAD 
COEFFICIENT 

E1, E2 0.50 
Sn 0.50 
CT 1.5 

842 ''"""" , ... , 

TEST CONDITIONS 

VEE V1 OTHER 
v 

Vee 
0 or 

GND 

V1H IVsl= 
0 or Vee-VEE 

VIL (see Fig. 10) 

V1H IVsl= 
0 or Vee-VEE 

V1L (see Fig. 10) 

V1H IVsl= 
0 or Vee-VEE 

V1L (see Fig. 11) 

Vee 
Vis= VEE 

0 or or Vee; 
-5.0 GND Vos= Vee 

or VEE 

other inputs 
0 Vee at Vee or -2.lV 

GND 



8-channel analog multiplexer/demultiplexer with latch 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHL/ propagation delay 
tPLH Vis to V0s 

tpzH/ turn "ON" time 
tpzL E1 to V0 s 

tpzH/ turn "ON" time 
tpzL E2toV0 s 

tpzH/ turn "ON" time 
tpzL LE to Vos 

tpzH/ turn "ON" time 
tpzL Sn to Vos 

tpHz/ turn "OFF" time 
tpLz E1 to Vos 

tpHz/ turn "OFF" time 
tpLz E2 to V0 s 

tpHz/ turn "OFF" time 
tpLz LEtoV0 s 

tpHz/ turn "OFF" time 
tpLz Sn to V0 s 

set-up time 
tsu Sn to LE 

hold time 
th Sn to LE 

LE minimum pulse width 
tw HIGH l 

min. 

Tamb (oC) 

74HCT 

+25 -40 to +85 

typ. max. min. max. 

6 12 15 
4 8 10 

40 75 94 
31 60 75 

35 70 88 
26 50 63 

42 75 94 
37 60 75 

39 75 94 
30 60 75 

27 55 69 
20 40 50 

32 60 75 
26 50 63 

33 60 75 
30 55 69 

33 65 81 
29 55 69 

6 12 15 
7 14 18 

-1 5 5 
-2 5 5 

13 25 31 
13 25 31 

UNIT Vee 
-40to+125 v 
min. max. 

18 4.5 
12 

ns 
4.5 

113 4.5 
90 

ns 
4.5 

105 4.5 
75 

ns 
4.5 

113 4.5 
90 

ns 
4.5 

113 4.5 
90 ns 4.5 

83 4.5 
60 

ns 4.5 

90 4.5 
75 ns 4.5 

90 4.5 
83 

ns 4.5 

98 4.5 
83 

ns 
4.5 

18 4.5 
21 ns 4_5 

5 4.5 
5 

ns 4.5 

38 4.5 
38 ns 4.5 

PC74HC/HCT4351 

MSI 

TEST CONDITIONS 

VEE OTHER 
v 

0 RL =~; 

-4.5 CL= 50 pf 
(see Fig. 17) 

0 RL = 1 kn; 

-4.5 CL=50pF 
(see Fig. 18) 

0 RL = 1 kn; 

-4.5 CL= 50 pf 
(see Fig. 18) 

0 RL = 1 kn; 

-4.5 CL= 50 pF 
(see Fig. 18) 

0 RL = 1 kn; 

-4.5 CL= 50 pf 
(see Fig. 18) 

0 RL = 1 kn; 

-4.5 CL= 50 pF 
(see Fig. 18) 

0 RL = 1 kn; 

-4.5 CL=50pF 
(see Fig. 18) 

0 RL = 1 kn; 

-4.5 CL=50pF 
(see Fig. 18) 

0 RL = 1 kn; 

-4.5 CL= 50 pf 
(see Fig. 18) 

0 RL = 1 kn; 

-4.5 CL= 50 pF 
(see Fig. 19) 

0 RL = 1 kn; 

-4.5 CL=50pF 
(see Fig. 19) 

0 RL=1kn; 

-4.5 CL=50pF 
(see Fig. 19) 
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7Z93215 

10Df--+-+--+·-1..-t--+--+--+-l---I 
RON 
(n) 

aoh'-+--1"-l'--'-l-J'l"'rl--+-

1.8 3 6 5.4 7.2 

Fig, 8 Test circuit for measuring RoN· Fig. 9 Typical RoN as a function of input voltage 
Vis for Vis~ 0 to Vee - VEE· 

LOW 

(from select inputs) 

Fig. 10 Test circuit for measuring OFF-state current. 

··-------·----------·-------------------------------' 

·--·-··------------·----·--------------------------------~ 

H!GH 
(frnrn select inputs) 

v 0 (open circuit) 

--------VEE 

Fig. 11 Test circuit for measuring ON-state current. 
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8-channel analog multiplexer/demultiplexer with latch 

ADDITIONAL AC CHARACTERISTICS FOR 74HC/HCT 

Recommended conditions and typical values 

GND = 0 V; Tamb = 25°C 

SYMBOL PARAMETER 

sine-wave distortion 
f =1 kHz 

sine-wave distortion 
f=10kHz 

switch "OFF" signal 
feed-through 

crosstalk voltage between 
V(p-p) control and any switch 

(peak-to-peak value) 

fmax 
minimum frequency response 

(-3dB) 

maximum switch capacitance 
Cs independent 

common 

Notes to AC characteristics 

General note 

typ. UNIT 

0.04 % 
0.02 % 

0.12 % 
0.06 % 

-50 dB 
-50 dB 

120 mV 
220 mV 

160 MHz 
170 MHz 

5 pF 
25 pF 

Vee 
v 

2.25 
4.5 

2.25 
4.5 

2.25 
4.5 

4.5 
4.5 

2.25 
4.5 

VEE 
v 

-2.25 
-4.5 

-2.25 
-4.5 

-2.25 
-4.5 

0 
-4.5 

-2.25 
-4.5 

Vis is the input voltage at a Y nor Z terminal, whichever is assigned as an input. 
Vas is the output voltage at a Y n or Z terminal, whichever is assigned as an output. 

Notes 

1. Adjust input voltage Vis to 0 dBm level (0 dBm= 1 mW into 600 n!. 

Vis(p-p) 
v 

4.0 
8.0 

4.0 
8.0 

note 1 

note 2 

PC74HC/HCT4351 

MSI 

--

~ CONDITIONS 

RL = 10k'2.CL =50 pf 
(see Fig. 14) 

RL = 10 k'2;CL =50 pF 
(see Fig. 14) 

RL =600'2;CL =50pF 
(see Figs 12 and 15) 

-·----
R L = 600 '2_;_ CL= 50 pF; 
f = 1 MHz (E1, E2 or Sn, 
square-wave between V CC 
and GND, tr= tf = 6 ns) 
(see Fig. 16) 

RL =50'2;CL = 10 pF 
(see Figs 13 and 14) 

_,, _____ 

2. Adjust input voltage Vis to 0 dBm level at Vas for 10 kHz (0 dBm= 1 mW into 50 '2). 

[dBi~' +++t ++++-i-:_1-W-+++1~"1----+--l--+-ll-i-!:k++-,*--~-+-+-++W-+l-+,+w"-+JZ:f--c---:_--~-W-J+J+lj+gj 

r-+-+--'rr--+-~t, k'l+A-++H™--+-++++++H 

r-- -+]++ffi4+-k::--hp"4-+l+l++---+--+--+-+++++t---+-j-+-+-t+++t--+--f-H-++++ 

~--+-Hl-++H.J<.£-+-++++f+++----+-++++++++---+-++++++++--1-+-~H+++ 

-1001LO_L.[_Ll-"Li1~0~, __i_L_Lo_""-U1cLo'_i-LcLLLLU.10L' ~__i~~,uo,~--~Hzl Fig. 12 Typical switch "OFF" signal 
feed-through as a function of frequency. 

(J'"""Y 19B6 845 
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)dB I 

-5 
10 10' 

Z/Yn 
::i---..--.--.--0- vo, 

channel 
ON !-------+---- GND 

Fig. 14 Test circuit for measuring sine-wave 
distortion and minimum frequency response. 

Yn/Z Z/Yn 

oscilloscope 

1---t--~-+---t--~--.---GND 

~--~--.--------VEE 
7Z96062 

Fig. 16 Test circuit for measuring crosstalk between 
control and any switch. 

7Z93946 

!-.... 
~ 

f (kHz) 

Note to Figs 12 and 13 

Test conditions: 
Vee= 4.5 V; GND = 0 V; VEE= -4.5 V; 
R L = 50 il; Rsource = 1 kil. 

Fig. 13 Typical frequency response. 

Z/Yn 
>---+--.--.----<>- Vo, 

channel 
OFF 

Fig. 15 Test circuit for measuring switch "OFF" 
signal feed-through. 

Note to Fig. 16 

The crosstalk is defined as follows 
(oscilloscope output): 



8-channel analog multiplexer/demultiplexer with latch 

AC WAVEFORMS 

V11 INPUT 

7Z93249.1 

Fig. 17 Waveforms showing the inp1Jt (Visl to 
output (V 05) propagation delays. 

Sn INPUT -----t .. ~ .. 1-
iJ! INPUT --AyMl!I 

- tw - 7Z9806B 

Fig. 19 Waveforms sho~ the set·up and hold 
times from S0 inputs to LE input, and minimum 
pulse width of LE. 

Note to Fig. 19 

(1) HC : VM = 50%; Vi= GND to Vcc­
HCT: VM = 1.3 V; V1 = GND to 3 V,. 

PC74HC/HCT4351 

MSI 

LE. e,. E2orSn 

INPUTS 

V01 OUTPUT 

V08 OUTPUT 

7Z96067.1 

.,._tPzH-

I 
50% 

switch __ switch -- switch 
"ON" "OFF" "ON" 

Fig. 18 Waveforms showing the turn-ON and turn-OFF times. 

Note to Fig. 18. 

(1) ~c: VM=50%;V1=GNDtoVcc· 
HCT: VM = 1.3 V; V1 = GNDto3 V. 

'(January 1986 847 
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TEST CIRCUIT AND WAVEFORMS 

Vee Vis 

PULSE 

GENERATOR 

7Z93951 

Vee 

RL 
oopen 

c, SWITCH 

GND 

v,, 

Fig. 20 Test circuit for measuring AC performance. 

Conditions 

TEST SWITCH Vis 

tpzH VEE Vee 
tpzL Vee VEE 
tpHz VEE Vee 
tpLz Vee VEE 
others open pulse 

Definitions for Figs 20 and 21: 

CL = load capacitance including jig and 
probe capacitance 
(see AC CHARACTERISTICS for 
values). 

RT= termination resistance should be equal 
to the output impedance Zo of the 
pulse generator. 

tr = tf = 6 ns; when measuring fmax• there 
is no constraint on tr, tf with 50% 
duty factor. 

848 January 1986 

'w 

NEGATIVE 
INPUT 
PULSE 

10% 

POSITIVE 
90% 

INPUT 
PULSE 

7Z67476.3 

Fig. 21 Input pulse definitions. 

t,; tf 

FAMILY AMPLITUDE VM 
fmax; 

OTHER 
PULSE WIDTH 

74HC Vee 50% < 2 ns 6 ns 

74HCT 3.0 v 1.3V < 2 ns 6 ns 



DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
PC74HC/HCT4352 

MSI 

DUAL 4-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER WITH LATCH 

FEATURES 

• Wide analog input voltage range: 
±5V 

• Low "ON" resistance: 
80 .\1 (typ.) at Vee - VEE= 4.5 V 
70 .\1 (typ.) at Vee - VEE= 6.0 V 
60 .\1 (typ.) at Vee - VEE= 9.0 V 

• Logic level translation: 
to enable 5 V logic to communicate 
with ± 5 V analog signals 

• Typical "break before make" built in 
• Address latches provided 
• Output capability: non-standard 
• Ice category: MSI 

GENERAL DESCRIPTION 
The 74HC/HCT4352 are high-speed 
Si-gate CMOS devices. They are specified 
in compliance with JEDEC standard no. 7. 

The 74HC/HCT4352 are dual 4-channel 
analog multiplexers/demultiplexers with 
common select logic. Each multiplexer 
has four independent inputs/outputs 
(nYo to nY3) and a common input/output 
(nZ). 

The common channel select logics include 
two select inputs (SQ_ and S1), an active 
LOW enable input (E1 ), an active HIGH 
enable input (E2) and a latch enable input 
(LE). 

With E1 LOW and E2 HIGH, one of the 
four switches is selected (low impedance 
ON-state) by So and S1. The data at the 
select inputs may be latched by using the 
active LOW latch enable input (LE). 
When LE is HIGH, the latch is transparent. 
When either of the two .enable inputs, 
E1 (active LOW) and E2 (active HIGH), 
is inactive, all analog switches are turned 
off. 

(continued on next page) 

4352 

GND 

7Z96063 

Fig. 1 Pin configuration. 

SYMBOL PARAMETER CONDITIONS 

tPZHI turn "ON" time 
tpzL E1, E2 or Sn to·v os CL=15pF 

tpHz/ turn "OFF" time 
RL = 1 k.11 
Vee= 5 v 

tpLz E1, E2orSn to V0 s 
·-

C1 input capacitance 

Cpo 
power dissipation 

notes 1 and 2 capacitance per switch 

max. switch capacitance 
Cs independent 

common 

VEE= GND = 0 V; Tamb = 25 °C; tr= tf = 6,ns 

Notes 

TYPICAL 

HG HCT 

35 40 

21 25 

3.5 3.5 

- -

5 5 
12 12 

1. Cpo is used to determine the dynamic power dissipation (PD in µW): 

Po= Cp0 x Vee' x fi + :i; {(CL+ Cg) x Vee' x f0 } where: 

UNIT 

ns 

ns 

pf 

pf 

pf 
pf 

fi = input frequency in MHz CL = output load capacitance in pf 
f0 = output frequency in MHz Cs = max. switch capacitance in pF 
:i; {(CL+ Cs) x Vee' x f 0 } =sum of outputs Vee= supply voltage in V 

2. For HG the condition is Vi = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT4352P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT4352T: 20-lead mini-pack; plastic (S0-20; SOT-163A). 

17 

1Z 

13 So 1Yo 16 

1Y1 18 
12 S1 

1Y2 19 

1Y3 15 IN 
11 LE 2Yo PROGRESS 

2Y1 

7-0 Ei 2v2 

,, 2Y3 

2Z 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 

(J'""'"' 1986 
849 
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PIN DESCRIPTION 

PINNO. SYMBOL 

1, 6, 2, 5 2Yo to 2Y3 
3, 14 n.c. 

7 E1 
8 E2 
9 Vee 
10 GND 

11 CT 
13, 12 So. s, 
16, 18, 19, 15 1v0 to 1Y3 
17, 4 1Z,2Z 

20 Vee 

FUNCTION TABLE 

INPUTS 

E1 Ez cr 
H x x 
x L x 

L H H 
L H H 
L H H 
L H H 

L H L 
x x .j. 

NAME AND FUNCTION 

independent inputs/outputs 

not connected 

enable input (active LOW) 

enable input (active HIGH) 

negative supply voltage 
ground (0 V) 
latch enable input (active LOW) 

select inputs 

independent inputs/outputs 

common inputs/outputs 

positive supply voltage 

CHANNEL 

S1 So 
ON 

x x none 
x x none 

L L nYo - nZ 
L H nY1 - nZ 
H L nY2 - nZ 
H H nY3 - nZ 

x x . 
x x .. 

H = HIGH voltage level • Last selected channel "ON". 
L = LOW voltage level Selected channels latched. 
X = don't care 
.j. = HIGH-to-LOW LE transition 

APPLICATIONS 

• Analog multiplexing and 
demultiplexing 

• Digital multiplexing and 
demultiplexing 

• Signal gating 

850 January 1986 

GENERAL DESCRIPTION (COnt'd.) 
Vee and GND are the supply voltage pins 
for the digital control inputs (SQ, S1, iI, 
E1 and E2). The Vee to GND ranges are 
2.0 to 10.0 V for HC and 4.5 to 5.5 V for 
HCT. The analog inputs/outputs {nYo to 
n Y 3, and nZ) can swing between V cc as 
a positive limit and Vee as a negative 
limit. Vee-Vee may not exceed 10.ov. 
For operation as a digital 
multiplexer/demultiplexer, Vee is 
connected to GND {typically ground). 



~ c 
1-z 
w 
::!!:; 
a. 
0 
..J 
w 
> w 
c 

Dual 4-channel analog multiplexer/demultiplexer with latch 

13 So 

12 5 1 

11 IT 

a e, 

from logic 

LOGIC LEVEL 
CONVERSION 

& 
LATCHES 

GND 

ID 

1-of-8 
DECODER 

Fig. 4 Functional diagram . 

7Z96065 

y 

Fig. 5 Schematic diagram (one switch). 

PC74HC/HCT4352 

MSI 

('"'""" 1986 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Voltages are referenced to VEE = GND (ground = 0 V) 

SYMBOL PARAMETER MIN. MAX. UNIT CONDITIONS 

Vee DC supply voltage -0.5 +11.0 v 

±ltK DC digital input diode current 20 mA for Vi< -0.5 V or V1>Vee+0.5 V 

±ISK DC switch diode current 20 mA for Vs< -0.5 v or Vs> Vee+ 0.5 v 

±Is DC switch current 25 mA for -o.5 v <Vs< Vee+ 0.5 v 

±IEE DC VEE current 20 mA 

±tee; DC Vee or GND current 50 mA 
±IGND 

Tstg storage temperature range -65 +150 ·c 

Ptot power dissipation per package for temperature range: -40 to +125 °C 
74HC/HCT 

plastic OIL 500 mW above +70 °C: derate linearly with 8 mW/K 

plastic mini-pack (SO) 400 mW above +70 °C: derate linearly with 6 mW/K 

Ps power dissipation per switch 100 mW 

Note to ratings 

To avoid drawing Vee current out of terminals nZ, when switch current flows in terminals nY n• the voltage drop across the 
bidirectional switch must not exceed 0.4 V. If the switch current flows into terminals nZ, no Vee current will flow out of 
terminals nY n· In this case there is no limit for the voltage drop across the switch, but the voltages at nY n and nZ may not 
exceed Vee or VEE· 

RECOMMENDED OPERATING CONDITIONS 

74HC 74HCT 
SYMBOL PARAMETER UNIT CONDITIONS 

min. typ. max. min. typ. max. 

Vee DC supply voltage Vcc-GND 2.0 5.0 10.0 4.5 5.0 5.5 v see Figs 6 and 7 

Vee DC supply voltage Vee-VEE 2.0 5.0 10.0 2.0 5.0 10.0 v see Figs 6 and 7 

V1 DC input voltage range GND Vee GND Vee v 

Vs DC switch voltage range VEE Vee VEE Vee v 

Tamb operating ambient temperature range -40 +85 -40 +85 ·c 
see DC and AC 

Tamb operating ambient temperature range -40 +125 -40 +125 ·c CHARACTERISTICS 

1000 Vcc=2.ov 
t,. lf input rise and fall times 6.0 500 6.0 500 ns Vee =4.5 v 

400 Vcc=6.ov 
250 Vee= 10.ov 

January 1986 
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Dual 4-channel analog multiplexer/demultiplexer with latch PC74HC/HCT4352 
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10 ---~~~~ ·~~--~ 
Vee- GN D f--1-+-¥--.l'-+--,l'--+-+---+-,i 

IVI 

Fig. 6 Guaranteed operating area as a function of 
the supply voltages for 74He4352. 

Fig. 7 Guaranteed operating area as a function of 
the supply voltages for 74HeT4352. 

~-------------------·- ----~---·· 

DC CHARACTERISTICS FOR 74HC/HCT 

For 74He: Vee - GND or Vee - VEE =2.0, 4.5, 6.0 and 9.0 V 
For 74HeT: Vee - GND =4.5 and 5.5 V; Vee - VEE =2.0, 4.5, 6.0 and 9.0 V 

SYMBOL PARAMETER 

RoN ON resistance (peak) 

ON resistance 

1------:~:_:_:_l~-0~-~-~-----< UNIT ]~:~ ~:~?1'~:NSV~~ 
+25 -40to+85 -40to+125 v µA 

min. typ. max. min. max. min. max. 

100 180 
90 160 
70 130 

225 
200 
165 

270 
240 
195 

n 
n 
n 
n 

--~--- ~ 

150 - - - n 2.0 100 

10 120 150 180 n 6.0 o 1000 vn_ 
60 105 130 160 n 4.5 ---4.5 1000 

80 140 175 210 n 4.5 
1

0 1000 Vt:E or 

,_R_o_N---+-O-N-re-s-ist_a_n-ce-----+--+-~-g-0-+-f-~-g-+---+-~-~-~-+--->--~~-g->-g-->-~-:-~- f Tgf g-+v c~I ~~-~-
65 120 150 180 .11 4.5 --4.5 1000 Vil. 

1------+---------+--+----<----+----+---l-----+---f--~-- -;~~- ~ --+--!----. f·Vcc 1· v I H 

R maximum ti ON resistance 9 n 4.5 0 
6 ON between any two channels 8 n 6 O O to or 

'------'-----------'----'-6--'----'----'---'----~-~~-- 4:5 _-4: ----- _vEE Vtl 

Notes to DC characteristics 
1. At supply voltages (Vee - VEE) approaching 2.0 V the analog switch ON-resistance becomes extremely non linear, There it is 

recommended that these devices be used to transmit digital signals only, when using these supply voltages 
2. For test circuit measuring RoN see Fig. 8. 

January 1986 853 



PC74HC/HCT 4352 

MSI 

DC CHARACTERISTICS FOR 74HC 

Voltages are referenced to GND (ground = 0 V) 

SYMBOL PARAMETER 

min. 

1.5 
3.15 

V1H HIGH level input voltage 4.2 
6.3 

V1L LOW level input voltage 

±11 input leakage current 

±Is 
analog switch OFF-state 
current per channel 

±Is 
analog switch OFF-state 

current all channels 

±Is 
analog switch ON-state 

current 

ice quiescent supply current 

854 January 1986 

Tamb (°C) 

74HC 

+25 -40to +85 

typ. max. min. max. 

1.2 1.5 
2.4 3.15 
3.2 4.2 
4.7 6.3 

0.8 0.5 0.5 
2.1 1.35 1.35 
2.8 1.8 1.8 
4.3 2.7 2.7 

0.1 1.0 
0.2 2.0 

0.1 1.0 

0.2 2.0 

0.2 2.0 

8.0 80.0 
16.0 160.0 

TEST CONDITIONS 

UNIT Vee Vee V1 OTHER 
-40to+125 v v 
min. max. 

1.5 2.0 
3.15 v 4.5 
4.2 6.0 
6.3 9.0 

0.5 2.0 
1.35 v 4.5 
1.8 6.0 
2.7 9.0 

1.0 6.0 0 Vee 
µA or 

2.0 10.0 0 GND 

V1H IVsl= 
1.0 µA 10.0 0 or Vee-VEE 

VIL (see Fig. 1 O) 

V1H IVsl= 
2.0 µA 10.0 0 or Vee -VEE 

VIL (see Fig. 10) 

V1H IVsl-
2.0 µA 10.0 0 or Vee-VEE 

VIL (see Fig. 11) 

Vee 
V;, VEE 

160.0 6.0 0 or Vee; 
320.0 

µA 10.0 0 
or Vos= Vee 
GND or VEE 
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Dual 4-channel analog multiplexer/demultiplexer with latch 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tj = 6 ns; CL= 50 pf 

SYMBOL PARAMETER 

lPHL/ propagation delay 
tPLH Vis to Vos 

turn "ON" time 
tpzH/ 
tpzL 

Ii; E2to V0 s 
LE to Vos 

tpzH/ turn "ON" time 
tpzL Sn to Vas 

turn "OFF" time 
tpHz/ S; E2 to Vas 
tpLz LE to Vos 

tpHz/ turn "OFF" time 
tpLz Sn to Vas 

set~up time 
tsu Sn to LE 

hold time 
th Sn to LE 

LE minimum pulse width 
tw HIGH 

+25 

min. typ. 

Tamb (°C) 

74HC 

-40 to +85 

max. min. max. 

60 75 
12 15 
10 13 
8 10 

350 440 
70 88 
60 75 
60 75 

375 470 
75 94 
64 80 
55 69 

-

275 345 
55 69 
47 59 
50 63 

300 375 
60 75 
51 64 
50 63 

80 100 
16 20 
14 17 
22 28 

5 5 
5 5 
5 5 
5 5 

100 125 
20 25 
17 21 
25 31 

UNIT Vee 
-40to+125 v 
min. max. 

90 2.0 
18 4.5 
15 ns 6.0 
12 4.5 

525 2.0 
105 4.5 
89 ns 6.0 
90 4.5 

565 2.0 
113 < 4.5 
96 ns 6.0 
83 4.5 

415 2.0 
83 4.5 
71 ns 6.0 
75 4.5 

450 2.0 
90 4.5 
77 ns 6.0 
75 4.5 

120 2.0 
24 4.5 
20 

ns 
6.0 

33 4.5 

5 2.0 
5 4.5 
5 

ns 
6.0 

5 4.5 

150 2.0 
30 4.5 
26 

ns 
6.0 

38 4.5 

PC74HC/HCT4352 

MSI 

TEST CONDITIONS 

VEE OTHER 

v 

0 RL =~; 
0 
0 

CL= 50 pf 

-4.5 
(see Fig. 18) 

0 RL=1 k!1; 
0 
0 

CL=50pF 

-4.5 
(see Fig. 19) 

0 RL=1 k!1; 
0 
0 

CL=50pF 

-4.5 
(see Fig. 19) 

0 RL=1k!1; 
0 

CL= 50 pF 
0 
-4.5 

(see Fig. 19) 

0 
RL=1 k!1; 

0 
0 

CL= 50 pf 

-4.5 
(see Fig. 19) 

0 
RL = 1 k!1; 

0 
0 

CL= 50 pf 

-4.5 
(see Fig. 20) 

0 
RL = 1 k!1; 

0 
0 

CL= 50 pf 

-4.5 
(see Fig. 20) 

0 
RL = 1 k!1; 

0 
0 

CL= 50 pf 

-4.5 
(see Fig. 20) 
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PC7 4HC/HCT 4352 
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DC CHARACTERISTICS FOR 74HCT 
Voltages are referenced to GND (ground= 0) 

SYMBOL PARAMETER 

min. 

V1H HIGH level input voltage 2.0 

VIL LOW level input voltage 

±11 input leakage current 

analog switch OFF-state 
±Is current per channel 

analog switch 0 FF-state 
±Is current all channels 

analog switch ON-state 
±Is current 

Ice quiescent supply current 

additional quiescent supply 

lllcc 
current per input pin for 
unit load coefficient is 1 
(note 1) 

Note to HGT types 

+25 

typ. 

1.6 

1.2 

100 

Tamb (oC) 

74HCT 

-40to +85 -40to+125 

max. min. max. min. max. 

2.0 2.0 

0.8 0.8 0.8 

0.1 1.0 1.0 

0.1 1.0 1.0 

0.2 2.0 2.0 

0.2 2.0 2.0 

8.0 80.0 160.0 
16.0 160.0 320.0 

360 450 490 

1. The value of additional quiescent supply current (lllccl for a unit load of 1 is given here. 

UNIT Vee 
v 

4.5 
v to 

5.5 

4.5 
v to 

5.5 

µA 5.5 

µA 10.0 

µA 10.0 

µA 10.0 

µA 5.5 
5.0 

4.5 
µA to 

5.5 

To determine lllcc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 
UNIT LOAD 
COEFFICIENT 

E1, E2 0.50 
Sn 0.50 
IT 1.5 

856 January 1986 

TEST CONDITIONS 

Vee V1 OTHER 
v 

Vee 
0 or 

GND 

V1H IVsl= 
0 or Vee -VEE 

V1L (see Fig. 10) 

V1H IVsl= 
0 or Vee-VEE 

V1L (see Fig. 10) 

V1H IVsl= 
0 or Vee-VEE 

V1L (see Fig. 11) 

Vee Vis= VEE 
0 or or Vee: 
-5.0 GND Vos= Vee 

or VEE 

other inputs 
0 Vee at Vee or -2.1V 

GND 
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Dual 4-channel analog multiplexer/demultiplexer with latch 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH Vis to Vos 

tpzH/ 
turn "ON" time 

tpzL 
E1; E2 to Vos 
LE to Vos 

tpzH/ turn "ON" time 
tpzL Sn to V05 

tpHz/ 
turn "OFF" time 

tpLz fu E2 to Vos 
LE to V0 s 

tpHz/ turn "OFF" time 
tPLZ Sn to Vos 

set-up time 
tsu Sn to IT 

hold time 
th Sn to LE 

LE minimum pulse width 
tw HIGH 

Tamb (oC) 

74HCT 

+25 -40 to +85 

min. typ. max. min. max. 

12 15 
8 10 

80 100 
65 81 

80 100 
65 81 

60 75 
50 63 

60 75 
50 63 

16 20 
22 28 

5 5 
5 5 

20 25 
25 31 

UNIT 
--40to +125 

min. max. 

18 
12 ns 

120 
98 ns 

120 
98 ns 

90 
75 ns 

90 
75 ns 

24 
33 ns 

5 
5 

ns 

30 
38 ns 

Vee 
v 

4.5 
4.5 

4.5 
4.5 

4.5 
4.5 

4.5 
4.5 

4.5 
4.5 

4.5 
4.5 

4.5 
4.5 

4.5 
4.5 

PC74HC/HCT4352 

MSI 

TEST CONDITIONS 

Vee OTHER 
v 

0 RL= ~; 

--4.5 CL= 50 pF 
(see Fig. 18) 

0 RL = 1 kn; 

-4.5 CL= 50 pF 
(see Fig. 19) 

0 RL = 1 kn; 

-4.5 CL= 50 pF 
(see Fig. 19) 

0 RL = 1 kn; 

-4.5 CL= 50 pF 
(see Fig. 19) 

0 RL = 1 kn; 

-4.5 CL= 50 pF 
(see Fig. 19) 

0 RL = 1 kn; 

-4.5 CL= 50 pF 
(see Fig. 20) 

0 RL = 1 kn; 

--4.5 CL=50pF 
(see Fig. 20) 

0 RL=1kn; 

-4.5 CL=50pF 
(see Fig. 20) 
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HIGH 
(fromselectinpuU) 

100 

•o• 
lnl 

80 

60 

40 

20 

7Z93942.1 

vcc=4,sv 

~ 
_L \ v 6V 

JZ 9V 
~ 

P' is: 1Z lL 
I"- ..-+-" 

1.6 3.6 5.4 7.2 
Vis (V) 

Fig. 8 Test circuit for measuring RoN· Fig. 9 Typical RoN as a function of input voltage 
Vis for Vis= 0 to Vee - VEE· 

LOW 
(from select inputs) 

7Z93967 

Fig. 10 Test circuit for measuring OFF-state current. 

HIGH 

(from select inputs) 

v0 (opencircuitl 

---------------Vei;; 
7293968 

Fig. 11 Test circuit for measuring ON-state current. 
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Dual 4-channel analog multiplexer/demultiplexer with latch 

ADDITIONAL AC CHARACTERISTICS FOR 74HC/HCT 

Recommended conditions and typical values 

GND = 0 V;Tamb = 25°C 

SYMBOL PARAMETER 

sine-wave distortion 
f =1 kHz 

sine·wave distortion 
f = 10 kHz 

switch "OFF" signal 
feed-through 

crosstalk between 
any two switches/ 
multiplexers 

crosstalk voltage between 
V(p-p) control and any switch 

(peak-to-peak value) 

fmax 
minimum frequency response 

(-3dB) 

maximum switch capacitance 
Cs independent 

common 

Notes to AC characteristics 

General note 

typ. UNIT 

0.04 % 
0.02 % 

0.12 % 
0.06 % 

-50 dB 
-50 dB 

-60 dB 
-60 dB 

110 mV 
220 mV 

160 MHz 
170 MHz 

5 pF 
12 pF 

Vee 
v 

2.25 
4.5 

2.25 
4.5 

2.25 
4.5 

2.25 
4.5 

4.5 
4.5 

2.25 
4.5 

Vee Vis(p-p) 
v v 

-2.25 4.0 
-4.5 B.O 

-2.25 4.0 
-4.5 B.O 

-2.25 note 1 -4.5 

-2.25 
note 1 -4.5 

0 
-4.5 

-2.25 note 2 
-4.5 

Vis is the input voltage at an nYn or nZ terminal, whichever is assigned as an input. 
Vos is the output voltage at an nYn or nZ terminal, whichever is assigned as an output. 

Notes 
1. Adjust input voltage Vis to O dBm level (0 dBm= 1 mW into 600 n). 
2. Adjust input voltage Vis to 0 dBm level at V0 s for 10 kHz (0 dBm= 1 mW into 50 n). 

(dB I v 
-50 

v 
v 

iZ 

CONDITIONS 

PC74HC/HCT4352 

MSI 

RL = 10 ki2; CL= 50 pf 
(see Fig. 14) 

RL = 10 ki2; CL= 50 pf 
(see Fig. 14) 

RL = 60012; CL= 50 pF 
f= 1 MHz (see Figs 12and 15) 

RL=600!:2;CL=50pF; 
f = 1 MHz (see Fig. 16) 

RL=600!:2;CL=50pF; 
f = 1 MHz IE1. E2 or Sn• 
square-wave between V cc 
and GND, tr= tf = 6 ns) 
(see Fig. 17) 

RL=50!:2;CL=10pF 
(see Figs 13 and 14) 

-100 
10 10' 10' 10' f(kHz) 

Fig. 12 Typical switch "OFF" signal 
feed-through as a function of frequency. 
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(dB) 

-5 
10 

7293959 

10' 

nZ/nYn 
.>---.---.---.--0--Vo, 

channel 

ON t---+-----+----GNO 

Fig. 14 Test circuit for measuring sine-wave 
distortion and minimum frequency response. 

channel 
ON 

(a) 

nZ/nYn 

t---+---- GNO 

j 

7293946 

f (kHz) 10' 

7293960 

Note to Figs 12and 13 

Test conditions: 
Vee= 4.5 V; GND = 0 V; VEE= -4.5 V; 
R L = 50 .12; Rsource = 1 k.12. 

Fig. 13 Typical frequency response. 

nZ/nYn 
.>--~--.-_,,__-a-- v,. 

channel 

OFF 

Fig. 15 Test circuit for measuring switch "OFF" 
signal feed-through. 

nZ/nY0 
,,__-~-~--.----<>-- Vo, 

channel 

OFF 

(b) 

Fig. 16 Test circuits for measuring crosstalk between any two switches/multiplexers. 
(a) channel ON condition; (b) channel OFF condition. 

860 

nZ/nYn 

oscilloscope 

>----<~->--+---+--~--.----GND 

~---.--~--------VEE 
7296066 

Fig. 17 Test circuit for measuring crosstalk between 
control and any switch. 

Note to Fig. 17 

The crosstalk is defined as follows 
(oscilloscope output): 
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Dual 4-channel analog multiplexer/demultiplexer with latch PC74HC/HCT4352 

MSI 

AC WAVEFORMS 

Vis INPUT 

V05 OUTPUT 

Fig. 18 Waveforms showing the input (Vis) to 

output (V 0s) propagation delays. 

Sn INPUT 

i:E INPUT 

Fig. 20 Waveforms showing the set-up and hold 
times from Sn inputs to LE input, and minimum 
pulse width of LE. 

Note to Fig. 20 

(1) HC ; VM = 50%; Vi= GND to Vcc­
HCT: VM = 1.3 V; V1 = GND to 3 V. 

LE, Et, E2orSn 

INPUTS 

V01 OUTPUT 

V05 OUTPUT 

7296067.1 

10% 

_,, 

-- 1PZH_. 

I 
50% 

switch __ --,-w,-1'-h ___ ..JI- switch 

"ON" "OFF" "ON" 

Fig. 19 Waveforms showing the turn-ON and turn-OFF times. 

Note to Fig. 19 

(1) HC ; VM = 50%; V1 = GND to Vcc­
HCT: VM=1.3V;V1=GNDto3V. 

(J'"""V 198S 
861 
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TEST CIRCUIT AND WAVEFORMS 

Vee Vis 

PULSE 

GENERATOR 

7293951 

Vee 

RL 
o op1m 

e, 
SWITCH 

GND 

VEE 

Fig. 21 Test circuit for measuring AC performance. 

862 

Conditions 

TEST SWITCH Vis 

tpzH VEE Vee 
tpzL Vee VEE 
tpHz VEE Vee 
tpLz Vee VEE 
others open pulse 

Definitions for Figs 21 and 22: 

CL = load capacitance including jig and 
probe capacitance 
(see AC CHARACTERISTICS for 
values). 

RT= termination resistance should be equal 
to the output impedance Zo of the 
pulse generator. 

tr = tf = 6 ns; when measuring f max• there 
is no constraint on t,. tf with 50% 
duty factor. 

