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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
SEMICONDUCTORS 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 OrganiZations listed on the back cover.
Product specialists are at your service and enquiries will be answered promptly.

February 1984
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ELECTRON TUBES (BLUE SERIES)

The blue series of data handbooks comprises:

T1

T2a

T2b

T3

T4

T5

T6

T8

T9

T10

T

T12

T13

T15

T16

Tubes for r.f. heating

Transmitting tubes for communications, glass types
Transmitting tubes for communications, ceramic types
Klystrons

Magnetrons for microwave heating

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

Geiger-Miiller tubes

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

Photo and electron multipliers
Plumbicon camera tubes and accessories
Microwave semiconductors and components
Vidicon and Newvicon camera tubes

Image intensifiers and infrared detectors
Dry reed switches

Monochrome tubes and deflection units
Black and white TV picture tubes, monochrome data graphic display tubes, deflection units
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SEMICONDUCTORS (RED SERIES)

The red series of data handbooks comprises:

S1

S2a

S2b

S3

S4b

S5

S6

S7

S8

S9

$10

S11

S12

S13

IS)r':;lIT-ssignal silicon diodes, voltage regulator diodes (< 1,5 W), voltage reference diodes,
tuner diodes, rectifier diodes

Power diodes

Thyristors and triacs

Small-signal transistors

Low-frequency power transistors and hybrid modules

High-voltage and switching power transistors

Field-effect transistors

R.F. power transistors and modules

Surface mounted semiconductors

Devices for optoelectronics

Photosensitive diodes and transistors, light-emitting diodes, displays, photocouplers, infrared
sensitive devices, photoconductive devices.

Power MOS transistors

Wideband transistors and wideband hybrid IC modules

Microwave transistors

Surface acoustic wave devices

Semiconductor sensors
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INTEGRATED CIRCUITS (PURPLE SERIES)

The purple series of data handbooks comprises:

EXISTING SERIES Superseded by:
IC1 - Bipolar ICs for radio and audio equipment ICO1N
1C2 Bipolar ICs for video equipment 1C02Na and ICO2Nb
1C3 ICs for digital systems in radio, audio and video equipment ICO1N, 1CO2Na and ICO2Nb
1C4 Digital integrated circuits
CMOS HE4000B family
1C5 Digital integrated circuits — ECL 1CO8N
ECL10000 (GX family), ECL100000 (HX family), dedicated designs
IC6 Professional analogue integrated circuits
1C7 Signetics bipolar memories
IC8 Signetics analogue circuits IC11N
1C9 Signetics TTL logic ‘ ICO9N and IC15N
IC10  Signetics Integrated Fuse Logic (IFL) IC13N
IC11 Microprocessors, microcomputers and peripheral circuitry IC14N

vi
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NEW SERIES

ICOTIN

ICO2Na

ICO2Nb

ICO3N

IC04N

1CO5N

1ICO6N*

ICO7N

ICO8N

ICO9N

IC10N

IC11N

IC12N

IC13N

IC14N

IC15N

Note

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

Radio, audio and associated systems
Bipolar, MOS

Video and associated systems
Bipolar, MOS

Types MAB8031AH to TDA1524A
Video and associated systems
Bipolar, MOS

Types TDA2501 to TEA1002

Integrated circuits for telephony

HE4000B logic family
CMOS

HE4000B logic family — uncased ICs
CMOS

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

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

(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 ICO6N 1985 edition and the Supplement to ICO6N issued Autumn 1985.
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COMPONENTS AND MATERIALS (GREEN SERIES)

The green series of data handbooks comprises:

C1

Cc2
c3
c4
(619
Cc6
Cc7
cs
c9

c10
C11

C12
Cc13
c14
C15
Cc16
c17
Cc18
Cc19

c20
c21*

C22

Programmable controlier modules
PLC modules, PC20 modules

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

Ferroxcube potcores, square cores and cross cores

Ferroxcube for power, audio/video and accelerators

Synchronous motors and gearboxes

Variable capacitors

Variable mains transformers

Piezoelectric quartz devices

Connectors

Non-linear resistors

Potentiometers, encoders and switches
Fixed resistors

Electrolytic and solid capacitors

Ceramic capacitors

Permanent magnet materials

Stepping motors and associated electronics
Direct current motors

Piezoelectric ceramics

Wire-wound components for TVs and monitors

Assemblies for industrial use
HNIL FZ/30 series, NORDbits 60-, 61-, 90-series, input devices

Film capacitors

* To be issued shortly

viii
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INTRODUCTION

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

The HCMOS family of logic ICs is manufactured using a
self-aligning 3um 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 DIL 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%Vcc (typical switching threshold 50%Vc),
supply voltage 2V to6 V

— 74HCT: TTL input switching levels 0.8V and 2V
(typical switching threshold 28%Vcc),  supply
voltage 45V to 5.5V

— 74HCU: CMOS input switching levels 20%VCC and
80%V e (typical switching threshold 50%Vcc),
supply voitage 2V to 6V; 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.

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
ICs

® Logic output levels 0.1V and Vo — 0.1V
o 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 °C

® Meet JEDEC standard No. 7

January 1986
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FUNCTIONAL INDEX

HCMOS 74HC/HCT/HCU FAMILY

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

type no. description pins  classification  page

NAND/NOR gates/EXCLUSIVE-NOR gates

HC/HCTO00 quad 2-input NAND gate 14 SSI 167
HC/HCTO02 quad 2-input NOR gate 14 SSi 171
HC/HCTO03 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 21
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/HCTO08 quad 2-input AND gate 14 SSl 190
HC/HCT11 triple 3-input AND gate 14 SS| 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/HCTO04 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 MmSI 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 MS! 478
HC/HCT365* hex buffer/line driver; 3-state 16 MmsI 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.
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FUNCTIONAL INDEX

Type numbers have a suffix which signifies the type of package:
P = plastic DIL; 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 MS! 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 MmSi 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 MS| 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 DIL; 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 MS| 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 31
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 DIL; 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-t0-8 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 10-to-4 line priority encoder 16 MSI 307
HC/HCT154 4-t0-6 line decoder/demultiplexer 24 MSI 321
HC/HCT237 3-to-8 line decoder/demultiplexer with address latches 16 MSI 450
HC/HCT238 3-t0-8 line decoder/demultiplexer ’ 16 MSI 451
HC/HCT4511 BCD to 7-segment latch/decoder/driver 16 MSI 879
HC/HCT4514 4-t0-16 line decoder/demultiplexer with input latches 24 MSI 887
HC/HCT4515 4-t0-16 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.
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FUNCTIONAL INDEX

Type numbers have a suffix which signifies the type of package:
P = plastic DIL; 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 NAND 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 MSH 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 MSH 927

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

HCMOS 74HC/HCT/HCU FAMILY

type no. description page
HC/HCTO00 quad 2-input NAND gate 167
HC/HCTO02 quad 2-input NOR gate 171
HC/HCTO03 quad 2-input NAND gate (with open drain outputs) 175
HC/HCTO04 hex inverter 181
HCU04 hex inverter (unbuffered) 185
HC/HCTO08 quad 2-input AND gate 190
HC/HCT10 triple 3-input NAND gate 193
HC/HCT11 triple 3-input AND gate 196
HC/HCT14 hex inverting Schmitt trigger 201
HC/HCT20 dual 4-input NAND gate 206
HC/HCT21 dual 4-input AND gate 209
HC/HCT27 triple 3-input NOR gate 211
HC/HCT30 8-input NAND gate 215
HC/HCT32 quad 2-input OR gate 219
HC/HCT42 BCD to decimal decoder (1-0f-10) 223
HC58 dual AND-OR gate 225
HC/HCT73 dual JK flip-flop with reset; negative-edge trigger; supply on centre pins 226
HC/HCT74 dual D-type flip-flop with set and reset; positive-edge trigger 231
HC/HCT75 quad bistable transparent latch 236
HC/HCT85 4-bit magnitude comparator 241
HC/HCT86 quad 2-input EXCLUSIVE-OR gate 247
HC/HCT93 4-bit binary ripple counter 251
HC/HCT107 dual JK flip-flop with reset; negative-edge trigger 257
HC/HCT109 dual JK flip-flop with set and reset; positive-edge trigger 262
HC/HCT112 dual JK flip-flop with set and reset; negative-edge trigger 267
HC/HCT123 dual retriggerable monostable multivibrator with reset 273
HC/HCT125* quad buffer/line driver; 3-state; output enable active LOW 281
HC/HCT126* quad buffer/line driver; 3-state; output enable active HIGH 286
HC/HCT132 quad 2-input NAND Schmitt trigger 291
HC/HCT137 3-to-8 line decoder/demultiplexer with address latches 296
HC/HCT138 3-to-8 line decoder/demultiplexer; inverting 297
HC/HCT139 dual 2-to-4 line decoder/demultiplexer 302
HC/HCT147 10-to-4 line priority encoder 307
HC/HCT151 8-input multiplexer 311
HC/HCT153 dual 4-input multiplexer 316
HC/HCT154 4-t0-16 line decoder/demultiplexer 321
HC/HCT157 quad 2-input multiplexer 326
HC/HCT158 quad 2-input multiplexer; inverting 331
HC/HCT160 presettable synchronous BCD decade counter; asynchronous reset 337
HC/HCT161 presettable synchronous 4-bit binary counter; asynchronous reset 345

* Types with a bus driver output stage.

12
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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 full 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.
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NUMERICAL INDEX

type no. description page
HC/HCT367* hex buffer/line driver; 3-state 557
HC/HCT368* hex buffer/line driver; 3-state; inverting 561
HC/HCT373* octal D-type transparent latch; 3-state 565
HC/HCT374* octal D-type flip-flop; positive-edge trigger; 3-state 570
HC/HCT377 octal D-type flip-flop with data enable; positive-edge trigger 575
HC/HCT390 dual decade ripple counter 581
HC/HCT393 dual 4-bit binary ripple counter 587
HC/HCT423 dual retriggerable monostable multivibrator with reset 593
HC/HCT533* octal D-type transparent latch; 3-state; inverting 601
HC/HCT534* octal D-type flip-flop; positive-edge trigger; 3-state; inverting 606
HC/HCT540* octal buffer/line driver; 3-state; inverting 611
HC/HCT541* octal buffer/line driver; 3-state 612
HC/HCT563* octal D-type transparent latch; 3-state; inverting; bus oriented pin-out 613
HC/HCT564* octal D-type flip-flop; positive-edge trigger; 3-state; inverting; bus oriented pin-out 618
HC/HCT573* octal D-type transparent latch; 3-state; bus oriented pin-out 623
HC/HCT574* octal D-type flip-flop; positive-edge trigger; 3-state; bus oriented pin-out 628
HC/HCT583 4-bit BCD full adder with fast carry 633
HC/HCT597 8-bit shift register with input flip-flops 634
HC/HCT7597 8-bit shift register with input latches 635
HC/HCT640* octal bus transceiver; 3-state; inverting 643
HC/HCT643* octal bus transceiver; 3-state; true/inverting 648
HC/HCT646™ octal bus transceiver/register; 3-state 653
HC/HCT648* octal bus transceiver/register; 3-state; inverting 659
HC/HCT670* 4 x 4 register file; 3-state 665
HC/HCT688 8-bit magnitude comparator 671
HC/HCT4002 dual 4-input NOR gate 677
HC/HCT4015 dual 4-bit serial-in/parallel-out shift register 681
HC/HCT4016 quad bilateral switches (uncompensated switches) 683
HC/HCT4017 Johnson decade counter with 10 decoded outputs 695
HC/HCT4020 14-stage binary ripple counter 703
HC/HCT4024 7-stage binary ripple counter 704
HC/HCT4040 12-stage binary ripple counter 715
HC/HCT4046A phase-locked-loop with VCO 721
HC4049 hex inverting HIGH-to-LOW level shifter 747
HC4050 hex HIGH-to-LOW level shifter 753
HC/HCT4051 8-channel analog multiplexer/demultiplexer 759
HC/HCT4052 dual 4-channel analog multiplexer/demultiplexer 771
HC/HCT4053 triple 2-channel analog multiplexer/demultiplexer 783
HC/HCT4059 programmable divide-by-n counter 797
HC/HCT4060 14-stage binary ripple counter with oscillator 800

* Types with a bus driver output stage.
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NUMERICAL INDEX

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-t0-16 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.

January 1986
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ORDERING
INFORMATION

TYPE NUMBER DESIGNATIONS

PC 74 XXX XXXXX X
T T T TYr

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

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

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

HCT = TTL input switching levels; supply voltage
range 4.5 V t0 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)

72930741

type number
terminal 1 PCTAXXXXXXXXX = ™ designation
identification XXXXXX X
factory identification -J L layout identification
date code ~———

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

RATING SYSTEMS

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

DEFINITIONS OF TERMS USED
Electronic 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 for
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. Itis determined for specified 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 operatingand 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
changesin 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

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 for 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 timiting 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 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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FUNCTIONAL/
IEC LOGIC
DIAGRAMS

HC/HCT00

! 3

1]1A 2 & ™~ 3

M E 2|
E‘B 1 4
N
4]2a 5 |
] 2Y |6
_ 5|28 I 9 8

0 N3
9lsa
— av|s 12
10|38 —— 1
] 13
12 fan
] ay|n 7287488.1
_13]as

7287401.1
Quad 2-input NAND gate
HC/HCTO02

2 |

2|14 3 =1 N
-] 1Y |1 —

3]s —

3 5

A N4

5{2a 5
- 2Y|a

6]28 - 8
] o] K10

8|3a -
P 3v 1o .

9 — 13
-2 2 NS
11}4an
— av |13 7290977
12148

7287403.1
Quad 2-input NOR gate
HC/HCTO03

i & 3
B vl 3 2 o=
21 = ]

A 6
42A 2v| 6 5 =
5128 — ]

9] 8
9 13A avl 8 10 P
10 |38 10

2 o
12 14A
= 3
1 (a8 i 2

7293394
7293397
Quad 2-input NAND gate
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FUNCTIONAL/

-JEC’LOGIC
‘DIAGRAMS
HC/HCTO04
1 | 2
1A 1
1 Yi2 3 k. 4
5 N8
3j2a 2v |, B
- N8
5|3A 3Y|e 1 N.10
13 h 12
e aylg
— LA 7290947
11{5A Y [10
_1316A SYh2
7287406.1
Hex inverter
HCU04
o N2
1A 1y |2
— F— 3 N4
5 6
3]|2a 2Y|s >
9 8
]
5)3A DG:;Y 6 1 N 10
13 12
P
g |4A 4Y|g
— . 7290947
L"’A 5Y |10
13| 6A 6Y |12
7287406.1
Hex inverter (unbuffered)
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"FUNCTIONAL/
IEC LOGIC
DIAGRAMS

HC/HCTO08
pul &
1]1a 13
e ] > 2]
4
Aza 2v| 6 3 -
5428 — ]
2 ] s
9 f3A av| 8 10 —
10 38 . ]
12| "
12 gan ay| 11 13 —
13 48
7293601
7233603
Quad 2-input AND gate
HC/HCT10
1
1 _hA — &
— 2 N2
LlB 1Y) 12 13
13 fic 3
3 loa 4] N
5 |
4|28 2v| 6
9
5 oc 10 K8
9 13a L+
10 |38 3y| 8 7293367
g3
7293368 . R
Triple 3-input NAND gate
HC/HCT11
1]1a 1
2 118 1v|12 2 & 12
=] — 13
13lic —
3 12a 3
4 2| 6 4| -
5 j2c 5
9]3A 9
1038 vl 8 10 L]
11]3c 1
jul n
7287416.1 7293164
Triple 3-input AND gate
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'FUNCTIONAL/

JECLOGIC
‘DIAGRAMS
HC/HCT14
] T N2
P AT wl o,
3 | N4
3 — 2A 2Y F— a 5] .
N6
s34 ' - 9 K8
4A 4y
e [Tpert-o . o
_IsA . syl 1o
" 13 12
2 IN12
B6A 6Y
13— ' 12 7293647
7293646
Hex inverting Schmit trigger
HC/HCT20
1A ! &
2
_2f18 wle e NG
_alic —
5
_5_ 1D B
2ea 9|
10| 28 10
. 2Y| 8 - 8
1212¢ 12 | NS
13f20 13 ]
7293767 7293764
Dual 4-bit NAND gate
HC/HCT27
1A -
2 |18 1v |2 L =1 op2
1ic £
JEN £ ]
_a|2s 2vle 4] N6
5 J2c 5
N ET
3v|s =
1008 - 10| N8
N ]
7287418.1 7293113
Triple 3-input NOR gate

30 January 1986



FUNCTIONAL/
IEC LOGIC
DIAGRAMS

HC/HCT30
1{a - *
e 2
alc 3
o .
vl N NS
13 — 1
ol 6 |
11{c .
12 {H 2
7293815
7293817
8-input NAND gate
HC/HCT32
1 3
il wls 2| 21 |3
2|18 i >
— 4
I L6
_4al2A .
2Y]6
JED__ ]
- 8
o] |8
] D
. 12
38 =
0} . 1
_|2_4A av| 11 7290989
‘_SE__D__
72874201
Quad 2-input OR gate
HC58
_1‘1A
_1_?_18
13J1C
i'lD 'Yi
% : IEC SYMBOL
— IN
__2_2A
o PROGRESS
— 2Y|6
4l2c —
5]20 -

7293941

Dual AND-OR gate
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FUNCTIONAL/

5
v

HC/HCT73
14
24 12
pe [
18 |1 1] 12 3Nk
Ja 13
1 |1CR PN
———1—O] CP FF1 ,
3 |1k = 1a] 13 1
K a |2
5N
R 0 ZP“
- — 1K
2pE 9 ol N
7293188.1
7 {2 | ol-22l o
5 |2CP
———o0|CcP FF2
o lox | 5| 28] s
R
6 |2R
7293189
Dual JK flip-flop with reset; negative-edge trigger
HC/HCT74
—— 4 S 5
4 115y 3 j 2
2 {10 %o 1e]| s 2. _I ¢
D Q p 10 >_6_
3 |ice —Npg
CP FF1
a 1@ 6 TN 9
1 I
Lo b
1 _|'Rp 2D k.8
— JETNA
10 125, 7293118.1
12 |20 So 20| o
b a
112 1or kr2
~| 20| 8
a
- RD
13_|2Rp
7293119
Dual D-type flip-flop with set and reset; positive-edge trigger
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FUNCTIONAL/
IEC LOGIC
DIAGRAMS

2 |io 1] 16 e
a 4
13 |LE1-2 o c?
slaal 1 16
L1 —=
] 21 ,
1
3 |20 o ol2efs sl 15
ce _ [N14
5|28l 9
L2 b P -
6 [3p 30] 10 10
« |tesa e -$420 "
cp _ P
=[30] 11 7293147
3 @
7 {4p o al4al e
cp _
gladl 8
L4
7293148
Quad bistable transparent latch
MP
R wl, cof
10 Bo 12 ]
9 Ao 13 e
12 B1 s,
1181 Qa<s . s
13]A2 =—o p<al—
14182 Qp-g A paf-%
15| A3 A8} 1@ gt 8
1 |83 Qa>8 L3
2 |'a<s 2 |
3 |'a=8 3j=
4 |'a>8 41
7283223
7293224

4-bit magnitude comparator
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FUNCTIONAL/

IEC LOGIC
DIAGRAMS
HC/HCT86
R
1]1A =1 —
e 173 2
2] 4|
4]2a 5 ] —
— 2y [e
_5|28 L.
0| | 8
o av|s
o038 — 12|
18 | —
_12]4A vl 7287490
JRE] 1
7287410.1
Quad 2-input EXCLUSIVE — OR gate
HC/HCT93
2] MR,
3|MR3
CP,
14{CPg
1/
JLN s 'Y
Qg [y |Q; [Q3
7293823 12 ]9 |8 1 NN
7293822
4-bit binary ripple counter
HC/HCT107
1 ‘IJ_ J a 1Q 3 .L._. 10 3
22 L1 cp ke 12 (TP
L3 AL ) G192 o] 1K N 2
R R
RENALS ? &1, 5
e
—1k
N 6
10
8 2.1_ ; o2l 5 R
0 |2Chdcp rr2 72932201
w e | 528l e
R
KU EL
Dual JK flip-flop with reset; negative-edge trigger
7283196
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IEC LOGIC
DIAGRAMS

HC/HCT109
I~ LN 6
5 |15, 2 1y ._
Sp 4
2 Ju | 70 | el e 3—z'>01
1K 7
4 1cp CP FF1 TN R P~
3 1K _| 1@} 7
O K Q 1
Rp 1—45 s 10
1 |1Rp pa H
- it
1|25, BTk k.o
S 15
1 | | o o2 10 =DNR
7293133.1
12 2¢ CP FF2
I3 al o
13 ZKO K a 2Q
Rp
15 [2Rp
7293134
Dual JK flip-flop with set and reset; positive-edge trigger
HC/HCT112
. AN
415, 3 5
— 1
Sp
3 f, Cop s _;szm
1 ]1CP “<{1K s
—=ofce rer | sa) g >
2 f o Sladle
Rp LN N
— o
I pci
10 |25, 2 _fik N7
SD 14 R I
11 124 N a 2Q] 9
cp 7293651
13 1200l cp Fr2
.
12 | 2K K a 7
Rp
14 {2%0
7293652
Dual JK flip-flop with set and reset; negative-edge trigger
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IEC LOGIC i
DIAGRAMS
HC/HCT123
14 n
1Cext | 14 15 ox 13
14 L s rx/ex
TRexT/CexT | 15 LN oy
2
B 1af 13 N 4
1 hA @ N
T 5 :
2 118 3 Q] 4
Rp
3 |1Rp ? g ex L
2ext| 6 I e Rx/CX -2
— 8 N
2Rext/Cext| 7 10
=2 L
< 12
= 20} 5 1
9 |2& a R
T
1_23 J—LG za 12 7293287
Rp
11 |2Rp
7293288
Dual retriggerable monostable multivibrator with reset
HC/HCT125
2| >
2 [ia N iv] s . v
e Ien
JL LT 5
5 [2A 2v| 6 | 6
7 4N
4_|20E 9
8
9 |3a 1[2 3v| 8 105
10 [30E 12
11
12 Jaa ay| 11 13
13 |40E
7293371

7293372

Quad buffer/line driver; 3-state
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FUNCTIONAL/
IEC LOGIC
DIAGRAMS

HC/HCT126
2| >
2 1A 1| 3 , v
~———EN
1_J1oe 5
5 [2A N _2Y| 6 4 -
4_ |20€ 9
9 |3a 3v| 8 N | 8
10_[30E 12
12 fan av[1n " 1
1 40E
-~ 7293377
7293376
Quad buffer/line driver; 3-state
HC/HCT132
1 &
N 3
2
4| &r
N
5 |
S | &I
8
10
2 [ ar
N 11
13
7293335
7293338 Quad 2-input NAND Schmitt trigger
HC/HCT138
Yol1s Lo) o
= - °€ ” 2116l ML
o - — o 3 |, 213
— — OV_— 3D 12
12
2 A 3-10-8 [ ENABLE [ 07—3— A
DECODER | | EXITING 41 ap sINT10
A Y
L2 ] — 07_5—‘2 SN g e
— — o_—sr—g— 6 7B 7
- - oyl 7.
4] Ey J 72932291
5 |E2
5 183
7293230
3-to-8 line decoder/demultiplexer; inverting
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FUNCTIONAL/

IEC LOGIC
‘DIAGRAMS
HC/HCT139 J—
2 1o 4
1%, 3 }G% o=
jo—1— 4 —1 NN
2 —10 SUAAT 1 6
1A DECODER 17, RN 22
3 o—T—¢6 a7
175 >
o—t+—7
1—£———j> :: 12
N1
pﬁ—-—u 15 10
10— 20 LT = Lg
2A, | DECODER [ 2V, N2
13 lo—=—10
295
— 9 7290955
2E ?
15—
- Dual 2-to-4 line decoder/demultiplexer
HC/HCT147
1" 1HPRI/BCD
TN
1 f12 131 |2 |3 [4 |5 |0
Iz lx IK lx'; IK lz\ I_A lz 5n), s
lol1l2 3 |A4 {As j7Ls in, Jhz
2N a8
ENN A aF 14
AN,
TY3 TVZ TVI TVO s,
[14 e 17 Jo 7203174 TN
7293173
10-to-4 line priority encoder
HC/HCT151
MUX
[s |3 [2 |1 |5 |14 |13 |12 1nden
el e e = o I wl
10 [
9 67
MULTIPLEXER =2
4
—o
E N
2 4,
13 S
B |, N 6
1,
13 5"
12
=7
7293157 5 Tﬁ
7293156
8-input multiplexer
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IEC LOGIC
DIAGRAMS

14
—1% 50
2 63
6 5 Ja I3 |ala o |11 12 i3 '
o [ty |11z [1g [sgfsq [21g [217 213 ]2I3 n| |—
1oy Mux
MULTIPLEXER MULTIPLEXER 5 1o
5 | | 7
o e 28] 15 a,
3 13
15
1Y 2y 10 |
17 B 7293127 I -2
12
13
-
Dual 4-input multiplexer 7203126
HC/HCT154
DX ohdt
2 |, Rz
22 P N
23 |22 |21 |20 2] (G5 3%
Ag |Ar [A2 (A3 20 |4 PR
spN6
B e1
18]Eo 78
_:D DECODER s
BT, o\10
10 L:;
TVo Tv| Tvz TVg T74 Tvs TVG TV7 Tvs Tva TVmTVnTV\z?VnsTVm Vis 18] .
[ 12 3[4 [5s [6 [7 [8 [o [0 [1n [18 4 [15 [16 |17 o & 2
B 1S
72 3.
87434 18 16
15T
) . 7287485
4-t0-16 line decoder/demultiplexer
HC/HCT157
2 s 5 |e 1 |0 14 |13 Ben
o |11 215 |21, |3lg |31, |4lp |4n LI
1
2 _[7 wmux
1ls
SELECTOR -4
- )
5
7
| T 1] e |
15|E 1
— MULTIPLEXER OUTPUTS n_f s
10 —
1Y 2y 3y [ L3 12
4 7 9 12 13
7290973
7290972

Quad 2-input multiplexer
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IECLOGIC
- DIAGRAMS
HC/HCT158
L)
3 s le6 I lo | lis 15 en
To 11 1210121 |3'0 (3 |4lo |4h -
C
1ls 2 17 wmux
MULTIPLEXER 4
34
NN :
§ N T
OUTPUTS | 5 |
= < . . 1|
1Y 2Y 3Y 4Y 1 N2
3 7 ] 12 =
72874371 1
= [
o N O
A ) R R 7287494.1
Quad 2-input multiplexer; inverting
HC/HCT160
CTRDIVIO
s Ja s s R CTRO
Do oy P2 |03
o 1P PARALLEL LOAD CIRCUITRY
c2/1,3,4+
10]ceT C
3 1720 |14
_7]cer 4 13
INH el -— —
2,88 CP  DECADE COUNTER 5 | | 12
MR olRp 6 1
Too foi Jez Jos —
e oz 7293615 acT=9 |12
7293610
Presettable synchronous BCD decade counter; asynchronous reset
HC/HCT161
3 la |5 e aing CTR4
Do [ [02 |P3 2w
9|7 e
PARALLEL LOAD CIRCUITRY 10 6a
2 bcanzar
10 |cET r
-\‘&E:D-L 24720 14
_2]cep
INH D s 4 .
24CF CP  BINARY COUNTER — 5 12
_1|wR olfo
8 1
[00_fo1 o o -
e [ Pz | I acT=15 |12
7293811
Presettable synchronous 4-bit binary counter; asynchronous reset
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: FUNCTIONAL/
2 IEC LOGIC
“DIAGRAMS

HC/HCT162
, CTRDIV10
bl | s =
Po P 2 s )
—_ G3
o|PE e
_ PARALLEL LOAD CIRCUITRY
AR 4 2B c23.4
| C
10 {CET 3 T20 14
4 |13
L o c|1s
INH L 5 12
DECADE COUNTER e
2]cp o
6 1
Fo o P s . .
" 4CT=9
I" |13 |12 I 7293617
7293612
Presettable synchronous BCD decade counter; synchronous reset
HC/HCT163
Y CTR4
o Ja Is s —59 2R
|Do ID, |D, |D3 T‘M‘
9 |PE o —{G3
] 10 _{qa
1| wR PARALLEL LOAD CIRCUITRY G
_a ol 2 Bcanaar
7 C
10 | CET 3 T20 14
_7cep 4| 13
INH o Tci 12
BINARY COUNTER 5__. —
2]CP cp
6 1
Fo oo o T o -
IEE fz i 1203618 4CT =15 [—
7293613
Presettable synchronous 4-bit binary counter; synchronous reset
HC/HCT164
SRG8
Cl/ —»
R
1 |bw , C
I s
Em 3
2 |Dsb 2 1D
cp 8-BIT SERIAL-IN/PARALLEL-OUT i
8 SHIFT REGISTER 2
9 |MR 5
6
Qo |Qy |02 |03 |4 (A5 Qg Q7 10
1
1293348 3 |a [s |6 |10 {1 |12 |13 —
13
7293343

8-bit serial-in/parallel-out shift register
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IEC LOGIC
DIAGRAMS

HC/HCT165

SRGS
G1(SHIFT)
1 12 |13 114 13 |4 |5 |6 C2 (LOAD)

Do |0y |Dz |D3 |D4 |Ds |Dg |D7

Cc3/—

a
b37[7_

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

99

—
7287440.1

Ll

8-bit parallel-in/serial-out shift register 7287855

2 |3 |4 |5 |10 |1 |12 |14
Do |D7 |D2 |D3 |P4 |Os |Ds |D7
15 {PE
1 |Ps
1 _d210
[ TT T T[] 50
MR 3 5o
2 MRy 4 1
7 lce 8- BIT PARALLEL/SERIAL-IN/ 5]
- Toe SERIAL-OUT SHIFT REGISTER Q7{13 o
5 _{CE ) 10
11
12
1
7293180 -1"4‘— 3

7293179
8-bit parallel-in/serial-out shift register

HC/HCT173
14
13
12
1"
| 3
|4
= 12 5
10 — —
. AN | &
15|
1 7293636
2]
7293638 Quad D-type flip-flop; positive-edge trigger; 3-state
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FUNCTIONAL/
IEC LOGIC
DIAGRAMS

HC/HCT174

9
B Qg a, Q, Q3 Q, : SNSRI .
7293661 2 5 7 10 12 15 | L
17930¢58
Hex D-type flip-tlop with reset; positive-edge trigger
HC/HCT175
2
4 2
-—1D K3
| 7
5 |2
1 o 0
i
! 10
I 12 T
I 1
o a 1ot |
s I i P 15
7293244 al 12 7 11 ho 1wl s 13 —
- 14
7293243
Quad D-type fiip-flop with reset; positive-edge trigger
, )
HC/HCT 182
CPG
4 1P Al epo
I 2 epy 7
2|P1 5l7 5 cp P>
—“—0| O—— B cp2
.‘5__0”2 R
5,
6173
lo— 5110 2N ceo
316 B [0S Ko
) 510 e,  ©C
__OE AN g3
Mo coo %
5|53 Cn+x]i2 L cot j—L
T Crvy it - 9
nryit coz |-
c T
131%n o n+z})9
7293771
7293772

Look-ahead carry generator
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FUNCTIONAL/

IECLOGIC
HC/HCT190
1 CTRDIVIO
o c3
|5 |1 Jio |o 5w
|°o !Di |°2 le TN e
11 {PL __ 1T‘:[: G4
— RC|13 4
uip COUNTER tcl12 1.2+/1,2~
G C s
[ Py +=T—
1 2
10 6
14 - b
7 9 7
Qo 191 |92 |93 2CT=0/2CT=9 |2
N RGN ERE ™ 1,24CT=0 i]r’s
12,4CT=9
Presettable synchronous BCD decade up/down counter 7293715
HC/HCT191
unfo, CTRe
s |1 Jio |e JR2 VS
[P0 o1 BB AN
T 14
11 |PL p— G4
) RCLS Il: 124/1,2-
uio COUNTER |12 _I E -
4|CE 15 3
—3p +—
1 2
10 6
i 9 z
Qg |Q4 |03 |03 2CT=0/2CT=15 |—2
| EJ EX C C— 1.24CT=0 ja_
124CT=15
Presettable synchronous 4-bit binary up/down counter 7203718
HC/HCT192
1y CSCTRDIVIO
s |1 [0 |s -2
o jug
1P —
o TCul12 -
L Al COUNTER TCp |13 62
|,
| C
L2 pry i
1 2
10 6
9 7
|3 Iz Is l7 7293999 13
FcT=0 P>
Jor=0 PNIZ
Presettable synchronous BCD decade up/down counter 7203717
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FUNCTIONAL/
IEC.LOGIC
DIAGRAMS

HC/HCT193 G
—Dc3
5
2+
s |1 Jo | >G1
DL L
— _ -
npc %yl 1z ‘[
51y COUNTER 7 ez
|13 w .
LI poes 3
1 2
10 6
9 7
7293999 2cT=0 13
Tor=1spt2
7293718

Presettable synchronous 4-bit binary up/down counter

2 |3 |4 |5 s |7 SRG4
C5/2 —» [3=—
Dsr (Do |Py |D2 [D3 |Dg ]
9 [So }""?{
10 {51 CONTROL LOGIC R r—
LTI P e &
3 |15
11 fce [Dg0g ~— 450 "
4
o FF1 to FF4 =450 —
1 |MR 5 13
-~ 45D
[
Qg Q Q, a3 7] 45D 12
35D
7293140 15 14 13 12
7293139
4-bit bidirectional universal shift register
4 5 6 7
D D D 2] SRG4
0 1 2 3 9 1w
1
2 FE PARALLEL ENABLE CIRCUITRY 10 \
= c2/t -
A | rC
— 'g——— 1,24
3|k 340k 5
4 1,2D
5 {120 | 14
Wice cpP0 Dy 02 03 6 13
_1IMR o 4--BIT SHIFT REGISTER -
12
2]
Qq Q Q, |a; [ SN
15 14 13 122 I
7290785
7287443

4-bit parallel access shift register
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FUNCTIONAL/

IEC LOGIC
DIAGRAMS
HC/HCT238
DX
- Yolis o o8
1 2 9 14
- Yijra [ P -
3 13
1 {0 Y213 —2 22—
_— |: 12
Y3li2 3—
2 1A 3-t0-8 [~ ENABLE [ v py -kl
DECODER EXITING a1 . o
3 |A2 Ysli0 _Bs 5 .
1 ol o 5N g 6—2
2 & b —
- | 707
alk 7293236.1
5 |2 l
5 1€
7293237
3-to-8 line decoder/demultiplexer
HC/HCT240
L INen
_2['%0 1Yol
2 D> whae
4 16
1A 1Y —
- e 6 K14
8 12
6[1A2 1Yy l1a
ey
8|'A3 1312 1 > whe
13 7
_ 15 5
1|10E 15 NS
17 3
7290962
417|240 2vols
15124 2vils
L1
13|24, 2y
11]2A3 2v5le
191208
7290963

Octal buffer/line driver; 3-state; inverting

46
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FUNCTIONAL/
IEC LOGIC
DIAGRAMS

HC/HCT241
1 INen
2|10 Yolis
2 D> ol
4 16
af1A Y116 5 14
Pl | 12
6142 N Y2 e 0
!f EN
8|'A3 Y3l12 AL D w2
I/I 13 7
_ 15 5
1]10E 17 3
7287844
17§2A0 2Yo0|3
15|24 2Y]s
13[2A2 N 2Y2]s
<8
11}2A3 2¥3]o
19§20
7287448
Octal buffer/line driver; 3-state
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FUNCTIONAL/

HC/HCT242
13
13/0Eg ) z:;
_ ENABLE I__
EXITING
'L_AD°' vz 3
] 3 > 1V; 1
3 |40 %c Bol 11
4 ;110
ﬁ— 5 3.
0 ] N Bil10 8 }3
l{ 7293198.1
5 | A2 %c Ba| 9
8 |43 ?c B3| 8
Szoame  Quad bus transceiver; 3-state; inverting
HC/HCT243
13
{OE EN1
B Bt ENABLE ! EN2
1 |5EaA EXITING
.__|>°._ -
3 I > }11
3 |Ag N Bo| 11 A%
K 4 10
g S -2
| LI les-2
4 A N By]l10 7293205.1
=4
s A2 | % B2l 9
s | LN B3l 8
g’
7293206
Quad bus transceiver; 3-state
January 1986
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ootk

FUNCTIONAL/
IEC LOGIC
DIAGRAMS

HC/HCT244

214 1Yy
AL 1Y,
s]1az 1Y,
sl1as 131y

e}
1]10E

a7{2R0 2vg

|

15 |2A1 2Y

L 1

13272 2Y2

)
11]2A3 2Y3
i
19 [20€
7287460

Iq

Octal buffer/line driver; 3-state

EN
2 D v 18
Fu | 18
& [ 1
8 12
18 EN
1 D (v 9
13 7
16 5
17 3

7287847

January 1986

49



FUNCTIONAL/
IEC LOGIC
DIAGRAMS
HC/HCT245
19 |OE
1]or
2]A0 N Bo|1s
<8
3|A N 84|17
P
A l N 87116
<8
5|A3 N 83|15
<8
|
[1 Y N Balia
U
7 As. N 85|13
4
8|As l N Bs 12
5
S
9]A7 N Byt
<8

7287452.1

Octal bus transceiver; 3-state

50
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FUNCTIONAL/
IEC LOGIC
DIAGRAMS

HC/HCT251
MUX
14 3 ]2 [1 |15 |14 |1a |12 NN
I | I ! 1 I 1 I
o' |'2('3['a|'s |'s |17
o[ ]is e fis Jio | ul
11 {So RIS B )
10051 21,7
1 MULTIPLEXER 4
9 |82 —U
2 | i
2 1
_ 113 V2
7 |oE 15 ], NN
YT :
-5
- B e
v Y 12
=<7
5 |5 7293103
7293102
8-input multiplexer; 3-state
HC/HCT253B
AL PN
2 {183
6 s la |3 halz [0 11 |12 |3
Tlg (117 |11z [113 [So[S1 [2l0 |21 2|21213 ey MOX
5 o
MULTIPLEXER MULTIPLEXER 5 1 v A
A_1;
_ = L
ApoE 20E|15 .
1Y 2y 10
7 7287454.1
1 9
12
13
=
. . 7287862
Dual 4-input multiplexer; 3-state
HC/HCT257
2 |s 5 |6 14 i3 1 |10 15 len
g |11y 21y (24 3l |31 419 |41 LIS
.
2 [ wmuxp
1{s
SELECTOR frd SN
L
5
7
B A I ] —
15 | OF 14
2] 3.STATE MULTIPLEXER OUTPUTS
] 12
—I 13 —
v 2y 3y 4y u
9
4 7 12 10
72874321
7287851
Quad 2-input multiplexer; 3-state
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FUNCTIONAL/
JIECLOGIC

HC/HCT259 u
® z
ox 810D A
— Qo4 L—tmo 4
Rl . louls ot ' s
N ] 1S1s o) , A 5
2 -
2[A1| 1-of-8 | 1%2]6 5 6y 1t
DECODER }— asl, 2 2.. 6
3]A2 — s 1 T
11 ] LatcHes [2afo .T | 7
L 1
1910 F 9
14|CE 19611 a4
15|MR Q + 10
13D -2 54 )
+ 1
ol A
+ 12
7293313 Fan —=
7293312
8-bit addressable latch
1 ) .
Thaj] Dottt : B
2 |18 - 2]
5 ] A
£ j2a 2v| 4 6 I~
6 |28 s |
8
8138 av] 10 9—4 2
sfa )] Dot P =
12 "
4,
12148 av| 11 13 L
1aes
7293390
7293389
Quad 2-input EXCLUSIVE-NOR gate
1
R
3 [P0 Q] 2 TH
4 |01 Q) 5
7 |02 9| 6 I pry |2
8 |P3 FF1 93] o 4 ] |5
13|04 Ft:a Q412 ] |6
9
14]Ps 9|15 %3_ —
17|Ps 916 . —
812 S0 ] e
1 |wm ? 18 19
ajce 7293258
7293259

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

52
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FUNCTIONAL/
“1EC:LOGIC
DIAGRAMS

HC/HCT280
8 2k
9 ]
8 [9 10| f12 i3 |1 |2 10
fo [ 2 ['3 ['a {'s |'s |'7 |'s 11 5
12
13 N6
L
ze Zg 2|
5 6 7287457 4
7287499
9-bit odd/even parity generator/checker
HC/HCT283
51 z
5 |6 3 |2 |14 J1s 12 |1t -
P
Ay {8y Ay By |A3 |B3 (A4 |Bg AL PY
12 ], o4
'
7 [Cin Cout| 9 : T
6 13
L Y Py ER
2 ], 4|10
15 a
Iy |2y |23 |24 —12
11
a4 |1 |13 |0 7293830 -3
I P cop-2-
7293829
4-bit binary full adder with fast carry
e s |1 |2
HC/HCT297 ID Ic IB IA
4]Kep CARRY
6|0/0 MODULO-K
3 |ENcTr COUNTER BORROW
10 Doyt
s i1 cimeurr 2117 IEC SYMBOL
on IN
3 el XORPD
_._______)D out | 11 PROGRESS
10|08
J
FF ECPD
oA 12
13|94 K a out
Digital phase-locked-loop filter
7296075

January 1986



FUNCTIONAL/

IEC LOGIC
DIAGRAMS
HC/HCT299
1 19
So S5
11 |%sR Osf 18
I 1
12 jcp
— 8-BIT SHIFT REGISTER
9 |WR
s T T [T T[T [ ==
2 |OF,
::@ INPUT /3-STATE OUTPUT CIRCUITRY
3 [oE,
|x/oo ll/o, ||102 Iu/o3 Ill04 |1/05 !uoa II/07
7 TsTe Tia Ts Ths Ta e 203275
E.Ea,w 17
- V<5 27—
8-bit universal shift register; 3-state 240
72932741
HC/HCT365
21A N 1Y]3 N
it T
al2a | N 2vY]s
i<l >
6(3a | N, 3vi7 2 3
l/ D— V"—
t 4 5
104A | N 4Y|9 6 7
l/ ——
»—f 10 e
2]sa | N syfn o
V 12 11
14 13
1406A | IN___6Y!13 L
N l/’ 7293678
1 |OEq
7293681 Hex buffer/line driver; 3-state
HC/HCT366
2j1A j>c 1¥]3 LT
i 15p EN
4]2A Dc 2Y|s
| >
6]3A Dc 3v]7 2| vis3
j 4 o~ 5
10 {4A Dc avi9 6 7
(3 10 9
12|5A {>c 5Y| 11 2 Ny "
14 lea 67|13 i SR
[>o—1]
7293677
1408
15|02
7293683 Hex buffer/line driver; 3-state; inverting
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FUNCTIONAL/
IEC LOGIC
DIAGRAMS