, _____ ,w _____ , 

AMPLITUDE 

NEGATIVE 

INPUT 

PULSE 

POSITIVE 

INPUT 

PULSE 
DV 

'------'w-----' 
7Z87476.3 

Fig. 22 Input pulse definitions. 

tr; tf 
FAMILY AMPLITUDE VM 

fmax; 
OTHER PULSE WIDTH 

74HC Vee 50% < 2 ns 6 ns 

74HCT 3.0V 1.3V < 2 ns 6 ns 



DEVELOPMENT DATA 
Th is data sheet contains advance information and 

specifications are subject to change without notice. 
PC7 4HC/HCT 4353 

MSI 

TRIPLE 2-CHANNEL ANALOG MULTIPLEXER/DEMULTIPLEXER WITH LATCH 

FEATURES 

• Wide analog input voltage range: 
±5V 

• Low "ON" resistance: 

80 Q (typ.) at Vee - VEE= 4.5 V 
70 Q (typ.) at Vee - VEE= 6.0 v 
60 Q (typ.) at Vee - VEE= 9.0 V 

• Logic level translation: 
to enable 5 V logic to communicate 
with ± 5 V analog signals 

• Typical "break before make" built in 
• Address latchs provided 
• Output capability: non-standard 

• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT4353 are high-speed 
Si-gate CMOS devices. 
They are specified in compliance 
with JEDEC standard no. 7. 

The 74HC/HCT4353 are triple 2-channel 
analog multiplexers/demultiplexers with 
two common enable inputs IE1 and E2) 
and a latch enable input (LE). Each 
multiplexer has two independent 
inputs/outputs In Yo and nY1), a 
common input/output (nZ) and select 
inputs (So to S2). 

(continued on next page) 

4353 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS >-----~----< UNIT 

turn "ON" time 
E1. E2 or Sn to V0 s CL=50pF 

R L = 1 k!1 

HC 

21 

HCT 

23 ns 

tpHz/ t~n "OFF" time Vee= 5 V 1 19 21 ns 

_t_P_Lz_~--+-=~-~--o __ r_S_n_t_o_v_0_s __ ~>---------1+. ---+----+------< 

C1 input capacitance 13.5 

Cs 

power dissipation 
capacitance per switch 

max. switch capacitance 
independent 
common 

notes 1 and 2 

VEE= GND =0 V;Tamb =25°C;tr =tt =6ns 

Notes 

5 
8 

1. Cp0 is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + L {(CL+ Cs) x Vee' x 10 ) where: 

3.5 

5 
8 

pF 

pF 

pf 
pf 

Ii = input frequency in MHz CL =output load capacitance in pf 
f0 =output frequency in MHz Cs =max. switch capacitance in pf 
L ((CL+ Cs) x V cc' x f 0 J =sum of outputs V cc= supply voltage in V 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is VI = GND to V cc - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT4353P: 20-lead DIL; plastic (SOT-146). 
PC74HC/HCT4353T: 20-lead mini-pack; plastic (S0-20; SOT-163A). 

15 So 1Z 18 

13 S1 I Yo 16 

12 s, IY1 17 

2Z 19 

11 LE 2Yo IN 

2Y1 PROGRESS 

'1 3Z 

Ez 3Yo 

3Y1 

7296070_1 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PIN DESCRIPTION 

PINNO. SYMBOL 

2. 1 2Yo, 2Y1 

5 3Z 

6,4 3Yo, 3Y1 

3, 14 n.c. 

7 E1 

8 E2 

9 VEE 
10 GND 

11 LE 

15, 13, 12 So to S2 
16, 17 1Yo, 1Y1 
18 1Z 

19 2Z 

20 Vee 

FUNCTION TABLE 

INPUTS 

E"1 E2 

H x 
x L 

L H 
L H 

L H 
x x 

H =HIGH voltage level 
L = LOW voltage level 
X =don't care 

LE 

x 
x 

H 
H 

L 
t 

t = HIGH-to-.LOW LE transition 

APPLICATIONS 

• Analog multiplexing and 
demultiplexing 

• Digital multiplexing and 
demultiplexing 

• Signal gating 

864 ''"""Y 19961 

NAME AND FUNCTION 

independent inputs/outputs 

common input/output 

independent inputs/outputs 

not connected 

enable input (active LOW) 

enable input (active HIGH) 

negative supply voltage 

ground (0 V) 

latch enable input (active LOW) 

select inputs 

independent inputs/outputs 

common input/output 

common input/output 

positive supply voltage 

CHANNEL 

Sn 
ON 

x none 
x none 

L nYo - nZ 
H nY1 - nZ 

x . 
x .. 

• Last selected channel "ON". 
•• Selected channels latched. 

GENERAL DESCRIPTION (Cont'd.) 

Each multiplexer/demultiplexer contains 
two bidirection.al analog switches, each 
with one side sonnected to an 
independent input/output In Yo and nY1) 
and the other side connected to a common 
input/output (nZ). 

With E1 LOW and E2 HIGH, one of the 
two switches is selected (low impedance 
ON-state) by So to S2. 
The data at the select inputs may be 
latched by using the active LOW latch 
enable input (LE). When LE is HIGH, the 
latch is transparent. When either of the 
two enable inputs, E1 (active LOW) and 
E2 (active HIGH), is inactive, all analog 
switches are turned off. 

Vee and GND are the supply voltage pins 
for tb_e digital control inputs (So to S2. 
LE, E1 and E2)· The Vee to GND ranges 
are 2.0 to 10.0 V for He and 4.5 to 5.5 V 
for HeT. The analog inputs/outputs (nYo 
and nY1, and nZ) can swing between Vee 
as a positive limit and VEE as a negative 
limit. Vee - VEE may not exceed 10.0 V. 

For operation as a digital 
multiplexer/demultiplexer, VEE is 
connected to GND (typically ground). 
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Triple 2-channel analog multiplexer/demultiplexer with latch 

from logic 

15 5o 

13 s, 

11 LE 

8 ,, 

LOGIC LEVEL 

CONVERSION 
& 

LATCHES 

GND 

10 

1-of-8 
DECODER 

Fig. 4 Functional diagram . 

Fig. 5 Schematic diagram (one switch). 

PC74HC/HCT4353 

MSI 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltages are referenced to VEE= GND (ground= 0 V) 

SYMBOL PARAMETER MIN. MAX. UNIT CONDITIONS 

Vee DC supply voltage -0.5 +11.0 v 

±l1K DC digital input diode current 20 mA for Vi< -0.5 V or Vi> Vee+ 0.5 V 

±lsK DC switch diode current 20 mA for Vs< -0.5 V or Vs> Vee+ 0.5 V 

±Is DC switch current 25 mA for -o.5 v <Vs< Vee+ o.5 v 

±IEE DC VEE current 20 mA 
-~ 

±Ice; DC Vee or GND current 50 mA 
±IGND 

Tstg storage temperature range -65 +150 oc 

Ptot power dissipation per package for temperature range: -40 to +125 °C 
74HC/HCT 

plastic DI L 500 mW above +70 °C: derate linearly with 8 mW/K 

plastic mini-pack (SO) 400 mW above +70 °C: derate linearly with 6 mW/K 

Ps power dissipation per switch 100 mW 

Note to ratings 

To avoid drawing Vee current out of terminals nZ, when switch current flows in terminals nY n• the voltage drop across the 
bidirectional switch must not exceed 0.4 V. If the switch current flows into terminals nZ, no Vee current will flow out of 
terminals nY n· In this case there is no limit for the voltage drop across the switch, but the voltages at nY n and nZ may not 
exceed Vee or VEE· 

RECOMMENDED OPERATING CONDITIONS 

74HC 74HCT 
SYMBOL PARAMETER UNIT CONDITIONS 

min. typ. max. min. typ. max. 

Vee DC supply voltage Vcc-GND 2.0 5.0 10.0 4.5 5.0 5.5 v see Figs 6 and 7 

Vee DC supply voltage Vee-VEE 2.0 5.0 10.0 2.0 5.0 10.0 v see Figs 6 and 7 

V1 DC input voltage range GND Vee GND Vee v 

Vs DC switch voltage range VEE Vee VEE Vee v 

Tamb operating ambient temperature range -40 +85 -40 +85 oc 
see DC and AC 

·--

Tamb operating ambient temperature range -40 +125 -40 +125 oc CHARACTERISTICS 

1000 Vcc=2.ov 
t,. tf input rise and fall times 6.0 500 6.0 500 ns Vee= 4.5 v 

400 Vee= 6.o v 
250 Vee= 10.0 v 

''"""" 19861 



Triple 2-channel analog multiplexer/demultiplexer with latch 

10~~~~~~~~~"-'="-""·1 

Vee· GND f--+--+---¥-4--J'---JL--¥__,,.__,'--J 
!VI 

Fig. 6 Guaranteed operating area as a function of the 
supply voltages for 74HC4353. 

DC CHARACTERISTICS FOR 74HC/HCT 

PC74HC/HCT4353 

MSI 

Vee. GND C-t--i--+-+-...+-...... __,,_-+_..,,._,, 
(Vl 

, -- r 

llfttffTI 
0 2 4 6 8 10 

Vee· VEE (VI 

Fig. 7 Guaranteed operating area as a function of the 
supply voltages for 74HCT4353. 

<( 
I- For 74HC: Vee - GND or Vee - VEE =2.0, 4.5, 6.0 and 9.0 v 
~ For 74HCT: Vee - GND =4.5 and 5.5 V; Vee .. VEE =2.0, 4.5, 6.0 and 9.0 v 
1-z 
w 
:::!!: 
0. g 
w 
> w 
c 

Tamb (OC) TEST CONDITIONS 

74HC/HCT 
SYMBOL PARAMETER UNIT Vee VEE Is Vis v, 

+25 -40to +85 -40to +125 v v µA 

min. typ. max. min. max. min. max. 

- - - - n 2.0 0 100 
Vee V1N 100 180 225 270 n 4.5 0 1000 

RoN ON resistance (peak) 
90 160 200 240 n 6.0 0 1000 to or 

70 130 165 195 n 4.5 -4.5 1000 VEE VIL 

150 - - - n 2.0 0 100 
V1H 80 140 175 210 n 4.5 0 1000 

RoN ON resistance 
70 120 150 180 n 6.0 0 1000 VEE or 

60 105 130 160 n 4.5 -4.5 1000 VIL 

150 - - - n 2.0 0 100 
V1H 90 160 200 240 n 4.5 0 1000 

RoN ON resistance 
80 140 175 210 n 6.0 0 1000 Vee or 

65 120 150 180 n 4.5 -4.5 1000 VIL 

- n 2.0 0 
Vee V1H maximum t.ON resistance 9 n 4.5 0 

t.RoN between any two channels 8 n 6.0 0 to or 

6 n 4.5 -4.5 VEE VIL 

Notes to DC characteristics 

1. At supply voltages (Vee - VE El approaching 2.0 V the analog switch ON·resistance becomes extremely non· linear. There it is 
recommended that these devices be used to transmit digital signals only, when using these supply voltages. 

2. For test circuit measuring RoN see Fig. 8. 
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DC CHARACTERISTICS FOR 74HC 

Voltages are referenced to GND (ground= 0 V) 

SYMBOL PARAMETER 

min. 

1.5 

Vf H HIGH level input voltage 
3.15 
4.2 
6.3 

VfL LOW level input voltage 

±If input leakage current 

analog switch OFF-state 
±Is 

current per channel 

analog switch OFF-state 
±Is current all channels 

analog switch ON-state 
±Is 

current 

Ice quiescent supply current 

868 J'"""" 1986 ~ 

Tamb (oC) 

74He 

+25 --40 to +85 

typ. max. min. max. 

1.2 1.5 
2.4 3.15 
3.2 4.2 
4.7 6.3 

0.8 0.5 0.5 
2.1 1.35 1.35 
2.8 1.8 1.8 
4.3 2.7 2.7 

0.1 1.0 
0.2 2.0 

0.1 1.0 

0.1 1.0 

0.1 1.0 

8.0 80.0 
16.0 160.0 

TEST CONDITIONS 

UNIT Vee VEE V1 OTHER 
--40to+125 v v 
min. max. 

1.5 2.0 
3.15 v 4.5 
4.2 6.0 
6.3 9.0 

0.5 2.0 
1.35 v 4.5 
1.8 6.0 
2.7 9.0 

1.0 6.0 0 Vee 

2.0 µA 10.0 0 
or 
GND 

VfH IVsl= 
1.0 µA 10.0 0 or Vee- VEE 

VfL (see Fig. 10) 

V1H IVsl= 
1.0 µA 10.0 0 or Vee - VEE 

Vfl (see Fig. 10) 

V1H IVsl= 
1.0 µA 10.0 0 or Vee - VEE 

V1L (see Fig. 11) 

160:0 6.0 0 Vee Vis= VEE or 

320.0 µA 10.0 0 
or Vee; Vos= 
GND Vee or VEE 
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Triple 2-channel analog multiplexer/demultiplexer with latch 

AC CHARACTERISTICS FOR 74HC 

GND=OV;t,=t1=6ns;CL =50pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
lPLH Vis to V0 s 

turn "ON" time 
tpzH/ 
tpzL 

.§1.; E2 to V 0s 
LEtoV0 s 

tpzH/ turn "ON" time 
tpzL SntoV0 s 

turn "OFF" time 
tpHz/ .§i_; E2 to V0s 
tpLz LE to Vas 

tpHz/ turn "OFF" time 
tpLz Sn to Vas 

set-up time 
tsu Sn to LE 

hold time 
th Sn to LE 

LE minimum pulse width 
tw HIGH 

min. 

60 
12 
10 
18 

5 
5 
5 
5 

100 
20 
17 
25 

Tamb (°C) 

74HC 

+25 -40to +85 

typ. max. min. max. 

60 75 
12 15 
10 13 
8 10 

300 375 
60 75 
51 64 
55 69 

300 375 
60 75 
58 69 
50 63 

275 345 
55 69 
47 59 
45 56 

275 345 
55 69 
47 59 
45 56 

75 
15 
13 
23 

5 
5 
5 
5 

125 
25 
21 
31 

UNIT 
-40to+125 

min. max. 

90 
18 
15 ns 

12 

450 
90 
77 

ns 

83 

450 
90 
77 

ns 

75 

415 
83 
71 

ns 

68 

415 
83 
71 

ns 

68 

90 
18 
15 

ns 

27 

5 
5 
5 

ns 

5 

150 
30 
26 

ns 

38 

Vee 
v 

2.0 
4.5 
6.0 
4.5 

2.0 
4.5 
6.0 
4.5 

2.0 
4.5 
6.0 
4.5 

2.0 
4.5 
6.0 
4.5 

2.0 
4.5 
6.0 
4.5 

2.0 
4.5 
6.0 
4.5 

2.0 
4.5 
6.0 
4.5 

2.0 
4.5 
6.0 
4.5 

PC74HC/HCT4353 

MSI 

TEST CONDITIONS 

VEE OTHER 

v 

0 
0 RL==;CL=50pF 
0 isee Fig. 18) 
-4.5 

0 RL = 1 kn; 
0 
0 

CL= 50 pF 

-4.5 
(see Fig. 19) 

0 RL = 1 kn; 
0 
0 CL= 50 pF 

-4.5 isee Fig. 19) 

0 RL = 1 kn; 
0 CL= 50 pF 0 !see Fig. 19) -4.5 

0 RL=l kn; 0 
0 CL= 50 pF 

-4.5 
(see Fig. 19) 

0 
RL = 1 kn; 0 

0 
CL =50 pF 

-4.5 
(see Fig. 20) 

0 
RL = 1 kn; 0 

0 CL= 50 pF 

-4.5 
(see Fig. 20) 

0 
RL=lkn; 0 

0 CL= 50 pF 

-4.5 
(see Fig. 20) 
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PC7 4HC/HCT 4353 

MSI 

DC CHARACTERISTICS FOR 74HCT 
Voltages are referenced to GND (ground= 0 V) 

Tamb (°C) TEST CONDITIONS 

74HCT 
SYMBOL PARAMETER !--~~~~~~~~~~~~~~_, UNIT Vee Vee V1 OTHER 

HIGH level input voltage 

+25 -40 to +85 -40 to +125 v v 

min. typ. max. min. max. min. max. 

2.0 1.6 2.0 2.0 v 
4.5 
to 
5.5 

4.5 
V1L LOW level input voltage 1.2 0.8 0.8 0.8 V to 

1--~-----+----~~~~~~~~1--__j~~+--~-+~--l--~~+-~-+~~+-~~i--5_.5__.jC----!-~_j__~~~~_J 

±Is 

±Is 

±Is 

1 
icc 

tdcc 

input leakage current 

analog switch OFF-state 
current per channel 

analog switch OFF-state 
current all channels 

analog switch ON-state 
current 

quiescent supply current 

additional quiescent supply 
current per input pin for 
unit load coefficient is 1 
I note 1) 

Note to HCT types 

0.1 

0.1 

0.1 

0.1 

8.0 
16.0 

100 360 

1.0 

1.0 

1.0 

1.0 

80.0 
160.0 

450 

1.0 µ.A 

1.0 µ.A 

1.0 µ.A 

1.0 µ.A 

160.0 µ.A 
320.0 

490 µ.A 

1. The value of additional quiescent supply current IL'>lccl for a unit load of 1 is given here. 

5.5 0 

10.0 0 

10.0 0 

10.0 0 

Vee 
or 
GND 

V1H IVsl= 
or Vee - Vee 
V1L lseeFig.10) 

V1H IVsl= 
or Vee - Vee 
V1L !see Fig. 10) 

V1H IV5I= 
or Vee - Vee 
V1 L (see Fig. 11) 

5.5 
5.0 

0 Vee Vis=Veeor 
-5.0 or Vcc:Vos= 

4.5 
to 
5.5 

0 

GND VccorVee 

Vee 
-2.1 
v 

other inputs 
at Vee or 
GND 

To determine L'>lcc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 
UNIT LOAD 
COEFFICIENT 

E1, E2 0.50 
§i 0.50 
LE 1.5 
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Triple 2-channel analog multiplexer/demultiplexer with latch 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH Vis to V0 s 

tpzH/ 
turn "ON" time 
~; E2to Vos 

tpzL LE to Vos 

tpzH/ turn "ON" time 

tpzL S,, to Vos 

tpHz/ 
turn "OFF" time Hi E2 to Vos tpLz to V0 s 

tpHz/ turn "OFF" time 
tpLz Sn to V0 s 

set-up time 
tsu Sn to IT 

hold time 
th Sn to LE 

LE minimum pulse width 
tw HIGH 

Tamb (°C) 

74HCT 

+25 -40to +85 

min. typ. max. min. max. 

12 15 
8 10 

75 94 
60 75 

75 94 
60 75 

60 75 
55 69 

65 81 
55 69 

12 15 
14 18 

5 5 
5 5 

25 31 
25 31 

UNIT Vee 
-40to+125 v 
min. max. 

18 4.5 ns 
12 4.5 

113 4.5 ns 
90 4.5 

113 4.5 ns 
90 4.5 

90 4.5 ns 
83 4.5 

98 4.5 ns 
83 4.5 

18 4.5 
21 

ns 
4.5 

5 4.5 ns 
5 4.5 

38 4.5 
38 

ns 4.5 

PC74HC/HCT4353 

MSI 

TEST CONDITIONS 

VEE OTHER 

v 

0 RL= 00;CL=50pF 
-4.5 (see Fig. 18) 

0 RL = 1 kS?.; 
CL= 50 pF -4.5 (see Fig. 19) 

0 
RL=1kS?.; 
CL= 50 pF -4.5 (see Fig. 19) 

0 RL = 1 kS?.; 
CL= 50 pF -4.5 (see Fig. 19) 

0 
RL = 1 kS?.; 
CL= 50 pF -4.5 (see Fig. 19) 

0 RL = 1 kS?.; 

-4.5 CL=50pF 
(see Fig. 20) 

0 RL=1 kS?.; 
CL= 50 pF 

-4.5 (see Fig. 20) 

0 RL = 1 kS?.; 

-4.5 CL=50pF 
(see Fig. 20) 
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PC74HC/HCT 4353 

MSI 

HIGH 
(from select inputs) 

7293942 1 

401--+---+--+---l-+-+--+-+-t--i 

201---l--+--+-l--+---t--+-+-t--i 

1.8 3.6 5.4 7.2 

Fig. 8 Test circuit for measuring RQN· Fig. 9 Typical RoN as a function of input voltage 
Vis for Vis= Oto Vee - VEE. 

LOW 
(from select inputs) 

-----------------VEE 

Fig. 10 Test circuit for measuring OFF-state current. 

HIGH 

(from select inputs) 

v 0 {open circuit) 

---------------v,, 

Fig. 11 Test circuit for measuring ON-state current. 
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Triple 2-channel analog multiplexer/demultiplexer with latch 

ADDITIONAL AC CHARACTERISTICS FOR 74HC/HCT 

Recommended conditions and typical values 

GND= 0 V;Tamb = 25'C 

SYMBOL PARAMETER typ. UNIT 

sine-wave distortion 0.04 % 
f =1 kHz 0.02 % 

sine-wave distortion 0.12 % 
f=10kHz 0.06 % 

switch "OFF" signal -50 dB 
feed-through -50 dB 

crosstalk between -60 dB 
any two switches/ 
multiplexers 

-60 dB 

crosstalk voltage between 110 mV 
V(p-p) control and any switch 

220 mV 
(peak-to-peak value) 

fmax 
minimum frequency response 170 MHz 

(-3dB) 180 MHz 

maximum switch capacitance 
Cs independent 5 pF 

common 8 pF 

Notes to AC characteristics 

General note 

Vee 
v 

2.25 
4.5 

2.25 
4.5 

2.25 
4.5 

2.25 
4.5 

4.5 
4.5 

2.25 
4.5 

YEE Vis(p-p) 
v v 

-2.25 4.0 
-4.5 8.0 

-2.25 4.0 
-4.5 8.0 

-2.25 
note 1 

-4.5 

-2.25 
note 1 

-4.5 

' 0 
-4.5 

-2.25 
note 2 

-4.5 

Vis is the input voltage at an nYn or nZ terminal, whichever is assigned as an input. 
Vos is the output voltage at an nY n or nZ terminal, whichever is assigned as an output. 

Notes 

1. Adjust input voltage Vis to 0 dBm level (0 dBm= 1 mW into 600 !1). 
2. Adjust input voltage Vis to 0 dBm level at V0 s for 10 kHz (0 dBm= 1 mW into 50 !1). 

7Z93945 

(dB I v 
H 

-50 
v 

kl 
IV 

.z 

PC74HC/HCT4353 

MSI 

CONDITIONS 

RL = 10 k!1; CL= 50 pF 
(see Fig. 14) 

RL=10k!1;CL=50pF 
(see Fig. 14) 

RL = 600 !1; CL= 50 pF 
f = 1 MHz (see Figs 12 and 15) 

R L = 600 !1; CL= 50 pF; 
f = 1 MHz (see Fig. 16) 

RL = 600 !1; CL= 50 pF; 
f= 1 MHz IE1, E2orSn, 
square-wave between V CC 
and GND, tr = tf = 6 ns) 
(see Fig. 17) 

R L = 50 !1; CL= 10 pF 
(see Figs 13 and 14) 

-100 
10 f (kHz) 

Fig. 12 Typical switch "OFF" signal 

feed-through as a function of frequency. 
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MSI 

(dB) 

-5 
10 

channel 

ON 

10' 

+--~-~--- GND 

Fig. 14 Test circuit for measuring sine-wave 
distortion and minimum frequency response. 

channel 

ON 

IT 

1----+---GND 

la) 

~ 

f (kHz) 

Note to Figs 12 and 13 

Test conditions: 
Vee= 4.5 V; GND = 0 V; VEE= -4.5 V; 
R L = 50 fl; Rsource = 1 kfl. 

Fig. 13 Typical frequency response. 

nZ/nYn 
r-----.-----.----1r--O-- v,, 

channel 

OFF r--~-~-~GND 

Fig. 15 Test circuit for measuring switch "OFF" 
signal feed-through. 

channel 
OFF 

+--~-----r--~-~-~GND 

(bl 

Fig. 16 Test circuits for measuring crosstalk between any two switches/multiplexers. 
(a) channel ON condition; lbl channel OFF condition. 

874 

nZ/nYn 

oscilloscope 

+---f--~-+---+--~-~---GND 

~--~-~--------VEE 

7296066 

Fig. 17 Test circuit for measuring crosstalk between 
control and any.switch. 

January 1986 

Note to Fig. 17 

The crosstalk is defined as follows 
!oscilloscope output): 

----.fL---y-- v(: pl 
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Triple 2-channel analog multiplexer/demultiplexer with latch PC74HC/HCT4353 

MSI 

AC WAVEFORMS 

vis INPUT 

V 05 OUTPUT 

Fig. 18 Waveforms showing the input (Visl to 
output (V 0s) propagation delays. 

Sn INPUT 

i:E INPUT 

Fig. 20 Waveforms showing the set·up and hold 
times from Sn inputs to LE input, and minimum 
pulse width of LE. 

Note to Fig. 20 

(1) He : VM = 50%; V1 = GND to Vee. 
HeT: VM = 1.3 V; V1 = GND to 3 V. 

CE, E1, E2 orSn 

INPUTS 

V0 s OUTPUT 

V0s OUTPUT 

10% 

50% 

switch ---------... ___ switch 
"OFF" "ON" 

Fig. 19 Waveforms showing the turn-ON and turn-OFF times. 

Note to Fig. 19 

(1) HC : VM = 50%; Vi = GND to Vcc­
HCT: VM = 1.3 V; V1 = GND to 3 V. 
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PC74HC/HCT4353 

MSI 

TEST CIRCUIT AND WAVEFORMS 

Fig. 21 Test circuit for measuring AC performance. 

Conditions 

TEST SWITCH Vis 

tpzH Vee Vee 
tpzL Vee Vee 
lPHZ Vee Vee 
lPLZ Vee Vee 
others open pulse 

Definitions for Figs 21 and 22: 

CL = load capacitance including jig and 
probe capacitance 
(see AC CHARACTERISTICS for 
values). 

RT= termination resistance should be equal 
to the output impedance Zo of the 
pulse generator. 

tr = tf = 6 ns; when measuring fmax• there 
is no constraint on tr. tf with 50% 
duty factor. 

876 January 1986 

AMPLITUDE 

ov 
'------•w----•' 

7ZB7476.3 

Fig. 22 Input pulse definitions. 

tr; tt 
FAMILY AMPLITUDE VM 

fmax; 
OTHER 

PULSE WIDTH 

74HC Vee 50% < 2 ns 6 ns 

74HCT 3.0V 1.3V < 2 ns 6 ns 



DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
PC74HC/HCT4510 

MSI 

BCD UP/DOWN COUNTER 

FEATURES 

• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT4510 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the "4510" of the 
"40008" series. They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT4510 are edge-triggered 
synchronous up/down BCD counters with 
a clock input (CPI, an up/down count 
control input (UP/DN), an active LOW 
count enable input (CE), an asynchronous 
active HIGH parallel load input (PL), 
four parallel inputs (Do to D31. four 
parallel outputs (Oo to 03), a~ctive 
LOW terminal count output (TC), and an 
overriding asynchronous master reset 
input (MR). 

Information on Do to D3 is loaded into 
the counter while PL is HIGH, independent 
of all other input conditions except the 
MR input, which must be LOW. With PL 
LOW, the counter changes on the LOW-to­
H IGH transition of CP if CE is LOW. 
UP/DN determines the direction of the 
count, HIGH for counting up, LOW for 
counting down. When counting up, TC is 
LOW when Oo and 03 are HIG!!_and CE 
is LOW. When counting down, TC is LOW 
when Oo to 03 and CE are LOW. A HIGH 
on MR resets the counter (Oo to 03 = 
= LOW) independent of all other input 
conditions. 

Logic equation for terminal count: 

TC= CE . { (UP/ON) . Oo. 03 + 

+ (UP/DN). Clo. 01. 02. 03) 

4510 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

tPHLI propagation delay 
tPLH CP to On CL=15pF 17 19 ns 

Vee= 5 v 
fmax maximum clock frequency 45 45 MHz 

C1 input capacitance 3.5 3.5 pF 

GND =O V;Tamb=25 °C;tr =tf =6ns 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT4510P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT4510T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL 

1 PL 

4, 12, 13,3 Do to D3 
5 CE 

6, 11, 14, 2 o0 to 03 

7 TC 

8 GND 

9 MR 

10 UP/DN 

15 CP 

16 Vee 

FUNCTION TABLE 

MR PL 

L H 
L L 
L L 
L L 
H x 

H =HIGH voltage level 
L = LOW voltage level 
X =don't care 

UP/ON 

x 
x 
L 
H 
x 

t =LOW-to-HIGH clock transition 

NAME AND FUNCTION 

parallel load input (active HIGH) 

parallel inputs 

count enable input (active LOW) 

parallel outputs 

terminal count output (active LOW) 

ground (0 V) 

asynchronous master reset input (active HIGH I 

up/down control input 

clock input (LOW-to-HIGH, edge-triggered) 

positive supply voltage 

CE CP MODE 

x x parallel load 
H x no change 
L t count down 
L t count up 
x x reset 
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PC14HC/HCT·4-5'! 1 

MSI 

BCD TO 7-SEGMENT LATCH/DECODER/DRIVEi~ 

FEATURES 

• Latch storage of BCD inputs 
• Blanking input 
• Lamp test input 
• Driving common cathode LED 

displays 
• Guaranteed 10 mA drive capability 

per output 

• Output capability. ihJ11-;;lda1Jal'~ 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT4511 are high-speed 
Si-gate CMOS devices and are pin 
compatible with "4511" of the 
"40008" series. They are specified in 
compliance with JEOEC standard no. 7. 

The 74HC/HCT4511 are BCD to 
7-segment latch/decoder/drivers with 
four address inputs (01 to 04), an active 
LOW latch enable input (LE), an active 
LOW ripple blanking input (Bi), an active 
LOW lamp test input (LT), and seven 
active HIGH segment outputs (Oa to Ogl-

When LE is LOW, the state of the segment 
outputs (Oa to Og) is determined by the 
data 0'1_91 to 04. 
When LE goes HIGH, the last data present 
on 01 to 04 are stored in the latches and 
the segment outputs remain stable. 
When Cf is LOW, all the segment outputs 
are HIGH independent of all other input 
conditions. With Cf HIGH, a LOW on BT 
forces al I segment outputs LOW. The 
inputs Cf and Bi do not affect the latch 
circuit. 

APPLICATIONS 
• Driving LED displays 
• Driving incandescent displays 
• Driving fluorescent displays 
• Driving LCD displays 
• Driving gas discharge displays 

4511 

7293692 

Fig. 1 Pin configuration. 

SYMBOL PARAMETF.:R 

p1-opagation delay 

!:Jn to On 
LE to 0 11 

Bl to On 
LT to On 

C1 nput capac1ta 11ce 

I Lt-~ower d15'1p~t1on- -
I Cpo caoac1tance per latch 
L _______ - ------ - - --- __ __!_ 

GNO = 0 V; Tamb = 25 °C;t,=t1= 6 nc 

Notes 

CONDITIDi'l.S 

Ct.= 15 pF 
\lee= s v 

notes ·1 and 2 

! ~? 

1. Cpo ls used to determine the dynamir;; povve; Uic:s1pe·l1r1n Wo i'.·1 

Po~ cro x Vee' x ti+ (CL x vcc' x +.,) 

fj = input frequency in MHz 

UNn 

ns 
ns 

'.!0 ILS 

! nc:, 

in pf 
f 0 = output frequency in Mk1:· ~.u:_;;Jiy vnl~a'.~t: i;: \/ 

I (CL" Vee' x f0 ) ~sum of outputs 

2. For HC the condition is VI~ GND to VCC 
For HCT the condition is V1 ~ GND to Vee 1.f> \/ 

ORDERING INFORil/IATIOf\l/FACKJ~GE OUTLINES 

PC741-1C/HCT4511P: 16-lead DI 
PC741-1C/HCT4511T: 16-learJ 

PIN DESCRIPTIOM 

phistic (SD-16; SOT 

~~-~---lfr~~-~-~--~µ~~j~-;>~D·-·--~~.u·.H- -. 
'13 I L l I [:;imp test input tactivt:' L()'fv; 

4 I 81 I rlopie blankin9 ii'ipLn {active 

5
7

, l, 
2

, 
6 

! 01.~E:1: to 
04 

' latch enabie inpu; 
8(~[",I add1 p:J.~: '.r1uu~~. 

8 I GND gr(1und \/} 

13,12,"11,10, OatoOg 
' 9, 15, 14 ~ 

L_16_ _ _______ J v cc 

L 
Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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PC74HC/HCT4511 

MSI 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

INPUTS 

LE Bi LT D4 D3 D2 D1 

x x L x x x x 

x L H x x x x 

L H H L L L L 
L H H L L L H 
L H H L L H L 
L H H L L H H 

L H H L H L L 
L H H L H L H 
L H H L H H L 
L H H L H H H 

L H H H L L L 
L H H H L L H 
L H H H L H L 
L H H H L H H 

L H H H H L L 
L H H H H L H 
L H H H H H L 
L H H H H H H 

H H H x x x x 

Oa 

H 

L 

H 
L 
H 
H 

L 
H 
L 
H 

H 
H 
L 
L 

L 
L 
L 
L 

OUTPUTS 
DISPLAY 

Qb QC Qd Oe Ot Og 

H H H H H H B 

L L L L L L blank 

H H H H H L 0 
H H L L L L 1 
H L H H L H 2 
H H H L L H 3 

H H L L H H 4 
L H H L H H 5 
L H H H H H 6 
H H L L L L 7 

H H H H H H B 
H H L L H H 9 
L L L L L L blank 
L L L L L L blank 

L L L L L L blank 
L L L L L L blank 
L L L L L L blank 
L L L L L L blank 

. . 
•Depends upon the BCD-code applied during the LOW-to-HIGH transition of LE. 

H =HIGH voltage level 
L = LOW voltage level 
X = don't care 
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BCD to 7-segment latch/decoder/driver 

o, 

CT 

a, a, 

Fig. 6 Segment designation. 

o, D3 

a, a, 

Fig. 5 Logic diagram. 

o, Bl r 

PC74HC/HCT4511 

MSI 

a, 

,-, 
LI I I I _/ L/ I I I I 7 I I I I 

7293267 

Fig. 7 Display. 
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DC CHARACTERISTICS FOR 74HC 

For the DC characteristlcs see chapter "HCMOS family characteristics", section "Family specifiCations". 

O•itput capability: standard, excepting VcH which is given below 
I cc category; MS I 

Non-standard DC characteristics for 74HC 

Voltages are referenced to GND (ground= 0 Vi 
r-·---·l- -- -------·-------------------·----~----i 
II I L ______ Tamb(°~ ______ J ~---~_EIS vT,CON lDITIO_N~ 
' I I 74HC I 

I""''" """"'' 1-I;, ---, ::,,, ~ ;.; I ~"~"''I """ v~, I v, m~ 

1
-- --1--- ----- ---J ~~: r~;.r~:.11;~~=GI -~b i '""' -r L'" °' I " 

~OH __ ~r~~le-ve~utputvoltag~-L~ 6~j --~-- j-3 ~51 __ +3_1o_I -t-~-- 4.5-t-~IL '100 

~- ! ~l":'m'lo"':'""'"~_I rn[ _ l _ilitL 1rn I __ l_v __ 60 ~:~or ~i~ 
AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr·= tf = 6 ns; CL•• 50 pf 

,----r-------------i------r.m~rC!-===T-- ---TESTCONDITIONS 
i---------- ---j 

1·-·-·--.;:;~- --r =;~~1;5'--=-~~~ UNIT VJc WAVEFORMS 

r.--~I r.--+--.-r: ~ I 
-t-111-'-"-:+~~+~aJ<:..)."''."· +-m11l<_,-"1.~?""· -~I---+--______ _ 

1 I n ! 300 I I 375 450 I 2 o 
tpH LI propagation delay 1 I j [ 4 8 I 28 I 60 , 75 

1

90 l ns 5 Fig. 

1 ::::/ 1 :~:::::: - r- 1
j ,; t:~j-1 :, : __ :5 i i ; : 

l:
tPLH __ l ~~-0.C:'~--- __ J ___ ~-i~~l--~Jtt--+-~~-+ns 16:6 F19.9 

tPH Li II pr_opagation delay [ 61 I 220 I 275 330 I : 2.0 
I 22 j 44 55 66 ns I 4.5 Fig. 10 

tPLH , Bl to On I 18 · 37 · 47 56 j 6.0 

~-~--t~~a~ation-:.~~- ---1-1~t6° ~~O I ~~5 nl~i"+l-F-1g ___ 8 _____ __, 

~ J_ LT to on__________ ~--+;~-i-~: I :: ~~ 0 :_1¥a-1 

. 