HC/HCT367 [ .l o
4]2a 2v|s S
3 2 v
6]3A D 3v|7 R R
L 6 B
1004a | N, 4Y]|9 - A
¢ 0] Lo
1 ]1GE
LN
12 {5A 5Y _ll
>
ulea | N, 6Y|13 12 "
v
14 13
15 | 20 SR
. . 7293678
Hex buffer/line driver; 3-state
7293685
HC/HCT368 [ ot o
4]2A Dc 2v (s S
L 1 2 Vb 3
63A ‘D: 3Y}7 A s
- = 6 N 7
10}4A Dc av )9
10 N 9
_1]10€E
B LT .
12[5A Dc 5Y[11
r’ 7|13 >
14|6A Dc 6Y |1 12 " "
o 14 13
15| 208 —
7293679
Hex buffer/line driver; 3-state; inverting
7293687
HC/HCT373
RESNEY
LI P
3|00 Qo| 2 .| r-l
D
415 Qs 3 o T
702 Q6 4 5
o 03 LATCH 3-STATE 03 2
- 7
13|04 108 || outputs | 24]12 — =
14|05 Q5|15 8 9
170 Q
8 1 L 13 12
18|07 Q7]19
14 15
11
1 |OE 17 |16
18 19
7293263
7293252

Octal D-type transparent latch; 3-state

~
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FUNCTIONAL/

IEC LOGIC
DIAGRAMS
HC/HCT374
1NN
1
3|90 ] Qgf 2 c1 n
4|0 %5 3 2
o Q. =10 7 =
7102 2l6
8|03 %o 4 -2
S FEV [ 3-state [
ﬂ.’_"_ tr8  —i outpuTs | 412 z |6
14{%s 9s)15 s o
17{% Qgl16 —
1807 919 po |12
14 15
17 16
7290968 lH {19
Octal D-type flip-flop; positive-edge trigger; 3-state 72809671
HC/HCT377
LES P
3]P Q)2 n 1c2
4]0 Qs
D. Q. 3 C 2
7102 2|6 N Py .2
8[03 ] 939 L. -
— 7 6
13|04 F‘FOB || oureurs |4]12 - —
14 {0s | Q545 Ts—q —
17Ps ] Qgl1e 2 _ﬁ
D Q — —
18 {07 7119 17 16
E__ 9 18 19
1jee 7203108
7293110
Octal D-type flip-flop with data enable; positive-edge trigger
HC/HCT390
2 CTR
CT=0
1,15 |"CPo in], ove 3
+2 "%0)3.13 ows (| 5
. COUNTER an, or e
2 7
4,12 |nCPy nQiis,11 CTR
o B _lerao
+5 nQz16,10
COUNTER [0
2,14 |nMR n
n 3.0 s, o 13
ows (o1 n
2, o |0
7293778 2 __9
. 7293777
Dual decade ripple counter

56
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FUNCTIONAL/
IEC LOGIC
DIAGRAMS

1 CTR4
1 |1CP 92 oj—2
T ser 194 4 2—1 cT=0 4
BINARY LN N s
mierLe |'92| 5
2 |1mMR| counTer af—2
Q3| 6
205 4 CTR4 "
13 {2CP. op—
1O sar [221]0 12 10
2 _leroo |10
BINARY o
ripPLE 292 ¢ B, -
12 [2MR|  COUNTER 8
205] 33—
7293349
7293350 Lo .
Dual 4-bit binary ripple counter
HC/HCT423
1 &
1CexT | 14 L I 13
|14 2 |> —
TRexT/C T
ExT/CexT | 15 3 =
14
13 el b N
RN =] RX/CX
2 | 4
K | 1
5
3 10 —
Cext| 6 U
0 [
2RexT/Cext | 7 = cx 12
— st axrex
5 7293296
12
7293297
Dual retriggerable monostable multivibrator with reset

January 1986
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FUNCTIONAL/

IEC LOGIC
DIAGRAMS
HC/HCT533
LNy
' Lt
20 = pot2 N
4[4 boils_ < PPN N
7 b-2{8_ 4 5
8 Q319 -]
LATCH [~ 3-STATE [0z B A
13 1108 || outputs |o-4]12
pn oosl1s 8_| N
. 0g16
v . o=S11e. 13 12
18 bozlis -/
14 15
g ]
1}OE 17| 16
18 19
7290986 12
B . 7Z90984.1
Octal D-type transparent latch; 3-state; inverting
HC/HCT534
1 len
1
a ¢
3]P0 of2
AR Pals 1 r
- S 3 2
715 a6 2o D vp2
- bo2{6
8 {P3 Q. 4| NS
1 5 grate P
1310 g ouTeuTs jout |12 7 [
Fre o112 - N6
14]%s bosl15 o 0
1740 blel16.
18|07 Ker i 1 12
14 k.15
17 k.16
7787460.1 18 | 19
. et . . . 7287496.1
Octal D-type flip-flop; positive-edge trigger; 3-state; inverting
HC/HCT563
1nen
L]
D
2|Po | 19
3]0 e 2 - r->19
=—jo p v
4|02 oo2f17.
|03 G346 3 ] IN18
> LATCH [~ 3-STATE Pzt~
6174 108 | ] outeuTs |45 4| 17
D q
7{Ps o814 5 N6
8|06 ] ociyﬁ
9|07 | °<J_7F1 s | N15.
JLE T 1 N4
1]OE 8 N3
7287463.1 8 N2

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

7287864

58

January 1986




FUNCTIONAL/

IEC LOGIC
DIAGRAMS
HC/HCT564
1
_ EN
a
21% — oalrg AL
D a
3[04 o122 2 S L 19
4102 Qo 17 © v
1 o= 3 SN
5(03 Q316 4 17
FF1t0 FF8 3-sTATE 071 —
D ontenTs | Qalas 5
6(Pa o415 5 K16
1% Qs)14 6 .15
Q)13 2] NI
CH e 8 | NG
— 9 12
— 12
T 7293784
703785 Octal D-type flip-flop; positive-edge trigger; 3-state; inverting
HC/HCT573
LNen
LRI P
2[P0 Qol19
3|01 Q)18 2 g 19
4|02 Q)17 v b
5|03 Q3|16 2 L
D, LATCH L— 3-STATE Q
6174 18 || outputs | 4115 4| 17
7|0s Q5{14
— 5 16
8(%6 96|13
9 97]12 & 15
11 2| 14
1|0E T 8 13
7287873 9| 12
7287874
Octal D-type transparent latch; 3-state
HC/HCT574
1
EN
2% Qof 19 n c
1l S— | Aiie 2 C 19
D. Q —~—mn D v
4192 2[17 3 18
5|03 93l16 4 17
1 3-sTATE —
6[0g |FFIOFFE ouTpuTs | Qa4]15 5 16
7]Ps Q)14 6 ] 15
iDG QGE 7_. 14
8 13
9|07 f12 —
1 9 12
11| CP
_————j 7293866
1{0E
E— Octal D-type flip-flop; positive-edge trigger; 3-state
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FUNCTIONAL/

IEC LOGIC
DIAGRAMS
HC/HCT7597
12 10] 14
LE WL Dg 1oy sRGs
n
I Scsr»
15|00 e
1[04 12 _Elj
2Dy 14 :L L
3103 8-8IT LA Py 2D
INPUT SHET 1
4104 | Latones REGISTER 2 |
5]0s 3]
4
6 |Dg 5
7197 af9 6
2
ﬁ_T SHcp 7293804
7293805 18] "
8-bit shift register with input latches

60
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FUNCTIONAL/
IEC LOGIC
DIAGRAMS

HC/HCT640
196 19 Ng3
1 3ENT
3EN2
_1jom 1 [
il d
@1
2]Ag Bof1s 2 > 2v; 18
f 3 ; }17
_[4 K }16
4 5 a5
3|M . 81fs7 s— %
1
8 K 112
9 il
1 7267869
4]A2 . 82]16
I
1
5|A3 X B3l1s
1
__1]
6{Aa Dﬁ Balia
t
ety
7]As Dc Bs|i3
T
—OQ—
1
8]Ae Bg|12
1
—oq-—
|
9jA7 Dc 87|11
BF
7287466.1
Octal bus transceiver; 3-state; inverting
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FUNCTIONAL/
IEC'LOGIC
DIAGRAMS

HC/HCT643

7290998

19 |OE
1]or
2{Ao ?c Bo|1s
3|A . ?c B1f17
4]A2 . %C Baj1e
5|A3 B3l1s
t
|
6[A4 Bal1a
{?c
7]As l o 85]13
b
8|4 Dc 8612
1
9]A7 Dc 87]11
1

G3
3EN1
3EN2

vi 9

<,y

FOpET

al=

EEEIEE N e

FE L

Octal bus transceiver; 3-state; true/inverting

7290994

62
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FUNCTIONAL/
IEC LOGIC
DIAGRAMS

4”0 8020
5(A1 Bij9
6lA2 821 18
7]A3 83| 17
8l|Ag Baf 16
9lAs Bs] 15
1046 B6] 14
11 {A7 87113 20
e
21]0E 17
>
3{DIR lesls
1{CPa s>
14
23|CPsA e
>
2|Sa8
7293919
22|S8A
7293920 Octal bus transceiver/register; 3-state
21 N3
_ = 3EN1
o K Ha
4% EU 120 2; 3EN2
A 1}19 G6
S| o—-—E - PR s
A 2| 18
6|A2
—1=9 bﬁ_l__ 28 M
71& 3|17
NN Cauls s
1
-Bi-4o) og—b—— 1 C
A 5| 15 =16 4D
215 o__§ 1o V1<1 §
10 {As 6] 14
___;._OK o—E — 4 50 7 1zv 20
RERGIIS o2 7D
5 lf 19
21J0E Ler -
17
3{DIR %4—»—| e
11CPas bid (s
CPy 21 |t
23| CPeA 10| G
2{Sa8
22{58A
7293929

7293030 Qctal bus transceiver/register; 3-state; inverting
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FUNCTIONAL/

IEC LOGIC
DIAGRAMS
HC/HCT670
15 |1 |2 |3 RAM4x4
Do |D7 D2 |03 2o,
12| we 1B ["3
ALY
14 {Wa LATCHES AND 5 1o
13| Wg | WRITE ENABLE LOGIC 4 1}2/\%
| I I L 120 ca twriTe)
RE U en (reAD
J1IRE ( 1
5|Ra SELECT AND 15 1
ACS READ ENABLE LOGIC B liaa  2avpHe
1 9
Qo |9y |9z |93 - o
3 6
7293993 1o 9 Y 6
7293912
4 x 4 register file; 3-state
HC/HCT688
1 gy comp
1[E 21 0P
4 |
£ |
2|Po 8
4|P1 RLI B ol
6[f2 -—::
8[P3 7
1]Pa s p-ai 2
13|Ps 5 1 °
15]Ps 7
17{P7 9 |
12 FQ
14
Q 1|
3 0cn "
5|91
= 18 7
-2 7287895
9/93
12[94
1495
169
1897
7287468.1
8-bit magnitude comparator
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FUNCTIONAL/
IEC LOGIC
DIAGRAMS

HC/HCT4002
2 |1A 2 |
3
28 M 4 =1 S
4 lic — —
— 5
5 [1D —
9 |2a 2 |
10
10{28 10 ]
— 2v|13 T >1 R
11lzc — —
12|20 12 ]
7293167
7287428.1
Dual 4-input NOR gate
HC/HCT4016
1N 2
— 2
13 #
b [t |s s |6 |8 iz |1s 4 N _ 12
Eo [Yo &1 V1 [E2 [Y2 (€3 [Vs 5 #
8 N 9
z z z z - I
0 1 2 3 6 #
|2 ’3 |9 ]10 I
7293303 1 n 10
[ [}
12 #
R—
7293302
Quad bilateral switches
HC/HCT4017
CTRDIVI0/
DEC
REN Py
— 13N + 2
131 15 ! 4
14 |CPo =—cr=0 2
5~ STAGE JOHNSON COUNTER a7
e | [ [ T 1 i
_ 1
DECODING AND OUTP! 95-0 12 :
UT CIRCUITRY L 6 -5
6
7
Qg [0y |ag |z |4 |as |ag |7 [0g |ag B
1293585 s l2 a7 Jo]i [s J6 Jo |11 ot
cras N2
7293664
Johnson decade counter with 10 decoded outputs
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FUNCTIONAL/

IEC LOGIC
DIAGRAMS
HC/HCT4020
CTR14 o 9
10 DNy
11 —{cr=0 3’__7
al—s
5f—a
6f—6
—_ CT=0
10 e f7 a1’
1 fwe | 14-STAGE COUNTER sl— 12
o B
9 14
Qo |03 |Q4 A5 |96 |Q7 |Qg (A9 [A10]Q11{212]|A13 10f—15
7 Is fa |6 |13 J12 a s |1 |2 |3 "1
7293387 12— 2
1B3l—3
7293382
14-stage binary ripple counter
HC/HCT4024
CTR7 :
o2
AN, 1
_ e 2t
Py cr{3f
2 |wr 7 -STAGE COUNTER Jls
5|4
Qg |y |@; |as |a4 |05 |06 Py
12 {11 ]o |6 [5 [4 |3
7293875
7293872
7-state binary ripple counter
HC/HCT4040
CTR12
o
o, 1H—
O der-o 2}
Py -
3
4
10|CP >T
1 e T
1 we 12-STAGE COUNTER NN
7
Py RE
Qo |Q; |03 [A3 a4 |05 |06 [Q7 [Qg Qg [Q40 [ ole
2293880 9 [7 16 s |3 {2 4 |13 |12 fra 15 |1 ols
=
7293879

12-stage binary ripple counter
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HC/HCT4046A
c
1L
r
6 7 4 3 14
c1p]|  cig[veogyr coMP,% SIG)y @
PLL
7 7 4046A  pegib—2-
14 13
SIGN PCOIN p———
a +—{rase PCigut |, N "
12172 COMPARATOR - - TN comp PCOI I f—2
1
\ S ex pp 1
Rz \ 7
vco PHASE PC3our |15\ R3 ——{ cx
4 COMPARATOR =7 11 AX
11”1 3 / c2 2 ] N 10
/ ; ] RX
PC2 /
R1 L] iiase ouT 113/ 2 Ny veo |4
COMPARATOR | PCPou7 |y 5 2
7 2 INH
DEMoyr TinH_ |VCOIN 7296025
10 5 9
Rs 7296026
Phase-locked-loop with VCO
_ 3 > I~ 2
1A 1y
3 2 5 K4
- 5 .
5J2a 32 7| N6
9 K10
3A 3V
1 —o 1 N2
4A 2 14 1
9 A =10 N15
- 7293755
5
1—2A A WP}
14482 SYL s
7293754

Hex inverting HIGH-to-LOW level shifter
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IEC LOGIC
DIAGRAMS
HC4050
3 = 2
1A 1Y
3— L2 5 4
7 6
s_|2A 2yl , 2] | 8
9 10
A 3y -
7—2 ll> 1 12
4A 4y 14 | 15
9— 10
7293759
11—f5A sl .,
1a—f88 &L 15
7293758
Hex HIGH-to-LOW level shifter
HC/HCT4051
16
v MUXDX
cc Yolia 1
13 —o
10 1y tem
9
1150} || Yij1a —2
SNGs
oles?®
Y,
2is N IRZ!
N IR
S Y- 3 -Q-DE
101°1 - _| I__3 12 BN )
4 fe—
5
Losic v Spe>
LEVEL 1-of-8 a1 6 fe2
CONVERSION DECODER A
7 fe—
952} - .._mﬁi 72932101
Ye|2
6|E, || Yola
2|3
GND| [—qVEE
8] 17 7293211
8-channel analog multiplexer/demultiplexer
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DIAGRAMS

HC/HCT4052 |,

|
1S
Frp
2

<

14 MUXDX

e
;

RN

!
$G
Ts

s Losic ota
- LEVEL — o
CONVERSION DECODER

7293954

9
p

Yils.

o
J)rm
I

2Yy|s.

2Y3la

2Z13

GND VEE

®©
]
~
N
©
@
©
&
&

Dual 4-channel analog multiplexer/demultiplexer

16
Ve 6
) | 1z |14 63
Yihs
B 1 MUXDX
e 13
11]50 1 # 1 e
249 — ™ol12. —[; 3x1 N PIRE
3x2
15
2z |15 —> 1
0 # e
10451 2v4 |4 ‘E 2
LoGIc 4 5
LEVEL DECODER 2|2 o # ler3-
CONVERSION 12 s
9|52 PG
3z|4 7293965
3v,l3
6|E
SlEY -
3Yo|s
GND Vee
8 7 7293966

Triple 2-channel analog multiplexer/demultiplexer
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HC/HCT4060

|10 e —x{cx 3

bl
]
T

=

cep 14—-STAGE BINARY COUNTER CT=0 !
,—100 s
12 [MR o2
Q3 Q4 |95 Qg |Q7 |Qg Qg |Q17]Q12(A13 PR
7293323 7 |5 {4 6 [1a [13 |15 |1 |2 |3 2
£ S8
7293322
14-stage binary ripple counter with oscillator
3 1A 3 ]
4|18 1v[ 6 4 =1 | 6
5
5 ¢
12a 1
2 |28 2v| 9 2 L 9
= 8
8 j2c
1
11]3A
- 12 10
12|38 3v|10 b —
12| 13
13j3c
7293161
7287430.1
Triple 3-input OR gate
+fE
2o —EN3
8-STAGE SHIFT QSz|10 5| sree
3fcp REGISTER —>C1/ —
QS4jg | 4
EEEEERSD N
15
1|sTR 8-BIT STORAGE 6
REGISTER 7
|14
HEEEEE o
12
15108 3-STATE OUTPUTS m
iR
—
apg|ap, [ap,[aPs|ar,|ars |apg [ap; - 10
sz03s57 14 15 |6 |7 [1a [z |12 |n 1203856

8-stage shift-and-store bus register
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16
Vee 7 NGa
1z)1
20| | 1
15]1s -
1vj2 15 4
224 an I Y
525 5 %
2v|3
nni— 10
LOGIC LEVEL 3z{10 —
CONVERSION 6 %
6]3s | AnDconTROL
3y|n 12N - |13
4z {13 14
1444s 7293977
av|12
7|E
GND VEE
8 ® 7293978 Quad bilateral switches
20
[V,
cc Yol 17
15{So
1351 M1
—_— |18
12|52 i
Ya| 19
1 |CE -
| —
I;]ysﬁ
LOGIC LEVEL IEC SYMBOL
CONVERSION 1-of-8 Yaf1 IN
& DECODER —
LATEHES PROGRESS
_.L—'Jﬁi
Ye_z_
7|E m
215 _—
sle2 - _miu
z|s
L |
GND - P Vee
10 9 7296061

8-channel analog multiplexer/demultiplexer with latch
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IEC LOGIC
DIAGRAMS
HC/HCT4352 o
} Vee LLi
1 1z
woﬁ
13[ S0

|
|
5

Y.