H Li : ou.tput trnns1t1on time 'j' 7 15 I 19 22 j_:s 4.5 t1gs 8, 9 and 10 
i 1TLH ! 6 13 16 19 60 

r----1-----_---~-- ;j~~-i--1 1j . w·- II --+-;:;;-1 ---------! 
, I latch enaole pulse width 16 4 I I ?Q [ 24 ns 4.5 Fig. g 

11_t:_-+~-~~--------~ 3-+--~-t :_o +-~~~ 
' I 60 14 I I ~~ I 90 2.0 

l~t'~-----~I ~-~--------+JI o~u41~! -~o~-~-T---I ns :42:_:5 Fig.11 

h Dn to LE 0 ::_3 0 ns 6.0 Fig. 11 
----·----------------·-··-- _. - ' _ _,____ ___ __.) _____ ~--~--------~ 

PARAllllETER SYMBOL 
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BCD to 7-segment latch/decoder/driver 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard, excepting VOH which is given below 
Ice category: MSI 

Non-standard DC characteristics for 74HCT 

Voltages are referenced to GND (ground= 0 V) 

Tamb (°Cl 

74HCT 

PC74HC/HCT4511 

MSI 

TEST CONDITIONS 

SYMBOL PARAMETER UNIT Vee V1 -10 
+25 -40to +85 -40to+125 v mA 

min. typ. max. min. max. min. max. 

HIGH level output voltage 
3.98 3.84 3.70 v 4.5 VJH or 7.5 

VOH 3.60 3.35 3.10 V1L 10.0 

Note to HCT types 

The value of additional quiescent supply current (.:ilccl for a unit load of 1 is given in the family specifications. 
To determine .:ilcc per input, multiply this value by the unit load coefficient shown. in the table below. 

INPUT 
UNIT LOAD 
COEFFICIENT 

CT, CE 1.50 
Bf. Dn 0.30 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

' 
SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH Dn to On 

tPHLI pr:gpagation delay 
lPLH LE to On 

tPHLI pr:gpagation delay 
tPLH Bl to On 

tPHtl pr:gpagation delay 
tPLH LT to On 

trnLI output transition time 
tTLH 

tw 
latch enable pulse width 

LOW 

tsu 
set-up time 

Dn to LE 

th 
hold time 

Dn to IT 

+25 

min. typ. 

28 

27 

23 

16 

7 

16 5 

12 5 

0 -4 

Tamb (oC) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to +85 -40to+125 v 

max. min. max. min. max. 

60 75 90 ns 4.5 Fig. 8 

54 68 81 ns 4.5 Fig. 9 

44 55 66 ns 4.5 Fig. 10 

30 38 45 ns 4.5 Fig.8 

15 19 22 ns 4.5 Figs8, 9 and 10 

20 24 ns 4.5 Fig. 9 

15 18 ns 4.5 Fig. 11 

0 0 ns 4.5 Fig. 11 
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PC74HC/HCT4511 

MSI 

AC WAVEFORMS 

·· ,, .,., ~t::,J_ L.t 
On OUTPUT VM(1l 

--------
7Z93699 trHL -- trLH 

fu. 8 Waveforms showing the input (Dn. 
LT) to output (On) propagation delays and 
the output transition times. 

Bi INPUT l' L._ ~1PHL---
r-

an OUTPUT VM(1l 

_j 
7293698 tTHL ..._ - --1 _. 1TLH 

Fig. 10 Waveforms showing the input (Bi) 
to output (On) propagation delays. 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee· 
HCT: VM = 1.3V; V1 = GND to 3 V. 

884 J'"""" 1 ... , 

LE INPUT 

an OUTPUT 

7Z93697 

1PLHt 
--------_. -+- 1TLH 

Dn INPUT 

lE INPUT 

Fig. 9 Waveforms showing the input (LE) 
to output (On) propagation delays and the 
latch enable pulse width. 

Fig. 11 Waveforms showin!,l_.!_he data set-up and 
hold times for Dn input to LE input. 

Note to Fig. 11 
The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 



BCD to 7-segment latch/decoder/driver 

APPLICATION DIAGRAMS 

GND 

Fig. 12 Connection to common cathode LED 
display readout. 

Vee 

(1) 

"GND 

7Z93701 

(1) A filament pre-warm resistor to reduce 
thermal shock and to increase effective cold 
resistance of the filament is recommended. 

Fig. 14 Connection to incandescent display 
readout. 

GND 

Fig. 16 Connection to gas discharge display 
readout. 

PC74HC/HCT4511 

MSI 

GND 

common anode 
LED 

7293700 

Fig. 13 Connection to common anode LED 
display readou.t. 

GND 

7Z93703 

Fig. 15 Connection to fluorescent display 
readout. 

excitation 

1/ 4 HC/ HCT86 

7293704 
GND 

Fig. 17 Connection to LCD display readout. 
(Direct DC drive is not recommended as it 
can shorten the life of LCD displays). 
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PC74HC/HCT4514 

MSI 

4-T0-16 LINE DECODER/DEMULTIPLEXER WITH INPUT LATCHES 

FEATURES 

• Non-inverting outputs 
• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT4514 are high-speed 
Si-gate CMOS devices and are pin 
compatible with "4514" of the 
"4000B" series. They are specified in 
compliance with JEDEC standard no. 7. 

(continued on next page) 

4514 

Fig. 1 Pin configuration. 

Oo 11 

01 

02 10 

LE 03 

04 

Ao a, 
3- A7 Os 

21 •2 07 

22 A3 a, 18 

Og 17 

23 010 20 
071 19 

072 14 

013 13 

014 16 

015 15 

7293896 

Fig. 2 Logic symbol. 

SYMBOL PARAMETER 

tPHL/ propagation delay 

tPLH An to Gn 

C1 input capacitance 

Cpo 
power dissipation 
capacitance per package 

GNO = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

TYPICAL 
CONDITIONS 

HC HCT 

CL=15pF 23 26 
Vee= 5 v 

3.5 3.5 

notes 1 and 2 44 45 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + i: (CL x Vee' x fol where: 

UNIT 

ns 

pF 

pF 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
:!: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is Vi = GNO to Vee 
For HCT the condition is Vi= GNO to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT4514P: 24-lead OIL; plastic (SOT-101A). 
PC74HC/HCT4514T: 24-lead mini-pack; plastic (S0-24; SOT-137A). 

PIN DESCRIPTION 

PIN NO. SYMBOL 

1 LE 

2, 3, 21, 22 Ao to A3 

11, 9, 10, 8, 
7, 6, 5, 4, 

a 0 toa15 18, 17,20, 19, 
14, 13, 16, 15 

12 GNO 

23 E 
24 Vee 

X/Y 

C9 

9D,1 

90,2 
21 

90,4 
22 

90,8 

23 
EN 10 

11 

12 

13 

14 

15 

Fig. 3a I EC logic symbol for the 
decoder function. 

NAME AND FUNCTION 

latch enable input (active HIGH) 

address inputs 

multiplexer outputs (active HIGH) 

ground (0 V) 

enable input (active LOW) 

positive supply voltage 

21 

22 

23 

DX 

C4 

1 0 o} s 
~ 4D,G15 

EN 10 
11 

12 

13 

14 

15 

7293937 

Fig. 3b I EC logic symbol for the 
demultiplexer function. 
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PC74HC/HCT4514 

MSI 

1 LE 

21 22 

LATCHES 

DECODER 

11 9 10 8 7 6 5 4 18 17 20 19 14 13 16 15 

FUNCTION TABLE 

INPUTS 

E Ao A1 A2 A3 

H x x x x 

L L L L L 
L H L L L 
L L H L L 
L H H L L 

L L L H L 
L H L H L 
L L H H L 
L H H H L 

L L L L H 
L H L L H 
L L H L H 
L H H L H 

L L L H H 
L H L H H 
L L H H H 
L H H H H 

LE=HIGH 
H = HIGH voltage level 
L = LOW voltage level 
X =don't care 

Fig. 4 Functional diagram. 

OUTPUTS 

Oo o1 02 03 04 05 05 07 03 

L L L L L L L L L 

H L L L L L L L L 
L H L L L L L L L 
L L H L L L L L L 
L L L H L L L L L 

L L L L H L L L L 
L L L L L H L L L 
L L L L L L H L L 
L L L L L L L H L 

L L L L L L L L H 
L L L L L L L L L 
L L L L L L L L L 
L L L L L L L L L 

L L L L L L L L L 
L L L L L L L L L 
L L L L L L L L L 
L L L L L L L L L 

Og 010 011 

L L L 

L L L 
L L L 
L L L 
L L L 

L L L 
L L L 
L L L 
L L L 

L L L 
H L L 
L H L 
L L H 

L L L 
L L L 
L L L 
L L L 

GENERAL DESCRIPTION (Cont'd} 
The 74HC/HCT4514 are 4-to-16 line 
decoders/demultiplexers having four 
binary weighted address inputs (A() to A3), 
with latches, a latch enable input (LE), 
and an active LOW enable input (E). The 
16 outputs (Qo to 015) are mutually 
exclusive active HIGH. When LE is HIGH, 
the selected output is determined by the 
data on An. When LE goes LOW, the last 
data present at An are stored in the latches 
and the outputs remain stable. When Eis 
LOW, the selected output, determined by 
the contents of the latch, is HIGH. At E 
HIGH, all outputs are LOW. The enable 
input (E) does not affect the state of the 
latch. 

When the "4514" is used as a 
demultiplexer, Eis the data input and 
Ao to A3 are the address inputs. 

APPLICATIONS 

• Digital multiplexing 
• Address decoding 
• Hexadecimal/BCD decoding 

012 013 014 015 

L L L L 

L L L L 
L L L L 
L L L L 
L L L L 

L L L L 
L L L L 
L L L L 
L L L L 

L L L L 
L L L L 
L L L L 
L L L L 

H L L L 
L H L L 
L L H L 
L L L H 



4-to-16 line decoder/demultiplexer with input latches 

Ao-[:> 

A1-t> 

A2-!> 

A3-t> 

LE-[:> 

Fig. 5 Logic diagram. 

Oo 
o, 

o, 

03 

04 
o, 

o, 

07 

o, 

o, 

010 

o,, 

o,, 

013 

014 

015 

7293905 

PC74HC/HCT4514 

MSI 
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PC74HC/HCT4514 

MSI 

DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output ca pa bi I ity: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH An to On 

tPHLI propagation delay 
tPLH LE to On 

tPHL/ propagation delay 
tPLH EtoOn 

tTHLI output transition time 
tTLH 

latch enable pulse width 
tw HIGH 

set-up time 
tsu An to LE 

hold time 
th An to LE 

890 J'"""' 1!!861 

+25 

min. typ. 

74 
27 
22 

74 
27 
22 

41 
15 
12 

19 
7 
6 

80 14 
16 5 
14 4 

90 25 
18 9 
15 7 

1 -11 
1 -4 
1 -3 

Tamb (°C) 

74HC 
UNIT Vee 

-40 to +85 -40to+125 v 
max. min. max. min. max. 

230 290 345 2.0 
46 58 69 ns 4.5 
39 49 59 6.0 

230 290 345 2.0 
46 58 69 ns 4.5 
39 49 59 6.0 

175 220 265 2.0 
35 44 53 ns 4.5 
30 37 45 6.0 

75 95 110 2.0 
15 19 22 ns 4.5 
13 16 19 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

115 135 2.0 
23 27 ns 4.5 
20 23 6.0 

1 1 2.0 
1 1 ns 4.5 
1 1 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 6 

Fig. 6 

Fig. 6 

Fig. 7 

Fig. 7 

Fig. 7 



4-to-16 line decoder/demultiplexer with input latches 

DC CHARACTERISTICS FOR 74HCT 

PC74HC/HCT4514 

MSI 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (ll lccl for a unit load of 1 is given in the family specifications. 
To determine/'::, Ice per input, multiply this value by the unit load coefficient shown in the tah!e beh:iw. 

INPUT 
UNIT LOAD 
COEFFICIENT 

An 0.65 
LE 1.40 
E 1.00 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

f---------

SYMBOL PARAMETER 
+25 

min. typ. 

f ''"'' propagation delay 
30 

tPLH An to On 

lPHLI propagation delay 
29 

lPLH LE to On 

lPHLI propagation delay 17 
lPLH E to On 

lTHLI 
tTLH 

output transition time 7 

tw latch enable pulse width 
16 4 

HIGH 

"tsu 
set-up time 

18 9 
An to LE 

th 
hold time 

3 -3 
An to LE 

Tamb (°Cl TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40 to +85 -40to+125 v 
max. min. max. min. max. 

55 69 83 ns 4.5 Fig. 6 

50 63 75 ns 4.5 Fig. 6 

40 50 60 ns 4.5 Fig. 6 

·-
15 19 22 ns 4.5 Fig. 6 

---1 

20 24 ns 4.5 Fig. 7 

23 27 ns 4.5 Fig. 7 

3 3 ns 4.5 Fig. 7 

_ ______J 
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PC74HC/HCT4514 

MSI 

892 

AC WAVEFORMS 

-t:'] L.t 
An, LE, E 

INPUT 

Qn OUTPUT VM(1) 

tTHL --

Fig. 6 Waveforms showing the input (An, LE, E) to output 
IOnl propagation delays and the output transition times. 

Note to AC waveforms 

(1) He : VM = 50%; Vi= GND to Vee· 
HeT: VM = 1.3 V; V1 = GND to 3V. 

''""'"' 19861 ( 

F LE INPUT 

I\. 

An INPUT ~ 
-

I 

7Z93904 

Fig. 7 Waveforms showing the minimum pulse width of the 
latch enable input (LE) and the set-up and hold times for 
LE to An. Set-up and hold times are shown as positive values 
but may be specified as negative values. 

Note to Fig. 7 

The shaded areas indicate when the input is permitted to 
change for predictable output performance. 



PC74HC/HCT4515 

MSI 

4-T0-16 LINE DECODER/DEMULTIPLEXER WITH INPUT LATCHES 

FEATURES 

• Inverting outputs 
• Output capability: standard 

• 'cc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT4515 are high-speed 
Si-gate CMOS devices and are pin 
compatible with "4515" of the 
"40008" series. They are specified in 
compliance with JEDEC standard no. 7. 

(continued on next page) 

Vee 

A3 

0:10 

a,, 
4515 o, 

6.,4 

a, 615 

612 

GND 613 

7293895 

Fig. 1 Pin configuration. 

Oo 0-11 

a, 0--9 

02 0-10 

LE 03 0--8 

04 0--7 

Ao 05 0-6 

A1 05 

21 A2 07 C>-4 

22 A3 Og 0-18 

Og 0-17 

23-0 E 010 0-20 

011 0-19 
o,, 14 

013 0-13 

014 16 

015 15 

7Z93B97 

Fig. 2 Logic symbol. 

--,---

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH An to On 

C1 input capacitance 

Cpo 
power dissipation 

capacitance per package 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

CONDITIONS 

Cl= 15 pF 
Vee= 5 v 

notes 1 and 2 

TYPICAL 

HC HCT 

25 26 

3.5 3.5 

44 46 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + l: (CL x Vee' x fol where: 

UNIT 

ns 

pF 

pF 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
J: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to VCC 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT4515P: 24-lead Oil; plastic (SOT-101A). 
PC74HC/HCT4515T: 24-lead mini-pack; plastic (S0-24; SOT-137A). 

PIN DESCRIPTION 

PIN NO. SYMBOL 

1 LE 

2, 3, 21, 22 Ao to A3 

11, 9, 10, 8, 
7, 6, 5, 4, 

Ooto015 18, 17, 20, 19, 
14, 13, 16, 15 

12 GND 

23 E 
24 Vee 

X/Y 

C9 

90,1 

90,2 
21 

90,4 
22 

90,8 

9 
23 

EN 10 

11 

12 

13 

14 

15 

Fig. 3a IEC logic symbol for the 
decoder function. 

NAME AND FUNCTION 

latch enable input (active HIGH) 

address inputs 

multiplexer outputs (active LOW) 

ground (0 V) 

enable input (active LOW) 

positive supply voltage 

21 

22 

23 

DX 

C4 

Dl 5 
: 4D cf, 

EN 10 

11 

12 

13 

14 

15 

Fig_ 3b I EC logic symbol for the 
demultiplexer function. 

---------------~ 
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PC74HC/HCT4515 

MSI 

1 LE 

FUNCTION TABLE 

INPUTS 

E Ao A1 A2 AJ 

H x x x x 

L L L L L 
L H L L L 
L L H L L 
L H H L L 

L L L H L 
L H L H L 
L L H H L 
L H H H L 

L L L L H 
L H L L H 
L L H L H 
L H H 1L H 

L L L H H 
L H L H H 
L L H H H 
L H H H H 

LE=HIGH 
H =HIGH voltage level 
L = LOW voltage level 
X =don't care 

21 22 

LATCHES 

Fig. 4 Functional diagram. 

Oo o, 02 03 04 05 Os 

H H H H H H H 

L H H H H H H 
H L H H H H H 
H H L H H H H 
H H H L H H H 

H H H H L H H 
H H H H H L H 
H H H H H H L 
H H H H H H H 

H H H H H H H 
H H H H H H H 
H H H H H H H 
H H H H H H H 

H H H H H H H 
H H H H H H H 
H H H H H H H 
H H H H H H H 

OUTPUTS 

07 oa Cig 010 011 

H H H H H 

H H H H H 
H H H H H 
H H H H H 
H H H H H 

H H H H H 
H H H H H 
H H H H H 
L H H H H 

H L H H H 
H H L H H 
H H H L H 
H H H H L 

H H H H H 
H H H H H 
H H H H H 
H H H H H 

012 

H 

H 
H 
H 
H 

H 
H 
H 
H 

H 
H 
H 
H 

L 
H 
H 
H 

GENERAL DESCRIPTION (Cont'd) 
The 74HC/HCT4515 are 4-to-16 line 
decoders/demultiplexers having four 
binary weighted address inputs (Ao to AJ) 
with latches, a latch enable input (LE). 
and an active LOW enable input (E). The 
16 inverting outputs mo to 015) are 
mutually exclusive active LOW. When LE 
is HIGH, the selected output is determined 
by the data on An. When LE goes LOW, 
the last data present at An are stored in 
the latches and the outputs remain stable. 
When Eis LOW, the selected output, 
determined by the contents of the latch, 
is LOW. At Eis HIGH, all outputs are 
HIGH. The enable input (E) does not 
affect the state of the latch. 

When the "4515" is used as a 
demultiplexer, Eis the data input and 
Ao to AJ are the address inputs. 

APPLICATIONS 

• Digital multiplexing 
• Address decoding 
• Hexadecimal/BCD decoding 

013 1114 015 

H H H 

H H H 
H H H 
H H H 
H H H 

H H H 
H H H 
H H H 
H H H 

H H H 
H H H 
H H H 
H H H 

H H H 
L H H 
H L H 
H H L 



4-to-16 line decoder/demultiplexer with input latches 

Ao--t> 

A1--t> 

A2--t> 

A3--t> 

LE--t> 

Fig. 5 Logic diagram. 

Ga 

a, 

02 

03 
a, 

05 

ij6 

07 
Gs 

o, 

010 

o,, 

012 

013 

0:14 

015 

7Z93906 

PC74HC/HCT4515 

MSI 
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PC74HC/HCT4515 

MSI 

DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propaga!i_on delay 
tPLH An to On 

tPHLI propagation delay 
tPLH LE to On 

tPHLI p~pa~tion delay 
tPLH E to On 

tTHLI output transition time 
tTLH 

latch enable pulse width 
tw HIGH 

set-up time 
tsu An to LE 

hold time 
th An to LE 

... ''""'"' 19861 

+25 

min. typ. 

80 
29 
23 

66 
24 
19 

50 
18 
14 

19 
7 
6 

80 14 
16 5 
14 4 

90 28 
18 10 
15 8 

1 -11 
1 -4 
1 -3 

Tamb (oC) 

74HC 
UNIT Vee 

-40to +85 -40to+125 v 
max. min. max. min. max. 

250 315 375 2.0 
50 63 75 ns 4.5 
43 54 64 6.0 

225 280 340 2.0 
45 56 68 ns 4.5 
38 48 58 6.0 

175 220 265 2.0 
35 44 53 ns 4.5 
30 37 45 6.0 

75 95 110 2.0 
15 19 22 ns 4.5 
13 16 19 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

115 135 2.0 
23 27 ns 4.5 
20 23 6.0 

1 1 2.0 
1 1 ns 4.5 
1 1 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 6 

~ig. 6 

Fig. 6 

Fig. 7 

Fig. 7 

Fig. 7 



4-to-16 line decoder/demultiplexer with input latches PC74HC/HCT4515 

MSI 

DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MS I 

Note to HCT types 

The value of additional quiescent supply current llllcc) for a unit load of 1 is given in the family specifications. 
To determine /1 lcc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 
UNIT LOAD 
COEFFICIENT 

An 0.65 
LE 1.40 
E 1.00 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH An to On 

tPHL/ propagation delay 

tPLH LE to On 

tPHLI propagation delay 

tPLH Eta On 

tTHLI output transition time 
tTLH 

tw 
latch enable pulse width 

HIGH 

tsu 
set-up time 

An to LE 

th 
hold time 

An to LE 

+25 

min. typ. 

30 

29 

18 

7 

16 3 

18 9 

3 -2 

Tamb (°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40 to +85 -40to+125 v 
max. min. max. min. max. 

55 69 83 ns 4.5 Fig. 6 

50 63 75 ns 4.5 Fig. 6 

40 50 60 ns 4.5 Fig. 6 

15 19 22 ns 4.5 Fig. 6 

20 24 ns 4.5 Fig. 7 

23 27 ns 4.5 Fig. 7 

3 3 ns 4.5 Fig. 7 

( J'"""Y 1986 897 



PC74HC/HCT4515 

MSI 

AC WAVEFORMS 

LE INPUT 

-' 

---, 
An, E INPUT 

Qn OUTPUT 

7Z93902 

yM111 

)\_ 

){ 
yM11l 

-- tpHL __... ---tPLH __. 

r-
yM111 j \_ 

trHL -- \ ..... _:1 -+- tTLH 

Fig. 6 Waveforms showing the input (An, LE, E) to output 
(On) propagation delays and the output transition times. 

898 

Note to AC waveforms 

(1) He : VM = 50%; V1 = GND to Vee· 
HeT: VM=1.3V;V1=GNDto3V. 

J'"""" 19861 

-tw-

LE INPUT 

An INPUT 

Fig. 7 Waveforms showing the minimum pulse width of the 
latch enable input (LE) and the set·up and hold times for 
LE to An. Set·up and hold times are shown as positive values 
but may be specified as negative values. 

Note to Fig. 7 

The shaded areas indicate when the input is permitted to 
change for predictable output performance. 



DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
PC74HC/HCT4516 

MSI 

BINARY UP/DOWN COUNTER 

FEATURES 

• Output capability: standard 

• lcc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT4516 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the "4516" of the 
"40008" series. They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT4516 are edge-triggered 
synchronous up/down 4-bit binary 
counters with a clock input (CPI, an 
up/down count control input (UP/Drii), 
an active LOW count enable input (CE), 
an asynchronous active HIGH parallel load 
input (PL), four parallel inputs (Do to D31, 
four parallel outputs (Oo to 03), an active 
LOW terminal count output (TC), and an 
overriding asynchronous master reset 
input (MR). 

Information on Do to D3 is loaded into 
the counter while PL is HIGH, independent 
of all other input conditions except the 
MR input, which must be LOW. With PL 
and CE are LOW, the counter changes 
on the LOW-to-HIGH transition of CP. 
UP/DN determines the direction of the 
count, HIGH for counting up, LOW for 
counting down. When counting up, TC is 
LOW when Oo to 03 are HIGH and CE is 
LOW. When counting down, TC is LOW 
when Oo to 03 and CE are LOW. A HIGH 
on MR resets the counter IOo to 03 = 
= LOW) independent of all other input 
conditions. 

Logic equation for terminal count: 

TC= CE. ((UP/ON). Oo. 01 . 02. 03 + 

+ (UP/DN) . Oo . 01 . 02 . 03} 

4516 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HCT 

tPHLI propagation delay 

tPLH CP to On CL= 15 pF 19 19 ns 
Vee= 5 v 

fmax maximum clock frequency 45 45 MHz 

C1 input capacitance 3.5 3.5 pF 

GND =0 V;Tamb =25 'C;tr=tf =6 ns 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT4516P: 16-lead DI L; plastic (SOT-38Z). 
PC74HC/HCT4516T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL 

1 PL 

4, 12 13,3 Do to D3 

5 CE 

6, 11, 14, 2 Oo to 03 

7 TC 

8 GND 

9 MR 

10 UP/DN 

15 CP 

16 Vee 

FUNCTION TABLE 

MR PL 

L H 
L L 
L L 
L L 
H x 

H =HIGH voltage level 
L = LOW voltage level 
X =don't care 

UP/DN 

x 
x 
L 
H 
x 

t =LOW-to-HIGH clock transition 

NAME AND FUNCTION 

parallel load input (active HIGH I 

parallel inputs 

count enable input (active LOW) 

parallel outputs 

terminal count output (active LOW) 

ground (0 VI 

asynchronous master reset input (active HIGH) 

up/down control input 

clock input ( LOW·to·H IGH, edge-triggered) 

positive supply voltage 

CE CP MODE 

x x parallel load 
H x no change 
L t count down 
L t count up 
x x reset 
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PC74HC/HCT 4518 
MSI 

DUAL SYNCHRONOUS BCD COUNTER 

FEATURES 

• Output capability: standard 

• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT4518 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the "4518" of the 
"40008" series. They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT4518 are dual 4-bit 
internally synchronous BCD counters 
with an active HIGH clock input (nCPo) 
and an active LOW clock input (nCP1), 
buffered outputs from all four bit 
positions (nOo to nQ3) and an active 
HIGH overriding asynchronous master 
reset input (nMR). 

The counter advances on either the LOW­
to-HIG H transition of nCPo if nCP1 is 
HIGH or the HIGH-to-LOW transition of 
n~1 if nCPo is LOW. Either nCPo or 
nCP1 may be used as the clock input to 
the counter and the other clock input 
may be used as a clock enable input. 
A HIGH on nMR resets the counter 
(nQo to nOJ..:: LOW) independent of 
nCPo and nCP1. 

APPLICATIONS 

• Multistage synchronous counting 

• Multistage asynchronous counting 

• Frequency dividers 

Vee 

2MR 

4518 

2CP 1 

7Z93789 

Fig. 1 Pin configuration. 

.... J··"·"' ""'·I 

SYMBOL PARAMETER 

tPHLI propagati~ delay 
tPLH nCPo, nCP 1 to nOn 

tPHL 
propagation delay 

nMR to nOn 

fmax maximum clock frequency 

C1 input capacitance 

Cpo 
power dissipation 

capacitance per counter 

GNO = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

TYPICAL 
CONDITIONS 

HC HCT 

22 24 

CL= 15 pF 
Vee= 5 v 13 14 

67 55 

3.5 3.5 

notes 1 and 2 27 27 

1. Cpo is used to determine the dynamic power dissipation (Po in µ.W): 

Po = Cpo x Vee' x fi + L (CL x Vee' x fol where: 

UNIT 

ns 

ns 

MHz 

pF 

pF 

fi = input frequency in MHz CL output load capacitance in pF 
f 0 = output frequency in MHz Vee = supply voltage in V 
:!: (CL x Vcc2 x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GNO to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT4518P: 16-lead OIL; plastic (SOT-38Z). 
PC74HC/HCT4518T: 16-lead mini-pack, plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 9 1CPo.2CPo clock inputs (LOW-to-HIGH, edge-triggered) 

2, 10 1CP1, 2CP1 clock inputs (HIGH-to-LOW, edge-triggered) 

3,4,5,6 100 to 103 data outputs 

7, 15 1MR, 2MR asynchronous master reset inputs (active HIGH) 

8 GNO ground (0 V) 

11, 12, 13, 14 200 to 203 data outputs 

16 Vee positive supply voltage 

"{ 
3 

'·' 
3, 11 

4, 12 

5, 13 

7,15 6, 14 

7Z93790 

7Z93791 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 



Dual synchronous BCD counter 

7Z93792 

FUNCTION TABLE 

nCPo nei>1 MR 

t H L 
L i L 
i x L 
x t L 
t L L 
H i L 
x x H 

H =HIGH voltage level 
L = LOW voltage level 
X =don't care 

MODE 

PC74HC/HCT4518 

MSI 

counter advances 
counter advances 
no change 
no change 
no change 
no change 
Oo to 03 =LOW 

t = LOW-to·HIGH clock transition 
i = HIGH-to·LOW clock transition 

Fig. 4 Functional diagram. 

Fig. 5 Logic diagram (one counter). 

CPO 

a, --t---+--+-t---+--+-+--+--+-+--1 
MR 

a, 

a, 

03 --+--+--+-+--+--+-+---! 

Fig. 6 Timing diagram. 

7Z93794 
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PC74HC/HCT4518 

MSI 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND ~ 0 V; tr~ tf ~ 6 ns; CL~ 50 pF 

Tamb ("C) 

74He 
SYMBOL PARAMETER UNIT Vee 

+25 -40 to +85 -40 to +125 v 
min. typ. max. min. max. min. max. 

tPHLI propagati2.':'. delay 72 240 300 360 2.0 
26 48 60 72 ns 4.5 

lPLH nCPo, nCP1 to nOn 21 41 51 61 6.0 

propagation delay 
44 150 190 225 2.0 

tPHL 16 30 38 45 ns 4.5 
nMR to nOn 13 26 33 38 6.0 

tTHLi 
19 75 95 110 2.0 

output transition time 7 15 19 22 ns 4.5 
lTLH 6 13 16 19 6.0 

r-----t--

clock pulse width 80 25 100 120 2.0 
tw HIGH or LOW 

16 9 20 24 ns 4.5 
14 7 17 20 6.0 

master reset pulse width 
120 39 150 180 2.0 

tw 24 14 30 36 ns 4.5 
HIGH 20 11 26 31 6.0 

removal time 
0 -36 0 0 2.0 

trem nMR to nCPo, nCP1 
0 -13 0 0 ns 4.5 
0 -10 0 0 6.0 

set-up time 80 17 100 120 2.0 
tsu nCP1 to nQ'_o; 16 6 20 24 ns 4.5 

nCPo to nCP1 14 5 17 20 6.0 

maximum clock pulse 6.0 20 4.8 4.0 2.0 
fmax frequency__ 30 61 24 20 MHz 4.5 

nCPo, nCP1 35 73 28 24 6.0 

TEST CONDITIONS 

WAVEFORMS 

Fig. 9 

Fig. 8 

Fig. 9 

Fig. 8 I 
I 

Fig. 8 

-1 Fig. 8 I 
I --------j 

Fig. 7 I 

j I 

I 
Fig. 8 



Dual synchronous BCD counter 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics'', section "Family specifications". 

Output capability: standard 
I cc category: MSI 

Note to HCT types 

PC74HC/HCT4518 

MSI 

The value of additional quiescent supply current (lllccl for a unit load of 1 is given in the family specifications. 
To determine ti.Ice per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 
UNIT LOAD 
COEFFICIENT 

nCPo, nCi'1 0.30 
nMR 1.50 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

Tamb (°C) TEST CONDITIONS 

74HCT 

vvcc I WAVEFORMS SYMBOL PARAMETER UNIT 
+25 -40 to +85 -40 to +125 

min. typ. max. min. max. min. max. I 
tPHLI propagati~ delay 

28 53 66 80 ns 4.5 Fig. 9 
lPLH nCPo, nCP 1 to nOn 

lPHL 
propagation delay 

17 35 44 53 ns 4.5 Fig. 8 
nMR to nOn 

tTHLI output transition time 7 15 19 22 ns 4.5 Fig. 9 
tTLH 

tw 
clock pulse width 

20 11 25 30 ns 4.5 Fig. 8 HIGH or LOW 

tw 
master reset pulse width 

20 11 25 30 ns I 45 Fig. 8 HIGH 

trem 
removal ti me 

0 -11 0 0 4.5 Fig. 8 
nMR to nCPo. nCi'1 

ns 

set-up time 
I 4.5 tsu nCP1 to ngfo; 16 5 20 24 ns Fig. 7 

nCPo to nCP1 

maximum clock pulse 
fmax frequency 

nCPo. nCi'1 
25 50 20 17 MHz 4.5 Fig. 8 
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PC74HC/HCT4518 

MSI 

AC WAVEFORMS 

nCPo INPUT 

nCP1 OUTPUT 

7293886.1 

Fig. 7 Waveforms s~wing ho_IE_ and set-up 
times for nCPo to nCP1 and nCP1 to nCPQ. 

904 

nCPo INPUT 

nCP1 INPUT 

nMR INPUT 

____ 1/fmax­

.......-.....- tw----

--'w­
..._ trem _.. 

Fig. 8 Waveforms showing the minimum 
pulse widths for nCPQ, nCP1 and nMR inputs; 
the removal time for nMR and the propagation 
delay for nM R to nQn outputs. 

Note to Fig. 8 and Fig. 9 

Conditions: 

nCP1 =HIGH while nCPQ is triggered~ a LOW-to-HIGH 
transition and nCPo = LOW , while nCP1 is triggered on 
a HIGH-to·LOW transition. 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee· 
HCT: VM = 1.3V; V1 = GND to 3V. 

''"""" , _I 

nCPo INPUT 

nCP1 INPUT 

-nan OUTPUT ~yM(l) 

_. -.tTHL 

Fig. 9 Waveforms showing the propagation 
delays for nCPQ, nCP1 to nQn outputs 
and the output transition times. 



___ J PC74HC/HCT 4520 

MSI 

DUAL 4-BIT SYNCHRONOUS BINARY COUNTER 

FEATURES 

• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT4520 are high-speed 
Si-gate CMOS devices and are pin 
~ompatible •.vith the "~520" cf the 
"40008" series. They are specified in 
compliance with JE DEC standard no. 7. 

The 74HC/HCT4520 are dual 4-bit 
internally synchronous binary counters 
with an active HIGH clock input (nCPol 
and an active LOW clock input (nCP1 ), 
buffered outputs from al I four bit 
positions (nOo to n03) and an active 
HIGH overriding asynchronous master 
reset input (nMR). 

The counter advances on either the LOW­
to-H I G H transition of nCPo if nCP1 is 
HIGH or the HIGH-to-LOW transition of 
n~1 if nCPo is LOW. Either nCPo or 
nCP1 may be used as the clock input to 
the counter and the other clock input 
may be used as a clock enable input. 
A HIGH on nMR resets the counter 
(nOo to n03 = LOW) independent of 
nCPo and nCP 1. 

APPLICATIONS 

" Multistage synchronous counting 
• Multistage asynchronous counting 
• Frequency dividers 

------·---

1Cl'o~ 
-n 

-~-~ Vee 

4520 

2CP 1 

Fig. 1 Pin configuration. 

II '_s_~~BOL 1·--~~_::METER 1--:oNomoN~-I rf_P~_l\~:UNIT 
_ HC i HCT 

l~PHLI I propagati~ delay°"__ 

rP_L_~--1p~:~~~~i~~:~a~On CL= 15 pf I 24 28 I ns ···1! 

I 1PH L nM R to nOn V cc = 5 V I 13 I 14 , ns 

~~· 1 :z:::~i"'=~_notes_1_a_n_d_)~_1_: ·:_.,~: 
capacitance per counter ~_J__2:---1'°.:___J 

·--~----

GND = 0 V; Tamb = 25 °C; t, = tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + i: ICL x Vee' x fol where: 

fi = input frequency in MHz CL output load capacitance in pf 
fo = output frequency in MHz Vee = supply voltage in V 
~(CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT4520P: 16-lead DI L; plastic (SOT-38Z). 
PC74HC/HCT4520T: 16-lead mini-pack; plastic (SO 16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 9 1 CPo, 2CPo clock inputs (LOW-to-HIGH, edge-triggered) 

2, 10 1CP1, 2CP1 clock inputs (HIGH-to-LOW, edge-triggered) 

3,4,5,6 100 to 103 data outputs 

7, 15 1MR,2MR asynchronous master reset inputs (active HIGH) 

8 GND ground (0 V) 

11, 12, 13, 14 200 to 203 data outputs 

16 Vee positive supply voltage 
~- ~-·-

"i: 
3 

1,9 
3,11 

4,12 

a, 5,13 

7,15 6, 14 

·{ 
11 

12 

13 

14 

Fig 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCT 4520 

MSI 

7Z93792 

Fig. 4 Functional diagram. 