2

J);l
|
&

LOGIC LEVEL |IEC SYMBOL
CONVERSION 1-of-8
& DECODER 2Yo) 4 IN
LATCHES -I l—-—-
PROGRESS

Y1l

G

Y2[2

||
F

2Y.

w
o

[

| I

GND | Vee
10 9

N
N
S

<
N
@
2
S
@
&

Dual 4-channel analog multipiexer/demultiplexer with latch

20
HC/HCT4353 —
‘IYO“_G
15[So I
1351 -I:_Fiﬂ
sy 1Z |18
12

<|)m|
|
3

CONVERSION —— IEC SYMBOL
& DECODER IN
LATCHES SIEN
PROGRESS

GND | Vee

10 9 7296071

Triple 2-channel analog multiplexer/demultiplexer with latch
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DIAGRAMS
HC/HCT4511
7 1 2 6
Dq Dy D3 D4 BCD/7SEG [>
3 [l
2NV
4 Jeiomn a0 2
b10.11 4
SN 101 1
A P 410,11 2
T 1 Jo02 10,11 —>
2 15
a, oy |a, g [a, |ap [0, . 90,4 10,11 —14
=— 90,8 910,11 f——
1263605 14 |15 |9 10 [11 [12 13
7293694
BCD to 7-segment latch/decoder/driver
HC/HCT4514 Yo % op
1 2=
2110 MR
2 |3 |21 |22 JEL P 3——:—- L dca a2
7
Ao Ay ]Az A3 4 Py
i— 90,1 5 —z 2 |, 58
3
1]Le LATCHES %02 Aws 'lapcl © -
b 9D.4 7 e AN PY bl T
22 1908 8 — 2 1, g8
o |17 o
BE o DECODER B ey w02 BNen 1022
1 1118
124 24
Qo |1 {Q2 (A3 |Q4 |Q5 [Qg |Q7 |Qg |Ag |Q40|Q11|Q12{Q13|Q14(Q15 1313 MY
1203001 111 |9 f1of8 7 |6 s |a |18 [17 [20 |19 [1a [13 [16 |15 1a |18 14|16
15 |2 15 |15
. 7293898 7293937
4-t0-16 line decoder/demultiplexer with input latches decoder demultiplexer
XY DX
HC/HCT4515 oIt oSt
1 B
210 Py ]
1 N8 1 8
|2 |3 |21 |22 ce 3 —ca 3sp—
o~ Ta 1A I apL N
| S I N 2 lopa 5SS 24, s NG
s LATcHES 2 _lop2 s >S5 3 o spE
222'—< 90,4 7 >‘1‘—8 FAI Y T T
e KLk st 22 1, g P18
o NI7 o7
B 23p N.20 23, 20
23|E 4 DECODER EN 10 o SNeN 10 Lm
i 1 e
— OO0~ 12>—:; 12 14
T00?01 TQZTQG?Qd ?%T%T%?%T%T‘lw?an 01301:3014 Q5 13 ﬁ Bt
1263000 11118 J1o |8 [7 6 [s [a [1s [17 [20 J19 [1a [13 Jie |1s e 1418
15 P18 15 P18
) 7293899 7293938
4-t0-16 line decoder/demultiplexer with input latches decoder demultiplexer
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7293893

a CTRDIVI0
1 |1epg 100 3 LI o2
i 1 +
= 4 EIN N
2|1EP 10,]g 7 cti | 5
) CT=0 —
3le 6
P
7]mR
——— 2Q
ol 207 of11 CTRDIVIO
B 20112 25 o
10]2CP4 20543 10 + 12
20314 N e A B K]
15] 2MR 34
7293792 7293791
Dual synchronous BCD counter
CTR4
1Q0|3
1]1CPo L o3
7] 19114 2 + 4
1cP 2y
2|1CPy 1925 7 cr ’T
1034 j cT=0 -
P
7[iMR
20g|;
0| 2070 o TR
El 204, 9 I3 1
2 20 -2 o—
o) 2|13 108 + 12
203)14 cT
LI pe 13
15| 2MR a1
7293792 7293799
Dual synchronous 4-bit binary counter
HC/HCT4538 [ N
Lo ex
Zef Rx/cx -5
A >
5 K7
N
15 n
¢ cx
i)(— RX/CX 10
237
1 N
JEIN
7293890

Dual retriggerable precision monostable multivibrator
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9-bit x 64-word FIFO register; 3-state'

—
HC/HCT4543
|s 32 |4
BCD/7SEG
L e [E] ato|—2
5 oot br0}10
2 _Joo2  croptt
2 _{ov,a  arop—2
4 don,8  erof12
€ Ino f10 |—2
INey g0 |4
[iaTis Tiaha T fio 9 7293264
7293265
BCD to 7-segment latch/decoder/driver for LCDs
HC/HCT7030
5|% Qg f24
s[04 Q1 |23
7|P2 % Q3|22
8|03 X 9321
OF
AR INPUT MAIN FIFO oUTPUT a0
STAGE REGISTER STAGE
10 05 1x9BITS 62x9 BITS 1x9BITS 05 19 IEC SYMBOL
11|06 Q6|18 IN
12|07 |17
13[Pg ag e PROGRESS
CONTROL LOGIC |
DIR |[sI DOR |SO OE
3 4 25 |26 15 osesen
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HC/HCT7046 A
c1
1L
LN
6 7 4 3 |14
Cla| Clg| VCOQut| COMP|y iGN P
PLL
Y7 7046 peoi f—2-
4 14 13
Y TS sctour |, - SIGN PCOII —.
12|R2 COMPARATOR N = Jcomp Cip b2
h \
\ £ ex Lo f—1
R2 \ ;
veo — PHASE P20yt |13 \ RS ~—{ cx
4 COMPARATOR -"‘“E:‘T‘ o da
1 |R1 2 c2 12‘* X N o
| ;; % RX
R1 ” 9 N #a
o0k — vco veo -
” r DETECTOR '——5 INH
} O 4 .E ’ 7296088
DEMgyt [ INH  |veoiy o Clp
10 5 9 I 15
= CcLp
Rs »
7 7296089
Phase-locked-loop with lock detector
HC/HCT40102
1
cp
15]PE 4
_*’___o"_L — IEC SYMBOL
— orClie.
3LTE o IN
_21'_"'7‘_0 PROGRESS
Py [Py (P2 |F3 Py [P5 [P {P7
7203741 14 |5 |6 |7 1o |11 [12 |13
8-bit synchronous BCD down counter
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HC/HCT40103
1
cp
15 Eo
9|PL
—° 7ca IEC SYMBOL
_3|Te jo—1—
2 EO IN
T PROGRESS
Po [P1 {P2 |Pa |Pa |Ps [Ps [Py
7293741 4 5 6 7 10 |11 [12 |13

8-bit synchronous binary down counter

HC/HCT40104 ,

3 4 5 6 7
Psr |Po Dy D2 D3 Dgi SRG4
9
=0
850 10 }M%
1051 CONTROL LOGIC T !
> ca

Ll [ T 1 1] P

1
— EN
11fce {P0 Q0 Py O by 03 D3 O3 r
4-BIT SHIFT REGISTER 2 -l
— 140 15
3 Vi
| J ] l 2 1340
14
1loe 4 34D AV sand
3-STATE QUTPUT -—‘5 34D A\v4 13
8 34D < 12
Qg Q a, a3 7 {240
15 14 3 12 7290980.1
7287471 . .y . . . .
4-bit bidirectional universal shift register; 3-state
HC/HCT40105
INPUT BUFFERS OUTPUT BUFFERS
_4___[>°° | —{t Qof 13
D Q
s Jl> 4x16 N Oifr2
_sﬁ____b_ DATA REGISTER —_Q—‘ Qaf 11
74P3 N1 9310
s =2 IEC SYMBOL
1
IN
2 o 1a PROGRESS
1 CONTROL LOGIC —
3 |s! 15
MR
9 7293838

4-bit x 16-word FIFO register
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SUMMARY

SUMMARY OF IEC SYMBOLOGY

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
circuitis 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.

Alloutputs of asingle 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

— % J—

input lines —< >—oufpuf lines

— X *p—

Fig. 1 Symbol composition.

Adjacent elements in a composite symbol may be joined by acommon
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
ofthe elements below it, this can be otherwise qualified by dependency
notation.

/ common control block

a a
r
b — L °
[ — C
p— S
¢ d

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
symbolis 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.

|
L Lz

Fig. 3 Common-output element.

QUALIFYING SYMBOLS

General qualifying-symbols

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

80
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IEC symbology

SUMMARY

Table 1 Qualifying-symbols - General

qualifying-
symbol

definition

&

>1

>n/2

2k

2k +1

MUX

DX

MUXDX

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 thatm < n;ifm
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 definition
P-Q Subtractor

7] - > o = [}
2 T c 2 3
3 o) o) o) g

CTRm

CTRDIVm

ROMm1xm2

PROMmM1xm2

RAMmM1xm2

CAMmM1xm2

FIFOm1xm2

1=0

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

Counter with cycle length m

Read only memory

m1is the
number of
Programmable read only words
memory
Random access memory
Associative memory m2 is the
number of
bits per
First-in/first-out memory word

Initial logic "0” state. When power is
switched ON, the element goes to
internal logic "0”
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Table 2 Qualifying-symbols - Inputs and Outputs »

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 "0” ("1”) produces an internal logic "1” ("0”) at the
input, or that an internal logic "1” (*0") produces an external logic "0"
("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:

- aninput 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.

qualifying- qualifying-

symbol definition symbol definition of input or output

=1 Initial logic "1” state. When power is <= Logic negation at an input. An ext‘ernal logic
switched ON, the element goes to 70" ("17) produces an internal logic 1"
internal logic "1” == o)

NV Non-volatile. The internal logic state o Logic negation at an output. An internal
is maintained regardless of power ON . logic *1" (07) produces an extemal logic
or OFF 0" 1)

. f 7 Polarity indicator at an input. A logic "L”

P Very complicated element. Depicted by - .
a‘grey box’ symbol. Within the 'grey (LOW) level ("H” (HIGH) level) at an input
box' outline, the & qualifying-symbol =~ produces an internal logic "1” at that input
is accompanied by a further qualifying
expression, e.g. ERR - for error detector

"L” (LOW) level ("H” (HIGH) level) at that output

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

Polarity indicator at an output. An internal
]L- logic "1” ("0”) at an output produces a logic

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

(a) —<——Indicator for direction of signal flow:
(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
n [ == Input for analogue signals

# [~ Inputfor digital signals (used only to avoid
confusion)
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IEC symbology

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-
explanatory. 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-coliector, open-emitter and
three - state outputs have distinctive 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 D-input sets the storage
element toits "1” state, and an internal logic "0” at the D-input resets
the storage element to its "0" 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 abutted 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.

SUMMARY
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 :
B Comma. Separator with nc 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

—
of—
o
I

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
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QUALIFYING-SYMBOLS (continued)

Table 3 Symbols inside the outline (continued)

symbol inside
autline

explanation

symbol inside
outline

explanation

3

RS, CT

J KR, S,D

4[(T=m
T —

g

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 "0”: 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
g

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

Bit-grouping symbol. "m” is the highest
power of 2 in the group

Content input. The internal logic "1”
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 # 4..9)

Line-grouping symbol. The inputs or
outputs enclosed by this symbol form a
single logic input or output

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

po

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
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symbol inside
outline

explanation

symbol inside
outline

explanation

a—
—P

P-Q

gh

‘Borrow-out’ output from an arithmetic
element

‘Borrow-propagate’ input to an
arithmetic element

‘Borrow-propagate’ output from an
arithmetic element

‘Carry-in’ input to an arithmetic
element

‘Carry-generate’ input to an
arithmetic element

‘Carry-generate’ output from an
arithmetic element

‘Carry-generate’ output from an
arithmetic element

‘Carry-propagate’ input to an
arithmetic element

‘Carry-propagate’ output from an
arithmetic element

Result of a multiplication
Result of an addition
Result of a subtraction

Added information

¢m

Clock phase. "m” is the clock phase
number

Connection for external capacitor(s)

Connection for external resistor(s)

Dynamic input. A transition from
logic "L”" level to "H" level produces
a transitory internal logic "1"

Dynamic input. A transition from
logic "H" level to "L" level produces
a transitory internal logic "1”

Internal connection. A logic "1” at the
left-hand side produces a logic "1" at
the right-hand side

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

Dynamic internal connection. A
transition from internal logic "0” to
internal logic "1" at the left-hand side
produces a transitory logic ”1” at the
right-hand side

Negated dynamic internal connection. A
transition from internal logic "1” to
internal logic "0" at the left-hand side
produces a transitory internal logic "1”
at the right-hand side

Internal (virtual) input. This input is
always at internal logic "1” state
unless this is overridden or modified

Internal (virtual) output. The effect on

the internal input connected to this
output must be indicated by dependency
notation
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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 itis 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” (setand 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).

Fig. 4 ORed affecting inputs.

If an input or output is affected by more than one affecting input, each
identifying number separated by acomma will appear in the label of the
affected 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).

Il

b 0(-0]- ‘ “
X 0
b 1 = ¢ ] %

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 atinput

nan

c’.
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— b
b G1 = R
]
- 4

Fig. 7 G-dependency between inputs.

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 "0”, all
inputs and outputs affected will be at internal logic "0".

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 "0”, all inputs and outputs affected by
Vm will be at their normally defined internal logic states (see Fig. 10).

InFig.8, output "b" affectsinput "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.

1

—{3—
e

Fig. 8 G-dependency between outputs and inputs.

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

I

a G~ . a
b _1 b >

Fig. 9 G-dependency with a dynamic input.

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).

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 anNm-input (Nm-output)is atinternal logic 0",
all inputs and outputs affected by Nm will be at their normally. defined
internal logic states.
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DEPENDENCY NOTATION (continued)
Z-dependency

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

Allinputs or outputs affected by aZm-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).

—

3

3

ajﬁiﬂ- I
b Z}__Z 4

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).

Whena Cm-inputis atinternallogic "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 "0", the inputs affected
by Cm are disabled and have no effect on the function of the element.

a—JGi -

1,20
¢ ~C2
a—170
b 20
.
d—c2 _

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.
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When an ENm-inputis atinternallogic " 1", inputs and outputs affected
by ENm are enabled.

When an ENm-inputis atinternallogic "0": 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 "0".

S and R-dependencies

Set and reset dependencies are used if the effect of the combination
R=S=1o0nabistable element must be specified. Figure 15a does not
use S or R-dependency (? = not specified).

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

The non-complementary output patterns in Figs 15d and 15e are only
pseudo-stable. The simultaneous return of the inputs to S=R=0
produces an unforeseeable stable and complementary output pattern.

When an Sm or Rm input is an internal logic "0”, it has no effect.

5 s c a bjc d
0 0fc d
0 1101

b D—od
R 10|10
a 1]z 2
a bjc d
2 St 0 0fc d
b R b q 0110 1
10010
b Lt 1f10
,' . a _bfc d
a S 1 )
0 10 1

b —q d
R 10110
c b1fo 1
a bjc d

a 1

ST 0 0fc d
0 110 1

b d
R2 2 10(1 0
dbij
a 4 J a bjc d
o 0 0]c d
0 110 1

b — d
R2 1 1011 0
el 10 0
Fig. 16 S and R-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.

Ifaninput 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 "0”, 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-w/3 +), any setin which the identifyingnumber 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 circuitin Fig. 16 has two inputs, "b” and "¢”, these control the one
of four modes (0, 1, 2 or 3) that will exist at any time. 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 enabledinmode 1 (for parallet 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.

a PC4/2—~13+
b—o} 0

c—1 M3

d——2,4D

e——1,40

f—m—1,4D —

All operations are synchronous.

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

Mode 1 (b=1,¢c=0):
Parallel loading takes place through inputs
"e” and "f".

Mode 2 (b=0,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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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 "0”, the affected
outputs 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 M1
b—C2 MNMfp—od
c——20

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

Mode 2 (a=0):
The delayed output symbol has no effect and
therefore the device functions as a transparent

a M1 10T =15 b
A
]

e —

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

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

Fig. 19 Determining an output’s function.

latch.

0
?}”3 @73k
o4

d—]

—rf

9

Fig. 17 Flip-flop type determined by mode.

a M 1CT=9p——b

h  d

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

Mode 2 (a=0):
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
"0” when input "a” is an internal logic "0",
regardless of the register content.

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

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

Mode 1 (a=1,b=0):
Only output "f" is affected by mode 1 andis
also affected by input "c” (N4).

Mode 2 (a=0,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 "0”
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.
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A-dependency

Using address-dependency gives a clear representation of elements,
particularly memories, that use address control inputs to select
sections of amulti- dimensional array. Such a section ofamemory 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-
spending elements of selected seciions. if the iabei of 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 all
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 has 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.

wlnlslwln]om
v

Fig. 21 A-dependency.

Figure 21 shows a 3-word x 2-bit memory having a separate address
line foreach word; EN-dependency is used to explain the operation. To
selectword 1,input "a” isforced tologic "1”, enteringmode 1. Data can
now be clocked into the inputs marked "1,4D". Data cannot be clocked
into the inputs marked "2,4D"” and "3,4D" 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 of
independent and possibly simultaneous access to sections of the
array, then the letter "A” is modified to 1A, 2A, ... These sets of "A”
inputs may have the same identifying numbers.

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

RAM16x4
—0)
I R
—{ "5
—3
—EN
—i

c

— A, 1D AV
— I

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- affecting input at affecting input at
dependency symbol* logic "1" logic "0”
address A permits action prevents action
(address selected) (address not
selected)
control C permits action prevents action
enable EN permits action prevents action of
inputs; open outputs
OFF; ¥ outputs at
external high
impedance, no
change
in internal logic
state; © outputs
high impedance "H"
level; & outputs
high impedance "L"
level; other outputs
at internal "0”
state
AND G permits action imposes "0” state
mode M permits action prevents action
(mode selected) (mode not selected)
negate N complements state no effect
(EXCLUSIVE
OR)
reset R affected output no effect
reacts as it would
toS ="0"R="1"
set 3 affected output no effect

reacts as it would
toS ="1"R="0"
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A-dependency (continued)

affecting input at
logic "0"

type of letter-
dependency symbol*

affecting input at
logic "1”

OR \ imposes "1” state  permits action
inter- z imposes "1” state  permits action
connection

* These letter symbols appear at the affecting input (or output) and
are followed by anumber. Eachinput (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 ‘S and R-dependencies’.

i —N (.
—i(m _||-— — & €]
Ll — 1S f— K —Ip—
— R
—a
— &
— R IP—
— )
T —n5 —
—+ wb— —% —
! } — 1 P —pa
B — —x
—0 N
— &
—] K P—
—0nNp

The left-hand column of drawings shows essential
distinguishing features of the bistables; 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 aslong as "C” is atlogic "1". The output is delayed until "C”
returns to logic "0”. 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 s still delayed until the "C” input returns to its initial
external level.

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

92
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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 X/Y
the code that is used to represent the information at the respective 'm d
inputs and outputs. a—1 213 .
b——2
¢ L 3/ p—Ff
9
X/Y TRUTH TABLE
inputs outputs
c b a g f e d
000 |0O0O0OO
0 0 1 0 0 0 1
01000 10O
0 1 1 01 10
Fig. 24 Coder general symbol. 100 010 1
1.0 1 0000
11 0J]00O00O0
111 1000

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.

Fig. 25 An X/Y code converter.

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

X/0CT
1

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.

a

C

o
|
J
IR B TV )
|
=}

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 TRUTH TABLE
representing those internal values that force that
output to an internal logic "1". The numbers are inputs outputs
separated by solidi (see Fig. 25). This labelling may
also be applied when "Y" is replaced by a letter c b a
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 "4/5/6/7/8/9"; 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).

(o]

cococo
~ 200
—~—o-=0
cococola
- 00O

_._._._.
-~ as0o0

—~o=o0
~ocooo|oocoo
o =00 [eNeoNeNe)
co-o|ocooco|=
coo =

cooo
cocooco|o-=0o0
[eNeoNeNa) OO =0 Q

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 after it has been programmed.

Fig. 26 An X/octal code converter.
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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).

04G1
1462
21 V4
2/3FN5

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).

XIM XY |
1 (S d 04+MO0
2 11+ = 1M1
21 214+M2
) ]
] ]
) 1]

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 ™'/ .. The
"m1” is then replaced by the smallest identifying number and "m2” by
the largest (see Fig. 29).

[

--- otas
0) —_—

}Gg I S
24
] 4468

|

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.

Ifaninputhas 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 meaningis 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.

a M1 a M1
b——G2 = b—G2
——{Ri28

R
T

o w
I'\’C\
=N
1O
1] 1
1 )
1]

o
=1
1=
i 1
1 l
1]

Fig. 30 Input labels.
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If allinputs of a combinative element are disabled (have no effecton 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 is 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.

Whenatlatchedinputs 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.

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 that the 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.

Fe—— | b i
—Av237us 1 2377,5v
—Gs = Gl H
NS L :‘ENS______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).
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Fig. 34 Output labels.
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SUMMARY

SEQUENCE OF OUTPUT LABELS (continued)

Adjacentidentifying 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 "0, this
set of labels has no effect on the output.

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

! ]
i ]
[
135
[
i__“l“_l
il

]
o
K
N
I_““_l

1,2,3,A(§(T:9ISET=0;'—E 1,2,3,4,§(T=9/1,2,3,A,5CT=(E|———

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 for the grouping symbol and the weights, the proper order
ofthe 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.

__________ . ______0‘_31_} .
a—N3 _a N3 v

T L 4= I
b e 3,WE ) ENG Z[;,:.:v :

Fig. 36 The bit-grouping symbol at outputs.
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IEC symbology

RULES FOR SYMBOL
SIMPLIFICATION

RULES FOR SIMPLIFICATION OF SYMBOLS

INTRODUCTION

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. asimplified symbol where only the functions usedare depicted; the
unused pins are detailedin a table including information on whether
these pins may remain open (floating) or are to be connected to a
certain voltage level.

RULE 2

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 pinnumbers are separated by a solidus, this means
they are separate functions.

o
[+~

Fig. 38 Example of Rule 2.

] D1 , D2 D2
A3 12=B12 CHz N1 = D 21 12
a3 hal
A C
[ ot Jmo [T w7 D1 [ 7a0 Jwi | 7 ] [D2 Tmo w ] 7] D2 [ w0 [wnB2] 7
{iTeM [ Type [HEY) JLov) | ITEM [ TYPE [HEV) [Lov) | [ meM [ Type [HEW) [Lov) | ITEM | TYPE | Hi5V) | L(OV)
D3 D3
E , | CTRDIVIO F CTRDIV10
HaT— i 0| 0—1‘3'
H ——
DT — 2 by o 12
—G4 = T e
-2 bonss+ cr=0 1
_1_I>1R
1 r
3 1%
.20
A 3
L 5 12
6 il
cTo—2

03 [misw| 6 | @
mem | 1vee [Hisw [ Lo

Fig. 37 Examples of Rule 1.

D3 |76LS160| 16,79 [83456] 15
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NU=NOT USED
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RULES FOR SYMBOL
SIMPLIFICATION

RULE 3

The tules for sets of labels atinputs 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.

o[ MUX
] o
o 07
2
4 5 11/10/90MEX
o P —}G
3 —F Tk
fz = —u—aﬂglz/s ‘
3 E—
T—SA 5.8l —
N L6 N
[13
1,
—75EN

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

RULE 4

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 B are then adopted.

Fig. 40 Examples of Rule 4.

JCR
5 Lm
6
Nﬁi‘“ CTRDIVI0
DIVZJ— = 231 12,1
e + 12 - 11.,:*
Divs | R Y
(1] 5
Ingy CTL%

Fig. 41 Example of Rule 4 using TTL "7490".