CPo 

MR 

ao 

FUNCTION TABLE 

nCPo nCP1 MR 

t H L 
L j, L 
j, x L 
x t L 
t L L 
H -I L 
x x H 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 

MODE 

counter advances 
counter advances 
no change 
no change 
no change 
no change 
Oo to 03 =LOW 

t =LOW-to-HIGH clock transition 
j, =HIGH-to-LOW clock transition 

Fig. 5 Logic diagram (one counter). 

12 13 14 15 16 17 18 

:: ttntmtmtfFtH1t 
7Z93801 

Fig. 6 Timing diagram. 
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Dual 4-bit synchronous binary counter __ JL 
DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
lcr;: category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF ,---i---
SYMBOL I PARAMETER 

I 

I 
tPHLI propagation jelay 
tPLH nCPo to nOn 

-1 
tPHLI pro~gation delay 
tPLH nCP1 to nOn 

---------------

lPHL 
propagation delay 

nMR to nOn 

tTHLI output transition time 
tTLH 

ltw clock pulse width 
HIGH or LOW 

tw 
master reset pulse width 

J HIGH 

trem 
removal time 

nMR to nCPo, nCP1 

tsu 
set-up time I 

nCP 1 to nCPo, nCPo to nCPj 

fmax 
maximum clock pulse i1 

frequency 

PC7l1HC/HCT4520 

MSI 
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PC74HC/HCT 4520 

MS! 

908 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (Alce) for a unit load of 1 is given in the family specifications. 
To determine Alce per input, multiply this value by the unit load coefficient shown in the table below. 

-----i·-------------~ UNIT LOAD 
INPUT COEFFICIENT 

~Po,",;'6~~--- -----~~----

nMR I 1.50 
_____ , _____ ____j_ ______ -------------

AC CHARACTERISTICS FOR 74HCT 

GND ~ 0 V; tr tf 6 ns; CL~ 50 pF 

:YMOOC rl e=me =------~T_a_7:_:_C_(oT_C_) -r-----

+25 -40 to +85 -40 to +125 

~---~~---+--.-----+---r--~ in. typ. max. min. max. min. max. 

TEST CONDITIONS 

UNIT Vee 
v 

WAVEFORMS 

-~~~/ l~~~~~~~on~~~~~-----+---l-3-0-f-5-3_,e----t--66--t---j-8-0-+---n-s -+--4-.5-+--F-ig-. -8-------i 

tp~J--1 pro;:iagation delay 

::~~---t~~;~~~~~~~~~~---- t-· 

ti~f:\i)-t-~~;~~,~-;,:~sition time 
lTLH I 

15 

32 53 

17 35 

7 19 

80 66 

44 53 

22 

ns 4.5 Fig. 8 

ns 4.5 Fig. 9 

ns 4.5 Fig. 8 

----r~1~-.;-i.:~~;~~-;;;;;-· --- --
tw I HIGH or LOW 20 13 25 30 ns 4.5 Fig. 7 

--+----- ------- ---+---+--+---+--+---t-----t----r---+---------l master reset pulse width 
tw HIGH 
------ --·--------- ---------- -----t---t---+---r---r----t----r-----t----r----------

20 12 25 30 ns 4.5 Fig. 7 

1

1 removal_ time __ 
f trem nMR to nCPo, nCP1 

~~ ~~~~;;~;~:~~-:--~e-t·o--~-~-~-"+~-:~:-~:--8_, ___ -+--:-:-+---+--:-:-t----+---:-H-z-+--:-::-+--F-Fi-i:-.8-7------~ 
0 -9 0 0 ns 4.5 Fig. 7 

January 1986 



Dual 4-bit synchronous binary counter 

AC WAVEFORMS 

nCP1 INPUT 

(nCPo= LOW) 

nCPo INPUT 

(nCfi 1 "'HIGH) 

nMR INPUT 

nCPo INPUT 

nCP1 INPUT 

nOn OUTPUT 

nMR INPUT 

-- tw---

7Z93795 

- :~~l+'-PHL t;o -l1PLH 
- VMlll 

....- tTLH - _. 1THL 

PC74HC/HCT4520 

MSI 

Fig. 7 Waveforms showing removal time for nMR; 
minimum nCPo, nCP1, nMR pulse widths and 
maximum clock pulse frequency. 

Conditions: 

nCP1 =HIGH while nCPo is triggered on a 
LOW-to-HIGH transition; tw and trem also 
apply when nCPo = LOW and nCP1 is 
triggered on a HIGH-to-LOW transition. 

Fig.~ Wavefoi:i:ris showing set-up times for nCPo 
to nCP1 and nCP1 to nCPo, propagation delays 
and output transition times . 

Fig. 9 Waveforms showing propagation delay 
.... tPHL from nM R to nOn output. 

Note to AC waveforms 

(1) HC: VM=50%;V1=GNDtoVcc­
HCT: VM = 1.3 V; V1 = GND to 3 V. 
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PC74HC/HCT4538 

MSI 

DEVELOPMENT DATA 
Th is data sheet contains advance Information and 
specifications are subject to change without notice. 

DUAL RETRIGGERABLE PRECISION MONOSTABLE MUL TIVIBRATOR 

FEATURES 

• Separate reset inputs 
• Triggering from leading or 

trailing edge 
• Output capability: standard 
• •cc category: MSI 

GENERAL DESCRIPTION 
The 74HC/HCT4538 are high-speed 
Si-gate CMOS devices and are pin 
compatible with "4538" of the 
"40008" series. They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT4538 are dual 
retriggerable-resettable monostable 
multivibrators. Each multivibrator has an 
active LOW trigger/retrigger input (nAol. 
an active HIGH trigger/retrigger input 
(nA1 l. an overriding active LOW direct 
reset input (nRo). an output (nO) and 
its complement (nQ). and two pins (nCTc 
and n RCTcl for connecting the external 
timing components Ct and Rt. Typical 
pulse width variation over temperature 
range is± 0.2%. 

The "4538" may be triggered by either 
the positive or the negative edges of the 
input pulse. The duration and accuracy 
of the output pulse are determined by the 
external timing components Ct and Rt· 
The output pulse width (T) is equal to 
0.7 x Rt x Ct. The linear design techniques 
guarantee precise control of the output 
pulse width. 

A LOW level at nRo terminates the 
output pulse immediately. The minimum 
reset pulse width depends on the value of 
the external timing capacitor C1. 

Schmitt-trigger action in the trigger inputs 
makes the circuit highly tolerant to slower 
rise and fall times. 

Vee 

2Crc 

2R0 

4538 
2A1 

20 

7Z93BB9 

Fig. 1 Pin configuration. 

910 January 1986 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH nAo. nA1 to no, no 

C1 input capacitance 

power dissipation 
Cpo capacitance per 

multivibrator 

GND = 0 V; Tamb = 25°C;t, =tf =6 ns 
Notes 

TYPICAL 
CONDITIONS 

HC HCT 

CL= 15 pF 23 25 
Vee =5 v 

3.5 3.5 

notes 1 and 2 - -

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + L (CL x Vee' x f0 ) where: 

UNIT 

ns 

pF 

pF 

fi = input frequency in MHz CL output load capacitance in pF 
fo = output frequency in MHz Vee = supply voltage in V 
k {CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT4538P: 16·1ead DI L; plastic {SOT-38Z). 
PC74HC/HCT4538T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1, 15 1CTc.2CTc external capacitor connections 

2, 14 1 RCTc.2RCTc external resistor/capacitor connections 

3, 13 1"R0 , 2"R0 direct reset inputs (active LOW) 

4, 12 1A1,2A1 trigger inputs (LOW-to-HIGH, edge-triggered) 

5, 11 1A0, 2A0 trigger inputs (HIGH-to-LOW, edge-triggered) 

6, 10 10, 20 pulse outputs 

7,9 1a.2a complementary pulse outputs 

8 GND ground (0 V) 

16 Vee positive supply voltage 

1CTC 

1RCrc 

1Ro 

15 2Crc 

10 14 2RCrc 

12 2A1 
10 

11 2Ao 

13 2Ro 

7Z93991 
7293890 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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Dual retriggerable precision monostable multivibrator PC74HC/HCT4538 

MSI 

Fig. 4 Functional diagram. 

I 1) Connect CTc (pins 1 and 15) 
to GND (pin 8). 

Fig. 5 Connection of the external 
timing components Rt and Ct. 

FUNCTION TABLE 

INPUTS 

nAo nA1 

t 
H 
x 

L 
t 
x 

nA1 INPUT 

nA 0 INPUT 

nR 0 INPUT 

nRCrc INPUT 

151 

nO OUTPUT 

OUTPUTS 
H = HIGH voltage level 

nR0 no nCi 
L = LOW voltage level 
X = don't care 

H SL LI 
t =LOW-to-HIGH transition 

H _n_ LI 
j, =HIGH-to-LOW transition 

L L H 
-~ 

SL= one HIGH level output pulse 
LI = one LOW level output pulse 

111 111 121 

131 

(1) Positive edge triggering. 
(2) Positive edge retriggering (pulse lengthening). 
(3) Negative edge triggering. 
(4) Reset (pulse shortening). 
(5) Vref1 and Vref2 are internal reference voltages. 
(6) T = 0.7 x Rt x Ct (see also Fig. 5). 

Fig. 6 Timing diagram. 

111 

Fig. 7 Logic diagram 1Vref1 and Vref2 are internal reference voltages). 
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PC74HC/HCT4538 

MSI 

DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

prq_pagation delay 
tPLH nAo, nA1 to nQ 

prq_pagation del~ 
tPHL nAQ, nA1 to nQ 

propagation delay 
tPHL nRo to nQ 

prq_pagatio!!_ delay 
tPLH nRo to nQ 

tTHLI output transition time 
tTLH 

nAo pulse width 
tw LOW 

nA1 pulse width 
tw HIGH 

nRo pulse width 
tw LOW 

nQ, nQ pulse width 
tw HIGH or LOW 

removal time 
trem Ro to nAo, nA1 

retrigger time 
trt nAo, nA1 

912 January 1986 

+25 

min. typ. max. 

250 
50 
43 

225 
45 
38 

200 
40 
34 

250 
50 
43 

75 
15 
13 

80 
16 
14 

80 
16 
14 

80 
16 
14 

0.63 0.70 0.77 

0 
0 
0 

-
-
-

lamb (°Cl 

74HC 
UNIT Vee 

-40to +85 -40to+125 v 
min. max. min. max. 

315 375 2.0 
63 75 ns 4.5 
54 64 6.0 

280 340 2.0 
56 68 ns 4.5 
48 58 6.0 

250 300 2.0 
50 60 ns 4.5 
43 51 6.0 

315 375 2.0 
63 75 ns 4.5 
54 64 6.0 

95 110 2.0 
19 22 ns 4.5 
16 19. 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

0.602 0.798 0.595 0.805 ns 5.0 

0 0 2.0 
0 0 ns 4.5 
0 0 6.0 

- - 2.0 
- - ns 4.5 
- - 6.0 

TEST CONDITIONS 

OTHER 

Fig. 8 

Fig. 8 

Fig. 8 

Fig. 8 

Fig. 8 

Fig. 8 

Fig. 8 

Fig. 8 

Fig. 8; 
Rt= 10 kll; 
Ct=0.1 µF 

Fig. 8 

Fig. 8 
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Dual retriggerable precision monostable multivibrator 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

PC74HC/HCT4538 

MSI 

The value of additional quiescent supply current (lllccl for a unit load of 1 is given in the family specifications. 
To determine Ill cc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 
UNIT LOAD 
COEFFICIENT 

n~o. nA1 0.50 
nRo 0.65 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPLH 
propagation delay 
nAo, nA1 to nQ 

tPHL 
prqpagation del'!}' 
nA(), nA1 to nQ 

tPHL 
p~agation delay 
nRo to no 

tPLH 
prqpagatiO!:!._ delay 

nRo to no 

tTHLI output transition time 
tTLH 

tw 
nAo. nA1 pulse width 

LOW 

tw 
n Ro pulse width 

LOW 

tw 
nQ, nQ pulse width 

HIGH or LOW 

trem 
removal time 
Ro to nAo, nA1 

!rt 
retrigger time 
nAo, nA1 

+25 

min. typ. max. 

60 

55 

40 

50 

15 

16 

20 

0.63 0.70 0.77 

0 

-

Tamb l°CI TEST CONDITIONS 

74HCT 
UNIT Vee OTHER 

-40to+85 -40to+125 v 
min. max. min. max. 

75 90 ns 4.5 Fig. 8 

69 83 ns 4.5 Fig. 8 

50 60 ns 4.5 Fig. 8 

63 75 ns 4.5 Fig. 8 

19 21 ns 4.5 Fig. 8 

20 24 ns 4.5 Fig. 8 

25 30 ns 4.5 Fig. 8 

0.602 0.798 0.595 0.805 ns 5.0 Fig. 8; Rt= 10 k!l; 
Cr=0.1 µF 

0 0 ns 4.5 Fig. 8 

- - ns 4.5 Fig. 8 
1 
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PC74HC/HCT4538 

MSI 

AC WAVEFORMS 

nA1 INPUT 

(nA 0 .. HIGH) 

nA.0 INPUT 

(nA1•LOW) 

n'Ro INPUT 

7Z93992 - -tTHL 

-tw-

Fig. 8 Waveforms showing the input (nA1. nAo. nRo) to output (nQ, nQ) propagation delays, 
the output transition times, the input and output pulse widths, the removal time from direct 
reset (nRol to input (nA1. nAol. and the input retrigger time. 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee· 
HGT: VM=1.3V;V1=GNDto3V. 
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PC74HC/HCT4543 

MSI 

BCD TO 7-SEGMENT LATCH/DECODER/DRIVER FOR LCDs 

FEATURES 

• Latch storage of BCD inputs 
• Blanking inputs 
• Output capability: non-standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT4543 are high-speed 
Si-gate CMOS devices and are pin 
compatible with "4543" of the 
"40008" series. They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT4543 are BCD to 
7-segment latch/decoder/drivers for 
liquid crystal displays. They have four 
address inputs (Do to 03), an active 
HIGH latch disable input (LO), an active 
HIGH blanking input (Bl), an active 
HIGH phase input (PH) and seven 
buffered segment outputs ( Oa to Og). 

The "4543" provides the function of a 
4-bit storage latch and an 8-4-2-1 BCD to 
7-segment decoder driver. The "4543" 
can invert the logic levels of the output 
combination. The phase (PH), blanking 
(Bl) and latch disable (LO) inputs are 
used to reverse the function table phase, 
blank the display and store a BCD code, 
respectively. 

For liquid crystal displays a square-wave 
is applied to PH and the electrical 
common back-plane of the display. The 
outputs of the "4543" are directly 
connected to the segments of the liquid 
crystal. 

Vee 

a, 

a, 

a, 
4543 

a, 

Fig. 1 Pin configuration. 

SYMBOL PARAMETER 

propagation delay 

tPHLI 
Dn to On 
LO to On 

tPLH Bl to On 

C1 input capacitance 

Cpo 
power dissipation 

capacitance per package 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

TYPICAL 
CONDITIONS 

HC HCT 

CL= 15pF 
29 33 
32 31 

Vee= 5 v 20 28 

3.5 3.5 

notes 1 and 2 42 42 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x fi + :!: (CL x Vee' x fol where: 

UNIT 

ns 
ns 
ns 

pF 

pF 

fi = input frequency in MHz CL . = output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
1; (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT4543P: 16-lead OIL; plastic (SOT-38Z). 
PC74HC/HCT4543T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL 

1 LO 

5,3,2,4 Do to D3 

6 PH 

7 Bl 

8 GND 

9, 10, 11, 12 
Oa to Og 13, 15, 14 

16 Vee 

10 

" 
a, 12 

LO a, 13 

Bl a, 15 

14 

7Z93263 

Fig. 2 Logic symbol. 

NAME AND FUNCTION 

latch disable input (active HIGH) 

address (data) inputs 

phase input (active HIGH) 

blanking input (active HIGH) 

ground (0 V) 

segment outputs 

positive supply voltage 

BCD/7SEG 

es C> 
IT] 

90,1 

90, 2 

90,4 

90,8 

N10 

EN 

?Z93264 

Fig. 3 I EC logic symbol. 

915 



PC7 4HC/HCT 4543 
MSI 

Fig. 4 Functional diagram. Fig. 5 Segment designation. 

FUNCTION TABLE 

INPUTS OUTPUTS 

LD Bl PH* DJ D2 D1 Do Oa ab Oc ~ Oe 

x H L x x x x L L L L L 

H L L L L L L H H H H H 
H L L L L L H L H H L L 
H L L L L H L H H L H H 
H L L L L H H H H H H L 

H L L L H L L L H H L L 
H L L L H L H H L H H L 
H L L L H H L H L H H H 
H L L L H H H H H H L L 

H L L H L L L H H H H H 
H L L H L L H H H H H L 
H L L H L H L L L L L L 
H L L H L H H L L L L L 

H L L H H L L L L L L L 
H L L H H L H L L L L L 
H L L H H H L L L L L L 
H L L H H H H L L L L L 

L L L x x x x .. 
as 

H as above inverse of above 
above 

For liquid crystal displays, apply a square-wave to PH. 
Depends upon the BCD-code previously applied when LD =HIGH. 

H =HIGH voltage level 
L =LOW voltage level 
X =don't care 

916 ''"""Y 19861 

Of Og 

L L 

H L 
L L 
L H 
L H 

H H 
H H 
H H 
L L 

H H 
H H 
L L 
L L 

L L 
L L 
L L 
L L 

APPLICATIONS 

• Driving LCD displays 
• Driving fluorescent displays 
• Driving incandescent displays 
• Driving gas discharge displays 

DISPLAY 

blank 

0 
1 
2 
3 

4 
5 
6 
7 

8 
9 
blank 
blank 

blank 
blank 
blank 
blank 

** 

as 
above 



BCD to 7-segment latch/decoder/driver for LCDs L::/HCT4543 

MSI 

-------

--- ----1 
Bl-t>o-------------------1 
Do -t>·o-+--~,--., 

----¥:" -····-._ !"-, • c 

lfL/"' v·· ·· 

)o~:Oo{:>1>- o" 