1 ¢
S i CTRDIV0
TCZ 4018
g
1P C LS e [P
_z—-;g SRG s ——-—13 =0 rzlL:
-3 o Zup>t EZ}L
+3=1[&[ SRG ts
-5 1D 75k 6
+2
A B
91 1
12 s 13
A

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.
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IEC symbology RULES FOR SYMBOL

SIMPLIFICATION
RULE 5 RULE 6
Combining elements together to form one elementis allowed onlyifall A circuit consisting of a combination of two or more elements that
pin numbers can be shown. appear repeatedly on a diagram, may be replaced by a single symbol.

This symbolis used on the diagram, while the complete circuitis shown
in an auxiliary diagram elsewhere on the drawing.

D1(D2)
i/ K] 3(6) Cl
1

Fig. 43 Example of Rule 5; the pin numbers between
parentheses indicate that these belong to another circuit. Fig. 44 Example of Rule 6.

RULE7

A multiple symbol may also be applied for logic symbols.

D1
1 RAM 16x4
0
15 o
14 Ads
13 |
2 NGy
EN NP D1----D5
en , RAM 80xk
1 r —T10
L fa20  Avp—3 bRt LN
6 7 11, =5x 1AE
10 9 13 L5y 3
12 1 5x
2 on065
22—5 2A1/G5
— I\ 9A2/G5
Vol D2 t/m D& =
| = 2 nNoases
s g—h 2A4/G5
5C6
1 0RAM 16x4 ESx SEN
15 0 A TR 284D 1A,2Ag >
14 AE 6 —5x et 5x 7
13 3 10 L5« S5x— 9
2y 1255 Sx— 11
312 s S
L 1EN
& .20 Av—2
6 N7
10 9
2 N 11
Fig. 45 Example of a multiple symbol showing five TTL
"74189” 16x4-bit RAMs connected to enlarge the number of words.
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‘RULES FOR SYMBOL

SIMPLIFICATION

RULE 7 (continued)
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Fig. 46 Example of a multiple symbol showing three TTL "74201"
256x1-bit RAMs connected to lengthen the word.
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IEC symbology RULES FOR SYMBOL
SIMPLIFICATION

RULE 8
Every (P)ROM may be regarded as an X/Y -code-converter.

X1y PROM32x8

1 1

0V pb—— (0JAVEF——

10 4 19 —2- o R
B ) v —3- 2 (IAV|—
12z g, 3y | & = 5 A§1— E3]A\7>—S
13 1g Ly b2 ” [LAV—
1 e syl 6. LI [5]AV—$
15 67 _%. [6]AV-—9
—NeN 79—~ 15 nden (MAV—

Fig. 47 Example of Rule 8 using Schottky TTL "745288" PROM.
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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-
function elements, the functions are depicted separately.

To demonstrate application-dependency of symbols, Fig. 48 shows
the,basic symbol and eight applications of the "7474" D-element with
"S” and "R” inputs.

1D —
>C1
th

N N6

[

(A) basic symbol

2 1D N5
3———>C1

LBR

A Ng 6

(C) D-input ("L™)

L A2
R
A Ny
L_ASZ 3__6

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

Z_Ip =
i
b INg)
dgy a8

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

(note change of "R” and "S™)

it

N 6.2

CTR1
;

cT=1
(0 p26

21

(F) divide-by-2 as a limit case of CTR

JE I r-ay N
Lbs
NP N6

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

D-element with "R” and "S” inputs.

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

3 ETR'I 5
Aoy
Lr-g 26

(G) as for (F) with down-counter

3_._>5 T
U N 1
_1__bR b 6

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

Fig. 48 Example of application-dependent symols for edge - triggered
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USER GUIDE

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 3um 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 T 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 direct
replacements for LSTTL circuits also enhance performance
in many respects.

N
N

7000

[T

CMOS CD4000B
140 /

typical L1
delay
) o ]
' Pz
L1
CMOS HE40008_—T
T
60
|
/
20 LSTTL —
e
o | HCMOS
0 50 100

load capacitance (pF)
Fig. 1 Propagation delay as a function of load capa-
tance; Voe =5V, Tamp = 25 °C.

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

HCMOS metal gate standard low-power | Schottky advanced advanced Fairchild
technology CMOS TTL Schottky TTL low-power | Schottky advanced
TTL Schottky TTL Schottky
TTL TTL
parameters
family 74HC 4000 74 74LS 74S 74ALS 74A8 74F
CD HE
Power dissipation, typ. (mW)
Gat static 0.0000025 0.001 10 2 19 1.2 8.5 55
ate
dynamic @ 100 kHz 0.075 0.1 10 2 19 1.2 8.5 5.5
Count static 0.000005 0.001 300 100 500 60 - 190
ounter
dynamic @ 100 kHz 0.125 0.120 300 100 500 60 - 190
Propagation delay (ns)
Gate typical 8 94 40 10 9.6 3 4 1.5 3
maximum 14 190 80 20 15 5 7 25 4
Delay/power product (pJ) ’
Gate at 100 kHz 0.52 9 4 100 19 57 4.8 13 16.5
M clock fr y (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 4 051 08 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

January 1986



USER GUIDE

Table 2: Comparison of HCMOS and LSTTL circuits (Voc = 5 V unless stated otherwise; Cp =50 pF)

characteristic 74HCXXX (note 1) 7ALSXXX
74HCTXXX
Max. quiescent power dissipation over temp. range at Vocomax
per gate (mW) 0.027 6
per flip-flop (mW) 0.11 22
per 4-stage counter (mW) 0.44 175
per transceiver/buffer (mw) 0.055 60
Max. dynamic power dissipation (C|_= 50 pF)
at f; (MHz) 0.1 1 10 01t01 10
per gate (mW) 0.25 2.25 22 6 22
per flip-flop (mW) 0.35 25 24 22 27
per 4-stage counter (mW) 0.70 3 27 175 200
per buffer/transceiver (mW) 0.30 25 24 60 90
Operating supply voltage (V) 2to 6 (HC) 475 t05.25
45 to 5.5 (HCT)
Operating temperature range (°C) —40 to +85 0 to +70
—40 to +125
Max. noise margin (VnmH/VNML Vi loHCMOS =20 4A; IgLsTTL =4 mA) | 1.4/1.4 (HC) 0.7/0.4
2.9/0.7 (HCT)
Input switching voltage stability over temp. range +*60 mV +200 mV
Min. output drive current at T mpy max and Vocmin (MA)
source current (Vgoy = 2.7 V; note 2)
standard logic -8 -0.4
bus logic —12 —2.6
sink current
standard logic (Vg =0.4 V) 4 4
standard logic (Vg =0.5 V) 6 8
bus logic (Vg =0.4 V) 8 12
bus logic (Vg =0.5 V) 9 24
Typ. output transition time (ns) (C|_= 15 pF)
standard logic
tTLH 6 15
tTHL 6 6
bus logic
tTLH 4 15
tTHL 4
Typ. propagation delay (ns) (C;_ = 15 pF; note 3)
gate tpyyy /tp| H 8/8 8/11
flip-flop tpLH 14 15
tpHL 14 22
Typ. clock rate of a flip-flop; note 5 (MHz) 50 33
Max. input current (uA)
L -1 —400 to —800
||H 1 40
3-state output leakage current (+ uA) 5 20
Reliability (%/1000 h at 60% confidence level) 0.0005 0.008 (note 4)

Notes

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

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

A WN =

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

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

January 1986
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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 CMQOS 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 CMQOS

transistor 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:

-8 gate width

_ B ; 2
IDS 2 X gate length x (gate voltage - threshold voltage)

where § i§ the current gain factor which is proportional to
the thickness of the oxide layer.
' The threshold voltage is typically 0.7 V for HCMOS.

HE4000B

n-channel p-channel

. interconnect
source gate drain i gate

i

HCMOS

n-channel p-channel

interconnect

Nl

gat

e te
source drain source

SRARAN

. poly-Si
= Si0,
mm Aluminium

sy pt
wza ot

LOCOS = local oxidation of silicon

7291930

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

substrate

7291931
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|
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. ja i . 4 N gate
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|
F&— n-channel a _L
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Fig. 3 (a) Basic CMOS inverter; (b) electrical equivalent; (c) parasitic capacitances in a CMOS inverter.

(b) (c)
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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 2.0V, 45V and 6.0V for 74HC devices,
and 4.5V for 74HCT devices. This is a much tougher speci-
fication than that commonly used for LSTTL, where the
characteristics are usually only specified at 25 °C and for a
5V 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 15pF specified for
LSTTL 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,
cornparable 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 LSTTL specification, the use of a
15pF load instead of a 50pF one means the maximum
propagation delays and enabie times published for the
LSTTL device will be up to 2.5ns (typ. 1.3 ns) shorter than
those for the HCMOS equivalent. In addition, measuring
at the nominal LSTTL supply voltage of 5V instead of
45V (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=25ns
delay for an LSTTL device measured at 4.5V and with a
15 pF load.

Disable times are measured under different test con-
ditions too - for HCMOS with a 50pF, 1k load, for
LSTTL with a 5pF, 2k load or for a 45 pF, 667 £ load.
To compare a HCMOS disable time with that fora LSTTL
device with a 5pF load, subtract 4 ns from the published
HCMOQOS disabie time and multiply by 0.9. To compare a
value for a 45pF load, subtract 2 ns and multiply by 0.9,
For example, a 30 ns HCMOS disable time is equivalent to
(30 - 4)0.9=23ns for a 5pF load and (30 -2)0.9 =25ns
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
HCMQOS value by 0.9.
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Fig. 4 Typical output transition times as a function
. o .
of load capacitance; Tymp =25 C; for 74HCT cir-
cuits the data at Voo = 4.5 V only is valid.

January 1986



+ USER'GUIDE J L

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
HCMOS at 4.5V 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 1.4V
(compared with 50%V ¢ 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 well-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 (C|_ = 50 pF)

Ve maximum output transition time (ns)
(V) Tamb=25°C Tamb=85°C Tamp=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 tTHL O tTLH

7297006

standard output

bus-driver output

20V 18.5 ns + 0.32 ns/pF
45V 6.6 ns + 0.12 ns/pF
6.0V 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/pF

Note: values in pF are the load capacitance minus 50 pF.
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Fig. 5 Increase in propagation delay for 74HC de-
vices as a function of load capacitance; Tamp = 25 °C.
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A parameter specified for TTL devices is the output
short-circuit current HIGH (Igg). 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 |0g because
the purely capacitive loads allow extrapolation of the a.c.
parameters over the whole loading range. Figure5 (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%

7297009

/
increase 10 7

in
tPHL 17 P
(ns) 15

standard outputy_ |/

T
bus-driver__| 7

. output §
/ o
Nz
7

0 50 100

\S

CLipF) 200

(a) HIGH-to-LOW transition

729701
16
increase
in
tPLH
(ns) 4
A
7z
8 7
standard output |, ~ P
=L
bus-driver,
output | N4 .\’ ol
4 4N L—
5" —1
2
%/ al
0
7 i
0 50 100 LR 200

(b) LOW-to-HIGH transition

expected maximum
typical value

Fig. 6 Increase in propagation delay for 74HCT
devices as a function of load capacitance; the diffe-
rent values for tp and tpy y are due to the asym-
metrical reference level of 1.3V at the outputs;
Tamb = 25°C; Ve =45 V.

of Vgc for 74HC devices, or 1.4V for 74HCT devices.
Since a saturated output transistor acts as a current source,
the additional delay is ACV/I, where AC 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 | 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 Ve A reduction in Vg
adversely affects the drain characteristics, increasing the
propagation delays.

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

7297011

3

normalized
delay time
2

T4HC

N |

1
_.Du?fn

0

0 2 6

Veg (V)

Fig. 7 Propagation delay as a function of supply
voltage; Tomp = 25 °C; Cy_ = 50 pF.

6 7297017.1
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frequency

l
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’ |
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Fig. 8 Operating frequency as a function of supply

voltage; Tzmp = 25 °C; C_ = 50 pF.
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Temperature dependence of propagation delay

In TTL circuits, 8 {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) ' amb 2

where:

tp' is the propagation delay at 25 °C,
Tamb is the ambient temperature in °C.
Between —40 °C and +25 °C,

tp = tp(0,097)2% Tamb

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

7297013

14

normalized

parameters
12—

08

--50 0 50 100
Tamb (°C)

Fig. 9 Typical influence of temperature on a.c. para-
meters; Voo =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 Ve = 4.5V, 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.

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

supply ambient temperature

voltage 25 °C 85°C 125°C

2V 5 (6x) 6.25 (5y) 7.5 (5z)
45V* 1 (x) 1.26 (y =1.26x) 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 Ve =4.5V and Tamp = 25°C denoted
in the table by x.

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

Clock pulse requirements

All HCMOS flip-flops and counters 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 Ve and that for 74HCT devices is 28%
of Vge (1.4V at Ve =5 V). The threshoids 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
500mV. 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 Voo = 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.
Ve and GND, assuming no d.c. load on the outputs. This
is a very conservative and reliable method of rating the

110
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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.

data

clock

clock

a1

error
I
Q2 | SN correct

7296009

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. Vg1 is the clock threshold of device 1;
Vg2 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 400ns for Voc=2V, 45V and 6V
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

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)
45V* 1 (x) 117 (y=1.17x) 1.31 (z=1.31x)
6V 0.8 (0.8x) 0.936 (0.8y) 1.048 (0.82)

All coefficients are derived from the value of the a.c.
characteristic at Voc=4.5V and T,yp = 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 Vi 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* (V| =Vccor GND; Ig=0)

device quiescent current
complexity typical maximum

at25°C  25°C 85°C 125°C
SSi 2nA 2 uA 20 uA 40 uA
FF 4nA 4 uA 40 uA 80 uA
MSI 8 nA 8 uA 80 A 160 uA

* 6V 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 (Pp) is:

Pp=CppVec’fi + Z(CL Ve o) M

where:

Cpp is the power dissipation capacitance per package

f; is the input frequency

fo  is the output frequency

Cp isthe total externai 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 Cpp
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
(Icc) whose values are given in the device data sheets.

Power dissipation capacitance

Cpp 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 Cpp 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 Cpp test. Devices which can be separated
into independent sections are measured per section, the
others are measured per device.

Vee=5V

é lecav)

IO,U‘F 1

T ;’.10,&
input DEVICE ” ”
N UNDER TEST o] output
74HC /HCT or 74HCU ICL=50pF

7297014.1

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

The recommended test frequency for determining Cpp is
1MHz, but this is best increased to 10MHz when Igc is
low and the device quiescent current influences 'CC(AV)-
Loading the switched outputs gives a more realistic value of
Cpp. 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 Cpp in the data sheet have been calculated
using:

- ldyn(device)

Cpp
Vecfi

where:
ldyn(device) = 'cC(AV) — ldyn(load)
and

ldyn(load) =Z{CLVccfo!
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12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Table 8: Pin conditions for Cppy tests.

equiv-

74HC/ alent

pin numbers

load
(pF)

HCT

12345678910 11

PHCDDOGODD O D D V

50
50
0

00
02
03
04

CDDGDDO D D O vV
PHBDDOGODD O D D V

cCpP L

PCDODOGODO D O D V

50
50
50
50
50

PCDODOGODO D O D V

uo4
08
10
11
14
20
21

PHCDDOGODD O D D V

PHDDDOGODD D C H V

PHDDDOGODD D C H V

PCDODOGODO D O D V -

50
50
50
50
50
50

PHOHHCGODD O D D V

PHOHHCGODD O D D V
PLDDDOGODD D C

L

27

PHHHHHGCOO H H O V

30
32
42
58
73
74
75
85

PLCDDOGODD O D D V

CCO0O0O0O0O0OGOO O L
PDDDDOGOLL

L

L
H H V

100
50

L

PHHVDDDOOD G C C H -

50
50
50
50
50
47

HQPHCCGOOD D D D V
caoabbVvDDOOO O G P
LHPHOCOGLL

0O 0 C

L

L

L

PLCDDOGODD O D D V

86
93

QLLDVDDCCG C C D P
HCCHOOGDDD D P

H V

50
50
50

107

HHLPHCCGOO D D D D D V

109
112
123
125
126
132
137
138

PHHHCCOGOD D D D D H V

LHPCOOOGDD D O C O R V
LPCDDOGODD O D D V

100
50

HPCDDOGODD O D D V -

50
50

PHCDDOGODD O D D V

PLLLLHOGOO O O O C C V

100

PLLLLHOGOO O O O C C V

100
100

50

LPLCCOOGOO O O D D D V

HHHHHOOGCH P
DDLHCCLGLL

139
147
151

H H O O V
D D DDV

P

100
50

LLDDLHCGOD D D D P D V

153
154
157
158

L L

L

CCO0O000000 O G O O O OO L L

PLHCLLOGOL
PLHCLLOGOL

100
50
50

(0]
(0]

L
L

HPDDDDHGHH C C C C C V

55
50

160

161

HPDDDDHGHH C C C C C V

fcontinued on next page)
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Table 8 (continued)

equiv-

74HC/ alent

pin numbers

12345678910 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

load
(pF)

HCT

HPDDDDHGHH C C C C C V

55
50

162
163
164
165
166
173
174
175
181

182

HPDDDDHGHH C C C C C V

QHCCCCGPHC C C C V

200
50
25
25

HpDDDDCGCOQ D D D D L V

QDDDDLPGHD D D C D H V

LLcooopPGLL D DD O LV

HcQoabDODOGPO D O D D OV

25
50

HccQbooGrPO O D D O O V

H L H V

250 PHHLLHHLCC C G C B €C C C L H L
HLHLHLOGCO C C P

150
60

L

H

D V

DccLLCCGDD H C C P
DCcLLCCGDD H C C

190
191
192

P

53
60
50

L DV

DCCHPCCGDD H C C

DCCHPCCGDD H C C L DV

193
194
195
221
237
238
240
241
242
243
244
245
251

HQDDDDDGHL P C C C C V

HHLDDDDGHP

100
125

c ¢ c c c Vv

LHPCOOOGDD D O C O R V

100

PLLLLHOGOO O O O C Cc V

100

PLLLLHOGOO O O O C C V

100
50
50
50
50
50
50

LPODODODOG D O D OD ODTC DV

LPODODODOG D O D O D O D C H V

LOPDDDGOOO C O L V

LOPDDDGOOO C O L V

LPODODODOG D O D O D O ODTC D V

HPDDDDDDDG O O O O O O OC

DDLHCCLGLL P

\

L

D D DDV

100
50
50
50
25

LLDDLHCGOD D D D P D V

253B
257
258
259

PLHCDDOGOD D O D D L V

PLHCDDOGOD D O D D L V
LLLCOOOGOO O O Q P

H V

PLCODDGDDO O D D V
HCQDOODDOG P
LLOLCCGPLL

50
25

7266
273
280
283
297

O b D OOUDTUDOV

L L LV

100
250
12

CHLCPHLGCC H L C L H V

c ¢c c cc Db L vV

HHHPQLCGDD O O D H H V

HLLCCCCCHG Q P

250

299
354

356

L L HCOCV
L L HCCV

DDDDDDLHLG L L L P

100
50
50

L

DDDDDDDQPG L L L

LPCDODOGOD O D O D L V

365
366

LPCDODOGOD O D O D L V

50

(continued on next page)
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12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

Table 8 (continued)

pin numbers

equiv-

74HC/ alent

load
(pF)

HCT

123456789101

LPCDODOGOD O D O D L V

50
50
25

367
368

\
O D D O ODD OV
O b DOOUDUD OV

LPCDODOGOD O D O D L

LcaoabooODDOG P

373
374
377

LcaoaboobDDOG P

25
25

L,caboobboGgG P O DD O ODD OV

pPLCQCCCGOO O D O D D vV
PLCCCCGOOO O D D V

5C
47

390
393
423
533
534

LPHCOOOGDD D O C O R V
LcaoaDooODDOG P

100
25

O D D O O D D O V

LcoaboobboG P O DD O OD D OV

25

\%
\

L
L

O 0O 0O OO0 0O O c vV
0O 0O 0O 0O 0O 0 O0¢cV

LPDDDDDDDG O O O O O O O C

50
50
25

540
541
563
564
573
574
583
597

LPDDDDDDDG O O O O O O O C

LQODDDDDDDG P

LODDDDDDDG P

25
25
25

LPDDDDDDDG H O O O O O O O C V

LODDDDDDDG P

0O 0 0 00 0 0 c¢Cc vV

L LV

H Q D V

HHHLLCCGCC C H P
DDDDDDDGCH P

250
25
25
50
50
50
50

1]

7597 DDDDDDDGCH P D H Q D V

640

643

Vv
\

L
L

HPDDDDDDDG O O O O O O O C

HPDDDDDDDG O O O O O O O C

D D V
L D D V

DLHPDDDDDD D G O O O O OO O C L

646
648
670
688

DLHPDDDDDD D G O O O O O O O C

agaoaaQeaLpPcCccCcGCC

L L P QV

L

L

100
50
50

LPLLLLLLLG L
CPLLLOGODD D D O V

PCOOODDGDO C C C

4002

L Q vV

\

100
0

4015

O0OO0OODDGOOO O D P
cccccceccecGgee ¢ c
cccccceccecager

4016

b5

4017

¢c ¢ Cc CcC Vv -

L

48

4020

48 pPLCCCCGOCO C C O V
cccccceccecaGgevr

48

4024

L ¢ c Cc Cc vV

4040

o v

OCLOHOOGOO O O O P

4046A 50
4049

vcpPODODGDO D O O D O O

50
50

vCcCPODODGDO D O O D O O

oooooLGGLL P

4050

4051

0O 0 0O 0V - -
O 0O 0 0 OV

O0O0O0OO0OLGGLP

0
0

4052

O 0O 0O O vV

oooooLGGLL P
H G H H L

4053

PDHLLLLLLL

17

4059
4060

L ¢cC CcC Cc VvV

cccccceccecaGgeece P

106

(continued on next page)
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Table 8 (continued)

equiv- pin numbers
74HC/ alent
HCT load

(PF) 12345678910 1 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
4066 O 0O00OO0ODDGOOO O D P V — — = = = — — — = — — — — =
4067 O oOo0Oo0O0O0OO0OO0OOOP L G L L L OOOOOOH©OOV - - - -
4075 50 PLDDDOGLCO D DDV — — = = = = = = — = — — — -
4094 250 HQPCCCCGCC €C C C CHV - — - — - = = = = = = =
4316 0O O0OO0OOPDLGGO O O O DDV — — = = = = = = = — — -
4351 0 OO0OOOOOLHGG H P L OL OOOOV- - === = = =
4352 0 OOOOOOLHGG H P L OOOOUOUOV- - - - = = — =
4353 0 O0OO0OOOOLHGG HP L OL OOOOV- - - - - - - -
4510 55 LCDDLCCGLH C DDU CUPV — — — - — — — — = — = =
4511 200 LLHHLLPGCC O O C O C V — — — — = = — — = = — =
4514 100 HPLOOOOOCO C G O O OOOOOOL L LV - - - -
451 100 HPLOOOOOCO C G O O OOOOOOTL L LV - - - -
4516 50 LCDDLCCGLH C D DUCUP V — — - — - - — = — — = =
4518 50 PHCCCCLGDD O O O O DV — — = = =« = = = = = = =
4520 47 PHCCCCLGDD O O O O DV — — — — = = = = = = — =
4538 100 GRHPHCCGOO D DL O GV — — — — - = = = = = — =
4543 50 HLLHLPLGCC C C C C C V — — — — — = = = = = = =
7030 325 GGCPQQ@QQQQ@QQO O OQOOGLUCTCTCTCTCTCTCTCTCTCU®PMHYV
7046A 50 OCLOHOOGOO O O O P OV — — — — — — — — — — — =
40102 5 PHLLLLLGHL L L L C HV — — — — — — = = — — = =
40103 3 PHLLLLLGHL L L L C HV — — — =« = = = = = —= — =—
40104 100 HQDDDDDGHL P C €C C C V — — — - — - — — = — —= =
401056 200 LCPQQQQGLC €C €C C C P V — — = = = = = = = = — =

Key

\" =VCC (+5V)

G =oround Input pulses

H = logic 1 (Vgc) — inputs at Vg for HC types; 3.5 V for

L = logic O (ground) GND

D =don’t care — either H or L but not switching Vee

C =ab0 pF load to ground @ ' I—] I—— GND

O = an open pin; 50 pF to ground is allowed 7296010

P = input pulse (see illustration)

Q = half frequency pulse (see illustration)

R =1 k& pull-up resistor to an additional 5 V supply other

than the Ve supply
B =both Rand C
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Conditions for Cpp tests

Gates. All inputs except one are held at either Vo or
GND, depending on which state causes the output to
toggle. The remaining input is toggled at a known fre-
quency. Cpp 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 Ve or GND, whichever enables oper-
ation. Cpp 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 outputs to toggle. With
three-state multiplexers, Cpp 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. Cpp is
specified per switch.

Three-state buffers and transceivers. Cpp 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. Cpp 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 Voo or GND. Threestate 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
Cpp are given for each counter in the device.

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. Cppy is not normally required for LED
drivers because LEDs consume so much power as to make
the effect of Cppy negligible. Moreover, when blanked, the
drivers are rarely driven at significant speeds. When it is
needed, Cpp 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 lcc is
significant, Cpp is not specified. When it is specified, Cpp
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 Vce) 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 = 24V, the input stage p-channel transistor does not
completely switch off and there is an additional quiescent
supply current (Algc). This current has been considerably
reduced by proprietary development of 74HCT input
stages, see ‘74HCT inputs’.

The value of A'CC specified in the data sheets is per
input and at the worst-case input voltage of Vee2.1V for
Ve between 45 and 55V. The value of 2.1V is the
maximum voltage drop across a TTL output HIGH (mini-
mum Ve and minimum V), see Table 9.

The additional power dissipation P is:

P = Ve x Alge x duty factor HIGH x unit load coefficient

The unit load coefficient for an input is a factor by which
the value of Algc 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 (AICC) for 74HCT devices

Tamb (C) TEST CONDITIONS
74HCT
T UNIT | Ve \ OTHER
+25 —40 to +85 | —40 to +125 Y
typ. max. max. max.
. . 45 other inputs at
Alge per input pin for
a unit load coefficient of 1* | 100 | 360 450 490 HA ;°5 Vec21V :/CC o GND
. 0=

The additional quiescent supply current per input is determined by the Al 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 (Vy=24v;
Ve = 5.5 V) specification is: Algc = 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 Ve 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.0.7V), the n-channel transistor
starts to conduct and through-current flows, reaching a
maximum at V;=05Vgg for 74HC devices, and
V| =28%Vc for 74HCT devices, the maximum current
being determined by the geometry of the input transistors.
The through-current is proportional to V" 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.
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Comparison with LSTTL power dissipation

The dynamic power dissipation of a HCMOS device is
frequency-dependent; above 1MHz, that of an LSTTL
device is too. Below 1MHz, 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 1MHz
— 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 100kHz
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 Igg for a specific 74HC circuit can be calculated by multiplying the values of I 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 NAND gate, (b) dual D-type flip-flop, (c) 3-to-8 line decoder/demultiplexer; inverting, (d) quad

SUPPLY VOLTAGE

Range

The supply voltage range of 74HC devices is 2V to 6V
(Fig.14). This ensures continued use of HCMOS with future
generations of memory and microcomputer requiring
supply voltages of less than 5V, 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 3V 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 74HCT devices will operate from the traditional 5V
LSTTL supply, but the voltage range is extended to *10%
for both LSTTL temperature ranges (—40 to +85°C and

—40 to +125°C). This allows extended temperature range
LSTTL devices to be replaced by 74HCT devices.

The absolute maximum supply or ground current per
pin is 250 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 Cppy.

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

The Ve and GND potentials must never be reversed as
this can cause excessive currents to flow through the input
protection diodes.
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74LS
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Fig. 14 Supply voltage ranges for LSTTL and
HCMOS circuits. The supply voltage range for 74HCT
circuits retain the LSTTL nominal supply of 5V, but
the range has been extended from 6% to +10% for
both the standard and the extended temperature
range. 74HC circuits operate with a supply voltage as
lowas2V.

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 V. If the circuit is such that input voltages can
exceed Ve, external resistors should be included to limit
the input current to 15 mA for one input (7.5 mA per input
for two inputs, 5mA per input for three inputs, etc.).

from power supply

o0
N\
battery - recharge
resistor
H
-
- signal 74HC/HCU > signal
inputs 4 SYSTEM outputs
high - to - low
” level - shifters 77
(74HC4049/74HC4050) ;pj 7297016.1
Fig. 15 An HCMOS system with battery back-up.

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 Ve or below GND. These current limits are
set by the parasitic Voc/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 2V to 6V 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 Ve 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 400mV. A local voltage
regulator on a printed circuit board can be decoupled using
an electrolytic capacitor of 10 to 560 uF. Localized decoup-
ling of devices can be provided by 22 nF per every two to
five packages and a 1uF tantalum capacitor for every ten
packages. The Ve line of bus driver circuits and level-
sensitive devices can be decoupled from instantaneous loads
by a 22nF 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
(<1pF) 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 HCMQS 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  under all biasing conditions, even when VCC is short-
circuited to GND — an improvement over direct input
diode clamps during power-up.
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Fig. 16 Standard input protection of 74HC/HCT/HCU
inputs 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 +lk 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 —l ) per pin is:

14 mA for one input
9mA 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 D1
is the parasitic drain-to-GND diode of the thick field oxide
protection device.

All input pins can withstand discharge voltages up to
2.5kV (typ.) when tested according to MIL-STD-883B,
method 3015, see Fig.18. The output configurations of
standard, bus driver, three-state, open drain and 1/O ports
can withstand >35kV (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 t, prescribed by MIL-STD-883B is <15 ns,
but in practice it is helpful to adjust the test set-up to give
a rise time of 13+2ns to avoid correlation problems.

B to logic
>
input - circuit
polysilicon
resistor

[ —
J_’ﬁ D1
! GND

7297018

Fig. 17 Input protection of 74HC4049 and 74HC4050.

Although all inputs and outputs are protected against
electrostatic discharge, the standard CMOS handling
precautions should be observed (see chapter ‘Handling
precautions’).
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Fig. 18 Electrostatic discharge test.
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Fig. 19 Test voltage for electrostatic discharge test.
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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 Ve or less than GND. 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.

Vee
—
el
input _ 5 to logic
polysilicon / circuit
resistor
diffused % N1
diode —
resistor
GND
729701
Fig. 20 74HC input circuit.

The 74HC input circuit has no active input current; the
only current flowing is through the reversed-biased diodes
D1 and D2, typically a few nA reaching a maximum when
V| =Vcc or GND.

The MOS transistors P1 (p-channel) and N1 (n-channel)
have the same conductance when switched on, giving a
typical switching threshold of 50% V¢, 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 Vy is —0.6 mv/°C,
that of Vg is +0.6 mV/°C. The only other factors that
affect the switching threshold are the spreads of § and V1
of P1 and N1 between devices.

There is no current path from Ve to GND when the
input is lower than Vyy, or higher than Vcoo—Vp.
However, when the input voltage is in the linear region, a
static current path from Ve or GND flows in the input
stage (Fig.12). This current is negligible under normal
operating conditions when the input rise time t, < 15ns,
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 Cpp
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,
14V at Vg =5V. In addition, the 74HCT input circuit,
shown in Fig.22, has an enlarged n-channel transistor (N1)
and a level-shift diode (D3) has been added. The natural
drain voltage of the p-channel transistor (P1) is approxi-
mately Vc—0.6V, but when the input voltage is LOW, an
auxiliary pull-up transistor (P2) raises this to Vg, 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.
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Fig. 21 74HC input switching level as a function of
supply voltage.
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Fig. 22 74HCT input circuit.
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Fig. 23 74HCT input switching level as a function of
supply voltage.

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 D3 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 Algc per input are given in the data
sheets.

In a system where 74HCT devices are only driven by
LSTTL devices, Vou min can be 2.7 V except for some bus
drivers, With Vo =27V, Algg 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 Voo =45 V.
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Fig. 24 Additional quiescent supply current Alge
(typ.) per input pin of a 74HCT device as a function
of supply voltage (unit load coefficient is 1);
(a) Vec=45V, (b) Vee=556V.

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’.
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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 Vg via a 1.2k{2 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 Ve or GND, either
directly (a distinct advantage over LSTTL), or via resistors
of between 1k§2 and 1MS2. Since the resistors used to
terminate the inputs of LSTTL devices are usually between
220€2 and 1.2k§2, 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 /O pins. These pins
cannot be connected directly to Voo or GND. Instead,
when defined as inputs, they should be connected via a
10 k<2 resistor to Vo or GND.

Input current

Figure 25 shows the typical input leakage current of a
HCMOS device as a function of ambient temperature for a
Ve of 6V. Over the total operating temperature range,
the input leakage current is well below the rating specified
in the JEDEC standard (100 nA between —55 °C and +25 °C
and 1uA 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

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
3.5pF (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 V| rises from zero or falls from
5V 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.
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Fig. 26 Typical input capacitance C) of a 74HC
device as a function of input voltage; Vee =5V:
Tamb = 25 °C.
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Fig. 25 Typical HCMOS input leakage current ljasa
function of ambient temperature Typ,.

7297025

6 —— ——
C
(pF) [ TT T 77T

4 5
Vi (V)

Fig. 27 Typical input capacitance Cy of a 74HCT
device as a function of input voltage; Vee=5V:
Tamb = 25 °C.
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Fig. 28 Cross-section of the input protection of an
HCMOS device showing the parasitic pnp transistor
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Fig. 29 12 V-to-5V logic-level con-
version at HCMOS inputs using
100 k&2 series resistors,

Coupling of adjacent inputs
Parasitic bipolar pnp transistors can be present between
adjacent inputs, e.g. between an input protection diode to
Ve 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 (l4) can cause a current I in the parasitic
transistor and in the adjacent input (Fig.29). Because |5 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 (12) to
the forced input current (I1) denoted a:

o 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, 12V system logic is converted to 5V system
logic by adding a 100 k2 resistor in each input. Since the
logic signals are delayed by 1-2us, this arrangement is
suitable for rather slow 12V 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

supply rails. Neglecting the input series polysilicon resistor
shown in Fig.16, this means: —0.5V < V| < Vee +05V.

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: =15V <V| < Ve + 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 (ULs) 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 HCMQOS
requires virtually no input current, the unit load concept is
not applicable.
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With a specified output drive of 4mA (at
VOLmax = 0-4 V), the HCMOS capability exceeds 4000 ULs,
and with a 20uA (at VoL =0.1V) specification the
HCMOS capability is 20 ULs. A standard HCMOS output
can drive ten LSTTL loads and maintain Vg < 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 =033V
and Tympp = 85 °Ctoa VoL of 0.5V 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=2V, 45V and 6V 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.
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Table 10: Comparison of the output drive capabilities of
LSTTL and HCMOS (Vo <04 V)

drive HCMOS drive
LS device output . . type output .

capacity equiv. capacity
74L.S00 4mA 10UL  74HCO0 standard 4 mA 10 UL
74L8138 4mA 10UL 75HC138 standard 4 mA 10 UL
74L8245 12mA 30 UL  74HC245 bus 6mA 15 UL
7418374 12mA 30 UL  74HC374 bus 6mA 15UL
UL = unit load.
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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 D2) limit
the output voltage Vo of all HCMOS devices in the case of
externally-forced voltages such that —05V<Vp<
Ve +0.5V. For voltages outside this range, the diodes
and parasitic bipolar elements start to conduct. Although
the diode current rating is 20mA 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.

Vee

from
logic
circuit

output

%02

L

GND
7297041

Fig. 35 Basic CMOS output stage.

The maximum rated d.c. current for a standard output is
25mA 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.

P
-
e
i
S
L TH

M
. ] g
ow =
| P4 L_l"—\
from er » O
logic output
circuit o
| 1
e L L ] 1
Nﬁ Nﬁ N:Cﬁ
GND

EO 7283560.1

Fig. 36 Typical three-state output circuit,

EO 7283559.1

(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 OF F-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
should 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 threestate 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 1k
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 Vgg above Ve, of importance in large
systems where sections of the system may be powered-
down (VCC =0V), in which case the output diode current
has to be limited to 20 mA.

All /0O 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/O port can cause Vg current. If necessary, ter-
minate the input with a 10k 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
elements saved and hence the lower power dissipation.
However, this is countered 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 NAND 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.
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The open-drain output is protected against electrostatic
discharge.

Vee

— output
from
logic

circuit 02

o

GND
7297042

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-pull 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 can be switched to the high impe-
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 DIL 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 V|| may of the driven device and Vo max
of the driver.

— the static noise margin HIGH. This is the difference
between V(Qpmin Of the driver and Viymin of the
driven device.

For 74HC devices, both the LOW level noise margin and
the HIGH-levei noise margin is 28% of V. This is a con-
siderable improvement over LSTTL where the LOW-level
noise margin is only 8% of Vgc and the HIGH level noise
margin is just 14% of V. The margins are even greater for
HCMOS at higher supply voitages 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.

6l 6
input -‘ output
level - W~ BT evel
vViosh v Vo
5 cC -15
) (V)
4 4
—

30% Vee

72777 _

asvt supply voltage Voc

[ JHcmos
vZZLstTL 7289895.1

Fig. 39 Worst-case input and output voltages over an
operating supply range of 4.5V t0 5.5 V.
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Fig. 40 Typical input-to-output transfer character-
istic for 74HC and 74HCT devices.
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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 like devices are interfaced. Output voltages
are also given,

TFable 11: Noise immunity and noise margin for HCMOS
devices (Voo =45 V)

74HC 74HCT 74HCU

V|Lmax (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, Voo =4.5V and Ty 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
Vleax (V) 0.8 0.8
ViHmin (V) 2 2
VoLmax (v) 0.33 (note 1) 0.4
0.1 (note 2)
VOHmin (\%) 3.84 (note 1) 2.7
4.4 (note 2)
Noise margins (V):
from 74HCT to LS VNML 0.47
from LS to 74HCT VNML 0.4
VNMH 0.7
from LS to LS VML 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 uA load (i.e. 20 74HCT inputs).

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 Vy\py 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:

— adynamic noise margin LOW

— adynamic 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, tyy, is in-
creased until the device just begins to switch. The input
level on which Vp 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, t, and t; are 0.6 ns.

Vp is then reduced in increments and tyy for each new
value is ascertained.

The test is repeated for different supply voltages — for
74HC devices between 2V and 6V, and at 5V for 74HCT
devices. A range of output currents, lg, 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 0.23V more noise margin for all tyy.

For typical input switching thresholds of 1.4V and
225V for 74HCT (Vo =5V) and 74HC (Voo =4.5V)
respectively, the noise margins will be 0.83V [(1.4—0.8) +
0.23V] larger for 74HCT and 1.13V [(2.25—1.35) +
0.23 V] 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 32cm) 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 V. 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 V. 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).

vee (V)

number of switching outputs

(b)

[ E— o 7291616.1 6 7291615.1
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v
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5V |20uA
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1) — . L L L L L L 0 L L L L L L L
) 2 4 6 8 10 12 14 16 [ 2 4 6 8 10 12 14 16
ty (ns) tyy (ns)
ty measured at 50% Vp ty measured at 50% Vp
(a) (b)
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; C|_= 150pF, Tymp =25°C. (b) Amplitude of the voltage pulse (on pin 2) as a
function of the number of outputs switched; Voo =5V, C|_= 150 pF. (c) Pulse width as a function of the number of
outputs switched; Vee = 45106V, C_=150pF. For Voo =2V, the maximum expected pulse width is about 10 ns.
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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.

' Vee
P'Z—J
P1 - P|3__
| (-
_]_k }
output
NIZ——— 'ﬁ
input 2 4 |,:_T N3
input 1 +————l|——l’<—‘
i GND

7297045

Fig. 44 The minimum number of stages for a buffered
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.

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 V| is a legal HIGH or LOW level.

Vee

‘ —_I P2
;i

input2 ::|

! N1
input 1 —p—es

GND
7297046

output

LT_T

Fig. 45 Unbuffered NAND gate.

The steady-state impedance of the circuit of Fig.45 is
also affected by the state of the inputs. Given that P1 and
P2 have identical performances (same size), there are two
values of impedance for output HIGH; one when either
input is LOW and P1 or P2 conducts, and another when
both inputs are LOW and both P1 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 N1 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 Ve

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.

134

January 1986



USER GUIDE

1297047
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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 3V 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 Al 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 I for 74HC devices can be calculated by multi-
plying the value of Icc 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

In no case did latch-up occur. For example, it has been
determined that an HCMOS input can typically withstand
continuous current (56s on, 15s off) of 100 mA to 120 mA,
or 1us 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 330V. An HCMOS output can withstand
continuous current (5s on, 15 s off) of 200 mA to 300 mA,
or 1us pulses of 400 mA with a duty factor of 0001,
However, because there is an internal polysilicon 1002
resistor in series with all HCMOS inputs, the input voltages
required to achieve these current levels are so high
(Vy=Vec+0.7V+1001)) that it is unlikely that they
could occur in practice, even in a 6V 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 (ULs) 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.0.4V (Vg ). In the “74'" TTL series, an
extended Vg figure is often seen, e.g. 8mA at 0.5V
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

specifies that the input/output current should be equal to 74HCT TTL LS ALS FAST S&AS
the maximum rating (20 mA), and that V¢ should also
be not more than twice Voomax (14 V) for testing latch-up standard 2 10 20 6 2
immunity with excess supply voltage. HCMOS ICs have output
been extensive'ly subjected to the previously described tests bus-driver 3 15 30 10 3
with test parameters far exceeding those quoted by JEDEC. 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,
gas-tight 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 reliability.

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 HCMOS outputs.

Vee Vee
1800 2k
signal line
190pF/m
3900
1300
GND
7297051.1 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 10k series resistor in the HCMOS logic
line. This will limit current to 20 mA for external voltages
of up to £200V, 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).

10kS2 to 100k

HCMOS logic

10kQ
input

HC/HCT

7297052.1 GND

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 PLLs.

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 DIL and SO
packages used for HCMOS. Measurements were made
using a dummy package with all unused pins connected to
ground.
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Table 14: Typical pin capacitances (pF) of SO and DIL packages

S0O-14 & SO-16

DIL-16

S0-20

DIL-20

S0-24

DIL-24

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:

including a corner pin
all other pins

any end three pins
all other pins

any end three pins
all other pins

0.41
0.21

0.15
0.04

0.97
0.37

0.40
0.13

0.65
0.25

0.28
0.14

1.12
0.40

0.49
0.22

0.65
0.33

0.30
0.12

1.64
0.65

0.70
0.28
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QUALITY — HCMOS LOGIC ICs

QUALITY ASSURANCE

Qur 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.

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:
e Monitoring the quality of
— R&D
— wafer fabrication
— assembly
— marketing and sales
— support services
— stores and shipping.
e Extending responsibility for error-cause removal to
everyone in the operation.
e Making everyone aware of performance indicators.
e Improving response to customers’ problems and im-
proving resultant cause tracing.
e Continuous analysis of product performance to enable
continual specification improvement.
e Regular quality audits and analysis.