~H 
, E:>-1>~Qd 

pr::>r-1:>o-- o, 

~~~:: 
LD -t>o-t> I 

PH-t>o-{>o--------------_J I 

Fig. 6 Logic diagram. J 
~--------------------------

-1 
Fig. 7 Display. ________ _J 

RATINGS 

Limiting values in accordance with the Absolute Maximum System 11 EC 134). 
For RATINGS see chapter "HCMOS family characteristics", section "Family specifications", standard outputs. 

I J'""'"' 1986 "" 



PC74HC/HCT4543 

MSI 

DC CHARACTERISTICS FOR 74HC 

Output capability: non-standard 
Ice category: MSI 

Voltages are referenced to GND (ground= 0 V) 

SYMBOL PARAMETER 

min. 

1.5 
V1H HIGH level input voltage 3.15 

4.2 

Vil LOW level input voltage 

1.9 
VOH HIGH level output voltage 4.4 

5.9 

3.98 
VQH HIGH level output voltage 

5.48 

VOL LOW level output voltage 

VOL LOW level output voltage 

±Ii input leakage current 

ice quiescent supply current 

918 J'""'"' 19861 

+25 

typ. max. 

1.2 
2.4 
3.1 

0.7 0.5 
1.8 1.35 
2.8 1.8 

2.0 
4.5 
6.0 

0.15 
0.16 

0 0.1 
0 0.1 
0 0.1 

0.15 0.26 
0.16 0.26 

0.1 

8.0 

Tamb ('C) TEST CONDITIONS 

74HC 
UNIT vcc V1 OTHER 

-40to +85 -40 to +125 v 
min. max. min. max. 

1.5 1.5 2.0 
3.15 3.15 v 4.5 
4.2 4.2 6.0 

0.5 0.5 2.0 
1.35 1.35 v 4.5 
1.8 1.8 6.0 

1.9 1.9 2.0 V1H -IO =20µA 
4.4 4.4 v 4.5 or -lo=20µA 
5.9 5.9 6.0 VJL -IQ=20µA 

3.84 3.7 4.5 V1H -lo= 1.0mA 
5.34 5.2 v 6.0 or -lo= 1.3mA 

Vil 

0.1 0.1 2.0 V1H IQ= 20µA 
0.1 0.1 v 4.5 or lo= 20µA 
0.1 0.1 6.0 V1L IQ =20µA 

0.33 0.4 4.5 V1H IQ=1.0mA 
0.33 0.4 v 6.0 or 

Jo= 1.3mA 
Vil 

vcc 
1.0 1.0 µA 6.0 or 

GND 

vcc 
80.0 160.0 µA 6.0 or lo=O 

GND 



BCD to 7-segment latch/decoder/driver for LCDs 

AC CHARACTERISTICS FOR 74HC 

GND= 0 V;t,=tt= 6 ns;CL = 50pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH Dn to On 

tPHLI propagation delay 
tPLH LD to On 

tPHLI propagation delay 
tPLH Bl to On 

tPHLI propagation delay 
tPLH PH to On 

trnLI output transition time 
tTLH 

LO pulse width 
tw HIGH or LOW 

tsu 
set-up time 

Dn to LD 

th 
hold time 

Dn to LD 

+25 
r----c. 

min. typ, max. 

91 340 
33 68 
26 58 

102 370 
37 74 
30 63 

66 265 
24 53 
19 45 

55 200 
20 40 
16 34 

63 250 
23 50 
18 43 

35 11 
7 4 
6 3 

60 8 
12 3 
10 2 

30 3 
6 1 
5 1 

Tamb ("C) 

74HC 

-40to +85 -40to+125 

min. max. min. max. 

425 510 
85 102 
72 87 

465 555 
93 111 
79 94 

330 495 
66 99 
56 84 

250 300 
50 60 
43 51 

315 375 
63 75 
54 64 

45 55 
9 11 
8 9 

75 90 
15 18 
13 15 

40 45 
8 9 
7 8 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

Vee 
v 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

PC74HC/HCT4543 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 12 

Fig. 13 

Fig. 14 

Figs 12, 13 and 14 

Fig. 13 

Fig. 15 

Fig. 15 
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PC74HC/HCT4543 

MSI 

DC CHARACTERISTICS FOR 74HCT 

Output capability: non-standard 
Ice category: MSI 

Voltages are referenced to GND (ground= 0 V) 

SYMBOL PARAMETER 

min. 

V1H HIGH level input voltage 2.0 

V1L LOW level input voltage 

VQH HIGH level output voltage 4.4 

-

VOH HIGH level output voltage 3.98 

VOL LOW level output voltage 

VOL LOW level output voltage 

± 11 input leakage current 

ice quiescent supply current 

additional quiescent supply 

LI Ice 
current per input pin for 
unit load coefficient is 1 
(note 1) 

Note to HCT types 

+25 

typ. 

1.6 

1.2 

4.5 

4.32 

0 

0.15 

100 

Tamb (°C) 

74HCT 

-40 to +85 -40to +125 

max. min. max. min. max. 

2.0 2.0 

0.8 0.8 0.8 

4.4 4.4 

3.84 3.7 

0.1 0.1 0.1 

0.26 0.33 0.4 

0.1 1.0 1.0 

8.0 80.0 160.0 

360 450 490 

The value of additional quiescent supply current (Lllcc) for a unit load of 1 is given here. 

UNIT Vee 
v 

4.5 
v to 

5.5 

4.5 
v to 

5.5 

v 4.5 

v 4.5 

v 4.5 

v 4.5 

µA 5.5 

µA 5.5 

4.5 
µA to 

5.5 

To determine LI Ice per input, multiply this value by the unit load coefficient shown in the table below. 

UNIT LOAD 
INPUT COEFFICIENT 

r-----~--t~~~~~---l 

Do, D1, D2 1.00 
D3 0.50 
Bl 0.50 
LO 1.50 
PH 1.25 

920 January 1986 

TEST CONDITIONS 

V1 OTHER 

V1H 
or -lo=20µA 
VIL 

V1H 
or -lo= 1.0 mA 
VIL 

ViH 
or IQ=20µA 
VIL 

V1H 
or 10= 1.0mA 
VIL 

Vee 
or 
GND 

Vee 
or IQ =O 
GND 

other inputs at 
Vee 

Vee or GND; -2.1 v 
10 = o 



BCD to 7-segment latch/decoder/driver for LCDs 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= lf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

lPHLI propagation delay 
tPLH Dn to On 

tPHLI propagation delay 
tPLH LD to On 

tPHLI propagation delay 
tPLH Bl to On 

tPHLI propagation delay 
tPLH PH to On 

tTHLI output transition time 
tTLH 

tw 
LD pulse width 
HIGH or LOW 

lsu 
set-up time 

Dn to LD 

th 
hold time 

Dn to LD 

min. 

10 

12 

8 

Tamb (oe} 

74HeT 

+25 -40to+85 

typ. max. min. max. 

38 80 100 

36 68 85 

32 66 83 

24 66 83 

23 50 63 

5 13 

4 15 

2 10 

UNIT 
-40to+125 

min. max. 

120 ns 

102 ns 

125 ns 

125 ns 

75 ns 

15 ns 

18 ns 

12 ns 

Vee 
v 

4.5 

4.5 

4.5 

4.5 

4.5 

4.5 

4.5 

4.5 

PC74HC/HCT4543 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 12 

Fig. 13 

Fig. 14 

Figs 12, 13 and 14 

Fig. 13 

Fig. 15 

Fig. 15 
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MSI 
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APPLICATION DIAGRAMS 

"4543" 

output 

PH 

7Z93281 

common 

::/back-plane 

Fig. 8 Connection to liquid crystal (LCD) 
display readout. 

Fig. 10 Connection to gas discharge 
display readout. 

''""'"' 1 •••I 

appropriate 
voltage 

Fig. 9 Connection to incandescent display 
readout. 

"4543" 

output 

PH 

GND 

Fig. 11 Connection to fluorescent display 
readout. 



BCD to 7-segment latch/decoder/driver for LCDs 

AC WAVEFORMS 

Fig. 12 Waveforms showing the address input 
(Dnl to output (On) propagation delays and 
the output transition times. 

Fig. 14 Waveforms showing the blanking (BJ) 
to output (Qnl propagation delays and the 
output transition times. 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee· 
HeT: VM = 1.3V; V1 = GND to 3V. 

LO INPUT 

an OUTPUT 

PC74HC/HCT4543 

MSI 

Fig. 13 Waveforms showing the latch disable 
input (LD) to output (Qnl propagation delays 
and the output transition times. 

Dn INPUT 

LO INPUT 

Fig. 15 Waveforms showing the address (Dnl 
to latch disable (LD) input set-up and hold 
times. 

Note to Fig. 15 

The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 





DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 

PC74HC/HCT7030 

MSI 

9-BIT x 64-WORD FIFO REGISTER; 3-STATE 

FEATURES 

'" Synchronous or asynchronous 
operation 

'" 3-state outputs 

" Master-reset input to clear data 
and control functions 

" 25 MHz (typ.) shift-in, shift-out 
rates with flags 

"" 40 MHz (typ.) burst-in, burst-out 
rates without flags 

<1< Cascadable to 25 MHz (typ.) 

" Readily expandable in word and 
bit dimensions 

'" Pinning arranged for easy board 
layout: input pins directly 

opposite output pins 

"' Output capability: standard 

" Ice category: MSI 

GENERAL DESCRIPTION 
The 74HC/HCT7030 are high-speed 
Si-gate CMOS devices specified in 
compliance with JED EC standard no. 7. 

The 74HC/HCT7030 is an expandable, 
First-In First-Out (FIFO) memory 
organized as 64 words by 9 bits. A 25 MHz 
data rate makes it ideal for high-speed 
applications. Burst data-rates of 40 MHz 
can be obtained in applications where the 
status flags are not used. 

With separate controls for shift-in (SI) and 
shift-out (SO), reading and writing 
operations are completely independent, 
allowing synchronous and asynchronous 
data transfers. Additional controls include 
a master-reset input (MR) and an output 
enable input (OE). Flags for data-in-ready 
(DIR) and data-out-ready (DOR) indicate 
the status of the device. 
(continued on next page) 

v=--1 
MR I 
so 

DOR 

o, 
7030 

I 

I 

l_ 
o, 

J 
OE 

Fig. 1 Pin configuration. 

SYMBOL PARAMETER 

elay propagation d 
SI, SO to DI R, DOR 

----
fmax I maximum cloc k frequency 

r:-;N~ITIONS 

CL=15pF 
Vee= 5 v 

TYPICAL 
UNIT 

HC HCT 

14 16 ns 

40 40 MHz 
- ---- --- -·-·--·-·+--··----- .. 

I C1 I input capac1tance ______ _J_ 
---------! - ----

13.5 I 3_5 G..CJ 
GND = 0 V; Tamb = 25 °C;t, = tf = 6 ns 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT7030P: 28-lead DIL;plastic (SOT-117D). 
PC74HC/HCT7030T: 28-lead mini-pack; plastic (S0-28; SOT-136A). 

PIN DESCRIPTION 

~NO -~~=i~E AND FUNCTION 

1, 2, 14 ~NO ground (0 VI (all pins must be connected) 

3 DIR data·in-ready output 

4 SI shift-in input (active HIGH) 

5, 6, 7, 
8, 9, 10, 
11, 12, 13 

15 

Do to D3 

I OE 
24, 23, 22, I 
21, 20, 19, 0010 oa 
18, 17, 16 

parallel data inputs 

output enable input (active LOW) 

3-state parallel data outputs 

data-out-ready output 

shilt·out input (active HIGH) ~~ I ~r 
~----1 v __ c_c __ _ 

asynchronous master-reset input (active LOW) 

positive supply voltage 
--------------

"------
- _____ _. ________ 

5 Do r Go 24 

-6 D1 

l~~~~;; 
{?--

01 23 

7 o, 0 2 22 

8 D3 t 
_9 D4 

INPUT OUTPUT 6E 
STAGE STAGE 

10 D5 1x9BITS 62x 9 BITS 1 x 9 BITS 

11 D5 05 18 

12 Dy 07 17 

1.'3 Dg Os 16 

I 
I 
I 

Fig_ 2 Functional diagram. 

~: J "'''" . 
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PC74HC/HCT7030 
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GENERAL DESCRIPTION (continued) 
Devices can be interconnected easily to 
expand word and bit dimensions. All 
output pins are directly opposite the 
corresponding input pins thus simplifying 
board layout in expanded applications. 

INPUTS AND OUTPUTS 

Data inputs (Do to Dal 

As there is no weighting of the inputs, any 
input can be assigned as the MSB. The 
size of the FIFO memory can be reduced 
from the 9 x 64 configuration, i.e. S x 64, 
7 x 64, down to 1 x 64, by tying unused 
data input pins to Vee or GND. 

Data outputs (Clo to Gal 

As there is no weighting of the outputs, 
any output can be assigned as the MSB. 
The size of the FIFO memory can be 
reduced from the 9 x 64 configuration as 
described for data inputs. In a reduced 
format, the unused data output pins must 
be left open. 

Master-reset (MR} 

When MR is LOW, all data and control 
functions within the FIFO are cleared, 
the data-in-ready (DIR) flag is set HIGH 
and the data-out-ready flag (DOR) is set 
LOW. The output stage remains in the 
state of the last word that was shifted out, 
or in the random state existing at 
power-up. 

Status flag outputs (DIR, DOR) 

Indication of the status of the FIFO is 
given by two status flags, data-in-ready 
(DIR) and data-out-ready (DOR): 

DIR = HIGH indicates the input state is 
empty and ready to accept valid 
data; 

DIR= LOW indicates that the FIFO is full 
or that a previous shift-in operation 
is not complete; 

DOR = HIGH assures valid data is present 
at the outputs ao to as (does not 
indicate that new data is awaiting 
transfer into the output stage); 

DOR = LOW indicates the output stage is 
busy or there is no valid data. 

Shift-in control (SI) 

Data is loaded into the input stage on a 
LOW-to-HIGH transition of SI. A HIGH­
to·LOW transition triggers an automatic 
data transfer process. 

Shift-out control (SO) 

A LOW-to-HIGH transition of SO causes 
the DOR flag to go LOW. A HIGH-to· 

J'""'"' , ... , 

LOW transition of SO causes upstream 
data to move into the output stage, and 
empty locations to move towards the 
input stage. 

Output enable (OE) 

The outputs ao to _Qa are enabled when 
OE= LOW. When OE= HIGH the outputs 
are in the high impedance OFF-state. 

FUNCTIONAL DESCRIPTION 

Data input 

Following power-up, the master-reset (MR) 
input is pulsed LOW to clear the FIFO 
memory. The data-in-ready flag (DIR= 
HIGH) indicates that the FIFO input stage 
is empty and ready to receive data. When 
DIR is valid (HIGH), data present at Do to 
Ds can be shifted-in using the SI control 
input. With SI = HIGH, data is shifted in 
to the input stage and a busy indication is 
given by DIR going LOW. 

The data remains at the first location in 
the FIFO until SI is set to LOW. With 
SI= LOW the data moves through the 
FIFO to the output stage, or to the last 
empty location. If the FIFO is not full 
after the SI pulse, DIR again becomes valid 
(HIGH) to indicate that space is available 
in the FIFO. The DIR flag remains LOW 
if the FIFO is full. 

With the FIFO full, SI can be held LOW 
until a shift-out (SO) pulse occurs. Then, 
following a shift-out of data, an empty 
location appears at the FIFO input and 
DIR goes HIGH to allow the next data to 
be shifted-in (this remains at the first 
FIFO location until SI again goes LOW). 

Data transfer 

After data has been transferred from the 
input stage to the FIFO following 
SI = LOW, the data moves through the 
FIFO asynchronously and is stacked at 
the output end of the register. Empty 
locations appear at the input end of the 
FIFO as the data moves through the 
device. 

Data output 

The data-out-ready flag (DOR= HIGH) 
indicates that there is valid data at the 
output (Qo to Gs). The initial master· 
reset at power-on (MR= LOW) sets DOR 
to LOW and clears the output stage. 
After MR= HIGH, data shifted into the 
FIFO moves through to the output stage 
causing DOR to go HIGH. 

As the DOR flag goes HIGH, data can be 
shifted-out using the SO control input. 
With SO= HIGH, data in the output stage 
is shifted out and a busy indication is 
given by DOR going LOW. When SO is 

held LOW, data moves through the FIFO 
to fill the output stage and an empty 
location appears at the input stage. When 
the output stage is filled DOR goes HIGH, 
but if the last of the valid data has been 
shifted out leaving the FIFO empty the 
DOR flag remains LOW. With the FIFO 
empty, the last word that was shifted-out 
is latched at the output ao to as. 
With the FIFO empty, the SO input can 
be held HIGH until the SI control input 
is used. Following an SI pulse, data moves 
through the FIFO to the output stage, 
resulting in the DOR flag going HIGH and 
a shift-out of data occurring. The SO 
control must be held LOW before 
additional data can be shifted out. 

High-speed burst mode 

If it is assumed that the shift-in/shift-out 
pulses are not applied until the respective 
status flags are valid, it follows that the 
shift-in/shift-out rates are determined by 
the status flags. However, without the 
status flags a high-speed burst mode can 
be implemented. In this mode, the burst­
in/burst-out rates are determined by the 
pulse widths of the shift-in/shift-out 
inputs and burst rates of 40 MHz can be 
obtained. Shift pulses can be applied 
without regard to the status flags but 
shift-in pulses that would overflow the 
storage capacity of the Fl FO are not 
allowed. 

Expanded format 

The "7030" is easily cascaded to increase 
the word capacity and no external 
components are needed. In the cascaded 
configuration, all necessary 
communications and timing are performed 
by the FI FOs themselves. The 
intercommunication speed is determined 
by the minimum flag pulse widths and the 
flag delays. The data rate of cascaded 
devices is typically 25 MHz. 
Word-capacity can be expanded to and 
beyond 12S-words x 9-bits. 

APPLICATIONS 

• High-speed disc or tape controller 
• Video timebase correction 
• A/D output buffers 
• Voice synthesis 
• Input/output formatter for digital 

filters and F FTs 
• Bit-rate smoothing 
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PHASE-LOCKED-LOOP WITH LOCK DETECTOR 

FEATURES 

• Low power consumption 
• Centre frequency up to 

17 MHz (typ.) at Vee= 4.5 v 
• Choice of two phase comparators: 

EXCLUSIVE-OR; 
edge-triggered JK flip-flop; 

• Excellent VCO frequency linearity 
• VCO-inhibit control for ON/OFF 

keying and for low standby 
power consumption 

• Minimal frequency drift 
• Operation power supply voltage 

range: 
VCO section 3.0 to 6.0 V 
digital section 2.0 to 6.0 V 

• Zero voltage offset due to op-amp 
buffering 

• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT7046 are high-speed 
Si-gate CMOS devices and are specified 
in compliance with JEDEC standard no. 7. 

The 74HC/HCT7046 are phase-locked-loop 
circuits that comprise a linear voltage­
controlled oscillator (VCO) and two 
different phase comparators (PC1 and 
PC2) with a common signal input amplifier 
and a common comparator input. 

A lock detector is provided and this gives 
a HIGH level at pin 1 (LD) when the PLL 
is locked. The lock detector capacitor 
must be connected between pin 15 (Clo) 
and pin 8 (GND). For a frequency range 
of 100 kHz to 10 MHz the lock detector 
capacitor should be respectively 10 pF to 
1000 pF. 

•cc 

Ceo 

SIGIN 

PC2our 
7046 

R2 

DEMour 

7Z96086 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS 

C1 =40pF 
fo VCO centre frequency R1 =3 k.Q 

Vee= 5 v 

C1 input capacitance (pin 5) 

Cpo 
power dissipation 

note 1 capacitance per package 

GND = 0 V;Tamb = 25 'C 

Note 1 

Applies to phase comparator section only (VCO disabled). 
For power dissipation of VCO and demodulator sections 
see Figs 20, 21 and 22. 

HC 

18 

3.5 

-

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT7046AP: 16-lead DI L; plastic (SOT-38Z). 
PC74HC/HCT7046AT: 16-lead mini-pack; plastic (S0-16;SOT-109A). 

APPLICATIONS 

HCT 

18 

3.5 

-

UNIT 

MHz 

pF 

-

The signal input can be directly coupled • FM modulation and demodulation 
to large voltage signals, or indirectly 
coupled (with a series capacitor) to smali 
voltage signals. A self-bias input circuit 
keeps small voltage signals within the linear 
region of the input amplifiers. With a 
passive low-pass filter, the "7046" forms 
a second-order loop PLL. The excellent 
VCO linearity is achieved by the use of 
linear op-amp techniques. 

(continued on next page) 

PC lour 
COMPIN 

PC2our 13 
JO 

0 eo 15 
14 SIGIN 

eo 

CTA 

Cl9 

11 RT 
vcoour 

vco 
12 R2 

DEMour 10 
VC01N 

INH 

7Z96087 

Fig. 2 Logic symbol. 

• Frequency synt~esis and 
multiplication 

• Frequency discrimination 
• Tone decoding 
• Data synchronization and 

conditioning 
• Voltage-to-frequency conversion 
• Motor-speed control 

op 
Pee 

7046 PCOI 

14 
SIGN PCOll 

13 

COMP CLD 
15 

ex LD 

ex 

RX n TD 

RX 

vco vco #4 

5# 
INH 

Fig. 3 I EC logic symbol. 
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PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 LD lock detector output (active HIGH) 

2 

3 

4 

5 

6 
7 

8 

9 
10 

11 

12 

13 

14 

15 

16 

R1 

928 

PC1ouT phase comparator 1 output 

COMP1N comparator input 

VCOouT VCO output 

INH inhibit input 

C1A capacitor C1 connection A 

C1B capacitor C1 connection B 

GND ground (0 V) 

VC01N VCO input 

DEMouT demodulator output 

R1 resistor R 1 connection 

R2 resistor R2 connection 

PC2ouT phase comparator 2 output 

SIG1N signal input 

CLD lock detector capacitor input 

Vee positive supply voltage 

C1 

vco 

DEMouT INH VC01N 

10 15 

R5 J; CCLD 

Fig. 4 Functional diagram. 

''""'" 19861 
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GENERAL DESCRIPTION (Cont'd) 

vco 
The VCO requires one external capacitor 
Cl (between Cl A and C1 B) and one 
external resistor R1 (between R1 and 
GND) or two external resistors R1 and R2 
(between R1 and GND, and R2 and GND). 
Resistor Rl and capacitor C1 determine 
the frequency range of the VCO. Resistor 
R2 enables the VCO to have a frequency 
offset if required. 

The high input impedance of the VCO 
simplifies the design of low-pass filters by 
giving the designer a wide choice of 
resistor/capacitor ranges. In order not to 
load the low-pass filter, a demodulator 
output of the VCO input voltage is 
provided at pin 10 (DEMouT). In contrast 
to conventional techniques where the 
DEMouT voltage is one threshold voltage 
lower than the VCO input voltage, here 
the D EMouT voltage equals that of the 
VCO input. If DEMouT is used, a load 
resistor (R5) should be connected from 
DEMouT to GND; if unused, DEMouT 
should be left open. The VCO output 
(VCOouT) can be connected directly to 
the comparator input (COMP1N), or 
connected via a frequency-divider. The 
VCO output signal has a guaranteed duty 
factor of 50%. A LOW level at the inhibit 
input (INH) enables the VCO and 
demodulator, while a HIGH level turns 
both off to minimize standby power 
consumption. 

Phase comparators 

The signal input (SIG1N) can be directly 
coupled to the self-biasing amplifier at 
pin 14, provided that the signal swing is 
between the standard HG family input 
logic levels. Capacitive coupling is required 
for signals with smaller swings. 

Phase comparator 1 (PC1} 

This is an EXCLUSIVE-OR network. The 
signal and comparator input frequencies 
(fi) must have a 50% duty factor to obtain 
the maximum locking range. The transfer 
characteristic of PC1, assuming ripple 
If,= 2fi) is suppressed, is: 

VoEMOUT = ~(iislGIN - ¢COMPIN) 

where VoEMOUT is the demodulator 
output at pin 10; 
VoEMOUT = Vpc10UT (via low-pass 
filter). 
The average output voltage from PC1, fed 
to the VCO input via the low-pass filter 
and seen at the demodulator output at 
pin 10 (VoEMOUTL is the resultant of 
the phase differences of signals (SIG1N) 
and the comparator input ICOMP1N) as 
shown in Fig. 6. The average of VoEMOUT 
is equal to 1/2 Vee when there is no signal 



Phase-locked-loop with lock detector 

Cl 

INH VCOIN 

or noise at SIG1N and with this input the 
VCO oscillates at the centre frequency (f0 ). 

Typical waveforms for the PC! loop locked 
at f0 are shown in Fig. 7. 

The frequency capture range (2fcl is 
defined as the frequency range of input 
signals on which the PLL will lock if it was 
initially out-of-lock. The frequency lock 
range (2fL) is defined as the frequency 
range of input signals on which the loop 
will stay locked if it was initially in lock. 
The capture range is smaller or equal to 
the lock range. 

With PC1, the capture range depends on 
the low·pass filter characteristics and can 
be made as large as the lock range. 
This configuration retains lock even with 
very noisy input signals. Typical behaviour 
of this type of phase comparator is that it 
can lock to input frequencies close to the 
harmonics of the VCO centre frequency. 

Fig. 5 Logic diagram. 

7296027 

VDEMOUT (AV) 

112 Vee 

goo .0DEMOUT 1800 

Fig. 6 Phase comparator 1: average 
output voltage versus input phase 

difference: 

VDEMOUT = Vpc10uT = 

~(¢slGIN - llCOMPIN) 

llDEMOUT = (llSIGIN - llCOMPIN). 

PC74HC/HCT7046A 

MSI 

PC1our 2 

GND 

C CcLD 
LD 15 H 

-Vee 
~ 

-GND 

7Z96028 

Fig. 7 Typical waveforms for PLL using 

phase comparator 1, loop locked at f 0 . 

January 1986 929 



PC74HC/HCT7046A 

MSI 

930 

GENERAL DESCRIPTION (Cont'd) 

Phase comparators (Cont'd) 

Phase comparator 2 (PC2) 

This is a positive edge-triggered phase and 
frequency detector. When the PLL is 
using this comparator, the loop is 
control led by positive signal transitions 
and the duty factors of SIG1N and 
COMP1 N are not important. PC2 
comprises two D-type flip-flops, 
control-gating and a 3-state output stage. 
The circuit functions as an up-down 
counter (Fig. 5) where SIG1N causes an 
up-count and COMP1N a down-count. 
The transfer function of PC2, assuming 
ripple (fr= fi) is suppressed, is: 

VoEMOUT = ~(tflslGIN - 4>coMPIN) 

where VoEMOUT is the demodulator 
output at pin.10; 
VoEMOUT = Vpc2ouT (via low-pass 
filter). 

Vee 

VoEMOUT (AV) 

112vcc 

The average output voltage from PC2, fed 
to the VCO via the low-pass filter and seen 
at the demodulator output at pin 10 
(VoEMOUTL is the resultant of the phase 
differences of SIG1N and COMP1N as 
shown in Fig. 8. Typical waveforms for the 
PC2 loop locked at f0 are shown.in Fig. 9. 

When the frequencies of SIG1N and 
COMP1N are equal but the phase of SIG1N 
leads that of COMPIN• the p-type output 
driver at PC2ouT is held "ON" for a time 
corresponding to the phase difference 
(</>oEMOUT). When the phase of SIG1N 
lags that of COMP1N. then-type driver is 
held "ON". 

When the frequency of SIG1N is higher 
than that of COMP1 N• the p-type output 
driver is held "ON" for most of the input · 
signal cycle time, and for the remainder of 
the cycle both n and p- type drivers are 
"OFF" (3-state). If the SIG1N frequency 
is lower than the COMP1N frequency, then 
it is the n-type driver that is held "ON" 
for most of the cycle. Subsequently, the 

7Z96029 

voltage at the capacitor (C2) of the 
low-pass filter connected to PC2ouT 
varies until the signal and comparator 
inputs are equal in both phase and 
frequency. At this stable point the voltage 
on C2 remains constant as the PC2 output 
is in 3-state and the VCO input at pin 9 is 
a high impedance. Also in this condition, 
the signal at the phase comparator pulse 
output (PCPouT) is a HIGH level and so 
can be used for indicating a locked 
condition. 

Thus, for PC2, no phase difference exists 
between SIG1N and COMP1N over the full 
frequency range of the VCO. Moreover, 
the power dissipation due to the low-pass 
filter is reduced because both p and n-type 
drivers are "OFF" for most of the signal 

·_input cycle. It should be noted that the 
PLL lock range for this type of phase 
comparator is equal to the capture range 
and is independent of the low-pass filter. 
With no signal present at SIG1N the VCO 
adjusts, via PC2, to its lowest frequency. 

SL_ ___ JL_ ___ __n_ 
COMP IN 

vcoaur 
_fl ___ Jl_ ___ ]L 

------------Vee 
_rt----------------~ GNO PC2ouT 

/ ___ high impedance OFF ·state 

vco1N __,,------------...........__ 

OO +360° 
.0oEMOUT PCPouT ~---------~96030 

Fig. B Phase comparator 2: average output voltage 
versus input phase difference: 

VoEMOUT = Vpc20UT = 

~(tflslGIN - <l>COMPIN) 

<l>DEMOUT = (<l>SIGIN - <l>COMPIN). 

J•n""" 19861 

Fig. 9 Typical waveforms for PLL using phase 
comparator 2, loop locked at f0 . 



Phase-locked-loop with lock detector 

RECOMMENDED OPERATING CONDITIONS FOR 74HC/HCT 

74HC 
SYMBOL PARAMETER 

min. typ. 

Vee DC supply voltage 3.0 5.0 

Vee 
DC supply voltage if 

2.0 5.0 VCO section is not used 

v, DC input voltage range 0 

Vo DC output voltage range 0 

Tamb operating ambient temperature range -40 
f--· 

Tamb operating ambient temperature range -40 
f----

t,, lf input rise and fall times (pin 5) 6.0 

RATINGS 

74HCT 

max. min. typ. 

6.0 4.5 5.0 

6.0 4.5 5.0 

Vee 0 

Vee 0 

+85 -40 

+125 -40 

1000 
500 6.0 
400 

UNIT 
max. 

5.5 v 

5.5 v 

Vee v 

Vee v 

+85 'c 

+125 'c 

500 ns 

PC74HC/HCT7046A 

MSI 

CONDITIONS 

see DC and AC 
CHARACTERISTICS 

Vcc=2.ov 
Vcc=4.5V 
Vee ~6.ov 

limiting values in accordance with the Absolute Maximum System (I EC 134) 

Voltages are referenced to GND (ground= 0 VI 

SYMBOL PARAMETER MIN. MAX. UNIT CONDITIONS 

V CC --+DC supply voltage -0.5 +7 v 

~- DC input diode current 
20 mA forV1 < -0.5Vor V1 > Vcc+0.5 V - IK except C1A, C1 B 

±l1K 
DC input diode current 

10 mA for V1 < -0.5 V or V1>Vee+0.5 v 
C1A, C1s 

r-· 
±loK DC output diode current 20 mA for Vo< -0.5 V or Vo> Vee+ 0.5 V 

±lo 
DC output source or sink 

25 mA for -0.5 v < v0 <Vee+ 0.5 v 
current 

±Ice: DC Vee or GND current 50 mA 
±IGND 

Tstg storage temperature range -65 +150 'c 

power dissipation per package for temperature range: -40 to +125 °C 
74HC/HCT 

Piot plastic DI L 500 mW above +70 °C: derate linearly with 8 mW/K 

_j plastic mini-pack (SO) 400 mW above +70 °C: derate linearly with 6 mW/K 
~-
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DC CHARACTERISTICS FOR 74HC 

Quiescent supply current 

Voltages are referenced to GND (ground = 0 V) 

SYMBOL PARAMETER 

min. 

quiescent supply current 
ice (VCO disabled) 

Phase comparator section 

Voltages are referenced to GND (ground= 0 V) 

SYMBOL PARAMETER 

min. 

DC coupled 1.5 
V1H HIGH level input voltage 3.15 

SIG1N. COMP1N 4.2 

DC coupled 
V1L LOW level input voltage 

SIGJN• COMP1N 

HIGH level output voltage 1.9 
VoH LD, PCnOUT 

4.4 
5.9 

HIGH level output voltage 3.98 
VoH LD, PCnOUT 5.48 

LOW level output voltage 
Vol LO, PCnOUT 

LOW level output voltage 
Vol LD, PCnOUT 

input leakage current 
±11 

SIGJN• COMPtN 

3-state 
±loz OFF-state current 

PC2ouT 

input resistance 
RJ SIGtN• COMPtN 

932 J'"""" , ,.. , 

Tamb (oC) 

74HC 

+25 -40to +85 

typ. max. min. max. 

8.0 80.0 

Tamb (°C) 

74HC 

+25 -40to +85 

typ. max. min. max. 

1.2 1.5 
2.4 3.15 
3.2 4.2 

0.8 0.5 0.5 
2.1 1.35 1.35 
2.8 1.8 1.8 

2.0 1.9 
4.5 4.4 
6.0 5.9 

4.32 3.84 
5.81 5.34 

0 0.1 0.1 
0 0.1 0.1 
0 0.1 0.1 

0.15 0.26 0.33 
0.16 0.26 0.33 

3.0 4.0 
7.0 9.0 
18.0 23.0 
30.0 38.0 

0.5 5.0 

800 
250 
150 

TEST CONDITIONS 
---1 

UNIT Vee OTHER 
-40to+125 v 

min. max. 

pins 3, 5, and 14 at Vee; 
160.0 µA 6.0 pin 9 at GND; 11 at pins 

3 and 14 to be excluded 

--TEST CONDITIONS 

UNIT Vee V1 OTHER 
-40to+125 v 
min. max. 

1.5 2.0 
3.15 v 4.5 
4.2 6.0 

0.5 2.0 
1.35 v 4.5 
1.8 6.0 

1.9 2.0 VJH -lo =20µA 
4.4 v 4.5 or -lo=20µA 
5.9 6.0 VJL -lo=20µA 

3.7 4.5 V1H -lo =4.0 mA 
5.2 v 6.0 or -lo=5.2mA 

VJL 

0.1 2.0 VJH Jo= 20µA 
0.1 v 4.5 or lo =20µA 
0.1 6.0 VJL Jo= 20µA 

0.4 4.5 VtH to =4.0 mA 
0.4 v 6.0 or 10 = 5.2mA 

V1L 

5.0 2.0 
Vee 11.0 3.0 

27.0 µA 4.5 
or 

45.0 6.0 
GND 

V1H Vo= Vee or 10.0 µA 6.0 or 
VJL 

GND 

3.0 VJ at self-bias operating 
kfi 4.5 point; II VJ = 0.5 V; 

6.0 see Figs 10, 11and12 



Phase-locked-loop with lock detector 

VCO section 

Voltages are referenced to GND (ground= 0 V) 

Tamb (°C) 

74HCT 
SYMBOL PARAMETER 

+25 -40to +85 
r· -

min. typ. max. min. max. 

HIGH level 
V1H input voltage 2.0 1.6 2.0 

INH 

LOW level 
Vtl input voltage 1.2 0.8 0.8 

INH 

HIGH level 
VoH output voltage 4.4 4.5 4.4 

VCOouT 

HIGH level 
VoH output voltage 3.98 4.32 3.84 

VCOouT 

LOW level 
Vol output voltage 0 0.1 0.1 

VCOouT 

LOW level 
Vol output voltage 0.15 0.26 0.33 

VCOouT 

LOW level output 
Vol voltage Cl A· C1 B 0.40 0.47 

(test purposes only) 
1--

input leakage current 
±11 INH, VC01N 

0.1 1.0 

R1 resistor range 3.0 300 

R2 resistor range 3.0 300 

Cl capacitor range 40 
no 
limit 

operating voltage 
Vvco1N range at VC01N 

0.9 3.2 

Notes 

1. The parallel value of Rl and R2 should be more than 2.7 kn. 

UNIT Vee 
-40to+125 v 

min. max. 

4.5 
2.0 v to 

5.5 

4.5 
0.8 v to 

5.5 

4.4 v 4.5 

3.7 v 4.5 

0.1 v 4.5 

0.4 v 4.5 

0.54 v 4.5 

1.0 µA 5.5 

kn 4.5 

kn 4.5 

pF 4.5 

v 4.5 

PC74HC/HCT7046A 

MSI 

TEST CONDITIONS 

V1 OTHER 

V1H 
or -lo=20µA 
VIL 

V1H 
or -lo =4.0mA 
V1L 

I V1H 
, or lo=20µA 
Vil 

I 
VtH 
or lo" 4.0 rnA 
VIL 

V1H 
or lo =4.0 mA 
V1L 

Vee 
or 
GND 

note 1 

note 1 

over the range 
specified for R 1; 
for linearity see 
Figs 18 and 19. 
Refer to note 2 

2. The maximum operating voltage can be as high as Vee - 0.9 V, however, this may result in an increased offset voltage. 
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DC CHARACTERISTICS FOR 74HC (Cont'd) 

Demodulator section 

Voltages are referenced to GND (ground= 0 V) 

SYMBOL PARAMETER 
+25 

min. typ. 

Rs resistor range 50 

offset voltage 
VafF Ve01N to VDEMOUT 

±20 

Ro 
dynamic output 25 

resistance at DEMouT 

934 ''°""Y 19861 

max. 

300 

Tamb (°Cl TEST CONDITIONS 

74HCT 
UNIT Vee OTHER 

-40 to +85 -40to+125 v 

min. max. min. max. 

at Rs> 300 kn 
kn 4.5 the leakage current can 

influence VDEMOUT 

Vi= VvcOIN = 1/2 Vee: 
mV 4.5 values taken over Rs range; 

see Fig. 13 

n 4.5 VoEMOUT = 1/2 Vee 



Phase-locked-loop with lock detector 

AC CHARACTERISTICS FOR 74HC 

Phase comparator section 

GND = 0 V; tr= tf = 6 ns; CL= 50 pf 

SYMBOL PARAMETER 
+25 

min. typ. max. 

tPHLI 
propagation delay 63 200 
SIGIN• COMP1N 23 40 

tPLH to PC1ouT 18 34 

tTHLI 
19 75 

output transition time 7 15 
tTLH 6 13 

tpzH/ 
3-state output enable 83 280 

time SIG1N. COMP1N 30 56 
tpzL to PC2ouT 24 48 

tpHz/ 
3-state output disable 99 325 

time SIGIN• COMP1N 36 65 
tpLz to PC2ouT 29 55 

0.05 AC coupled input sensitivity 0.05 
V1(p-p) (peak-to-peak value) at 0.05 

SIG1N or COMP1N 0.05 

VCO section 

GND = 0 V; tr= tf = 6 ns; CL= 50 pf 

SYMBOL PARAMETER 
+25 

min. typ. max. 

frequency stability 
MIT with temperature 

change 

VCO centre frequency 3.0 10.0 
fo 11.0 17.0 (duty factor = 50%) 13.0 21.0 

1.0 
Mvco VCO frequency linearity 0.4 

0.3 

50 
0vco duty factor at VCOouT 50 

50 

Tamb (°C) 

74HC 
UNIT 

-40 to +85 -40to+125 

min. max. min. max. 

250 300 
50 60 ns 
43 51 

95 110 
19 22 ns 
16 19 

350 420 
70 84 ns 
60 71.4 

405 490 
81 98 ns 
69 83 

v 

Tamb (°C) 

74HC 
UNIT 

-40 to +85 -40to+125 

typ. max. min. max. 

0.20 
0.15 %/K 
0.14 

MHz 

% 

% 

Vee 
v 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
4.5 
6.0 

2.0 
3.0 
4.5 
6.0 

Vee 
v 

3.0 
4.5 
6.0 

3.0 
4.5 
6.0 

3.0 
4.5 
6.0 

3.0 
4.5 
6.0 

PC74HC/HCT7046A 

MSI 

TEST CONDITIONS 

OTHER 

Fig. 14 

Fig. 14 

Fig. 15 

Fig. 15 

----- - --1 

fi = 1 MHz 
CL=15pF 

TEST CONDITIONS 

OTHER 

V1=VvcOIN=1/2 Vee; 
Rl = 100 k!1; R2 =~; 
Cl =100pF;see Fig.16 

VvcOIN = 1/2 Vee; 
R1=3kil;R2=~; 

Cl = 40 pf; see Fig. 17 

R1=100 k!1; R2 = ~; 
Cl= 100 pF; 
see Figs 18 and 19 
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DC CHARACTERISTICS FOR 74HCT 

Quiescent supply current 

Voltages are referenced to GND (ground= 0 V) 

SYMBOL PARAMETER 

min. 

quiescent supply current 
1cc (VCO disabled) 

additional quiescent supply 
current per input pin for 

"''cc unit load coefficient is 1 
(note 1) 
V1=Vcc-2.1V 

Note 

Tamb (°C) 

74HCT 

+25 -40to +85 -40to+125 

typ. max. min. max. min. max. 

8.0 80.0 160.0 

100 360 450 490 

1. The value of additional quiescent supply current (6 lccl for a unit load of 1 is given above. 

UNIT Vee 
v 

µA 6.0 

4.5 
µA to 

5.5 

To determine 61cc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT UNIT LOAD 
COEFFICIENT 

f-
INH 1.00 

936 J'"""' 19861 

TEST CONDITIONS 

OTHER 

pins 3, 5 and 14 at Vee: 
pin 9 at GND; I 1 at pins 
3 and 14 to be excluded 

pins 3 and 14 at Vee: 
pin 9 at GND; 11 at pins 
3 and 14 to be excluded 



Phase-locked-loop with lock detector 

Phase comparator section 

Voltages are referenced to GND (ground= 0 VI 

Tamb ("C) 

74HCT 
SYMBOL PARAMETER 

+25 -40 to +85 

min. typ. max. min. max. 

DC coupled 
V1H HIGH level input voltage 3.15 2.4 

SIG1N, COMP1N 

DC coupled 
V1L LOW level input voltage 2.1 1.35 

SIG1N, COMP1N 

HIGH level output voltage 
VoH 4.4 4.5 4.4 

LD, PCnOUT 

HIGH level output voltage 
VoH 3.98 4.32 3.84 

LO, PCnOUT 

LOW level output voltage 
Vol 0 0.1 0.1 

LO, PCnOUT 

LOW level output voltage 
VoL 0.15 0.26 0.33 

LO, PCnOUT 

input leakage current 
± 1, 30 38 

SIGIN• COMP1N 

3-state 
±loz OFF-state current 0.5 5.0 

PC2ouT 

input resistance 
R1 250 

SIGfN, COMP1N 

UNIT Vee 
-40to+125 v 

min. max. 

v 4.5 

v 4.5 

4.4 v 4.5 

3.7 v 4.5 

0.1 v 4.5 

0.4 v 4.5 

45 µA 5.5 

10.0 µA 5.5 

k!1 4.5 

PC74HC/HCT7046A 

MSI 

TEST CONDITIONS 

V1 OTHER 

V1H 
or - lo= 20 µA 
V1L 

V1H 
or -lo=4.0mA 
VIL 

V1H 
or lo =20µA 
VIL 

V1H 
or lo=4.0mA 
V1L 

Vee 
or 
GNO 

V1H Vo=Vccor or GNO 
V1L 

V1 at self-bias operating 
point; 6 V1=0.5 V; 
see Figs 10, 11 and 12 
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DC CHARACTERISTICS FOR 74hCT (Cont'd) 

VCO section 

Voltages are referenced to GND (ground= O V) 

Tamb (oC) TEST CONDITIONS 

74HC 
SYMBOL PARAMETER UNIT Vee v, OTHER 

+25 -40 to +85 -40to+125 v 
min. typ. max. min. max. min. max. 

HIGH level 2.1 1.2 2.1 2.1 3.0 
V1H input voltage 3.15 2.4 3.15 3.15 v 4.5 

INH 4.2 3.2 4.2 4.2 6.0 

LOW level 0.8 0.9 0.9 0.9 3.0 
V1L input voltage 2.1 1.35 1.35 1.35 v 4.5 

INH 2.8 1.8 1.8 1.8 6.0 

HIGH level 2.9 3.0 2.9 2.9 3.0 V1H -lo=20µA 
VoH output voltage 4.4 4.5 4.4 4.4 v 4.5 or -lo =20µA 

I VCOouT 5.9 6.0 5.9 5.9 6.0 V1L -lo=20µA 

HIGH level 
3.98 4.32 3.84 3.7 4.5 V1H -10 =4.0 mA 

VoH output voltage v or 
VCOouT 

5.48 5.81 5.34 5.2 6.0 
VIL 

-lo=5.2mA 

I 
LOW level 0 0.1 0.1 0.1 2.0 V1H lo= 20µA 

Vol output voltage 0 0.1 0.1 0.1 v 4.5 or lo= 20 µA 
VCOouT 0 0.1 0.1 0.1 6.0 V1L lo=20µA 

I LOW level 
0.15 0.26 0.33 0.4 4.5 V1H lo=4.0mA 

~+ ~~~~;'"• 
v or 

0.16 0.26 0.33 0.4 6.0 
V1L 

lo=5.2mA 

---- -·. 
LOW level output i 0.40 0.47 0.54 4.5 V1H lo=4.0mA 
voltage C1 A· C1 s I v or 

I (test purposes only) 0.40 0.47 0.54 6.0 
V1L 

lo= 5.2 mA 

·-j---· 

input leakage current Vee 
±I 1 

INH, VC01N 
0.1 1.0 1.0 µ.A 6.0 or 

GND 

I resistor range 
3.0 300 3.0 

R1 3.0 300 kn 4.5 note 1 
3.0 300 6.0 

3.0 300 3.0 
R2 resistor range 3.0 300 kn 4.5 note 1 

3.0 300 6.0 

40 3.0 
C1 capacitor range 40 

no pF 4.5 
40 

I limit 
6.0 

over the range 

\I ~g voltage 
0.9 1.9 3.0 specified for R1; 
0.9 3.2 v 4.5 for linearity see VCOIN range at \/COIN 
0.9 4.6 6.0 Figs 18 and 19. 

Refer to note 2 
'-----

Notes 
1. The parallel value of R1 and R2 should be more than 2.7 kn. 
2. The maximum operating voltage can be as high as Vee - 0.9 V, however, this may result in an increased offset voltage. 
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Phase-locked-loop with lock detector 

Demodulator section 

Voltages are referenced to GND (ground = 0 V) 

Tamb (°CI 

74HC 
SYMBOL PARAMETER 

+25 -40to+85 

min. typ. max. min. max. 

50 300 
Rs resistor range 50 300 

50 300 

offset voltage 
±30 

Vo FF ±20 
VC01N to VoEMOUT ±10 

dynamic output 
25 

Ro 25 
resistance at D EMouT 25 

UNIT Vee 
-40to+125 v 

min. max. 

3.0 
kil 4.5 

6.0 

3.0 
mV 4.5 

6.0 

3.0 
n 4.5 

6.0 

PC74HC/HCT7046A 

MSI 

TEST CONDITIONS 

OTHER 

at Rs> 300 kn 
the leakage current can 
influence VoEMOUT 

V1=VvcOIN=1/2 Vee: 
values taken over Rs range; 
see Fig. 13 

VoEMOUT = 1/2 Vee 
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MSI 

AC CHARACTERISTICS FOR 74HCT 

Phase comparator section 

GND = 0 V; t, = tf = 6 ns; Cl= 50 pF 

,--

SYMBOL I PARAMET ER 

I 

r---1---
t I ~ propagatio 

·-· 

/HL SIGfN· C 
PLH to PC1ou 

n delay 
OMP1N 
T 

1----

tTH LI output tra 
tTLH 

nsition time 

put enable I 3-state out 
time SIG 
to PC2ou 

1----t---· 

IN· COMP1N 
T 

lpHz/ 
tpLz 

i------------~ 

v, (p-p) 

VCO section 

put disable 3-state out 
time SIG 
to PC2ou 

IN• COMP1N 
T 

AC couple d input sensitivity 
eak value) at (peak-to·p 

SIG1N or COMP1N 

GND = 0 V; tr= tf = 6 ns; CL•• 50 pF 

1----
min. 

Tamb (OC) 

74HCT 

+25 -40 to +85 

typ. max. min. max. 

26 45 56 

7 15 19 

35 60 75 

40 70 88 

0.05 

Tamb (oC) 

74HCT 
SYMBOL PARAMETER r------·---, 

+25 -40 to +85 

min. typ. max. typ. max. 

frequency stability 
MIT with temperature 0.15 

change 
.. 

VCO centre frequency 
fo (duty factor = 50%) 11.0 17.0 

·--------------1 

Mvco VCO frequency linearity 0.4 

-·----
0vco duty factor at VCOouT 50 

--------------' 

940 

TEST CONDITIONS 

UNIT Vee OTHER 
-40to +125 v 
min. max. 

68 ns 4.5 Fig. 14 

22 ns 4.5 Fig. 14 

90 ns 4.5 Fig. 15 

105 ns 4.5 Fig. 15 

ti= 1 MHz 
v 4.5 

CL= 15 pf 

-
TEST CONDITIONS 

·-·-----

UNIT Vee OTHER 
-40to+125 v 

min. max. 

Vi= VvcOIN within 

%/K 4.5 recommended range; 
R1=100 kn; R2 ==; 
C1=100 pF;see Fig. 16b 

VvcOIN = 1/2 Vee; 
MHz 4.5 R1=3kn;R2==; 

Cl = 40 pf; see Fig. 17 

Rl = 100 kn; R2 ==; 
% 4.5 C1=100pF; 

see Figs 18 and 19 

% 4.5 



Phase-locked-loop with lock detector 

FIGURE REFERENCES FOR DC CHARACTERISTICS 
r-------------------------- -------

v, 

112 vcc~ 0.25 

COMP1N with 

GOO 

11, 

(Id!\ 

6001-, 

+60 

VorF 

(mV) 

'40 

!-20 

--40 

-- Rs= 50 k.\1 
Rs'' 300 k.Q 

/ 1 [\!I 

, 1 iCT7046/\ 

--,,:,~:;I 

I 
I __ I 
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MSI 

942 

AC WAVEFORMS 

SIGIN• COMP1N l'' L. INPUTS 

~tPHL__. 
Ir-

PClouT VM(1) 

- LTLH 
OUTPUT 

7Z96\00 trHL-+ 

Fig. 14 Waveforms showing input (SIGIN• eOMP1Nl 
to output (Pel OUT) propagation delays and the 
output transition times. 

Note to AC waveforms 

(1) He : VM = 50%; V1 = GND to Vee· 
HeT: VM = 1.3 V; V1 = GND to 3 V. 

January 1986 

SIG1N 

INPUT 

COMP1N 

INPUT 

PC2our 
OUTPUT 

Fig. 15 Waveforms showing the 3-state enable and 
disable times for Pe2oUT· 

7Z96038 



Phase-locked-loop with lock detector 

Af 

1%1 
I 

R1,,, Joaknz 

I/ 

" f---+---+--+-][_~]w--+--~ 

1 
R1=3kn 

f 
-5f---+-~-H~--+---+--+--f--

1/-
-10 '-1. 

~ 

-15 L..___L _ _L__.L____,_~~ 

-50 +50 +100 
Tamb (OC) 

(al Vee= 3.0 v 

-

t 
----<-·--· 

vz + _L 

ill-' ' 
['ZR1 lOOk.11 

_h 

t-:~ f_ 
'LI 
i..--- R1 '"3k.11 

•5 

-vz 
A {_ 

_A I 

i _j'_ 

100k¥ 
I l]iookn 

-5 

1 
-10 

f- l 

l 
' 

-15 
-50 +50 +100 

Tamb 1oc1 

lbl Vee= 4.5 v 

•5 

PC74HC/HCT7046A 

MSI 

Rl = 300kii_j___ 

llL v 
t 

~R1=100kn 

i 1----
L i-i _j.. 

R1 =Jk.11 

3kn l--7 
~ff 

--LL'.2_ookn 

fl 

1 
J3ookn 

-5 

-10 

-15 
-50 +50 +100 

lamb (°Cl 

lcl Vee= 6.0 v 

Fig. 16 Frequency stability versus ambient temperature: Cl = 100 pF; R2 = =; VvcOIN = 1/2 Vee· 
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AC WAVEFORMS (Continued) 

30 

'vco 
(MHz) 

25 

20 

15 

10 

0 
0 

1000 

1vco 
(kHz) 

800 

600 

400 

200 

0 
0 

--, 

7Z96042 

v 
lZ 

vcc•B.ov I 

lZ 
rr_ L 

4.5V 

lfV 
'{j__ 

ri_ 

1f 
L 

LfiL aov 

'V 

3.01_ 
v 

It; 
Jlj_ 

4 6 
VvcOIN (V) 

7Z96044 

Vcc=e.ovz 

1 
4.sv/ l 

rf Z 
111! 
'j_ 

I(;, 
_!.VI 
9 

4 6 
VvcOIN (V) 

944 January 1986 

(a) Rl = 3 kn; 
Cl =40pF 

(c) Rl = 300 kn; 
Cl = 40 pF 

60 

1vco 
(kHz) 

60 

40 

20 

0 
0 

7296043 

Vcc=e.ov 

1 
4.5V I 

aov 1 
If I 

J 17 

IT /I/ rr 
1 l/V' 

z~ fZ 
~"f 

4 6 
VvcOIN IV) 

f vco l--+-l--+-f---l-+-+-1-1--+-j---j 
{H,) ~ 

I 

•.• vi; 
300 l--+-l--+--l----1-+-'-"f'-"'-+-~I--+ 

17 

0'--'--'--'----'---1-+-~-l-_L~ 

0 4 6 
VvcOIN (V) 

(b) R1=3 kn; 
C1 = 100 nF 

(d) Rl = 300 kn; 
C1 = 100 nF 

Fig. 17 Graphs showing 
vco frequency (fvcol 
as a function of the 
VCO input voltage 
(VvcOJN). 



Phase-locked-loop with lock detector PC74HC/HCT7046A 

MSI 

j 
t:.fvco Vee= 

!%) ~~ j1 I 

'.'.[=-~~/-T~~ 
I -1 r 1 

+5t---r-t-H-t\ttttz',,__cr1 T0 T1 µttFTttt--T-rhT1~"'1 
1-,v-i-_--"v-: 

--+---+--­
T/2Vcc 

Fig. 18 Definition of VCO frequency linearity: 

6 V = 0.5 V over the Vee range: 

for VCO linearity 

' fl + f2 
fo=-2-· 

N ll 

f'o--fo 
linearity =---f'--0-x 100% Fig. 19 Frequency linearity as a function of Rl, 

Cl and Vee: R2 ==and 6 V = 0.5 v. 

7Z96048 
106 "m 

PR1 --+-
(µWI f--l-H-++mC-+-+-+-WH4++-t- i I 

10 ' t==t=mm~at!l:e=i=i=mm 
~:;:~;;~;:-~:;;c:;Tf',+tlt,;:'1~-__:;--+t;f 11 

10' t=~~~~~;!Jj~~=:j=jf+flf 
IS::: .-.... _l~c_c 
'- \j-.... } 60V 

-""j-' 4.5V 

,,, Eilffil!ffilE=srfM~" 
10' f---+-H-+++'fc--+-++[+HIBlt--tlffilt 

10 102 R1 (kill 103 

-C1=40pF 
- - - Cl= 1 µF 

Fig. 20 Power dissipation versus the 
value of R1: CL= 50 pF; R2 = =; 

Vvco1N = 1/2 Vee: Tamb = 25 °C. 

10' r:=:i=:1=a:mE=i:=i:~mi:=i=i="1:1"'1J';jj" 
PR2 f-+-1-t++tttl-t-+Ttiffit-i-t-~~ 
( µW) f---t--<cT-cttttt-t-t-::rTMTttt---t-rH-M'lt 

10' f=~§;[l:ml~R:ffiffil:=1=i=R'11'11 
~[' iL 

-C1=40pF 
- - - Cl= 1 µF 

Fig. 21 Power dissipation versus the 
value of R2: CL= 50 pF; Rl = =; 
VvcOIN = GND = 0 V; Tamb = 25 °C. 

Fig. 22 Typical de power dissipation of 
demodulator section as a function of Rs: 
Rl =R2==;Tamb=25°C. 
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946 

APPLICATION INFORMATION 

This information is a guide for the 
approximation of values of external 
components to be used with the 
74HC/HCT7046 in a phase-lock-loop 
system. 

References should be made to Figs 27, 
28 and 29 as indicated in the table. 

SUBJECT PHASE 
COMPARATOR 

VCO frequency PC1,PC2 
without extra 
offset 

PC1 

PC2 

VCO frequency PC1,PC2 
with extra 
offset 

PC1, PC2 

J'"""' 19861 

Values of the selected components 
should be within the following ranges: 

R1 between 3 kn and 300 kn; 

R2 between 3 kn and 300 kn; 

R 1 + R2 parallel value> 2. 7 kn; 

C1 greater than 40 p F. 

DESIGN CONSIDERATIONS 

VCO frequency characteristic 

With R2 =~and R1 within the range 3 kn< Rl < 300 kn, the characteristics of 
the VCO operation will be as shown in Fig. 23. 
(Due to R 1, C1 time constant a small offset remains when R2 = ~.) 

7Z96061 

1max ---------

l I 
fvco I 

I 
t, ---- I 2fl 

I I 

j I I 
I I 

fmin 
min. 112vcc max. 

VvcOIN 

Fig. 23 Frequency characteristic of VCO operating without 
offset: f0 =centre frequency; 2fL =frequency lock range. 

Selection of R 1 and C1 

Given f0 , determine the values of Rl and C1 using Fig. 27. 

Given fmax and f0 , determine the values of R1 and C1 using Fig. 27, use Fig. 29 to 
obtain 2fL and then use this to calculate fmin· 

VCO frequency characteristic 
With R1 and R2 within the ranges 3 kn< R1 < 300 kn, 3 kn< R2 < 300 kn, 
the characteristics of the VCO operation will be as shown in Fig. 24. 

7Z96052 

fmax 

tzr=~=r 
fvco 

t, 2fl 

l 
frnin -f +--' 

I I 
I I 
I I 

min. 112vcc max. 
YvcmN 

Fig. 24 Frequency characteristic of VCO operating with 
offset: f0 =centre frequency; 2fL =frequency lock range. 

Selection of R1, R2 and Cl 

Given f0 and fL, determine the value of product R1C1 by using Fig. 29. 
Calculate foff from the equation foff = f0 - 4.3fL. 
Obtain the values of C1 and R2 by using Fig. 28. 
Calculate the value of R 1 from the value of Cl and the product R 1 Cl. 



Phase-locked-loop with lock detector l PC74HC/HCT7046A 

MSI 

r-------~---------~------------------------------------, 

SUBJECT 

PLL conditions 
with no signal at 
the SIG1N input 

PHASE 
COMPARATOR 

PC1 

PC2 

DESIGN CONSIDERATIONS 

VCO adjusts to f 0 with ¢DEMOUT = 90° and VvcOli~ = 1/2 Vee (see Fig. 6). 

VCO adjusts to f 0 with ¢DEM OUT= -360° and Vvco1N = 0 V (see Fig. 8). 
f---------+----------4---------------------------------------< 

PLL frequency 
capture range 

PC1,PC2 Loop filter component selection 

(a) T = R3 x C2 lb) amplitude characteristic (cl pole-zero diagram 

A small capture range (2fcl is obtained if T> 2fc"' 1/ir)2·ff1Lh-

Fig. 25 Simple loop filter for PLL without offset. 

~ fFr;willlh 
lNPUT ~:y OUTPUT 

c1 m --- -- - m"' R3:4R4 

1/73 l/72 w 7296054 

(a) 71 = R3 x C2; (b) amplitude characteristic (c) pole-zero diagram 
r2 = R4 x C2; 
r3 = ( R3 + R4) x C2 

Fig. 26 Simple loop filter for PLL with offaet. 
f----------+----------+----

PLL locks on PC1 yes 
harmonics at r--------t-----------------------------~ 

centre frequency PC2 no 

noise rejection at PC1 high 
signal input r---------r-----------------------------------< 

PC2 low 
r-· 

AC ripple content PC1 
when PLL is 

fr= 2fi, large ripple content at ¢DEMOUT = 90° 
f----------f-------------------------------~ 

locked PC2 fr= ti, small ripple content at ¢DEMO UT= 0° 
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Fig. 27 Typical value of VCO centre 
a function of C1: H2" Vvco1N = 

INH=GND;Tamb 25 



Phase-locked-loop with lock detector I Dr7 AHC/HCT7046A 

~MS! 

l--+-+++++-1-tt--+-+-H+tt-tt-~t-+-+++tf!~b0:y..i~-""<l-l\:"k'l<IH+H~+-f--H+++tt-"d---kt++f'!il-Vc;c=r 

io4~~~§!~~~~~~~~Jl~~~~~~~:~h~~~~~~:jii§==~i'-~l~~N~hli~:~::~:~~:~~tigg 
~~ 3.0V 

f--t-+-t-+++ftt--+-t-+-H-ttt+--+-++++t+tt-~--++++t+tt--t--+-t+t+H'l.K"\~:""""~"""r':-1'"t'-N-N-lt+H---+ + j 

102 ~1~1•~~mm1~§1!1~g1m1~1=a100Ll~lQ,.~~~mm B.OV ~mm t= 4.5 v =1 
t---+--+-t-++tttt--+-r-+-++++++--1-+-+-+-H+tt--+--+-++r++Ht---+---+--+-++-H-++--_,_,~......,~3·0V~t=-I 
t---+--+-t-++tt++--+-r-+-++++++--1-+-+-t++-t+t--+--+-+4_,et+t+- --+--+-~-+++t---+-+-+ .... +'...... 6.0 v -+--t-+-+++H 
t--·-+--t-t-++tttt-+--+++ttttt--1-+-H-+++tt--+--+++f+ffi1---~~+-+H+H+---+--+-++"t-tlt4_5v-

3_01v -t-H-t++H 

10t---+-~~~--+-~+++~-~-+-t~~-+--+-~~t---+--+-+-++-~-~,~~~~-+--•~~ 

1 10 102 103 104 105 Cl (pf) "I06 107 

Fig. 28 Typical value of frequency offset as a function 
of e1: R1 = =; VveOIN = 1/2 Vee; INH = GND; 
Tamb = 25 °e. 
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APPLICATION INFORMATION (Cont'd) 

2f L 

(Hz) 

_......., 

10 
10-1 

~ 
~ 

10-B 

960 J'""'"' 19861 

"h 
I"'-
~ 

!"-... 

~ 

~ 
~ 
~ 

~ 

~ 
JSJ 
~ ~ 

~ 
~ 
~ 

IN 
~ 

~ 
I"-

10-5 10-4 10-3 10- 2 R1 Cl 10-l 

Fig. 29 Typical frequency lock range ( 2fL) versus the 
product R1C1: Vveo1N range= 0.9 to (Vee - 0.9) V; 
Vee= 4.5 V; R2 = 00• 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
MSi 

8-BIT SYNCHRONOUS BCD DOWN COUNTER 

FEATURES 

• Cascadable 
• Synchronous or asynchronous prnset 
• Output capability: standard 
• Ice category: MSI 

GENERAL DESCRIPTION 
The 74HC/HCT40102 are high-speed 
Si-gate CMOS devices and are pie 
compatible with the "40102" of the 
"40008" series. They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT40102 consist each of 
an 8-bit synchronous down counter with 
a single output which is active when the 
internal count is zero. The "40102" is 
configured as two cascaded 4-bit BCD 
counters and has control inputs for 
enabling or disabling the clock (CPI, for 
clearing the counter to its maximum 
count, and for presetting the counter 
either synchronously or asynchronously. 
All control inputs and the terminal count 
output (TC) are active-LOW logic. 

In normal operation, the counter is 
decremented by one count on each 
positive-going transition of the clock (CPI. 
Counting is inhibited when the terminal 
enable input (TEI is HIGH. The terminal 
count output (TC) goes LOW when the 
count reaches zero if TE is LOW, and 
remains LOW for one full clock period. 

When the synchronous preset enable input 
(PE) is LOW, data at the jam input IPo to 
P7) is clocked into the counter on the 
next positive-going clock transition 
regardless of the state of TI. 
When the asynchronous preset enable 
input (Pl) is LOW, data at the jam input 
(Po to P7) is asynchronously forced into 
the counter regardless of the state of PE, 
TE, or CP. The jam inputs (Po to P7) 
represent two 4-bit BCD words. 

(continued on next page) 

Vee 

Pi' 

Tc 

P7 

40102 ,, 

p 4 

PC 

Fig. 1 Pin configuration. 

GND = 0 \/;lamb= 25 "C; t, = t1 = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation {Po in µW}: 

Po= Cpo x Vee' x f; + i: ICL x Vee' x f0 ) where: 

fj == input frequency in MHz CL output load iri of 
10 = output frequency in MHz Vee ~ supply voltage 
Z: (CL x Vee' x 10 ) =sum of outputs 

2. For HC the condition is Vi= Gl~D to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMAHOl\l/PACKAGE OUTLINES 

PC74HC/HCT40102P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT40102T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PiN DESCRIPTION 

PIN NO. 

1 

2 

3 

4, 5, 6, 7, 
10, 11, 12, 13 

8 

9 

14 

15 

16 

10 

11 

SYMBOL 

CP 

MR 

IT 

Po to P7 

GND 

PL 

TC 

PE 

Vee 

1 9 3 

6 b 
CP PL TE 

Po 

P1 

'2 
P3 

TC 0-14 

i NAME AND F UNCT!ON 
--

clock input (LO W-to"H ICJ H, edge-ti·ig[Jersd) 

asynchronous master reset input LOW} 

terminal enable input 

jam inputs 

ground (0 VI 

asynchronous p reset enable input (active LOVV) i 

output (active LOW) Jll 
eset 1snab!e input (active '._QW) 

terminal count 

synchronous pr 

positive supply voltage 

----·-1 
I 

IN 

PROGRESS 

Fig. 3 I EC logic symbol. 
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PC74HC/HCT40102 

MSI 

1s PE 

CP 

Tc 14 

4 5 6 7 10 11 12 13 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

CONTROL INPUTS PRESET 

MR PL PE TE 
MODE 

H H H H 

H H H L synchronous 

H H L x 

H L x x 
asynchronous 

L x x x 

Notes to function table 

1. Clock connected to CP. 

ACTION 

inhibit counter 

count down 

preset on next LOW-to 
HIGH clock transition 

preset asynchronously 

clear to maximum count 

2. Synchronous operation: changes occur on the LOW-to-HIGH CP transition. 
3. Jam inputs: MSD = P7, LSD =Po. 

H =HIGH voltage level 
L = LOW voltage level 
X =don't care 

952 ''"""" 19861 

GENERAL DESCRIPTION (Cont'd) 

When the master reset input (MR) is LOW, 
the counter is ~synchronously cleared to 
its maximum count (decimal 99) 
regardless of the state of any other input. 
The precedence relationship between 
control inputs is indicated in the function 
table. 

If al I control inputs except TE are HIGH 
at the time of zero count, the counters 
will jump to the maximum count, giving 
a counting sequence of 100 clock pulses 
long. 
The "40102" may be cascaded using the 
TE input and the TC output, in either a 
synchronous or ripple mode. 

APPLICATIONS 

• . Divide-by-n counters 
• Programmable timers 
• Interrupt timers 
• Cycle/program counters 
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8-bit synchronous binary down counter 

Fig. 5 Logic diagram. 

PC74HC/HCT40102 

MSI 

CP ~!l--f"LrWl-

MR--1-J µ 

•2 
_I 

P3 J 
P4 -

1-~1--_,~--+~-+~-+-~-+~-+-~-+-~+--t-~_,~--+~-+~-t-~1--~-+-~-+-~+-~ 

'• -!--_,f----+~-+~-+-~-t-~-+-~-+-~+-~t---+~--+~-+~-+-~-+_,,__~-t-~+-~t--~ 
_I 

•• 

COUNT 99 98 
~I, 

, o I ss ae sa 97 5 4 99 98 97 96 

7Z93751 

Fig. 6 Timing diagram. 



PC74HC/HCT40102 

MSI 

DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 
GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

Tamb (°C) 

74HC 
SYMBOL PARAMETER UNIT Vee 

+25 -40to +85 -40 to +125 v 
min. typ. max. min. max. min. max. 

tPHLI 
I 

propagation delay 300 375 450 2.0 
60 75 90 ns 4.5 

tPLH CP to TC 
51 64 77 6.0 

tPHL/ propagation delay 200 250 300 1 2.0 
40 50 60 ns 4.5 

tPLH TE to TC 
34 43 51 6.0 

tPHL/ propagation delay 275 345 415 2.0 
55 69 83 ns 4.5 

tPLH PL to TC 
47 59 71 6.0 

propagation delay 275 345 415 2.0 
tPHL MR to TC 55 69 83 ns 4.5 

47 59 71 6.0 

tTHLI 
75 95 110 2.0 

output transition time 15 19 22 ns 4.5 
tTLH 13 16 19 6.0 

clock pulse width 165 205 250 2.0 
tw 33 41 50 ns 4.5 HIGH or LOW 

28 35 43 6.0 

master reset pulse width 150 190 225 2.0 
tw 30 38 45 ns 4.5 LOW 

26 33 38 6.0 

preset enable pulse width 125 155 190 2.0 
tw PL; LOW 25 31 38 ns 4.5 

21 26 32 6.0 

removal time 50 65 75 2.0 
1rem MR to CP 10 13 15 ns 4.5 

9 11 13 6.0 

set-up time 100 125 150 2.0 
tsu PE to CP 20 25 30 ns 4.5 

17 21 26 6.0 

set-up time 175 220 265 2.0 
tsu TE to CP 35 44 53 ns 4.5 

30 37 45 6.0 

set·up time 100 125 150 2.0 
tsu Pn to CP 

20 25 30 ns 4.5 
17 21 26 6.0 

hold time 0 0 0 2.0 
th PE to CP 0 0 0 ns 4.5 

0 0 0 6.0 
_ __J 
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TEST CONDITIONS 

WAVEFORMS 

Fig. 7 

Fig. 8 

Fig. 9 

Fig. 9 

Figs. 7 and 8 

Fig. 7 

Fig. 9 

Fig. 9 

Fig. 10 

Fig. 11 

Fig. 11 

Fig. 12 

Fig. 11 
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8-bit synchronous binary down counter 

AC CHARACTERISTICS FOR 74HC (Cont'd) 

GND=OV;tr=tf=6ns;CL =50pF 

Tamb (°CI 

74HC 
SYMBOL PARAMETER UNIT Vee 

+25 -40to +85 -40 to +125 v 
min. typ. max. min. max. min. max. 

hold time 0 0 0 2.0 
th TE to CP 0 0 0 ns 4.5 

0 0 0 6.0 

hold time 5 5 5 2.0 
th Pn to CP 

5 5 5 ns 4.5 
5 5 5 6.0 

maximum clock pulse 3 2.4 2.0 2.0 
fmax frequency 15 12 10 MHz 4.5 

18 14 12 6.0 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

PC74HC/HCT40102 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 11 

Fig. 12 

Fig. 7 

The value of additional quiescent supply current (Alce) for a unit load' of 1 is given in the family specifications. 
To determine Alec per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT UNIT LOAD 
COEFFICIENT 

CP,~ 1.50 
MR 1.00 
TE 0.80 
Pn 0.25 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

Tamb (°C) TEST CONDITIONS 

74HCT 
SYMBOL PARAMETER UNIT Vee WAVEFORMS 

+25 -40to +85 -40 to +125 v 
min. typ. max. min. max. min. max. 

tPHLI propagation delay 
70 87 105 ns 4.5 Fig. 7 

tPLH CP to TC 

tPHLI propagation delay 
50 63 75 ns 4.5 Fig. 8 

tPLH TE toiC 

tPHL/ propagation delay 
60 75 90 ns 4.5 Fig. 9 

tPLH PL to TC 

tPHL 
propagation delay 

60 75 90 ns 4.5 Fig. 9 
MR to TC 

trnL/ output transition time 15 19 
tTLH 

22 ns 4.5 Figs. 7 and 8 



PC74HC/HCT40102 

MSI 

AC CHARACTERISTICS FOR 74 HCT (Cont'd) 
GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 
+25 

min. typ. 

tw 
clock pulse width 

35 HIGH or LOW 

tw 
master reset pulse width 40 

LOW 

tw 
preset enable pulse width 

PL; LOW 38 

trem 
removal time 

10 MR to CP 

tsu 
set-up time 24 

PE to CP 

tsu 
set-up time 

40 TE to CP 

tsu 
set-up time 

20 Pn to CP 

th 
hold time 

0 PE to CP 

th 
hold time 

0 TE to CP 

th 
hold time 

5 
Pn to CP 

fmax 
maximum clock pulse 

14 frequency 

956 ''"""" 19861 

max. 

Tamb l°C) TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40to +85 -40to +125 v 
min. max. min. max. 

44 53 ns 4.5 Fig. 7 

50 60 ns 4.5 Fig. 9 

48 57 ns 4.5 Fig. 9 

13 15 ns 4.5 Fig. 10 

30 36 ns 4.5 Fig. 11 

50 60 ns 4.5 Fig. 11 

25 30 ns 4.5 Fig. 12 

0 0 ns 4.5 Fig. 11 

0 0 ns 4.5 Fig. 11 

5 5 ns 4.5 Fig. 12 

11 9 MHz 4.5 Fig. 7 
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8-bit synchronous binary down counter 

AC WAVEFORMS 

~-- 1 11max---

CP INPUT 

TC ourrur -]'-~M-'_" ____ -_"_LH-'][ 
7293744 

Fig. 7 Waveforms showing the clock input 
(CP) to TC propagation delays, the clock 
pulse width, the output transition times 
and the maximum clock pulse frequency. 

Pl, MR INPUT 

TC OUTPUT 

TI or PE 
INPUT 

CP INPUT 

Fig. 9 Waveforms showing PL, MR 
to TC propagation delays. 

7293747 

7293748 

Fig. 11 Waveforms showing hold and set-up 
times for MR or PE to CP. 

Note to AC waveforms 

(1) HC : VM = 50%; v, = GND to Vcc­
HCT: VM = 1.3 V; V1 = GND to 3 V. 

PC74HC/HCT40102 

MSI 

TI INPUT 

'fC OUTPUT 

7293745 

Fig. 8 Waveforms showing the TE to TC 
propagation delays. 

MR INPUT 

CP INPUT 

r0 to r7 

INPUTS 

PE INPUT 

CP INPUT 

Fig. 10 Waveforms showing removal time 
for MR. 

7293749 

Fig. 12 Waveforms showing hold and set-up 
times for Pn, PE to CP. 

...,.. _____________ _ 
Note to Fig. 12 
The shaded areas indicate when the input 
is permitted to change for predictable 
output performance. 
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PC74HC/HCT40103 

MSI 

8-BIT SYNCHRONOUS BINARY DOWN COUNTER 

FEATURES 

• Cascadable 
• Synchronous or asynchronous preset 
• Output capability: standard 

• lcc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT40103 are high speed 
Si-gate CMOS devices and are pin 
compatible with the "40103" of the 
"4000B" series. They are specified in 
compliance with JED EC standard no. 7. 

The 74HC/HCT40103 consist each of 
an 8-bit synchronous down counter with 
a single output which is active when the 
internal count is zero. The "40103" 
contains a single 8-bit binary 
counter and has control inputs for 
enabling or disabling the clock (CP), for 
clearing the counter to its maximum 
count, and for presetting the counter 
either synchronously or asynchronously. 
All control inputs and the terminal count 
output (TC) are active-LOW logic. 

In normal operation, the counter is 
decremented by one count on each 
positive-going transition of the clock (CP). 
Counting is inhibited when the terminal 
enable input (TEI is HIGH. The terminal 
count output (TC) goes LOW when the 
count reaches zero if TE is LOW, and 
remains LOW for one full clock period. 

When the synchronous preset enable input 
(PE) is LOW, data at the jam input (Po to 
P7) is clocked into the counter on the 
next positive-going clock transition 
regardless of the state of TE. 
When the asynchronous preset enable 
input (PL) is LOW, data at the jam input 
(Po to P7) is asynchronously forced into 
the counter regardless of the state of PE, 
TE, or CP. The jam inputs (Po to P7) 
represent a single 8-bit binary word. 

(continued on next page) 

40103 ,, 

p 4 

7293739 

Fig. 1 Pin configuration. 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH CP to TC 

fmax maximum clock frequency 

C1 input capacitance 

Cpo 
power dissipation 

capacitance per counter 

GND = 0 V; Tamb = 25 °C; tr= t1 = 6 ns 

Notes 

TYPICAL 
CONDITIONS 

HC HCT 

CL=15pF 29 30 

Vee= 5 v 
32 31 

3.5 3.5 

notes 1 and 2 24 27 

1. Cpo is used to determine the dynamic power dissipation (Po in µW): 

Po= Cpo x Vee' x Ii+ 2: (CL x Vee' x 10 ) where: 

UNIT 

ns 

MHz 

pF 

pF 

Ii = input frequency in MHz CL output load capacitance in pF 
10 = output frequency in MHz Vee = supply voltage in V 
2: (CL x Vee' x 10 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT40103P: 16-lead DI L; plastic (SOT-382). 
PC74HC/HCT40103T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 CP clock input (LOW-to-HIGH, edge-triggered) 

2 MR asynchronous master reset input (active LOW) 

3 TE terminal enable input 

4, 5, 6, 7, 
Po to P7 jam inputs 

10, 11, 12, 13 

8 GND ground (0 VI 

9 PL asynchronous preset enable input (active LOW) 

14 TC terminal count output (active LOW) 

15 PE synchronous preset enable input (active LOW) 

16 Vee positive supply voltage 

TC 14 
IN PROGRESS 10 '• 

11 P5 

12 ,, 
13 " PE MR 

15 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 



PC74HC/HCT40103 

MSI 

FUNCTION TABLE 

CONTROL INPUTS 

M'R PL PE 

H H H 

H H H 

H H L 

H L x 
L x x 

Notes to function table 
1 . Clock connected to CP. 

CP 

Tc 14 

4 5 6 7 10 11 12 13 

Fig. 4 Functional diagram. 

PRESET ACTION 
TE MODE 

H inhibit counter 

L synchronous count down 

x preset on next LOW-to 
HIGH clock transition 

x preset asynchronously 
asynchronous 

x clear to maximum count 

2. Synchronous operation: changes occur on the LOW-to-HIGH CP transition. 
3. Jam inputs: MSD = P7, LSD= Po. 

H = HIGH voltage level 
L = LOW voltage level 
X = don't care 

... '"'""" 1986 j 

GENERAL DESCRIPTION (Cont'd) 
When the master reset input (MR) is LOW, 
the counter is asynchronously cleared to 
its maximum count (decimal 255) 
regardless of the state of any other input. 
The precedence relationship between 
control inputs is indicated in the function 
table. 

If all control inputs except TE are HIGH 
at the time of zero count, the counters 
will jump to the maximum count, giving 
a counting sequence of 256 clock pulses 
long. 
The "40103" may be cascaded using the 
TE input and the TC output, in either a 
synchronous or ripple mode. 

APPLICATIONS 

• Divide-by-n counters 
• Programmable timers 
• Interrupt timers 
• Cycle/program counters 



8-bit synchronous binary down counter 

CP 

Fig. 5 Logic diagram. 

PC74HC/HCT 40103 

MSI 

MR --1--J w 

'o 
-I 1 

,, L 
I 

'2 

I 
P3 J 

I 
'• 

I 
P5 

I 
'• 

_I 
P7 

Tc 

COLIN T 255 254 3 2 

!---I 
, I o ! 255 254 254 253 s 5 4 255 254 253 252 

Fig. 6 Timing diagram. 
7Z93743 
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PC74HC/HCT40103 

MSI 

DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter "HCMOS family characteristics'', section "Family specifications". 
Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND=OV·t =tt=6ns·CL=50pF ' r 
Tamb (oC) 

74HC 
SYMBOL PARAMETER UNIT Vee 

+25 -40 to +85 -40 to +125 v 

min. typ. max. min. max. min. max. 

lPHL/ propagation delay 96 300 375 450 2.0 
35 60 75 90 ns 4.5 

tPLH CP to TC 
28 51 64 77 6.0 

tPHL/ propagation delay 50 175 220 265 2.0 
18 35 44 53 ns 4.5 

tPLH TE to TC 
14 30 37 45 6.0 

lPHLI propagation delay 102 315 395 475 2.0 
37 63 79 95 ns 4.5 

tPLH PL to TC 
30 53 40 81 6.0 

propagation delay 83 275 345 415 2.0 
lPHL 30 55 69 83 ns 4.5 MR to TC 

24 47 59 71 6.0 

trnL/ 
19 75 95 110 2.0 

output transition time 7 15 19 22 ns 4.5 
trLH 6 13 16 19 6.0 

clock pulse width 165 33 205 250 2.0 
tw 33 12 41 50 ns 4.5 HIGH or LOW 

28 10 35 43 6.0 

master reset pulse width 125 39 155 190 2.0 
tw 25 14 31 38 ns 4.5 LOW 

21 11 26 32 6.0 

preset enable pulse width 125 33 155 190 2.0 
tw 25 12 31 38 ns 4.5 PL; LOW 

21 10 26 32 6.0 

removal time 50 14 65 75 2.0 
trem MR to CP or PL to CP 10 5 13 15 ns 4.5 

9 4 11 13 6.0 

set-up time 75 22 95 110 2.0 
tsu PE to CP 15 8 19 22 ns 4.5 

13 6 16 19 6.0 

set-up time 150 44 190 225 2.0 
lsu TE to CP 30 16 38 45 ns 4.5 

26 13 33 38 6.0 

set-up time 75 22 95 110 2.0 
1su 15 8 19 22 ns 4.5 Pn to CP 

13 6 16 19 6.0 

hold time 0 -14 0 0 2.0 
th PE to CP 0 -5 0 0 ns 4.5 

0 -4 0 0 6.0 

962 ''"""" 19861 

TEST CONDITIONS 

WAVEFORMS 

Fig. 7 

Fig. 8 

Fig. 9 

Fig. 9 

Figs. 7 and 8 

Fig. 7 

Fig. 9 

Fig. 9 

Fig. 10 

Fig. 11 

Fig. 11 

Fig. 12 

Fig. 11 



8-bit synchronous binary down counter 

AC CHARACTERISTICS FOR 74HC (Cont'd) 
GND = 0 V; t, = tf = 6 ns; Ci_= 50 pF 

PC74HC/HCT40103 

MSI 

[:MBOL -P~AME=-----r-=- ---~:~:1---------U~ T':::::::::·· 
I f--- +25 -40to+B5 -40to+125 v 

I I mm. ft;;;T::. min. max. mm. max 

hold time _ 
th IT to CP 0 -9 I 0 0 ns 

2.0 
4.5 
6.0 

Fig. 11 - ~ol'1°1 1-r;o -1---~o __ , __ ___j__ 

-- -- -r----i-----j----------, 

hold time 0 • -17 0 0 
' th Pn to CP 0 -6 0 0 

l•m,:---~----~------~0-~-5 0 0 

--------·------ ------ -----

maximum clock pulse 3 
101 

2.4 2.0 
15 29 12 10 frequency 
18 35 14 12 

·--1 

ns 
2.0 
4.5 
6.0 

Fig. 12 

. -- -- - -- ----t------- -- -------
2. 0 

MHz 4.5 Fig. 7 
6.0 
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MSI 
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DC CHARACTERISTICS FOR 74HCT 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 
Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (lilccl for a unit load of 1 is given in the family specifications. 
To determine l'ilcc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 

CP, PE 
MR 
TE 
Pn 

UNIT LOAD 
COEFFICIENT 

1.50 
1.00 
0.80 
0.25 

AC CHARACTERISTICS FOR 74HCT 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

Tamb (oC) 
f-----------------

74HCT 
~------- ---------..------ UNIT Vee WAVEFORMS 

+25 -40 to +85 -40 to +125 v 

min. typ. max. min. max. min. max. 
-----f------------------··-- ----l---+---+---l---+---t---+-----1---t---·----------

tpH LI propagation delay 
tPLH CP to TC 

4.5 Fig. 7 90 ns 60 75 35 

!------+----------- ------+--+----+---+--- ---j------+---+----- -+---r-----------

tpH LI propagation delay 23 40 5o 60 ns 4.5 Fig. 8 
tPLH TE to TC 

<------+----------+---+---+----41---+-----+--·--t-- -----t-----r------------

tPHLI propagation delay 44 75 94 112 ns 4.5 Fig. 9 
tPLH PL to TC 

l------+------------+---+----+----t---t-- ---t-----t------+--- -----------
propagation delay 

MR to TC 
29 55 69 83 ns 4.5 Fig. 9 

t-------1---------------11---.+---+----+--+--·--+--+----+--t---r--------

tTH L/ output transition time 7 15 19 22 ns 4.5 Figs. 7 and 8 
tTLH 

l------+-·------------t----<---+---1--- --- ----+----+----!----+----------~ 

tw 

tw 

clock pulse width 
HIGH or LOW 

master reset pulse width 
LOW 

--

33 10 41 50 ns 4.5 Fig. 7 

----+---t----t---r---r---r----+----+--- +--------
30 16 38 45 ns 4.5 Fig. 9 

l-·-----1-----------i----l---+---1-----+----+---+---l----l----+-----------1 
preset enable pulse width 

38 22 PL; LOW tw 48 57 ns 4.5 Fig. 9 

removal time 10 1 
MR to CP or PL to CP 

15 13 ns 4.5 Fig. 10 

set-up time 
20 11 

PE to CP 

l------~------------+---l----l---1----+----j---t--·-f---l---t-----------i 

30 25 ns 4.5 Fig. 11 

set-up time 
40 20 

TE to CP 

set-up time 
20 11 Pn to CP 

25 30 ns 4.5 Fig. 12 

hold time 
2 -3 PE to CP 2 ns 4.5 Fig. 11 2 

Joou"y 19861 



8-bit synchronous binary down counter 

AC CHARACTERISTICS FOR 74HCT (Cont'd) 

GND = 0 V; tr= tf = 6 ns; CL= 50 pf 

SYMBOL PARAMETER 
+25 

min. typ. max. 

th 
hold time 

0 -10 
TE to CP 

th 
hold time 

0 -5 P0 to CP 

fmax 
maximum clock pulse 

15 28 frequency 

Tamb l°CI 

74HeT 

-40to +85 -40 to +125 

min. max. min. max. 

0 0 

0 0 

12 10 

UNIT 

ns 

ns 

MHz 

Vee 
v 

4.5 

4.5 

4.5 

PC74HC/HCT40103 

MSI 

Tl:ST CONDITIONS 

WAVEFORMS 

Fig. 11 

Fig. 12 

I Fig. 7 
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AC WAVEFORMS 

CP 1NPUT 

Tc OUTPUT 

7Z93744 

Fig. 7 Waveforms showing the clock input 
(CP) to TC propagation delays, the clock 
pulse width, the output transition times 
and the maximum clock pulse frequency. 

PL, MA INPUT 

TC OUTPUT 

TE or PE 
INPUT 

CP INPUT 

Fig. 9 Waveforms showing PL, liiiR 
to TC propagation delays. 

7Z93747 

7Z93748 

Fig. 11 Waveforms showing hold and set-up 
times for liiiR or PE to CP. 

Note to AC waveforms 

(1) HC : VM = 50%; Vi= GND to Vee· 
HCT: VM = 1.3V; V1 = GND to 3V. 

••• J"'"'"' , ••• , 

1~v~~~L--C"lr-
fC OUTPUT VM(ll J 

fE INPUT 

7Z9374!i _.! -- trLH 

Fig. 8 Waveforms showing the TE to TC 
propagation delays. 

MR INPUT 

CP INPUT 

7Z93746 

Fig. 10 Waveforms showing removal time 
for MR. 

Poto P7 

INPUTS 

PE INPUT 

CP INPUT 

Fig. 12 Waveforms showing hold and set-up 
times for Pn, PE to CP. 

Note to Fig. 12 
The shaded areas indicate when the input 
is permitted to change for predictable 
output performance. 
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4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER; 3-STATE 

FEATURES 

• Synchronous parallel or serial operating 
• 3-state outputs 
• Output capability: bus driver 
• Ice category: MSI 

GENERAL DESCRIPTION 
The 74HC/HCT40104 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the "40104" of the 
"40008" series. They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT40104 are universal 
shift registers featuring parallel inputs, 
parallel outputs, shift-right and shift-left 
serial inputs and 3-state outputs allowing 
the devices to be used in bus-organized 
systems. 

In the parallel-load mode (So and S1 are 
HIGH), data is loaded into the associated 
flip-flop and appears at the output after 
the positive transition of the clock input 
(CP). 

During loading, serial data flow is 
inhibited. Shift-right and shift-left are 