We are totally committed to quality improvement and
invite our customers to share in achieving it.
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Fig.1 Wafer fabrication flow chart for our HCMOS ICs
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Fig.3 Flow chart of the assembly of our HCMOS ICs, showing
the integration of quality control and inspection activities

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
Quality-Department audits
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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 endurance  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 1,5k, 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:

AQL
(combined) inspection
(%) level
functional + electrical parameters 01 H
visual + mechanical 0,1 1

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 ICs and subjected to Group B testing:

— dimensions

— solderability

- temperature cycling (10 cycles)

— electrical endurance (168h at 125 °C).

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 polysilicon 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.)

from 10082 170Q

input pin

0
circuit

o
diffused
diode
4 7297017.1

resistor

polysilicon
resistor

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 100pF capacitor
through a 1,5 k&2 resistor. Pulse rise time is 1312 ns. Results
obtained from Acceptance testing are given in Table 2.

TABLE 2
ESD resistance of our HCMOS ICs (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
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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 Vcg = 6 V. Electrical measurements (against
the Device Specification) are made after 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 ICs in DIL
and SO packages.

TABLE 3
Temperature-humidity-bias (85 °C/85% RH/6 V)

DIL package

. failures (cum) X
test time sample - 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

. failure (cum) )
test time sample P cumulative
(h) N param. function % failure
1000 350 0 0
2000 100 0 0 (o]
3000 40 0 0

Failure analysis of rejects:
Parameter: I leakage.
Function: mostly corrosion, some I 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 260kPa (2,56 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.

TABLE 4
Autoclave with bias (132 °C/85% RH/6 V)
DIL package
failures (cum) X

test time sample cumulative
(h) N param.  function % failure
120 700 6 ‘3 1,29
180 530 1 6 1,32
240 530 5 13 3,40
300 530 3 23 491
360 480 3 31 7,08
SO package

. failures (cum) .
test time sample cumulative
(h) N param. function % failure
120 355 5 3 2,25
180 210 [} 3 1,43
240 150 0 2 133
300 150 0 2 133
360 60 0 0 0
Failure analysis of rejects:

Parameter: Ioc leakage.
Function: mostly corrosion, some Icc 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 after48 h, 168 h, 1000 h, and then every 1000 h. 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

packages has been detected. In Table 6 the results given in
Table 5 are derated to 50 °C operating temperature, using
an activation energy Ep of 0,7 eV. Figure 6 gives the derate
failure rates for various activation energies.

TABLE S
Life test results: HCMOS, 1983/Sept. ‘85 (cumulative)
T test duration (h)
°c) 1000 2000 4000 8000
(faitlures/sample)
Plastic DIL
125 0/77
150 9/3600 8/1289 2/568 2/160
175 2/320 3/320 3/80
225 0/48
6 x parameter (Icc), 6 x function (Icc, gate oxide)
SO
150 2/692 1/176 1/80 1/40
1 x parameter (Icc), 1 x function (gate oxide)
TABLE 6
Failure rates (from test data of Table 5)
test 50°C
temp. T device hours device hours failures
c) (10%) (109)
Plastic DIL
125 0,077 8.8 0]
150 6,465 2463,1 9
175 0,800 892,6 3
225 0,048 330,7 0
Total: 3695,2 12
SO
150 1,188 452 2
Extrapolated failure rate at 50 °C for Ea=0,7¢eV
Plastic DIL: A=3,2 FITS (3,2 x 10°/h);
A=43 FITS (4,3 x 10°/h) at 60% confidence
SO: A=4,4FITS (4,4 x 10°/h);
A=6,8FITS (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
DIL 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

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 Eurcpe; 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 limits

— behaviour under defined climatic, mechanical and

endurance conditions
— acceptance criteria for batches of the component.

To qualify for the CECC Mark or Certificate of Conformity

a 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 1EC 68 MIL-STD-883C plastic DIL SO
group method no. N ng N ng
c1 dimensions — 2016 324 0 36 0
Cc2 marking permanence - 2015 440 O 72 0
Cc3 robustness of termination 68-2-21 2004 234 0 108 0
— tensile Test Ua cond. A
— bending Test Ub cond. B1
— lead fatigue Test Ub cond. B2
ca temperature treatments (sequential) 1739 0O 157 0
— resistance to soldering heat (10 s at 300°C)
— thermal shock (10 x 0°C to 100°C) 68-2-27 Test Nc 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% RH for 21 days
c6 THB* 85°C/85% RH/6 V/1000 h 68-2-3 Test Ca 1004 (see Table 3)
cs electrical endurance 1000 h at 125°C 1005 (see Tables 5 and 6)
C10 temperature cycling
200 x —65°C to +150°C 68-2-14 Test B 1010 cond. C 1686 0 1016 0
cn storage endurance 68-2-2 Test Ba 1008 cond. C 863 0 105 0
1000 h at T, = 160°C
c12 storage endurance 68-2-1 Test Ab 625 O 105 0
1000 h at T, = —65°C
c13 transient energy 3015
Cc15 salt mist 68-2-11 Test Ka 1009 cond. A
solderability 68-2-20 Test T 2003 960 1 384 0
autoclave
121°C/100% RH/60 h 548 0 160 0

* Temperature-humidity-bias.

N = sample size.

ng = number failures.
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HCMOS family characteristics

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 2to 6 V.

RECOMMENDED OPERATING CONDITIONS FOR 74HC/HCT

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 V) for use as pin-to-pin
compatible CMOS replacements to reduce power consumption
without |oss 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").

. 74H(? 74HCT
SYMBOL | PARAMETER UNIT | CONDITIONS
min. | typ. | max. min. | typ. | max.

Vee DC supply voltage 2.0 5.0 6.0 4.5 5.0 5.5 \%
Vi DC input voltage range 0 Vee | O Vee | V
Vo rbC output voltage range 0 Vee | O Vee |V
Tamb operating ;mbient temperature range —40 +85 —-40 +85 °C see DC and AC
Tamb operating ambient temperature range | —40 +125 | —40 +125 | °C g:',z:\;ice

. . . 1000 Veg =20V
e o g s 50 | 500 S0 |50 |m | Vec-seV

Note

For analog switches, e.g. “4016"", 4051 series”’, 4351 series”, “4066" and 4067"', 10 V is specified as the maximum

operating voltage.

RECOMMENDED OPERATING CONDITIONS FOR 74HCU

74HCU
SYMBOL | PARAMETER UNIT | CONDITIONS
min, | typ. | max.

Vee DC supply voltage 20 5.0 6.0 \%

Vi DC input voltage range 0 Vee |V

Vo DC output voltage range 0 Vee |V

Tamb operating ambient temperature range —40 +85 °c see DC and AC

CHAR.
Tamb operating ambient temperature range —-40 +125 | °C per device
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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 | CONDITIONS
Vee DC supply voltage -05 | +7 \Y
K DC input diode current 20 mA for V| <-050rV| >Vgc+05V
ok DC output diode current 20 mA for Vo <-=0.50r Vo> Vg +0.56 V
*lg DC output source or sink for =05 V<Vg <Vgc+05V
current
— standard outputs 25 mA
— bus driver outputs 35 mA
tlces DC V¢ or GND current
*lgND for types with:
— standard outputs 50 mA
— bus driver outputs 70 mA
Tstg storage temperature range —65 +150 | °C
Piot power dissipation per package for temperature range: —40 to +125 °C
74HC/HCT/HCU
plastic DIL 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
Note

For analog switches, e.g. “'4016", “4051 series”, “4351 series’, “‘4066'' and ‘4067, 11 V is specified as the maximum
operating voltage.
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HCMOS family characteristics

FAMILY
SPECIFICATIONS

DC CHARACTERISTICS FOR 74HC

Voltages are referenced to GND (ground =0 V)

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vee | V) OTHER
+25 —40t0+85 | —40t0+125 v
min. | typ. | max. | min. [ max. | min. | max.
15 1.2 15 15 2.0
ViH HIGH level input voltage 3.15| 24 3.15 3.15 \Y 4.5
42 |32 4.2 42 6.0
08 |05 0.5 0.5 2.0
ViL LOW level input voltage 21|13 1.35 135 |V 4.5
28 |18 1.8 1.8 6.0
19 |20 19 19 20 | Viy | -lgp=20pA
VoH H;ﬁ;;‘u'f;’j::““’”t voltage | 44 | 4’5 44 44 v 45 | or 1o =20 uA
59 |6.0 5.9 5.9 6.0 | Vi |-lg=20uA
v HIGH level output voltage | 3.98 |4.32 3.84 3.7 v 45 X'H —lp=4.0mA
OH standard outputs 5.48|5.81 5.34 5.2 6.0 VrIL ~1p=5.2mA
; HIGH level output voltage | 3.98 | 4.32 3.84 3.7 v 45 ViH —lp=6.0mA
OH bus driver outputs 5.48 | 5.81 5.34 5.2 6.0 ﬁ’/'IL ~lg=78mA
0 |01 0.1 0.1 20 | Vig |lo=20pA
VoL Lgml'ﬂ‘;ﬂt‘s’”tp“t voltage 0 o1 01 01 |v 45 |or  |10=20uA
0 |01 0.1 0.1 60 |V |lo=20uA
v LOW level output voltage 0.15| 0.26 0.33 04 |y, 45 ;’r“" 10 =4.0mA
oL standard outputs 0.16| 0.26 0.33 0.4 6.0 ViL lp=52mA
Vv, LOW level output voltage 0.15| 0.26 0.33 04 |, 45 <\)/rlH lp =6.0mA
oL bus driver outputs 0.16| 0.26 0.33 04 60 |V, |lo= 7.8 mA
Vee
£ input leakage current 0.1 1.0 1.0 nA 6.0 or
GND
ViH -
tlgz 3-state OF F-state current 05 5.0 10.0 | pA 6.0 | or ;/roG_N\E/)CC
ViL
quiescent supply current
| ssl 2.0 20.0 400 |pA 60 |vee |lo=0
cc flip-flops 40 400 80.0 |uA 6.0 | or 10=0
MSI 8.0 80.0 160.0 | uA 60 |GND |Ig=0 |
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FAMILY
SPECIFICATIONS

DC CHARACTERISTICS FOR 74HCT

Voltages are referenced to GND (ground =0 V)

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vee | V) OTHER
+25 —40to+85 | —40to+125 Y,
min. | typ. | max. | min. |max. | min. | max.
45
ViH HIGH level input voltage 20 |16 20 2.0 \ to
5.5
45
ViL LOW level input voltage 1.2 108 0.8 08 |V to
5.5
ViH
Vou N oty Put VoIt | 44 145 a4 44 v |45 [or |-lg=204A
ViL
ViH
Vou “s'g:dfr‘ée:)g;‘;ﬁ; voltage | 3 95 4.3 384 37 v 45 |or |-lg=40mA
ViL
vV HIGH level output voltage 3.9814.32 84 3.7 v 45 ViH o = 6.0 mA
OH bus driver outputs : : 3 . . ?; —lo=060m
1L
v LOW level output voltage o 04 45 ViH In = 20 A
oL all outputs 0.1 0.1 . \ : or 0=20pu
ViL
ViH
VoL Low level e votase 0.15| 0.26 033 o4 |V |45 |or" |lo-40mA
IL
LOW level output voltage 4 45 ViH 1A = 6.0 mA
VoL bus driver outputs 0.16 | 0.26 033 0. v 3 t\)/r 0=60m
L
Vee
£ input leakage current 0.1 1.0 1.0 | uA 55 |or
GND
Vo=VgcorGND|
ViH per input pin;
tlgz 3-state OF F-state current 0.5 5.0 100 | uA 55 or other inputs at
V| L VCC or GND,‘
lo=0
quiescent supply current
| Ssi 2.0 20.0 400 | uA 55 | Vee |[lo=0
cc flip-flops 4.0 40,0 80.0 | uA 55 |or Io=0
Msli 8.0 80.0 160.0| uA 55 | GND |lp=0
85 | yo | oterinputat
Alee unit load coefficient is 1 100 360 450 490 | wA 1o | 57 y| Ve or GND;
55 lo=0
(note 1)
Note

1. The a.dditional quiescent supply current per input is determined by the Algc 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 (Vi=24V;Vcc=55V)
specification is: Algg = 0.65 mA (typical) and 1.8 mA (maximum) across temperature.
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HCMOS family characteristics FAMILY
SPECIFICATIONS

DC CHARACTERISTICS FOR 74HCU

Voltages are referenced to GND (ground =0 V)

Tamb (°C) TEST CONDITIONS
74HCU
SYMBOL | PARAMETER UNIT | Vee | V) OTHER
+25 —40to +85 | —40 to +125 v
min. | typ. | max.| min.| max. | min. | max.
1.7 |14 1.7 1.7 20
ViH HIGH level input voltage 36 |26 36 36 \ 45
48 |34 4.8 48 6.0
06 | 03 03 03 2.0
ViL LOW level input voltage 1.9 | 09 09 0.9 \ 45
26 (1.2 1.2 1.2 6.0
1.8 |20 1.8 18 20 | VIH —lp =20 A
VOH HIGH level output voltage | 4.0 |45 4.0 4.0 \ 45 | or —lp =20 uA
55 |6.0 55 55 60 | VL —lp =20 kA
\%
3.9814.32 3.84 37 45 CC | —-lp=4.0mA
Vo | HIGH level output voltage | 5ag | 5 g5 534 52 v 60 | Up | ~lo=52mA
0 0.2 0.2 0.2 20 | VI 10 =20 pA
VoL LOW level output voltage 0 0.5 05 0.5 \ 45 or 1o =20 pA
0 05 05 05 60 | VL 10 =20 pA
\Y%
0.15( 0.26 0.33 04 45 CC | 1g=40mA
VoL LOW level output voltage 0.16| 0.26 0.33 04 \ 6.0 ngD 10=5.2mA
A Vee
£ input leakage current 0.1 1.0 1.0 A 6.0 or
GND
quiescent supply current Vee
Icc Ss! 20 200 40.0 | wA 6.0 or lp=0
GND

January 1986 155



FAMILY
SPECIFICATIONS

AC CHARACTERISTICS FOR 74HC
GND=0V;t =tf=6ns;C|_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc| WAVEFORMS
+25 —40to +85 | —40to+125 Vv
min. | typ. | max. | min. | max. | min. | max.
TS 19 |75 95 110 20
tTHL/ output transition time 7 15 19 22 ns 45 Figs 3 and 4
tTLH standard outputs 6 13 16 19 6-0
S 14 |60 75 90 20
tTHL/ output transition time 5 |12 15 18 |ns 45 | Figs3and4
tTLH bus driver outputs 2 10 13 15 6.0
AC CHARACTERISTICS FOR 74HCU
GND=0V;t, =tf=6ns;C|_=50pF
Tamb (°C) TEST CONDITIONS
74HCU
SYMBOL | PARAMETER UNIT | Vcc| WAVEFORMS
+25 —40to +85 | —40 to +125 Vv

min. | typ. | max. | min.| max. | min. | max.

¢ / 19 |75 95 110 2.0
THL output transition time 7 |15 19 22 |ns 45 | Fig.1
TLH 6 |13 16 19 6.0
AC CHARACTERISTICS FOR 74HCT
GND=0V;t,=tf=6ns;C|_=50pF
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40t0+85 | —40to+125 V]
min. | typ. | max. | min.| max. | min. | max.
tTHL/ output transition time :
tTLn standard outputs 7 15 19 22 ns 45 Figs 8 and 9
tTHL/ | output transition time 5 |12 15 18 |ns |45 | Figs8ando
tTLH bus driver outputs
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HCMOS family characteristics

FAMILY
SPECIFICATIONS

HCU TYPES HC TYPES

AC WAVEFORMS 74HCU AC WAVEFORMS 74HC
INPUT INPUT
OUTPUT OuUTPUT

72912571

Fig. 1 Input rise and fall times, transition times and propagation
delays for combinatorial logic ICs.

Fig. 3 Input rise and fall times, transition times and propagation

THL— I I

72912571

delays for combinatorial logic ICs.

(see AC CHARACTERISTICS for values).
R; = termination resistance should be equal to the output
impedance Z, of the puise generator.

TEST CIRCUIT FOR 74HCU AC WAVEFORMS 74HC
I 1V ay ————>
Vee tro M
| —————— Vcc
PULSE Vo CcLOCK
GENERATOR D.UT. INPUT
J; CL l 50 pF
: . 7;87475
DATA
INPUT
Fig. 2 Test circuit.
Definitions for Fig. 2:
C_ = load capacitance including jig and probe capacitance outpPuT

Fig. 4 Set-up times, hold times, removal times, propagation
delays and the maximum clock pulse frequency for sequen-
tial logic ICs.

Vee

\\50%
GND

7291259.1

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: t, = tf = 6 ns; when measuring frax,
there is no constraint on ty, tf with 50% duty factor.
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FAMILY
SPECIFICATIONS

HC TYPES (continued)

TEST CIRCUIT FOR 74HC

AC WAVEFORMS 74HC (continued)

Vo

CL==50pF

7287475

PULSE
GENERATOR

Fig. 5 Test circuit.
Definitions for Fig. 5:

C_ = load capacitance including jig and probe capacitance
(see AC CHARACTERISTICS for values).

Ry = termination resistance should be equal to the output
impedance Z, of the pulse generator.

OUTPUT
ENABLE

OUTPUT
LOW-to-OFF
OFF-to-LOW

OUTPUT
HIGH-1t0-OFF
OFF-to-HIGH

OULPULS | OUPULS —»|<— outputs
7291261.1 enabled disabled enabled

Fig. 6 Propagation delays of 3-state outputs.

TEST CIRCUIT FOR 74HC

Vee Vee

v M R =1kQ
PULSE ! DUT . Lcj—/i
GENERATOR I -L
R VL CLlFxOpF l
” 7 4 4 7 1287489 77

Switch position

TEST SWITCH
togm GND
tozL Vee

tonz GND
tpLz Vee

Note to switch position table

For open-drain N-channel outputs tp 7 and tpz 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).

Rr = termination resistance should be equal to the output
impedance Z, of the pulse generator.
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HCMOS family characteristics

FAMILY

SPECIFICATIONS
HCT TYPES
AC WAVEFORMS 74HCT TEST CIRCUIT FOR 74HCT
Vee
INPUT s Vo
GENERATOR
»L CLI 50 pF
OUTPUT ’ § 7257475

7291256.1

Fig. 8 Input rise and fall times, transition times and propagation
delays for combinatorial logic ICs.

AC WAVEFORMS 74HCT
————— 3V
cLocK \
INPUT
GND
— oty ——
3v
DATA
eyt f 13V
— onp
oy |-
—| -— ‘THL
OUTPUT
— tpHL =
—>| ‘Wm
SET, 3V
RESET,
pREseT {13V
INPUT .

7291268.1
Fig. 9 Set-up times, hold times, removal times, propagation
delays and the maximum clock pulse frequency for sequen-
tial logic 1Cs.

Notes to Fig. 9

-

. In Fig. 9 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.

. For AC measurements: t, = t; = 6 ns; when measuring fmax.

there is no constraint on ty, ty with 50% duty factor.

C. =

Ry =

Fig. 10 Test circuit.

Definitions for Fig. 10:

load capacitance including jig and probe capacitance
(see AC CHARACTERISTICS for values).

termination resistance should be equal to the output
impedance Z; of the pulse generator.
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FAMILY

SPECIFICATIONS

HCT TYPES (continued)
AC WAVEFORMS 74HCT (continued)

OUTPUT
ENABLE

OUTPUT
LOW-to-OFF
OFF-to-LOW

OUTPUT
HIGH-to-OFF
OFF-to-HIGH

outputs e outputs ____,| .« outputs
7296099 enabled disabled enabled

Fig. 11 Propagation delays of 3-state outputs.

TEST CIRCUIT FOR 74HCT

Vee Vee

PULSE
GENERATOR

Switch position

TEST SWITCH
togm GND
toz1 Vee

tonz GND
oz Vee

Note to switch position table

For open-drain N-channel outputs tp 7 and tp; are applicable.
Fig. 12 Test circuit for 3-state outputs.

Definitions for Fig. 12:

It

C. load capacitance including jig and probe capacitance
(see AC CHARACTERISTICS for values).
Ry = termination resistance should be equal to the output

impedance Z; of the pulse generator.

160

January 1986



HCMOS family characteristics

DATA SHEET
SPECIFICATION
GUIDE

INTRODUCTION

The 74HCMOS data sheets have been designed for ease-of-
use. A minimum of cross-referencing for more information
is needed.

TYPICAL PROPAGATION DELAY AND FREQUENCY

The typical propagation delays listed at the top of the data
sheets are the average of tp| 1y and tpyy; 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 t, and t¢.

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, published in 1972.

RATINGS

The “RATINGS” table (Limiting values in accordance with
the Absolute Maximum System — |EC134) 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 V is 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

The “DC CHARACTERISTICS” table reflects the DC
limits used during testing. The values published are
guaranteed.

The threshold values of V| and V|| can be tested by the
user. If Vyy and V|| 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 Vi and V) 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 V;i; and V| 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|4 and VL to test the functionality
of any HCMOS device type; instead, use input voltages of
Vg (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
V. is higher than the maximum VL. However, this is
because V| max is the maximum VL (guaranteed) for all
devices that will be recognized as a logic LOW. However,
typically a higher V| will also be recognized as a logic
LOW. Conversely, the typical Viy is lower than its
minimum guaranteed level,

For 74HCMQOS, 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 Icc is the leakage current of
all the reversed-biased diodes and the OFF-state MOS
transistors. It is measured with the inputs at Ve 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.