accomplished synchronously on the 
positive clock edge with serial data entered 
at the shift-right (DsRl and shift-left 
(DsLl serial inputs, respectively. 

Clearing the register is accomplished by 
setting both mode controls (So and S1) 
LOW and clocking the register. 
When the output enable input (OE) is 
LOW, all outputs assume the high­
impedance OFF-state (Z). 

APPLICATIONS 

• Arithmetic unit bus registers 
• Serial/parallel conversion 
• General-purpose register for bus 

organized systems 
• General-purpose registers 

40104 

Fig. 1 Pin configuration. 

TYPICAL 
SYMBOL PARAMETER CONDITIONS UNIT 

HC HGT 

tPHLI propagation delay 
13 15 ns 

tPLH CP to On CL = 15 pF 
Vee= 5V 

fmax maximum clock frequency 61 51 MHz 

C1 input capacitance 3.5 3.5 pF 

Cpo 
power dissipation 

notes 1 and 2 75 75 pF 
capacitance per package 

GND = 0 V; Tamb = 25 °C; tr= tf = 6 ns 

Notes 

1. Cpo is used to determine the dynamic power dissipation !Po in µW): 

Po= Cpo x Vee' x fi + ~ (CL x Vee' x 10 ) where: 

fi = input frequency in MHz CL output load capacitance in pF 
f0 = output frequency in MHz 'Vee = supply voltage in V 
:!: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 = GND to Vee 
For HCTthecondition is V1 = GND to Vcc-1.5 V 

ORDERING INFORMATION/PACKAGE OUTLINES 

PC74HC/HCT40104P: 16-lead DI L; plastic (SOT-38Z). 
PC74HC/HCT40104T: 16-lead mini-pack; plastic (S0-16; SOT-109A). 

PIN DESCRIPTION 

PIN NO. SYMBOL NAME AND FUNCTION 

1 OE 3-state output enable input (active HIGH) 

2 DsR serial data shift-right input 

3,4,5,6 Do to D3 parallel data inputs 

7 DsL serial data shift-left input 

8 GND ground (0 V) 

9, 10 So, S1 mode control inputs 

11 CP clock input (LOW-to-HIGH, edge-triggered) 

15, 14, 13, 12 o0 to o3 3-state parallel outputs 

16 Vee positive supply voltage 

10 

So s, 
DsR 

Do Do 15 

o, o, 14 

o, o, 13 

03 03 12 

DsL 
CP OE 

Fig. 2 Logic symbol. Fig. 3 I EC logic symbol. 
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PC74HC/HCT40104 

MSI 

15 

01 o, 

CONTROL LOGIC 

D1 01 02 02 
4- BIT SHIFT REGISTER 

3-STATE OUTPUT 

a1 a, 
14 13 

Fig. 4 Functional diagram. 

FUNCTION TABLE 

7Z87471 

OPERATING MODES 
INPUTS (OE = HIGH) 

H = HIGH voltage level 

968 

L = LOW voltage level 
X = don't care 
tn+ 1 = state after next 

LOW-to-HIGH transition 
of CP 

Jonuoov 19 .. 1 

reset 

shift left 

shift right 

parallel load 

S1 So 

L L 

H L 
H L 

L H 
L H 

H H 
H H 

a1 

Fig. 5 Logic diagram. 

DsR DsL o0 to o3 

x x x 
x L x 
x H x 
L x x 
H x x 
x x L 
x x H 

a, 

OUTPUTS at tn+l 

Oo 01 02 03 

L L L L 

01 02 03 L 
01 02 03 H 

L Oo 01 02 
H Oo 01 02 

L L L L 
H H H H 

7Z87473 



4-bit bidirectional universal shift register; 3-state 

DC CHARACTERISTICS FOR 74HC 
For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND ~ 0 V;tr ~tf ~6ns; CL ~50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH CP to On 

tpzH/ 3-state output enable ti me 
tpzL OE to On 

tpHz/ 3-state output disable time 
tpLz OE to On 

trHLI output transition time 
trLH 

clock pulse width 
tw HIGH or LOW 

lsu 
set-up time 

Dn, DSR· DsL to CP 

tsu 
set-up time 

So. S1 to CP 

th 
hold time 

Dn. DsR. DsL to CP 

th 
hold time 

SQ, S1 to CP 

maximum clock pulse 
fmax frequency 

+25 

min. typ. 

44 
16 
13 

33 
12 
10 

50 
18 
14 

14 
5 
4 

80 19 
16 7 
14 6 

80 17 
16 6 
14 5 

80 22 
16 8 
14 6 

2 -8 
2 -3 
2 -2 

2 -14 
2 -3 
2 -4 

6.0 19 
30 56 
35 67 

Tamb (oC) 

74HC 
UNIT Vee 

-40 to +85 -40 to +125 v 
max. min. max. min. max. 

170 215 255 2.0 
34 43 51 ns 4.5 
29 37 43 6.0 

150 190 225 2.0 
30 38 45 ns 4.5 
26 33 38 6.0 

150 190 225 2.0 
30 38 45 ns 4.5 
26 33 38 6.0 

60 75 90 2.0 
12 15 18 ns 4.5 
10 13 15 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

100 120 2.0 
20 24 ns 4.5 
17 20 6.0 

2 2 2.0 
2 2 ns 4.5 
2 2 6.0 

--

2 2 2.0 
2 2 ns 4.5 
2 2 6.0 

4.8 4.0 2.0 
24 20 Ml-11 4.5 
28 24 6.0 

PC74HC/HCT40104 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 6 

Fig. 7 

Fig. 7 

Fig. 6 

Fig. 6 

Fig. 8 

Fig. 8 

Fig. 8 

Fig. 8 

Fig. 6 
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PC74HC/HCT40104 

MSI 

DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: bus driver 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (tdccl for a unit load of 1 is given in the family specifications. 
To determine lllcc per input, multiply this value by the unit load coefficient shown in the table below. 

input 
unit load 
coefficient 

Doto D3 0.35 
DsR,DSL 0.35 
CP 0.35 
So, S1 0.70 
OE 1.40 

AC CHARACTERISTICS FOR 74HCT 
GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 

tPHLI propagation delay 
tPLH CP to On 

tpzH/ 3-state output enable time 
tpzL OE to On 

tpHz/ 3-state output disable ti me 
tpLz OE to On 

ITHLI output transition time 
ITLH 

tw 
clock pulse width 

HIGH or LOW 

lsu 
set-up time 

Dn, DsR· DsL to CP 

lsu 
set-up time 

So. S1 to CP 

th 
hold time 
Dn. DsR. DsL to CP 

th 
hold time 

SQ, S1 to CP 

fmax 
maximum clock pulse 
frequency 

970 January 1986 

+25 

min. typ. max. 

18 34 

12 30 

21 35 

5 12 

16 8 

16 8 

20 9 

2 -3 

2 -3 

27 52 

Tamb (°Cl TEST CONDITIONS 

74HCT 
UNIT Vee WAVEFORMS 

-40 to +85 -40 to +125 v 
min. max. min. max. 

43 51 ns 4.5 Fig. 6 

38 45 ns 4.5 Fig. 7 

44 53 ns 4.5 Fig. 7 

15 18 ns 4.5 Fig. 6 

20 24 ns 4.5 Fig. 6 

20 24 ns 4.5 Fig. 8 

25 30 ns 4.5 Fig. 8 

2 2 ns 4.5 Fig. 8 

2 2 ns 4.5 Fig. 8 

22 18 MHz 4.5 Fig. 6 



4-bit bidirectional universal shift register; 3-state 

AC WAVEFORMS 

CP INPUT 

l~m" -1r----\ 
jvMl1I L__1 \_ 

l-'w-1 I 
--tPHL-- .--tPLH--

lr-
an OUTPUT 

- 1THL 

Fig. 6 Waveforms showing the clock (CP) to 
output (Onl propagation delays, the clock pulse 
width, the output transition times and the 
maximum clock frequency. 

Dn, DsR• 

DsL•Sn 

INPUT 

CP INPUT 

Note to AC waveforms 

(1) HC : VM = 50%; V1 = GND to Vee· 
HCT: VM = 1.3V; V1 = GND to 3V. 

y 
J 7Z90981.1 

PC74HC/HCT40104 

MSI 

OE INPUT 

an OUTPUT 

LOW-to-OFF 
OFF-to-LOW 

On OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

J"' VM(1) 

10% ~'PLZ-
-- tPzH-

I 
VM(1) 

outputs - __ -,-,-,p-ot-, -~--' - outputs 

enabled disabled enabled 

Fig. 7 Waveforms showing the 3-state enable and 
disable times. 

Fig. 8 Waveforms showing the set-up and hold 
times from the Dn. DSR· DsL and Sn inputs 
to the clock (CP). 

Note to Fig 8 

The shaded areas indicate when the input is 
permitted to change for predictable output 
performance. 
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4-BIT X 16-WORD FIFO REGISTER 

FEATURES 

• Independent asynchronous inputs and 

outputs 

• Expandable in either direction 

• Reset capability 
• Status indicators on inputs and 

outputs 

• 3-state outputs 

• Output capability: standard 

• •cc category: MSI 

GENERAL DESCRIPTION 

The 74HC/HCT40105 are high-speed 
Si-gate CMOS devices and are pin 
compatible with the "40105" of the 
"40008" series. They are specified in 
compliance with JEDEC standard no. 7. 

The 74HC/HCT40105 are first-in/first-
out (FIFO) "elastic" storage registers that 
can store sixteen 4-bit words. The "40105" 
is capable of handling input and output 
data at different shifting rates. This feature 
makes it particularly useful as a buffer 
between asynchronous systems. Each 
word position in the register is clocked by 
a control flip-flop, which stores a marker 
bit. A "1" signifies that the position's 
data is filled and a "O" denotes a vacancy 
in that position. The control flip-flop 
detects the state of the preceding flip-flop 
and communicates its own status to the 
succeeding flip-flop. When a control 
flip-flop is in the "O" state and sees a "1" 
in the preceding flip-flop, it generates a 
clock pulse that transfers data from the 
preceding four data latches into its own 
four data latches and resets the preceding 
flip-flop to "O". The first and last control 
flip-flops have buffered outputs. Since all 
empty locations "bubble" automatically 
to the input end, and all valid data ripples 
through to the output end, the status of 
the first control flip-flop (data-in ready 
output - DIR) indicates if the FIFO is full, 
and the status of the last flip-flop (data-out 
ready output - DOR) indicates if the FIFO 

(continued on next page) 

~-----------·---·-·--·-

40105 

7Z93B36 

Fig. 1 Pin configuration. 

PC74HC/HCT40105 

MSI 

-----------
TYPICAL 

SYMBOL PARAMETER 

f-· 

tPHLI 
propagation delay 

MR to DIR, DOR 
tPLH SO to On 

--
propagation delay 

ooNomo" ~;FT "' 
CL~ 15 pF =~- 35 ___ --t-_ns----i 
Vee ~ 5 v 

UNIT 

tPHL SI to DIR 
SO to DOR 

16 18 
17 18 

ns 
ns 

-- -·-·-·-· ----+---t----+---1 

fmax maximum clock frequency 33 31 MHz 

C1 input capacitance 3.5 3.5 pF 
---

Cpo 
power dissipation 

capacitance per package 
134 145 pF notes 1 and 2 

GND = 0 V; Tamb = 25 'C; tr= tf = 6 ns 
Notes 

1. Cpo is used to determine the dynamic power dissipation !Pu in µW): 

Po= Cpo x Vee' x fi 1- E (CL x Vee' x fol where: 

fi = input frequency in MHz Ct. output load capacitance in pF 
f0 = output frequency in MHz Vee = supply voltage in V 
:!.: (CL x Vee' x f0 ) =sum of outputs 

2. For HC the condition is V1 ~ GND to Vee 
For HCT the condition is V1 = GND to Vee - 1.5 v 

ORDERING INFORMATION/PACKAGE OUTLINES 
PC74HC/HCT40105P: 16-lead DIL; plastic (SOT-38Z). 
PC74HC/HCT40105T: 16-lead mini-pack; plastic (S0-16; SOT 109A). 
PIN DESCRIPTION 

PIN NO. SYMBOL 

OE 

2 DIR 

3 SI 

4,5,6, 7 Do to D3 
8 GND 

9 MR 

13, 12, 11, 10 Oo to 03 
14 DOR 

15 so 
16 Vee 

-----

NAME AND FUNCTION 
·------------------t 

output enable input (active LOW) 

data-in ready output 

shift· in input (LOW to HIGH, edge-triggered) 

parallel data inputs 

ground (0 V) 

asynchronous master reset input I active HIGH) 

3-state data outputs 

data-out ready output 

shift-out input (HIGH-to LOW, edge-triggered) 

positive supply voltage 
··-------------~ 

--------------- -·-·--·-----------------, 

OE 

Do Do 13 

5- D1 01 12 

6- D2 a, 11 

7- D3 03 10 IN PROGRESS 

SI DOR 14 

15 so DIR 

MR 

9 7Z93B37 

Fig. 2 Logic symbol. Fig. 3 IEC logic symbol. 
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11 
'I 

PC74HC/HCT40105 11 

-------M-SI --~, _ _) 

974 

GENERAL ION (Cont'd) 

Loading dati.1 

Data can enternd 'v'/~1e;-;ever the DIR 
flag is HIGH, a LGV\H.o-HIGH 
transition on shift-In input {SI). 
This input rnust go LO\IV rnomentariiy 
before the next vvord is the 
FIFO.The Di vvillgo 
rnomentarilV, the diiU 
transfened the second lncatien, 
Di R flag rnmai11s LOW \tV!wn all 16 word 
locations 1.1V1 tn data and 
further puisns on the St input will, be 
ignored until D~n noes HtCJH. 

Unloading da!a 

As soon as tfw word rippled to 
the outp11t, the data-out readv 
(DORI goes HIGH and date 
word is avCJdablo on the 

commands vvi! I be Ignored 
marker to the 

Master reset 

HIC'I 
S! is H!C!ll, dfft.aon 

F· l r~o is er11ered in 

AH IGH on rrrnster reset input (MR) 
sets a!I the contro! !ogic marl<ur bits to 
"O" DOfl goes LOW and Dlli goes 
HIGH. The contents of the data register 
are not but will be superseded 
when the first word is loaded. Thus MR 
does not clear data within the but 
only the control logic. If the f!ag 
(SI) is HlGH during the master reset 
pulse, data present at the input (Do to 03) 
is immedi-::rtnlv moved into the· first 
location upon completion of the reset 
process. 

January 1 

3-state outputs 

In order to facilitate data busing, 3-state 
outputs (Oo to 03) are provided on the 
data output lines, while the load condition 
of the register can be detected by the 
state of the DOR output. A HIGH on the 
3-state control flag (output enable input -
OE) forces the outputs into the 
high impedance OFF-state mode. 

Cascading 

The "40105" can be cascaded to form 
longer registers simply by connecting 
the DIR outputs to the SO inputs and 
the DOR outputs to the SI inputs. 
In the cascading mode, a master reset 
pulse must be applied after the supply 
voltage is turned on. For words wider 
than 4 bits, the DIR and DOR outputs 
must be gated together with AND gates. 
Their outputs drive the SI and SO inputs 
in parallel, if expansion occurs in both 
directions (see Figs. 6 and 7). 

APPLICATIONS 

• Bit-rate smoothing 
• CPU/terminal buffering 
• Data communications 
• Peripheral buffering 
• line printer input buffers 
• Auto-diallers 
• CRT buffer memories 
• Radar data acquisition 



4-bit x 16-word FIFO register J 
---

INPUT BUFFERS OUTPUT BUFFERS 

2 DIR 

3 SI 

MR 

7Z93839 

Fig. 4 Functional diagram. 

MR 

SI 

DIR 

PC74HC/HCT40105 

MSI 

0-DOR 

o, 
1-------1 LATCHES 1-------1 LATCHES 1------1 

3-STATE 
OUTPUT 
BUFFERS o, 

position 1 

Notes to Fig. 5 
(see control flip-flops) 

(1) LOW on S'input of FF1 and FF5 will 
set Q output to HIGH independent 
of state on R input. 

(2) LOW on R input of FF2 and FF3 will 
set Q output to LOW independent 
of state on S' input. 

03 

position2to15 position 16 7Z93850.1 

Fig. 5 Logic diagram. 
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PC74HC/HCT40105 

MSI 

SI 

8-BITDATA 

DIR 

MRl1) 

DOR Oo Do SI 

o, a, o, o, 

02 
40105 

02 
40105 

02 02 

MR so 03 DIR MR 

111 7Z93839 

( 1) Master reset pulse must be applied when cascading by 16 n-bits. 

Fig. 6 Expansion; 4-bits wide-by-16 n-bits long. 

Do SI DOR 00 Do SI 

o, o, o, o, 

02 
40105 

02 D2 
40105 

02 

MR so 03 03 
DIR MR so 03 

Do SI DOR Oo Do SI 

o, o, D, o, 

02 
40105 

02 ~ 
40105 

02 

03 
DIR MR so 03 03 

DIR MR so 03 

( 1) Master reset pulse must be applied when cascading by 16 n-bits. 

Fig. 7 Expansion; 8-bits wide-by-16 n-bits long. 
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DC CHARACTERISTICS FOR 74HC 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications". 

Output capability: standard 
Ice category: MSI 

AC CHARACTERISTICS FOR 74HC 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

Tamb l°CI 

74HC 
SYMBOL PARAMETER UNIT Vee 

+25 -40to+85 -40to+125 v 
min. typ. max. min. max. min. max. 

tPHLI propagation delay 52 175 220 265 2.0 
19 35 44 53 ns 4.5 

tPLH MR to DIR, DOR 
15 30 37 45 6.0 

propagation delay 52 210 265 315 2.0 
tPHL 19 42 53 63 ns 4.5 SI to DIR 

15 36 45 54 6.0 

propagation delay 55 210 265 315 2.0 
tPHL 20 42 53 63 ns 4.5 SO to DOR 

16 36 45 54 6.0 

tPHL/ propagation delay 116 400 500 600 2.0 
42 80 100 120 ns 4.5 

tPLH SO to On 
34 68 85 102 6.0 

propagation delay/ripple 564 2000 2500 3000 2.0 
tPLH through delay 205 400 500 600 ns 4.5 

SI to DOR 165 340 425 510 6.0 

propagation delay/ripple 701 2500 3125 3750 2.0 
tPLH through delay 255 500 625 750 ns 4.5 

SO to DIR 204 425 532 638 6.0 

tTHLI 
19 75 95 110 2.0 

output transition time 7 15 19 22 ns 4.5 
tTLH 6 13 16 19 6.0 

tpzHI 3-state output enable 41 150 190 225 2.0 
15 30 38 45 ns 4.5 

tpzL IT!: to On 
12 26 33 38 6.0 

tpHz/ 3-state output disable time 41 140 175 210 2.0 
15 28 35 42 ns 4.5 

tpLz OE to On 
12 24 30 36 6.0 

SI pulse width 80 19 100 120 2.0 
tw 16 7 20 24 ns 4.5 HIGH or LOW 

14 6 17 20 6.0 

SO pulse width 120 39 150 180 2.0 
tw 24 14 30 36 ns 4.5 HIGH or LOW 20 11 26 31 6.0 

DIR pulse width 220 58 275 330 2.0 
tw 44 21 55 66 ns 4.5 HIGH or LOW 

37 17 47 56 6.0 

PC74HC/HCT40105 

MSI 

TEST CONDITIONS 

WAVEFORMS 

Fig. 8 

Fig. 9 

Fig. 10 

Fig. 11 

Fig. 12 

Fig. 13 

Fig. 11 

Fig.14 

Fig. 14 

Fig.9 

Fig.10 

Fig. 9 
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PC74HC/HCT40105 

MSI 

AC CHARACTERISTICS FOR 74HC (Cont'd) 

GND = 0 V; tr= tf = 6 ns; CL= 50 pF 

SYMBOL PARAMETER 
+25 

min. typ, 

DOR pulse width 220 55 
tw 44 20 HIGH or LOW 

37 16 

MR pulse width 80 22 
tw 16 8 HIGH 

14 6 

removal time 50 14 
trem MR to SI 10 5 

9 4 

set-up time -5 -39 
tsu -5 -14 

Dn to SI -5 -11 

hold time 125 44 
th Dn to SI 

25 16 
21 13 

maximum pulse frequency 3.0 10 
fmax Sl,SO 15 30 

18 36 

978 ''"""Y 19861 

Tamb (oC) TEST CONDITIONS 

74HC 
UNIT Vee WAVEFORMS 

--40 to +85 --40 to +125 v 
max. min. max. min. max. 

275 330 2.0 
55 66 ns 4.5 Fig. 10 
47 56 6.0 

100 120 2.0 
20 24 ns 4.5 Fig. 8 
17 20 6.0 

65 75 2.0 
13 15 ns 4.5 Fig. 15 
11 13 6.0 

-5 -5 2.0 
-5 -5 ns 4.5 Fig. 16 
-5 -5 6.0 

155 190 2.0 
31 38 ns 4.5 Fig. 16 
26 32 6.0 

2.4 2.0 2.0 
12 10 MHz 4.5 Figs 9 and 10 
14 12 6.0 



4-bit x 16-word FIFO register J 
DC CHARACTERISTICS FOR 74HCT 

For the DC characteristics see chapter "HCMOS family characteristics", section "Family specifications" 

Output capability: standard 
Ice category: MSI 

Note to HCT types 

The value of additional quiescent supply current (illcc) for a unit load of 1 is given in the family sµeciiici.ltio1, 
To deterrnine Lllcc per input, multiply this value by the unit load coefficient shown in the table below. 

INPUT 

OE 
SI 
Dn 
MR 
so 

UNIT LOAD-I 
COEFFICIENT 

0.30 
1.50 
0.40 

-g~~ ----J 
-~---~-- -·------·-

AC CMARACTERISTICS FOR 74HCT 

PC"f .,l.HCiHCT 401 Ofi 
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PC74HC/HCT40105 

MSI 

AC CHARACTERISTICS FOR 74HCT (Cont'd) 

GND = 0 V; tr= tf = 6 ns; CL= 5_0J:f_·-~----------------~--~---------~ 

SYMBOL 

tw 

tw 

tw 

trem 

r------

tsu 

th 

PARAMETER 

DI R pulse width 
HIGH or LO w 

DOR pulse widt h 
w HIGH or LO 

MR pulse width 
HIGH 

·---· 
removal time 

MR to SI 
------~·-· 

set-up time 
Dn to SI 

hold time 
Dn to SI 

t----·--t--·---·---

Tamb (°C) TEST CONDITIONS 

74HCT 
~----------------! UNIT Vee WAVEFORMS 

+25 -40 to +85 -40 to +125 v 

--~..:._~~'.'.:..min. max. min. max. 

40 20 50 60 ns 4.5 Fig. 9 

--··--1--- ---· ---l---+---1----1----+--+----------J 

40 19 50 60 ns 4.5 Fig. 10 

·-+--·--1---~---+-----+-·---1--·-l--------~ 

20 24 ns 4.5 Fig. 8 

-+---+---+---+---j~---+----1---------------J 

15 7 19 22 ns 4.5 Fig. 15 

. - I··· ... ··- -·+- -- - ----1-- ----"--·...._----·-\---· . --1--- -·- --------·-- --·----1 

.. .[) --14 --5 -5 ns 4.5 Fig. 16 

·-----l----+---+---+--·--j---l----+---l-----------1 

25 16 31 38 ns 4.5 Fig. 16 

- -·----+----···- f----·--+-·--1--·--+----+-·------· ---··--

fmax 
maximum pulse t1Gquoncy 

15 28 12 10 MHz 4.5 Figs 9 and 10 
Sl,SO 

--------······-·· __ _i__ ___ L ____ _ ------·------ ; 
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4-b it x 16-word FI FO register 

AC WAVEFORMS 

MA INPUT 

-tw-
-- tPLH 

DIR OUTPUT 

DOR OUTPUT VM(l) 

7Z93841.1 

Fig. 8 Waveforms showing the MR input 
to DIR, DOR output propagation delays 
and the MR pulse width. 

-1/fmax-

SQ INPUT 

7293843 

Fig. 10 Waveforms showing the SO input 
to DOR output propagation delay. The SO, 
DOR pulse widths and SO maximum pulse 
frequency. 

SI INPUT r:;:-\ 

DOR OUTf'UT_-: ___ 

1_,j. ·-.'~•• "" \__ 
7293845 

Fig. 12 Waveforms showing the SI input 
to DOR output propagation/ripple through 
delay. 

- 1/fmax-

SI INPUT 

._,tPHL 

DIR OUTPUT 

7Z93842 

Fig. 9 Waveforms showing the SI input 
to DIR output propagation delay. The SI, 
DIR pulse widths and SI maximum pulse 
frequency. 

SQ INPUT VM!11 

an OUTPUT 

_,,_~ 
yM(l) '"l 

• -'THL 7293844 -.. .,_tTLH 

Fig. 11 Waveforms showing SO input to On 
output propagation delays and output 
transition time. 

SQ INPUT \vMltl ;-

-
----'-_~_,r,VMIP1L1 H 

DIR OUTPUT l 
7293846 

Fig. 13 Waveforms showing the S"O input 
to DIR output propagation/ripple through 
delay. 
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PC74HC/HCT40105 

MSI 

AC WAVEFORMS (Cont'd) 

0. 
INPUT 

On OUTPUT 
LOW-to-OFF 
OFF-to-LOW 

an OUTPUT 
HIGH-to-OFF 
OFF-to-HIGH 

_,, 

'°" 

90% 

VM(ll 

0"1p"U _J_ ootp"U 
enabled disabled 

--outputs 
enabled 

Fig. 14 Waveforms showing the 3-state enable 
and disable times for input OE. 

Dn INPUT 

SI INPUT 

""''"'~ 
-"~1;-

SI INPUT ____J-VMl11·----·-

7Z93947 

Fig. 15 Waveforms showing the MR input 
to SI input removal time. 

7Z93849 

Fig. 16 Waveforms showing hold and set-up 
times for Dn input to SI input. 

982 

Note to Fig. 16 

The shaded areas indicate when the input 
is permitted to change for predictable 
output performance. 

''""'"' 19861 

Note to AC waveforms 

(1) HC: VM=50%;V1 =GNDtoVcc· 
HCT: VM = 1.3V;V1 =GNDto3V. 



APPLICATION NOTES 

page 

Handling precautions ....................... 985 

Power supply decoupling .................... 987 

Power dissipation ......................... 991 





HANDLING PRECAUTIONS 

Electrostatic charges 

Electrostatic charges can be stored in many things; for 
example, man-made fibre clothing, moving machinery, 
objects with air blowing across them, plastic storage bins, 
sheets of paper stored in plastic envelopes, paper from 
electrostatic copying machines, and people. The charges are 
caused by friction between two surfaces, at least one of 
which is non-conductive. The magnitude and polarity of the 
charges depends on the different affinities for electrons of 
the two materials rubbing together, the friction force and 
the humidity of the surrounding air. 

Electrostatic discharge is the transfer of an electrostatic 
charge between bodies at different potentials and occurs 
with direct contact or when induced by an electrostatic 
field. All of our CMOS I Cs are internally protected against 
electrostatic discharge, but they can be damaged if the 
following precautions are not taken. 

Work station 

Figure 1 shows a working area suitable for safely handling 
electrostatic sensitive devices. It has a work bench, the 
surface of which is conductive or covered by an antistatic 
sheet. Typical resistivity for the bench surface is 1 k.Q to 
0,5 M.Q per cm 2 . The floor should also be covered with 
antistatic material. The following precautions should be 
observed: 

Persons at a work-bench should be earthed via a wrist 
strap and a resistor. 

All electrical equipment should be connected to the 
mains via an earth-leakage switch and the equipment 
cases should be earthed. 

Relative humidity should be maintained between 50% 
and 65%. 

An ionizer should be used to neutralize objects with 
immobile static charges. 

Receipt and storage 

CMOS ICs are packed for despatch in antistatic/conductive 
boxes, rails or blister tape. The fact that the ICs are 
sensitive to electrostatic discharge is shown by warning 
labels on both primary and secondary packing. 

The I Cs should be kept in their original packing whilst in 
storage. If a bulk container is partially unpacked, the task 
should be performed at a protected work station. Any 
CMOS ICs that are temporarily stored should be packed in 
conductive or antistatic packing or carriers. 

HANDLING 

PRECAUTIONS 

Assembly 

CMOS ICs must be removed from their protective packing 
with earthed component-pincers or short-circuit clips. 
Short-circuit clips must remain in place during mounting, 
soldering and cleansing/drying processes. Don't remove 
more ICs from the storage packing than are needed at any 
one time. Production/assembly documents should state that 
the product contains electrostatic sensitive devices and that 
special precautions need to be taken. 

During assembly, ensure that the CMOS ICs are the last of 
the components to be mounted and that this is done at a 
protected work station. 

All tools used during assembly, including soldering tools 
and solder baths, must be earthed. All hand-tools should be 
of conductive or antistatic material and, where possible, not 
insulated. 

Measuring and testing of completed circuit boards must be 
done at a protected work station. Place the soldered side of 
the circuit board on conductive or antistatic foam and 
remove the short-circuit clips. Remove the circuit board 
from the foam, holding the board only at the edges. Make 
sure the circuit board doesn't touch the conductive surface 
of the work bench. After testing, replace the circuit board 
on the conductive foam to await packing. 

Handle assembled circuit boards containing CMOS ICs in 
the same way as unmounted CMOS ICs. They should also 
carry warning labels and be packed in conductive or anti­
static packing. 

(2) 

(1) Earthing rail 
(2) Resistor (500 k.Q ± 10%, 

0,5W) 
(3) Ionizer 
(4) Work bench 

(5) Chair 
(6) Wrist strap 
(7) Electrical equipment 
(8) Conductive surface/ 

antistatic sheet 

Fig. 1 Protected work station. 
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POWER SUPPLY LINE LAYOUT AND DECOUPLING RECOMMENDATIONS 

Spikes due to output current switching and the charging 
and discharging of parasitic capacitance, are the two main 
sources of noise on the power lines of HCMOS logic systems. 
To minimize noise, the power supply should be decoupled. 
However, if switching speed is high, not only the voltage 
dips on the power lines must be considered but also the 
effects of di/dt radiation. Decoupling requirements are a 
balance between the precautions necessary to reduce the 
effects of these two phenomena. 

The first requirement for minimizing noise is a well 
designed power distribution network. For instance, it is 
essential to have a good ground (GND) connection pattern 
on a pcb. Even the commonly used GND pattern shown in 
Fig.1 can cause problems. In Fig.1, an output from ICl 
drives an input of IC2, and an output from IC3 drives an 
input of IC4. Since the signal paths between ICl and IC2, 
and between IC3 and IC4 are not coupled, there should be 
no crosstalk between them. However, !Cl and IC3 share the 
hatched section of the GND comb, and, when the output of 
I Cl switches, a spike could be generated on the GND of IC3. 
This could be transmitted to IC4 via the IC3-IC4 signal 
connection causing the output of IC4 to switch erroneously. 
If a double-sided board is used, it is therefore advisable to 
reduce the length of individual sections of the GND comb 
by installing links on the opposite side of the board as shown 
in Fig.2. This is especially important for boards on which 
high level currents are switched. 

It is bad practice to use jumpers to connect GND!Vcc 
pins of ICs to pcb tracks (Fig.3). Jumpers are unlikely to be 
used on production boards, but they should not be used on 
prototype or one-off boards either because the induct~nce 
they introduce into the lines causes coupling between 
outputs. Printed connections should therefore be used to 
interconnect power tracks and IC pins. An even better 
solution is to use multi-layer boards so that individual 
layers can be used as a Vee plane and a groundplane. The 
power supply can then be connected directly to the IC 
supply pins. Also, the inherent capacitance between the 
Vee plane and the groundplane will reduce the amplitude 
of any high frequency noise on the power supply. 

This inherent capacitance has the distinct advantage of 
being free from the inductance associated with discrete 
decoupling capacitors. A less expensive alternative to a 
multi-layer board is a multi-wire board which offers the 
same high frequency noise characteristics. With double­
sided boards, it is not possible to dedicate a layer to a Vee 
plane and a groundplane. Nevertheless, if at all possible, 
it is still best to have the Vee and ground tracks on opposite 
sides of the board. 

Connectors on any type of pcb should each have at least 
five ground pins to obtain good distribution of ground 
current. 

The precautions outlined for ground tracks on the pcb 
are equally applicable to the power (Vccl lines. 

Fig.1 Common ground path on double-sided board 
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The wide HCMOS power supply range of 2 V to 6 V may 
suggest that voltage regulation is not necessary, but it must 
be remembered that supply voltage level variations will 
influence switching speed, noise immunity and power 
consumption. Supply voltage differences between ICs must 
also be avoided because a difference of as little as 0,5 V 
between power lines can cause unwanted effects. To isolate 
noise sources and avoid the use of a large voltage stabilizer 
with its heavy gauge (low impedance) wiring to each board, 
it is better to have a separate stabilizer for each board. 
However, care must be taken because a fault on a stabilizer 
for one board may be transmitted via the HCMOS input 
structure to other boards, possibly causing damage. 

No matter how good the Vee and GND connections are, 
all line inductance cannot be eliminated. This is where 
decoupling plays its part. 

Ceramic capacitors are best for decoupling because they 
have very low series inductance. The advantage of using 
them will, tiowever, be lost if they are connected too far 
from the IC. The inductance of the long tracks in con­
junction with the capacitor will then form a very high-Q LC 
tuned-circuit, and the oscillations produced will have a 
worse effect than not having any decoupling at all. If it is 
impossible to make connections between decoupling 
capacitors and I Cs shorter than 20 mm, then use several 
tracks connected in parallel and separated by at least one 
track-width (Fig.4). Some ceramic capacitors have pre­
formed leads as shown in Fig.5(a). These leads introduce 
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unwanted inductance. It is better to use capacitors with 
straight leads mounted as shown in Fig.5(b). 

In general, the minimum requirements for good de­
coupling are: 

• one 47 µF bulk capacitor per Eurocard 

• one 1 µF tantalum capacitor per 10 packages of SSI logic 

• one 22 nF ceramic capacitor for each octal IC and for 
each counter/shift register (MSI logic) 

• one 22 nF ceramic capacitor per 4 packages of SSI logic 

An example showing how to determine the value of de­
coupling capacitor follows. Assume a buffer output sees a 
100 S1 dynamic load and the output LOW-to-HIGH transi­
tion is 5 V; the current demand is therefore 50 mA per 
output. For an octal buffer, the current demand would be 
0.4 A for 6 ns. 

The instantaneous current in the capacitor is: 

. AQ 
1=-

At 

CAV 
And i = Tt (from Q = CV) 

iAt 
Therefore, C =AV 

For an octal buffer and a change in Vee of 0.4 V say, 

C = 0.4 A x 6 x 10-9 ns = 6 nF. 
0.4V 



~-----------~-----·---------------------------------- _______________ ,, _________ _ 

Fig.2 Reducing the length of common ground paths on double~sided board 
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----------------.. ---------------------------------------~ 

bad practice better 

Fig.3 Methods of making ground connections 

~--- ------------

o~--------<O tao much inductance o--------io no effect 

Q~(=======:=.:;)Q best solution 

(a) (b) 

Fig.4 Power supply tracks 
Fig.5 Leads of decoupling capacitors: 

(a)unsuitable; (b) preferred 
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POWER DISSIPATION CONSIDERATIONS 

For LSTTL logic ICs operating below 10 MHz, the most 
significant part of the total power dissipation is the quiescent 

p~wer dissipation due to the many bipolar transistors that 

continuously conduct. With HCMOS logic I Cs however, the 

converse is true because quiescent power dissipation is only 
due to leakage currents through reverse-biased junctions 

and is so low that it is practically negligible compared with 

the frequency-dependent dynamic power dissipation. 

Since the logic functions in most systems only change 

state during brief periods, the average system frequency is 

between one and two orders of magnitude lower than the 

system clock frequency and the ICs therefore only draw 

quiescent current for most of the time. This means that 

replacing LSTTL ICs with equivalent 74HCT I Cs, with their 

much lower quiescent power dissipation, results in a very 

significant reduction of overall system power dissipation 
without loss of operating speed. 

However, total system power dissipation, is the sum of 

both the quiescent and the dynamic power dissipation of all 

the ICs and must be determined and minimized during 
system design. For LSTTL, where the quiescent power 

dissipation is the most significant contributor to the total 
power dissipation, the total power dissipation can be 

simply derived from the product of Vee and Ice given in 
the data sheets. For HCMOS circuits however, the dynamic 
power dissipation which is the most significant part of the 

total power dissipation is influenced by circuit design. It 

cannot be read direct from the data sheets but must be 

calculated from the supply voltage, average switching fre· 
quency, load capacitance, internal capacitances of the IC, 

and transient switching currents. 

This article explains how our method of specifying 

HCMOS I Cs in the data sheets makes it very simple to calcu­

late their quiescent, dynamic and total power dissipation. 

POWER 
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QUIESCENT POWER DISSIPATION 

Quiescent power is dissipated by an IC when it is not 

switching and VJ= Vee or GND. Figure 1 (a) will be used to 
illustrate this power dissipation in HCMOS ICs. In the 

quiescent state, either the PMOS or the NMOS transistor is 
fully off and, in theory, no direct MOS transistor channel 

path exists between Vee and GND. In practice however, 
thermally generated minority charge-carriers, which are 
present in all reverse-biased diode junctions, allow a very 

small leakage current to flow between Vee and GND. This 
quiescent supply current (Ice) is specified in the published 
data. 

Three factors influence the value of Ice. and therefore 
the quiescent power dissipation, for a particular IC. They are: 

Temperature: increasing temperature causes Ice to 
increase because the minority charge­
carriers in the reverse-biased diode 

junctions are thermally generated. 

Device Complexity: MSI circuits dissipate more power than 

Supply voltage: 

SSI circuits because they have a pro­

portionally greater reverse-biased diode 

junction area. 

the number of minority charge-carriers 

is linearly related to reverse junction 

voltage. 

Table 1 shows the JEDEC industry standard for the worst­

case Ice in HCMOS ICs. It shows the effect of temperature 
and circuit complexity on Ice at the maximum recom­

mended supply voltage Vee. Ice can be linearly derated for 
other supply voltages and would be approximately one-third 

of the value in Table 1 for a 74HC IC with Vee= 2 V. Typical 

Ice values are well below the maximum specified values. 

TABLE 1 
JEDEC industry standard for d.c. characteristics of HCMOS ICs 

DC characteristics for 74HC/HCT 

Tamb l°CI 

74HC/HCT 

test conditions 

symbol parameter unit Vee V1 other 
+25 -40 to +85 --40 to +125 v 

min. typ. max. min. max. min. max. 

quiescent supply current 

Ice SSI 2,0 20,0 40,0 µA 5,5 Vee 10 = o 

Ice flip-flops 4,0 40,0 80,0 µA 5,5 or lo =O 

ice MSI 8,0 80,0 160,0 µA 5,5 GND lo=O 

•for HC, Vee= 6 v. 
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Jvcc PMOS 

{:r 
NMO~ 

GNO 

(a) 

input 

(b) 

Vee 
OL 

01 

{~ output 

02 1 , 
GNO 

01and02 are an inherent 
part of the process 

(c) 

Fig.1 74HC inverter: (a} input structure of 74HC inverter; 
(b) 74He inverter with protection circuitry; (c) input structure of 74HeT inverter 

Another factor which influences quiescent power dissi­
pation is the steady-state input voltage level which may 
slightly turn-on one of the input transistors shown in 
Fig.1(a) and yet not fully turn-off the other. This causes a 
small additional quiescent supply current (Alec) to flow 
between Vee and GND. The level of Alce depends on the 
size of the input transistors and is different for each device. 

In a system consisting entirely of 74HC I Cs, the additional 
quiescent supply current Alec is so small that it can be 
omitted from practical power dissipation calculations. This 
is because 74HC outputs swing from GND to Vee. The 
worst-case output levels with llol = 20µA are VoL = 0, 1 V 
max. and VQH =Vee - 0, 1 V min., very close to GND and 
Vee respectively. Figure 2(a) shows that Alec is negligible 
when these levels are applied to 74HC inputs because they 
always turn one of the input transistors fully off. 

However, if 74HC input levels are held close to the 
switching threshold (typically Vcc/2), Fig.2 shows that the 
additional quiescent supply current (Accl becomes much 
greater than quiescent supply current ICC· This occurs if 
the mistake is made of driving a 74HC input from a TTL 
output. With a minimum TTL VOH of 2.4 V driving a 74HC 
input, not only will a logic "1" probably not be recognized, 
but several milliamps of (Acc)will flow. To overcome this 
problem, an external pull-up resistor could be used as 
shown in Fig.3 but the resistor would dissipate significant 
power because its value would have to be low to maintain 
switching speed. 74HCT ICs have TTL input switching 
levels and should therefore be used instead of 74HC ICs 
whenever it is necessary to interface HCMOS with TTL 
logic. 

'cc • 
(mA) 7 

00 

1cc 8 
(mA) 7 

(a) 

(b) 

Vee 

output 

GNO 

7Z91678 

7Z91&88 

Vee· sv 

6 V1 IV) 6 

7Z81569 

Vee· sv 

Unlike 74HC ICs, 74HCT ICs can be substituted for 
LSTTL ICs and/or mixed with LSTTL, ALSTTL, ASTTL 
or FAST-TTL family ICs in the same system. Under some 
conditions, they may dissipate somewhat more quiescent 
power than 74HC ICs. For example, Fig.2(b) shows that a 
worst-case TTL VoL of 0,5 V max. is close enough to GND 

Fig.2 Supply current as a function of input voltage at 
Vee= 5 v. (a) 74He; (b) 74HeT 
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to turn the input NMOS transistor fully off so that Alec 
is close to zero. However, a worst-case TTL VoH of 2.4 V 
min. causes some Alec to flow. For this reason, 74HCT 
data sheets specify Ice at the worst-case input voltage of 
Vee- 2, 1 V for Vee ranging from 4,5 V to 5,5 V. It is 
further specified on a per input pin basis to allow more 
accurate power dissipation calculations if all the functions 
within an IC are not being used, or are being driven by 
different input voltage levels. 

Vee REDUCES SPEED, 

/ INCREASES 
jJ' POWER DISSIPATION 

LSTTL PC54/74HC 

Fig.3 Using a pull~up resistor to interface 
74HC I Cs with LSTTL 

Our proprietary 74HCT input structure shown in Fig.1 (c) 
considerably reduces the additional quiescent supply 
current Alce. The structure is identical to that for 74HC 
circuits except for a level-shifting diode between the PMOS 
transistor and Vee. and the connection of the substrate of 
the CMOS transistor to Vee. The effect is to reduce the 
input level switching threshold to 28%Vcc instead of 
50%Vcc as is the case with 74HC ICs. This therefore 
reduces the additional quiescent current Alec when a TTL 
minimum HIGH level of 2.4 V is applied to a 74HCT input 
by ensuring that the PMOS transistor is fully turned off. 
Figure 2(b) shows that Alec is negligible when a 74HCT 
input is held at a typical TTL HIGH output level (3.4 V) or 
LOW output level (0,25 V). 

Calculating 74HC quiescent power dissipation 

For power-critical applications such as battery-powered 
equipment, it may be necessary to calculate 74HC quiescent 
power dissipation as a standby value of battery drain. It is 
given by: 

PoHc = vccicc (1) 

Vee is dependent upon the particular application, we re­
commend that a ±10% variation be allowed. Ice at Vccmax 
is obtained from the data sheet for the particular IC. For 
critical battery-powered applications, the value of Ice can 
be linearly derated for any desired Vee; for example, at 
Vee= 2 V, use one-third of the limits shown in Table 1 for 
74HC !Cs. 
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Calculating 74HCT quiescent power dissipation 

Assume that an LSTTL IC with an output duty factor of 
0,5 is switching one gate input in a 74HCT11 (triple 3-input 
AND gate) with a 5 V supply and an ambient temperature 
of 25 °C. Quiescent power dissipation is calculated from: 

PoHcT = vccOcc +Ml eel 

where 6 =switching duty factor. 

(2) 

Alccmax is calculated on a unit-load basis from the part 
of the data sheet reproduced in Table 2: 

Alccmax=360µA per input pin x 1pinx0,5 unit-load 
coefficient = 180 µA. 

Inserting this current and the values for Vee (5,5 V), 
Ice= 2µA from Table 2, and 6 (0,5) into equation (2) 
gives: 

PQHCT = 5,5 V [2µA + (0,5 x 180µA)] = 506µW. 

This is only 2% of the 25,5 mW maximum quiescent power 
that would be dissipated by the equivalent LSTTL IC. 
Furthermore, as previously stated, the Alec of 360µA per 
input pin quoted in Table 2 for the 74HCT11 IC is based 
on a worst-case HIGH input level of Vcc-2, 1 V. In a 
typical application, the TTL HIGH input level driving the 
IC would be much higher than this, resulting in a reduction 
of Alec by an order of magnitude. 

If all the inputs of a 74HCT IC are driven by 74HC or 
equivalent CMOS outputs, the input levels are such that the 
additional quiescent supply current Alec is so small that 
it can be omitted from 74HCT power dissipation calcula­
tions. 74HC quiescent power dissipation equation ( 1) can 
then be used to calculate 74HCT quiescent power dissipation. 

DYNAMIC POWER DISSIPATION 

Unlike quiescent power dissipation, dynamic power dissipa­
tion is calculated in the same manner for both 74HC and 
74HCT !Cs. All equations presented here for dynamic 
power dissipation are therefore applicable to both 74HC 
and 74HCT ICs. 

Three factors influence the dynamic power dissipation 
of HCMOS I Cs. They are load capacitance, internal capaci­
tance and switching transient currents (through-currents of 
transistor pairs when both transistors momentarily conduct 
during logic level transitions). 
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TABLE 2 
Specification of Ice. b.lcc and unit load coefficient for 74HCT11 triple 3-input AND gate 

Tamb (oC) test conditions 

74HCT 
symbol parameter unit other 

+25 -40 to +85 --40 to +125 

min. typ. max. min. max. min. max. 

ice 

.'.lice 

Note: 

quiescent supply current 

additional quiescent supply 
current per input pin for 

unit load coefficient is 1 
(note 1) 

2,0 20,0 40,0 

100 360 450 490 

Vee 
µA 5,5 or 10 = o 

GND 

4,5 
Vee 

other inputs at 
µA to Vee or GND: 

5,5 
-2,1 v 

10 = o 

1. The value of additional quiescent supply current (.6.lcc) for a unit load of 1 is given here. 
To determine Alec per input, multiply this value by the unit load coefficient shown in table below. 

unit load 
coefficient 

input 

nA,nB,nC 0,5 

Load capacitance 

The first contribution to dynamic power dissipation is 
caused by the charging and discharging of external capaci­
tive loads. Figure 4 illustrates an HCMOS inverter with a 
capacitive load and, together with the following equations, 
will help to illustrate how load capacitance consumes 
power. The energy dissipated (joules) in charging and 
discharging the capacitive load is: 

(3) 

where t = 1 /f0 and CL= total external load capacitance due 
to interconnections, driven inputs and any sockets that 
are used. 

7291571 

s I Vee 

PMOiP 

'"'"'-c~ ~output 1 
~ Cc 

NMOS I GND 

Fig.4 74HC inverter driving a capacitive load 
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The dynamic power dissipation due to capacitive loads is 
therefore: 

(4) 

Equation (4) is only applicable if all the outputs are switching 
the same load. If they are not, the equation becomes: 

(5) 

For multiple output ICs, it is important to calculate with 
the appropriate output frequency. For example, at either 
output from a flip-flop, f0 = fi/2; for a 7-stage binary ripple 
counter (type 74HC/HCT4024), f 0 is halved for each 
successive output stage so that f0 = fi/64 for the final 
output stage. 

Internal capacitance 

All MOS logic ICs have internal parasitic capacitance caused 
by diode junctions, MOS transistor structures, and the alu­
minium and polysilicon interconnections. It has the same 
effect as external capacitive loads, and its magnitude 
depends on the complexity of the circuit. 

HCMOS ICs are manufactured with a self-aligned poly­
silicon gate process (3µm gate length) and local oxidation 
to reduce internal capacitance by minimising gate-to-source 



and gate-to-drain capacitances. The junction capacitances, 
which are proportional to junction area, are smaller than 
those in HE4000B CMOS ICs because the diffusions are 
shallower. Figure 5 shows the location of the capacitances 
in a 74HC inverter. 

Fig.5 Location of capacitances in a 74HC inverter 

For power dissipation calculation purposes, the total 
load caused by internal capacitances and by switching 
transient currents is defined as a single effective internal 
no-load power dissipation capacitance Cpo. It is defined in 
the data sheet for each HCMOS IC on a 'per function' basis 
and, where appropriate, it is also separately specified for 
each different logic function (e.g. gate or flip-flop) within 
an IC. This allows more accurate power dissipation calcula­
tions to be made if logic functions within the same IC are 
operating at different frequencies. 

The published figure for Cpo is valid for the worst-case 
operating mode under typical operating conditions. For 
example, in the case of a NANO gate, the state of the 
inputs is assumed to be such that the output is changing 
state; for a shift register or D-type flip-flop, it is assumed 
that alternately HIGH/LOW data is being clocked in. The 
specified value for Cpo however is a typical one; never­
theless, some protection will already be built-in to dynamic 
power dissipation calculations because the assumed worst­
case operating modes don't always occur. Although we're 
not yet prepared to officially publish a maximum value for 
Cpo, a rough guide would be to increase the published 
figure by 50% for worst-case calculations. The method of 
measuring Cpo is explained in the chapter "User Guide". 

Switching transient currents 

The final factor that contributes to the dynamic power 
dissipation of HCMOS is internal switching transient 
currents. When the output of a basic HCMOS inverter as 
shown in Fig.6(a) changes state, either from a logic "1" to 
a logic "O" or vice-versa, there is a brief period during 
which both transistors conduct. Th is creates a temporary 
low-resistance path between Vee and GND as shown in 
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Fig.6(b). In this transistory state, additional supply current 
(Ll.lccl flows and power is dissipated, so input rise and 
fall times should be kept short. The average value of this 
transient current increases linearly with increasing switching 
frequency. In other words, power dissipation due to 
switching (like power dissipation due to internal capacitance) 
increases linearly with increasing switching frequency. How­
ever, since it is small compared to the power dissipation due 
to internal capacitance, its effect is included in the published 
value of power dissipation capacitance (Cpo) which has 
discussed under the previous heading. 

(a) 

OS f output 

MOS 

GND 

lb) 

Fig.6 When an HCMOS inverter changes state, both input 
transistors momentarily conduct: (a) inverter input structure; 
{b) equivalent circuit when the input level is between logic 

levels 

Total dynamic power dissipation 

Since Cpo represents the load imposed by both internal 
capacitance and switching transient currents, the total 
dynamic power dissipation due to these factors is: 

(6) 

The total dynamic power dissipation of HCMOS ICs is 
obtained by adding equation (6) to the power dissipation 
due to the total external capacitive load (equation 5) and is 
given by: 

(7) 

CALCULATING TOTAL POWER DISSIPATION 
FOR 74HC AND 74HCT ICs 

Total HCMOS power dissipation is a summation of the 
appropriate quiescent and dynamic power dissipation 
formulae previously described. 

For 74HC/HCT ICs driven by CMOS levels: 

(B) 

For 74HCT ICs driven by TTL: 

Ptot ~ VccOcc+ oil.led+ CpoVtcfi +~(CL Vtcfol (9) 
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POWER DISSIPATION IN OSCILLATORS AND 
ONE-SHOTS 

The information presented so far is only valid for ICs 
switching rapidly between logic levels. Additional quiescent 
supply current L'.lcc is greater for one-shots, oscillators and 
gates arranged as oscillators because, in these applications, 
the input slowly passes through the switching threshold 
(typically 50%Vcc for 74HC ICs and 28%Vcc for 74HCT 
ICs) causing flow-through current as shown in Fig.2. 

POWER DISSIPATION COMPARISON BETWEEN 
HCMOS, LSTTL AND ALSTTL 

In any IC, there is a balance between speed and power 
dissipation. LSTTL logic is relatively fast but the quiescent 
power dissipated by its bipolar circuitry is considerable. 
ALSTTL ir)'lproves upon LSTTL by using advanced wafer 
fabrication techniques and smaller geometries. These 
improvements increase speed and approximately halve the 
quiescent power dissipation. 

CMOS ICs dissipate negligible quiescent power compared 
with all bipolar TTL logic I Cs but, until the development of 
the HCMOS family, CMOS ICs were relatively slow. Use of 
advanced wafer fabrication techniques and smaller geo­
metries has now made it possible for HCMOS to match the 
speed of LSTTL and yet retain the substantial power 
savings afforded by CMOS. Figure 7 shows the speed-power 
products for today's most popular logic IC technologies. 

Figures 8 and 9 compare the dynamic power dissipation 
of SSI and MSI for 74HC, and LSTTL ICs. These graphs 
show that 74HC ICs maintain their power dissipation 
advantages for switching frequencies up to several MHz. 
This is because power is only dissipated during switching. 
The constant, frequency-independent power dissipation 
exhibited by LSTTL ICs is caused by the many bipolar 
transistors that continuously conduct. 

Figures 8 and 9 also show that, as device complexity 
increases, the frequency at which HCMOS I Cs dissipate the 
same amount of power as LSTTL ICs also increases. This is 
because, as LSTTL complexity increases, there are more 
resistive paths between Vee and GND which carry more 
quiescent bias current and thus cause more quiescent power 
dissipation. HCMOS ICs also dissipate more quiescent 
power as their complexity increases, but the leakage currents 
which cause it are so small that it can be ignored. 

The power dissipation of the different logic IC technolo­
gies is translated into total system power as a function of 
frequency in Fig.10 which is for a small system consisting 
of one gate and two flip-flops. The graph shows that 
HCMOS also dissipates substantially less power than LSTTL 
at the system level. 
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100K ECL 

average quiescent power dissipation 

Fig.7 Speed/power products for the most popular logic IC 
technologies 
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Fig.8 Total power dissipation as a function of switching 
frequency for gates 
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Total power dissipation as a function of frequency for 
a dual flip-flop with one of the flip-flops toggling 
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Fig.10 Total power dissipation as a function of frequency for 
a small system comprising one gate and two flip-flops 

INFLUENCE OF HCMOS ICs ON APPLICATIONS 

The significantly lower power dissipation in an HCMOS logic 
system, compared with its LSTTL or ALSTTL equivalent, 
is the primary reason why HCMOS ICs should be used for 
new system designs and to replace LSTTL or ALSTTL ICs 
in many existing designs where power consumption and/or 
dissipation is a problem. 

For new designs, HCMOS is the only suitable family of 
logic ICs for battery-powered portable personal computers. 
The use of HCMOS is the major trend in personal com­
puters using all CMOS microprocessors, RAMs, ROMs, and 
peripherals. All CMOS designs can be powered-down to 2 V 
standby to extend battery I ife. 

For non-portable equipment, the use of HCMOS logic 
and CMOS LSI is also preferred because it not only reduces 
power dissipation, but also significantly reduces, in order of 
priority, cost, size, and weight. Cost reductions stem from 
major reductions of power supply current and regulation, 
cooling fans, heatsinks, and copper buses. 

An equally powerful motivating force for using HCMOS 
logic ICs with their lower power dissipation is the inherent 
and proven increase of component and equipment reliability. 
Equipment life is considerably extended because IC junction 
temperatures are much reduced and other components are 
exposed to lower ambient temperatures. 
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14-LEAD DUAL IN-LINE; PLASTIC (SOT-27) 

-----19,Smax -----~ 

top view 

Dimensions in mm 

I 
-.. M--0,32 

II max 

I 
I 
I 
I 
II 

1,1 1,1 

l-ITTI--1, 
--- 10 ------8,3 

$ Positional accuracy. 

@ Maximum Material Condition. 

(1) Centre-lines of all leads are 
within ±0, 127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
±0,254mm. 

(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 

16-LEAD DUAL IN-LINE; PLASTIC (SOT-38Z) 

lead 1 in_dlcation (either index or sign J 

top view 

Dimensions in mm 

I 
I 
I 

-. II 0,32 jf max 11 

·'-~_,,.--!, 
______ 10_ 

8,3 ?l?3S96.Z 

$ Positional accuracy. 

@ Maximum Material Condition. 

(1) Centre-linesofall leadsare 
within ±0, 127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
±0,254 mm. 

(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 
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20-LEAD DUAL IN-LINE; PLASTIC (SOT-146) 

27 max __________ , 

Dimensions in mm 

24-LEAD DUAL-IN-LINE; PLASTIC (SOT-101A) 
,----------- 32max----------~1 

131 

Dimensions in mm 

January 1986 
j I 

top view 

I 
I 
I 
11 · 

II 

' ~ i-~-1 
_10,03 

8,3 

$ Positional accuracy. 

@ Maximum Material Condition. 

(1) Centre-lines of all leads are 
within ±0, 127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
±0,254mm. 

(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 

----15,Smax ----

- 14,1max -

side view 

-----~----~ 
~~:~~ ------· 

$ Positional accuracy. 

@ Maximum Material Condition. 

(1) Centre-lines of all leads are 
within ±0, 127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
±0,254 mm. 

(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 

(3) Index may be horizontal as shown, 
or vertical. 



28-LEAD DUAL IN-LINE; PLASTIC (SOT-1170) 

37max ------________ , 

5,1 

28 27 26 25 24 23 22 21 20 19 18 17 .~16 15 

I 
II 

-.;l_a,32 
1' 
II 

I 
I~-----~-----

Dimensions in mm 

17.15 
15,90 

side view 

top view 

$ Positional accuracy. 

@ '~aximum Material Condition. 

(1) Centre-lines of all leads are 
within ±0, 127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
±0,254 mm. 

(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 
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14-LEAD MINI-PACK; PLASTIC (S0-14; SOT-108A) 

·-----::~~----

top view 

Dimensions in mm 

$ Positional accuracy. 

@ Maximum Material Condition. 

16-LEAD MINI-PACK; PLASTIC (S0-16; SOT-109A) 

Dimensions in mm 

$ Positional accuracy. 

@ Maximum Material Condition. 

''""'"' ···· 1 



16-LEAD MINI-PACK; PLASTIC (S0-16L; SOT-162A) 

1 

top Vlf!W 

2.0 

9,25 
8.75 

~I ~t ~,_ ___ it-:~----. 
~ \ 0,32 

2 to8° 1• 0,23 

+0,3 
0.1 

Dimensions in mm 

$- Positional accuracy. 

@ Maximum Material Condition. 

20-LEAD MINI-PACK; PLASTIC (S0-20; SOT-163A) 

Dimensions in mm 

$ Positional accuracy. 

@ Maximum Material Condition. 
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24-LEAD MINI-PACK; PLASTIC (S0-24; SOT-137A) 

top view 

Dimensions in mm 

$ Positional accuracy. 

@ Maximum Material Condition. 

28-LEAD MINI-PACK; PLASTIC (S0-28; SOT-136A) 

top view 

January 1986 

t 
2,65 
2,35 

• 

I g:~g---~ 

-1 ~:~~ - ~:~-
.. 
2• ; 

I ~8;~ 
0.23 \oo~s _____ , 

Dimensions in mm 

$ Positional accuracy. 

@ Maximum Material Condition. 



l NOTES 

( 



NOTES J '------------



FAMILY SPECIFICATIONS 

GENERAL 

These family specifications cover the common electrical ratings 
and characteristics of the entire HCMOS 74HC/HCT/HCU family, 
unless otherwise specified in the individual device data sheet. 

INTRODUCTION 

The 74HC/HCT/HCU high-speed Si-gate CMOS logic family 
combines the low power advantages of the HE4000B family 
with the high speed and drive capability of the low power 
Schottky TTL ( LSTTL). 

The family will have the same pin-out as the 74 series and 
provide the same circuit functions. 

In these families are included several HE4000B family circuits 
which do not have TTL counterparts, and some special circuits. 

The basic family of buffered devices, designated as 
XX74HCXXXXX, will operate at CMOS input logic levels for 
high noise immunity, negligible typical quiescent supply and 
input current. It is operated from a power supply of 2 to 6 V. 

RECOMMENDED OPERATING COl\'DITIONS FOR 74HC/HCT 

74HC 
SYMBOL PARAMETER 

min. typ. 

Vee DC supply voltage 2.0 5.0 

V1 DC input voltage range 0 

Vo DC output voltage range 0 

Tamb operating ambient temperature range -40 

Tamb 
' 

operating ambient temperature range -40 

input rise and fall times 
tr, tf except for Schmitt-trigger inputs 6.0 

Note 

A subset of the family, designated as XX74HCTXXXXX, 
with the same features <:nd functions as the "HG-types", will 
operate at standard TTL power supply voltage (5 V ± 10%) 
and logic input levels (0.8 to 2.0 V) for use as pin-to-pin 
compatible CMOS replacements to reduce power consumption 
without loss of speed. These types are also suitable for converted 
switching from TTL to CMOS. 

Another subset, the XX74HCUXXXXX, consists of single-stage 
unbuffered CMOS compatible devices for application in RC or 
crystal controlled oscillators and other types of feedback 
circuits which operate in the linear mode. 

HANDLING MOS DEVICES 

Inputs and outputs are protected against electrostatic effects in a 
wide variety of device-handling situations. 
However, to be totally safe, it is desirable to take handling 
precautions into account (see also chapter "HAND LI NG 
PRECAUTIONS"). 

74HCT 
UNIT CONDfTIONS 

max. min. typ, max. 

6.0 4.5 5.0 5.5 v 

Vee 0 Vee v 

Vee 0 Vee v 

+85 -40 +85 oc see DC and AC 
CHAR. 

+125 -40 +125 oe per device 

1000 Vee= 2.0 v 
500 6.0 500 ns Vee= 4.5 v 
400 Vcc=6.0V 

-- ___ _L__ 

For analog switches, e.g. "4016", "4051 series", "4351 series", "4066" and "4067", 10 Vis specified as the maximum 
operating voltage. 

RECOMMENDED OPERATING CONDITIONS FOR 74HCU 
- -

74HeU 
SYMBOL PARAMETER UNIT CONDITIONS 

min. typ. max. 
-

Vee DC supply voltage 2.0 5.0 6.0 v 

V1 DC input voltage range 0 Vee v 

Vo DC output voltage range 0 Vee v 
r-------------

Tamb operating ambient temperature range -40 +85 oc see DC and AC 
CHAR. 

Tamb operating ambient temperature range -40 +125 oc per device 





DC CHARACTERISTICS FOR 74HCT 

Voltages are referenced to GND (ground = 0 V) 

SYMBOL PARAMETER 

min. 

V1H HIGH level input voltage 2.0 

V1L LOW level input voltage 

HIGH level output voltage 
VoH 4.4 all outputs 

HIGH level output voltage 
VoH 3.98 standard outputs 

HIGH level output voltage 
VoH 3.98 bus driver outputs 

LOW level output voltage 
Vol all outputs 

LOW level output voltage 
Vol standard outputs 

LOW level output voltage 
Vol bus driver outputs 

±11 input leakage current 

±loz 3-state OFF-state current 

quiescent supply current 
SSI 

Ice flip-flops 
MSI 

additional quiescent supply 

<lice 
current per input pin for 
unit load coefficient is 1 
(note 1) 

Note 

+25 

typ. max. 

1.6 

1.2 0.8 

4.5 

4.32 

4.32 

0 0.1 

0.15 0.26 

0.16 0.26 

0.1 

0.5 

2.0 
4.0 
8.0 

100 360 

Tamb (oC) TEST CONDITIONS 

74HCT 
UNIT Vee V1 OTHER 

-40to+85 -40to+125 v 
min. max. min. max. 

4.5 
2.0 2.0 v to 

5.5 

4.5 
0.8 0.8 v to 

5.5 

V1H 
4.4 4.4 v 4.5 or -lo =20µA 

V1L 

V1H 
3.84 3.7 v 4.5 or -lo =4.0 mA 

VIL 

V1H 
3.84 3.7 v 4.5 or -lo =6.0 mA 

V1L 

V1H 
0.1 0.1 v 4.5 or lo =20µA 

V1L 

V1H 
0.33 0.4 v 4.5 or 10 =4.0 mA 

V1L 

V1H 
0.33 0.4 v 4.5 or lo=6.0mA 

VIL 

Vee 
1.0 1.0 µA 5.5 or 

GND 

Vo=VccorGND 
V1H per input pin; 

5.0 10.0 µA 5.5 or other inputs at 
VIL Vee orGND; 

10 =O 

20.0 40.0 µA 5.5 Vee 10 =O 
40.0 80.0 µA 5.5 or 10 =O 
80.0 160.0 µA 5.5 GND lo=O 

4.5 other inputs at 
450 490 µA to Vee Vee orGND; 

5.5 
-2.1 v 

10 =O 

1. The additional quiescent supply current per input is determined by the <lice unit load, which has to be multiplied by the unit load 
coefficient as given in the individual data sheets. For dual supply systems the theoretical worst-case (V1 = 2.4 V; Vee= 5.5 V) 
specification is: <lice= 0.65 mA (typical) and 1.8 mA (maximum) across temperature. 





RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltages are referenced to GND (ground= 0 V) 

SYMBOL PARAMETER MIN. MAX. UNIT 

Vee DC supply voltage -0.5 +7 v 

±l1K DC input diode current 20 mA 

±loK DC output diode current 20 mA 

±lo DC output source or sink 
current 
- standard outputs 25 mA 
- bus driver outputs 35 mA 

±Ice; DC V CC or G ND current 
±IGND for types with: 

- standard outputs 50 mA 
- bus driver outputs 70 mA 

Tstg storage temperature range -65 +150 oc 

Ptot power dissipation per package 

plastic DI L 500 mW 

plastic mini-pack (SO) 400 mW 

Note 

CONDITIONS 

forV1 <-0.5orV1 >Vcc+0.5V 

for Vo <-0.5 or Vo> Vee +0.5 v 

for -0.5 v <Vo< Vee +0.5 v 

for temperature range: -40 to +125 °C 
74HC/HCT/HCU 

above +70 °C: derate linearly with 8 mW/K 

above +70 °C: derate linearly with 6 mW/K 

For analog switches, e.g. "4016", "4051 series", "4351 series", "4066" and "4067", 11 Vis specified as the maximum 
operating voltage. 





FAMILY SPECIFICATIONS 

GENERAL 
These family specifications cover the common electrical ratings 
and characteristics of the entire HCMOS 74HC/HCT/HCU family, 
unless otherwise specified in the individual device data sheet. 

INTRODUCTION 
The 74HC/HCT/HCU high-speed Si-gate CMOS logic family 
combines the low power advantages of the HE40008 family 
with the high speed and drive capability of the low power 
Schottky TTL ( LSTTL). 

The family will have the same pin-out as the 74 series and 
provide the same circuit functions. 

In these families are included several HE40008 family circuits 
which do not have TTL counterparts, and some special circuits. 

The basic family of buffered devices, designated as 
XX74HCXXXXX, will operate at CMOS input logic levels for 
high noise immunity, negligible typical quiescent supply and 
input current. It is operated from a power supply of 2 to 6 V. 

RECOMMENDED OPERATING COf<'DITIONS FOR 74HC/HCT 

74HC 
SYMBOL PARAMETER 

min. typ. 

Vee DC supply voltage 2.0 5.0 

V1 DC input voltage range 0 

Vo DC output voltage range 0 

Tamb operating ambient temperature range -40 

Tamb operating ambient temperature range -40 

input rise and fall times 
tr. tf except for Schmitt-trigger inputs 6.0 

Note 

A subset of the family, designated as XX74HCTXXXXX, 
with the same features and functions as the "HG-types", will 
operate at standard TTL power supply voltage (5 V ± 10%) 
and logic input levels (O.B to 2.0 V) for use as pin-to-pin 
compatible CMOS replacements to reduce power consumption 
without loss of speed. These types are also suitable for converted 
switching from TTL to CMOS. 
Another subset, the XX74HCUXXXXX, consists of single-stage 
unbuffered CMOS compatible devices for application in RC or 
crystal controlled oscillators and other types of feedback 
circuits which operate in the linear mode. 

HANDLING MOS DEVICES 
Inputs and outputs are protected against electrostatic effects in a 
wide variety of device-handling situations. 
However, to be totally safe, it is desirable to take handling 
precautions into account (see also chapter "HANDLING 
PRECAUTIONS"), 

74HCT 
UNIT CONDITIONS 

max. min. typ. max. 

6.0 4.5 5.0 5.5 v 

Vee 0 Vee v 

Vee 0 Vee v 

+85 -40 +85 oc see DC and AC 
CHAR. 

+125 -40 +125 oc per device 

1000 Vee =2.o v 
500 6.0 500 ns Vee= 4.5 v 
400 Vcc=6.0V 

For analog switches, e.g. "4016", "4051 series", "4351 series", "4066" and "4067", 10 Vis specified as the maximum 
operating voltage. 

RECOMMENDED OPERATING CONDITIONS FOR 74HCU 

74HCU 
SYMBOL PARAMETER UNIT CONDITIONS 

min. typ. max. 

Vee DC supply voltage 2.0 5.0 6.0 v 

V1 DC input voltage range 0 Vee v 

Vo DC output voltage range 0 Vee v 

Tamb operating ambient temperature range -40 +85 oc see DC and AC 
CHAR. 

Tamb operating ambient temperature range -40 +125 oc per device 





DC CHARACTERISTICS FOR 74HC 

Voltages are referenced t.o GND (ground = 0 VI 

SYMBOL PARAMETER 

min. 

1.5 
V1H HIGH level input voltage 3.15 

4.2 

V1L LOW level input voltage 

HIGH level output voltage 
1.9 

VoH all outputs 
4.4 
5.9 

HIGH level output voltage 3.98 
VoH standard outputs 5.48 

HIGH level output voltage 3.98 
VoH bus driver outputs 5.48 

LOW level output voltage 
Vol all outputs 

LOW level output voltage 
Vol standard outputs 

LOW level output voltage 
Vol bus driver outputs 

±11 input leakage current 

±loz 3-state OFF-state current 

quiescent supply current 

Ice 
SSI 
flip-flops 
MSI 

+25 

typ. max. 

1.2 
2.4 
3.2 

0.8 0.5 
2.1 1.35 
2.8 1.8 

2.0 
4.5 
6.0 

4.32 
5.81 

4.32 
5.81 

0 0.1 
0 0.1 
0 0.1 

0.15 0.26 
0.16 0.26 

0.15 0.26 
0.16 0.26 

0.1 

0.5 

2.0 
4.0 
8.0 

Tamb (°C) TEST CONDITIONS 

74HC 
UNIT Vee V1 OTHER 

-40to+85 -40to+125 v 
.. 

min. max. min. max. 

1.5 1.5 2.0 
3.15 3.15 v 4.5 
4.2 4.2 6.0 

0.5 0.5 2.0 
1.35 1.35 v 4.5 
1.8 1.8 6.0 

1.9 1.9 2.0 V1H -lo=20µA 
4.4 4.4 v 4.5 or -lo=20µA 
5.9 5.9 6.0 V1L -lo=20µA 

3.84 3.7 4.5 V1H -1 0 =4.0 mA 
5.34 5.2 

v 
6.0 

or -lo= 5.2 mA 
V1L 

3.84 3.7 4.5 V1H -lo= 6.0 mA 
5.34 5.2 

v 6.0 
or 

-lo= 7.8 mA 
V1L 

0.1 0.1 2.0 V1H lo =20µA 
0.1 0.1 v 4.5 or lo =20µA 
0.1 0.1 6.0 V1L lo =20µA 

0.33 0.4 4.5 V1H 10 =4.0 mA 
0.33 0.4 

v 
6.0 

or 
lo= 5.2 mA 

V1L 

0.33 0.4 4.5 V1H 10 =6.0 mA 
0.33 0.4 

v 
6.0 

or 
lo=7.8mA 

V1L 

Vee 
1.0 1.0 µA 6.0 or 

GND 

V1H Vo =Vee 5.0 10.0 µA 6.0 or orGND 
V1L 

20.0 40.0 µA 6.0 Vee 10 =O 
40.0 80.0 µA 6.0 or 10 =O 
80.0 160.0 µA 6.0 GND 10 =O 





RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Voltages are referenced to GND (ground= 0 V) 

SYMBOL PARAMETER MIN. MAX. UNIT 
--r--

Vee DC supply voltage -0.5 +7 v 
·-+--

±l1K DC input diode current 20 mA 
-~ +----

±loK DC output diode current 20 mA 

±lo DC output source or sink 
current 
- standard outputs 25 mA 
- bus driver outputs 35 mA 

±Ice: DC Vee or GND current 
±IGND for types with: 

- standard outputs 50 mA 
- bus driver outputs 70 mA 

Tstg storage temperature range -65 +150 oc 

·---1 

Ptot power dissipation per package 

plastic DI L 500 mW 

plastic mini-pack (SO) 400 mW 

Note 

CONDITIONS 

for Vi <-0.5 or Vi > Vcc+o.5 v 

for Vo< -0.5 or Vo> Vee +0.5 V 

for -0.5 v < v0 <Vee +o.5 v 

" 

for temperature range: -40 to +125 °C 
74HC/HCT /HCU 

above +70 °C: derate linearly with 8 mW/K 

above +70 °C: derate linearly with 6 mW/K 

For analog switches, e.g. "4016", "4051 series", "4351 series", "4066" and "4067", 11 Vis specified as the maximum 
operating voltage. 

--
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Philippines: PHILIPS INDUSTRIAL DEV. INC., 2246 Pasong Tama, P.O. Box 911, Makat1 Comm. Centre, MAKATl-RIZAL3116, Tel. 86-89-5 1to59. 
Portugal: PHILIPS PORTUGUESA SAR.L. , Av. Eng. Duarte Pacheco 6, 1009 LISBOA Codex, Tel. 68312 1. 
Singapore: PHILIPS PROJECT DEV. (Singapore) PTE LTD., Elcoma Div., Lorong 1, Toa Payoh , SINGAPORE 1231 , Tel. 3502000. 
South Africa: EDAC (PTY.) LTD., 3rd Floor Rainer House. Upper Railway Rd. & Ove St., New Doornlonte1n , JOHANNESBURG 2001, Tel. 614-2362/9. 
Spain: MINIWATT SA. Balmes 22, BARCELONA 7, Tel. 3016312. 
Sweden: PHILIPS KOMPONENTER A.B .. L1d1ngcivagen 50. S-11584 STOCKHOLM 27, Tel. 0817821000. 
Switzerland: PHILIPS A.G .. Elcoma Dept. , Allmendstrasse 140-142, CH-8027 ZURICH, Tel. 01 -488221 1. 
Taiwan: PHILIPS TAIWAN LTD., 150Tun Hua North Road, P.O. Box 22978, T.AIPEI , Taiwan, Tel. 7120500. 
Thailand: PHILIPS ELECTRICAL CO. OF THAILAND LTD .. 283 Silom Road, P.O. Box 961, BANGKOK, Tel. 233-6330-9. 
Turkey: TURK PHILIPS TICARET A.S., Elcoma Department, Inonu Cad, No. 78-80, P.K.504 , 80074 ISTANBUL, Tel. 435910. 
United Kingdom: MULLARD LTD., Mullard House. Torrington Place, LONDON WC1E ?HD, Tel. 01 -5806633. 
United States: (Active Devices & Materials) AMPEREX SALES CORP., Providence Pike, SLATERSVILLE. R.I. 02876, Tel. (401) 762-9000. 

(Passive Devices) MEPCO/ELECTRA INC., Columbia Rd .. MORRISTOWN, N.J. 07960, Tel. (201) 539-2000. 
(Passive Devices & Electromechanical Devices) CENTRALAB INC., 5855 N. Glen Park Rd., MILWAUKEE. WI 53201, Tel. (4 14)228-7380. 
(IC Products) SIGNETICS CORPORATION, 811 East Arques Avenue, SUNNYVALE, California 94086, Tel. (408) 991 -2000. 

Uruguay: LUZILECTRON SA, Avda Uruguay 1287. P.O. Box 907, MONTEVIDEO, Tel. 914321 . 
Venezuela : IND. VENEZOLANAS PHILIPS SA, c/o MAGNETICA SA, Calle 6, Ed . Las Tres Jotas, App. Post. 78117, CARACAS, Tel. (02) 2393931. 

For all other countries apply to: Philips Electronic Components and M aterials Division, lnternallonal Business Relations, Building BAE, 
P.O. Box 218, 5600 MD EINDHOVEN, The Netherlands, Tel. +3140723304, Telex 35000 phtcnl 
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