January 1986

161



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. A V¢ decoup-
ling capacitor should be provided at the test socket, also
with short leads. Input signals should have rise and fall
times of 6ns, a signal swing of OV to Ve for 74HC and
0V to 3V 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.
fmax is also tested with 6ns input rise and fall times, with a
50% duty factor, but for typical fmax as high as 60 MHz,
there are no constraints on rise and fall times.
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HCMOS family characteristics

DEFINITIONS
OF SYMBOLS

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.

loc

Alee

lanp

Quiescent power supply current; the current flowing into
the V¢ supply terminal.

Additional quiescent supply current per input pin at a
specified input voltage and Vc.

Quiescent power supply current; the current flowing into
the GND terminal.

Input leakage current; the current flowing into a device ata
specified input voltage and Vc.

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 V¢ or GND.

Analog switch leakage current; the current flowing into an
analog switch at a specified voltage across the switch and

Vee.

Voltages
Al voltages are referenced to GND (ground), which is typically O 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.

Supply voltage; the most positive potential on the device.

Supply voltage; one of two (GND and Vgg) 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.

Vou

Vi

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.

Trigger threshold voltage; positive -going signal.

Trigger threshold voltage; negative -going signal.

Analog terms

Ron

ARon

ON-resistance; the effective ON-state resistance of an
analog switch, at a specified voltage across the switch and
output load.

AON-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 ¢

G

Cuo

C

Ceo

Cs

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 I/O-pin (e.g. a transceiver).

Outputload 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 extra load is provided to the device.

Switch capacitance; the capacitance of a terminal to a
switch of an analog device.

AC switching parameters

f;

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 usingalternate HIGH and LOW
for 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 10%V ¢ to 90%V ¢ 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

tpLH

tpHz

tprLz

tpzH

tpzL

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 1.3V points for the 74HCT
devices, with the output changing from the defined
HIGH level to the defined LOW level.

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 1.3V point for the 74HCT
devices, with the output changing from the defined
LOW level to the defined HIGH level.

3-state output disable time; the time between the
specified reference points, normally the 50%
points for the 74HC and 74HCU devices and the
1.3V 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 (VoR) to a
high impedance OF F-state (Z).

3-state output disable time; the time between the
specified reference points, normally the 50%
points for the 74HC devices and the 1.3V 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 (V) ) to a high impedance OF F-state
(2).

3-state output enable time; the time between the
specified reference points, normally the 50%
points for the 74HC devices and 1.3V 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 OF F-state
(Z) to a HIGH level (Von)-

3-state output enable time; the time between the
specified reference points, normally the 50%
points for the 74HC devices and the 1.3V 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 (VoL)

trem

tsu

TTHL

TTHL

tw

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 1.3V points for the 74HCT
devices on both input voltage waveforms.

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.

Output transition time; the time between two
specified reference points onawaveform, normally
90% and 10% points, that is changing from HIGH-
to-LOW.

Output transition time; the time between two
specified reference points on a waveform, normally
10% and 90% points, that is changing from LOW-
to-HIGH.

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 1.3V
points for 74HCT devices.
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PC74HC/HCTO00

Ssli

QUAD 2-INPUT NAND GATE
FEATURES TYPICAL
® Output capability: standard SYMBOL PARAMETER CONDITIONS UNIT
® ¢ category: SSI HC HCT

tpHL/ propagation delay Cp=15pF
GENERAL DESCRIPTION hiy nA B tonY Vec-sv |7 8 | ns
The 74HC/HCTOO are high-speed - -
Si-gate CMOS devices and are pin Cy input capacitance 3.5 35 | pF
compatible with low power Schottky —
TTL (LSTTL). They are specified in cPp power f:hssmatlon notes 1and 2 | 22 22 oF
compliance with JEDEC standard no. 7. capacitance per gate

The 74HC/HCTOO provide the
2-input NAND function.

GND =0V; Tamp=25°C;tr=tf=6ns

Notes

1. CpD is used to determine the dynamic power dissipation (Pp in uW):
Pp =CpD x V¢ x fi + = (CL x VCi? x fo) where:
output load capacitance in pF

fi = input frequency in MHz
fo = output frequency in MHz
2 (Cp x Vge? x fo) = sum of outputs

CL =
vee =

2. For HC the condition is V| = GND to VCC
For HCT the conditionis V| =GND to Vgc - 1.5V

supply voltage in V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCTOOP: 14-lead DIL; plastic (SOT-27).
PC74HC/HCTOOT: 14-lead mini-pack; plastic (SO-14; SOT-108A).

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,4,9,12 1A t0 4A data inputs
2,5,10,13 1B to 4B data inputs
3,6,8 11 1Y to 4y data outputs
7 GND ground (0 V)
14 Vee positive supply voltage
_!j 1A
U wis -
n ] [14] Vee 2. 2 3 N3
18 n E 48 412A 4 o
] 2v|e —
w 3] 12] 4a __5.£D°—_ 5 >~
9
2A [4] 00 _‘__‘] ay _9]3a svls . 8
28 [5] [10] 38 _10}38
12
2v (6] 9] 3a 12 |aa | INTL
B g
GND n 3 ] 7287488.1
7287400.1
7287401.1
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT00

Ssi
FUNCTION TABLE
1]1a INPUTS OUTPUT
-] |3
—LTL—DO_ nA nB nY
e 2Y |6 L L H
J:D" B N L H H
_9|3a v H L H
i;DoiE— \ H H L
7287487
_12]an H = HIGH voltage level
1_3£D°il L = LOW voltage level
7287401.1
Fig. 4 Functional diagram. Fig. 5 Logic diagram (one gate).

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics”, section *“Family specifications’.

Output capability: standard
Icc category: SSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t =t;=6ns; Cp_= 50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40 to +85 | —40 to +125 \Y
min. | typ. | max. | min. | max. | min. | max.
. 25 |90 115 135 2.0
tPHL/ propagation delay 9 |18 23 27 |ns |45 |Fig.6
tPLH nA, nB tonY 7 |15 20 23 6.0
¢ / 19 (75 95 110 2.0
THL output transition time 7 15 19 22 ns 45 Fig. 6
TLH 6 |13 16 19 6.0
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Quad 2-input NAND gate

PC74HC/HCT00

SSi

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics’, section ‘’Family specifications’.

Output capability: standard
Icc category: SSI

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Algg per input, multiply this value by the unit load coefficient shown in the table below.

: unit load
input coefficient
nA, nB 2.20

AC CHARACTERISTICS FOR 74HCT
GND=0V; t,=tf=6ns; C__=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to0 +85 | —40 to +125 v
min. | typ. | max. | min.| max. | min. | max.
tpHL/ propagation delay .
tpLH nA, nB to nY 10 |19 24 29 ns 45 Fig. 6
tTHY/ output transition time 7 |15 19 22 | ns 45 | Fig.6
TLH
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PC74HC/HCTO00

AC WAVEFORMS
nA, nB INPUT vy
TPHL = tLH
nY OUTPUT vy
7296095 tTHL et ha TLH

Fig. 6 Waveforms showing the input (nA, nB) to
output (nY) propagation delays and the output
transition times.

Note to AC waveforms
(1) HC : V= 50%; V| =GND to Vge.
HCT: V\=1.3V;V|=GND to 3V.
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PC74HC/HCT02

SSI
QUAD 2-INPUT NOR GATE
FEATURES | TYPICAL
® Qutput capability: standard SYMBOL PARAMETER CONDITIONS ‘ ] UNIT
® ¢ category: SSI B ] HC f »HCT
R |
tpHL/ propagation delay CpL=15pF !
GENERAL DESCRIPTION tpLH nA, nB tonY Vec =5V 7 i 9 ns
The 74HC/HCTO2 are high-speed o SRR
Si-gate CMOS devices and are pin Cy input capacitance | 35 35 pF
compatible with low power Schottky o ! T
TTL(LSTTL). They are specified in power dissipation 5 | 24 F
compliance with JEDEC standard no. 7. Crp capacitance per gate notes 1and 2 J 2 P
The 74HC/HCTO02 provide the 2-input B ] o
NOR function. GND=0V;Tamp=25"City=tf=6ns
Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
Pp=Cpp x V¢g? x fi+2 (CL x Vet x fo) where:
fi = input frequency in MHz CL = output load capacitance in pF
fo = output frequency in MHz Vge = supply voltage in V
2 (CL x Vgg? x fg) = sum of outputs
2. For HC the condition is V| = GND to V¢C
For HCT the condition is V| = GND to Vgg - 1.5V
ORDERING INFORMATION/PACKAGE OUTLINES
PC74HC/HCTO2P: 14-lead DIL; plastic (SOT-27).
PC74HC/HCTO02T: 14-lead mini-pack; plastic (SO-14; SOT-108A).
PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1,4,10,13 1Y to 4Y data outputs
2,5,8, 11 1A to 4A data inputs
3,6,9 12 1B to 4B data inputs
7 GND ground (0 V)
14 Vee positive supply voltage
2|1A wli 2
1% m U [14] Vee 3]s DO—'— Z =1 N
1a[2] [13] av 5]2a - 4
5] 2] 40 Jos Doﬂ_e_ . hod
2v[a 02 11] 4A 8
E j 813A avlo o ] N Te
2a 5 | [10] av ofss ) -
11
28 [6] 9] 38 11]aa 2 | 13
ano (7] E 3A 12148 - 7290877
72874021
7287403.1
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT02

SSi
FUNCTION TABLE
INPUTS OUTPUT
_2]1A
_aza__Doi‘— nA nB nY
_5]2A L L H
. EDoﬂ‘— L H L
] A H L L
_s8fsa N H H L
3Yli0
BT e a
7290982 H = HIGH voltage level
11]4a L = LOW voltage level
4Y]13
JLTL—DO_
7287403.1
Fig. 4 Functional diagram. Fig. 5 Logic diagram (one gate).

DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter “HCMOS family characteristics”, section “Family specifications’.

Output capability: standard
Icc category: SSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t,=tf=6ns;C_ =50 pF

Tamb (°C) TEST CONDITIONS
74HC

SYMBOL | PARAMETER UNIT | Vg | WAVEFORMS

+25 -40 to +85 | —40 to +125 V)

min.| typ. | max. | min. | max. | min. | max.

tpHL/ propagation delay 35 ?g ;;5 ;35 Zg Fig. 6
1 nA, nB tonY ns y 8.
PLH ’ 7 |15 20 23 6.0
truL/ 19 |75 95 110 2.0
THL output transition time 7 |15 19 22 |ns 45 | Fig.6
tTLH 6 |13 16 19 6.0
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Quad 2-input NOR gate

PC74HC/HCT02

Ssli

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics’, section ‘“Family specifications’.

Output capability: standard
Icc category: SSI

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below.

inout unit load
inpu coefficient
nA, nB 1.50

AC CHARACTERISTICS FOR 74HCT
GND=0V;t, =tf=6ns;C|_=50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 -40 to +85 | —40 to +125 \
min.| typ. | max. | min.| max. | min. | max.
tpHL/ propagation delay 1 .
tPLH nA, nB to nY 1 19 24 29 ns 45 Fig. 6
tTHL/ output transition time 7 15 19 22 ns 45 Fig. 6
TLH
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PC74HC/HCTO02
Ssli

AC WAVEFORMS

nA,nB INPUT A{/MH:
o |

[ TpHL, = - tpL

nY OQUTPUT

7296095

Fig. 6 Waveforms showing the input (nA, nB) to
output (nY) propagation delays and the output

transition times. Note to AC waveforms,

(1) HC : Vi =50%; V| = GND to V¢c.
HCT: V= 1.3V; V| =GND to 3V.
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PC74HC/HCTO3

SSi
QUAD 2-INPUT NAND GATE
FEATURES
- TYPICAL
® Level shift capability SYMBOL | PARAMETER CONDITIONS UNIT
©® Output capability: standard HC HCT
(open drain)
® | category: SSI CL=15pF
cc tpzL/ propagation delay R =1k& 8 10 ns
tpLZ Ve =5V
GENERAL DESCRIPTION
C input capacitance 35 35 pF
The 74HC/HCTO3 are high-speed
Si-gate CMOS devices and are pin C power dissipation notes 1, 2
compatible with low power Schottky PD capacitance per gate and 3 40 | 40 |pF

TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7.

The 74HC/HCTO3 provide the
2-input NAND function.

The 74HC/HCTO3 have open-drain N-
transistor outputs, which are not
clamped by a diode connected to V¢c.
In the OF F-state, i.e. when one input

is LOW, the output may be pulled to any
voltage between GND and VQmax. 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.

GND=0V;Tagmp=25°C; ty=t;=6ns

Notes

1. Cpp is used to detemine the dynamic power dissipation (Pp in uW):

Pp=Cpp x Vge? xfi+ Z (C x Vgg? x fol +

+Z (Vo¥Ry) x duty factor LOW, where:

f; = input frequency in MHz

fo = output frequency in MHz

V = output voltage in V

2 (CL x Vgg? x fo) = sum of outputs
2 (Vp?/R|) = sum of outputs

CL = output load capacitance in pF
Ve = supply voltage in V
R =pull-up resistor in M2

2. For HC the condition is V| = GND to Vg
For HCT the condition is V| = GND to Vgg — 1.5 V

3. The given value of Cpp is obtained with:

CL=0pFand R =

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCTO3P:

14-lead DIL; plastic (SOT-27).

PC74HC/HCTO3T: 14-lead mini-pack; plastic (SO-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 4B data inputs

3,6,8, 11 1Y to 4Y data outputs

7 GND ground (0 V)

14 Vee positive supply voltage

1a[1] U 12] Vee
18[2] [13] 48
1v[3] [12] 4a
2a[a] 03 [m]av
285 | 10] 38
2v[6] BES
onp 7] 8] av

7293382

Fig. 1 Pin configuration.

o Gl
STs
@ >
X
%
[o

=N
N
@ |>

7293397

Fig. 2 Logic symbol.

S S

Bl I [T

4

4

.

A

7293394

Fig. 3 1EC logic symbol.
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PC74HC/HCTO03

SSi

[ Ble |=]> o

=}

A
av| 11
48 —

Fig. 4 Functional diagram.

Y

8 GND
7293396

Fig. 5 Logic diagram
{one gate).

FUNCTION TABLE

INPUTS

nA nB

rTTrr
IrTr

RATINGS

Limiting values in accordance with the Absolute Maximum System (1EC 134)
Voltages are referenced to GND (ground = 0 V)

H = HIGH voltage level
L = LOW voltage level
Z = high impedance OF F-state

SYMBOL PARAMETER MIN. | MAX. | UNIT | CONDITIONS
Vee DC supply voltage —-05 | +7 \%
Vo DC output voltage -0.5 +7 \
hk DC input diode current 20 mA for V| <—-05VorV|>Vgc+05V
-lok DC output diode current 20 mA for Vo <-0.5V
-lo DC output source or sink 25 mA for =06 V<Vqg
current
tlees DC VCC or GND current 50 mA
*IGND
Tstg storage temperature range —65 +150 | °C
Piot 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 (SO) 400 mwW above +70 °C: derate linearly with 6 mW/K
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Quad 2-input NAND gate

PC74HC/HCTO3
SSI

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics’, section ‘'Family specifications”, except that the Vo values

are not valid for open drain. They are replaced by g as given below.

Output capability: standard (open drain), excepting Vo
lge category: SSI

Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Ve | V) OTHER
+25 —40to+85 | —40to +125 Vv
min,| typ. | max. | min.| max. | min. | max.
2.0
HIGH level output *
loH leakage current 05 50 100} uA 2300 Vie
*The maximum operating output voltage (VOmax) is 6.0 V.
AC CHARACTERISTICS FOR 74HC
GND =0 V; t,=t=6ns;C_=50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT |Vee | WAVEFORMS
+25 —40to+85 | —40to +125 v
min. | typ. | max. | min.| max. | min. | max.
/ . 28 | 95 120 145 2.0
tPzL propagation delay 0 |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
tTTHL output transition time 7 15 19 22 ns 45 | Fig. 6
6 13 16 19 6.0
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PC74HC/HCTO03
SSi

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics”, section “Family specifications”, except that the Vo values
are not valid for open drain. They are replaced by Ig as given below.

Qutput capability: standard (open drain), excepting VoH
lcc category: SSI

Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vge | VI OTHER
+25 —40to+85 | —40to+125 \Y;
min.| typ. | max. | min.| max. | min. | max.
45
HIGH level output *
loH leakage current 0.5 5.0 100 | A t5°5 Vic

*The maximum operating output voltage (VQmax) is 6.0 V.
Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT COEFFICIENT
nA, nB 1.0

AC CHARACTERISTICS FOR 74HCT
GND=0V;t,=t;=6ns;C|_=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT |Vgc | WAVEFORMS
+25 —-40to+85 | —40to+125 v

min. |typ. | max. | min. | max. | min. | max.

tpzL/ propagation delay :
Lz nA, nB, to nY 12 |24 30 36 ns 45 Fig. 6
tTHL output transition time 7 15 19 22 ns 4.5 Fig. 6

178 January 1986



Quad 2-input NAND gate

PC74HC/HCTO03

SSi

AC WAVEFORMS

nA, nB INPUT

nY OUTPUT

7293393 S iy

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 : Vjy=50%; V| = GND o Vcc.
HCT: Vjy=13V;V|=GND to3V.

Vee
R =1kQ

PULSE
GENERATOR

7293395

CL

50pF
J» 4 l/

Fig. 7 Test circuit (open drain)

Definitions for Figs. 7 and 8:

Cp = load capacitance including jig and
probe capacitance
(see AC CHARACTERISTICS for
values).

RT = termination resistance should be equal
to the output impedance Z( of the
pulse generator.

t = tf=6 ns; when measuring fy, 5, there
is no constraint on t;, ty with 50%
duty factor.

— e e e
e AMPLITUDE
NEGATIVE 0%
INPUT Vi ‘
PULSE 10% oy
> I« tryp(te) typlty) ~ e
- |<-tTLH(l,) tryg (te) ’I -
- — AMPLITUDE
POSITIVE 90%
INPUT Vm
PULSE 10% y
“ ; ov
7287476.3
Fig. 8 Input pulse definitions.
tite
FAMILY | AMPLITUDE | Vi
fmaxi OTHER
PULSE WIDTH
74HC Vce 50% | <2ns 6 ns
74HCT | 3.0V 1.3V |<2ns 6 ns
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PC74HC/HCT04

Ssi

HEX INVERTER
FEATURES TYPICAL
® OQutput capability: standard SYMBOL PARAMETER CONDITIONS UNIT
o 'CC category: SSI HC HCT

tpHL/ propagation delay CpL=15pF
GENERAL DESCRIPTION tpLH nA 1o nY Veg =5V 7 8 ns
The 74HC/HCTO04 are high-speed 0
Si-gate CMOS devices and are pin Cy input capacitance 35 3.5 pF
compatible with low power Schottky - B
TTL(LSTTL). They are specified in power dissipation
compliance with JEDEC standard no. 7. Cprp capacitance per gate notes 1and 2 2 2 pF

The 74HC/HCTO04 provide six inverting
buffers.

GND=0V;Tamp=25°C;t=tf=6ns

Notes

1. CpD is used to determine the dynamic power dissipation (Pp in uW):
PD=Cpp x VcC* x fi+ = (CL x VCC? x fo) where:

fi = input frequency in MHz
fo = output frequency in MHz

2 (CL x Vgg? x fo) = sum of outputs

CL .
vVece

2. For HC the condition is V| = GND to VcC
For HCT the condition is V| = GND to Vgg — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCTO04P:

14-lead DIL; plastic (SOT-27).

PC74HC/HCTOAT: 14-lead mini-pack; plastic (SO-14; SOT-108A).

PIN DESCRIPTION

output load capacitance in pF
supply voltage in V

PIN NO. SYMBOL NAME AND FUNCTION
1,3,5,9,11,13{ 1A to 4A data inputs
2,4,6,8,10,12|1Y to 6Y data outputs
7 GND ground (0 V)
14 Vee positive supply voltage
LA v,
1a 1] U [12] Vee U 1 N2
1y E [13] 6a 3 28 2 4 3| N4
24 5] 2] v 5 3A ay ¢ 5| N6
2v[a] o4 5A o s
3 [5] 73] sv o 4A 4 g
ng N
3y 6] 0] 4a 1 A 5Y_ 4o
an [7] 8] 4v B N2
7287404.1 13 SA 5Y 12 7290947
7290946
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.

January 1986

181



PC74HC/HCTO04
SSi

FUNCTION TABLE

INPUT OUTPUT

|

7290978

Y
_3)2 _|>°_Y 4 L H
H L

Y

1A
2
Fig. 5 Logic diagram (one inverter).
3
5A

1

A 2
A D 3¥le H = HIGH voltage level
L = LOW voltage level

5

A 6

|o

9l4A >04Y 8
il ___<| >°_&

Y
Y

12

‘36%

7287406.1

Fig. 4 Functional diagram.

DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter “HCMOS family characteristics’’, section *“Family specifications’.

Output capability: standard
I category: SSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t, =tf=6ns;C_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 40 to +85 |40 to +125 v
min.| typ. | max. | min.| max. | min. | max.
] 25 |90 115 135 2.0
tyL/ | propagation delay 9 |18 23 27 | ns 45 | Fig.6
PLH nAtonY 7 |15 20 23 6.0
19 |75 95 110 2.0
THL | output transition time 7 |15 19 22 |ns |45 | Fig.6
TLH 6 |13 16 19 6.0
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Hex inverter

PC74HC/HCTO04

SSi

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “"HCMOS family characteristics’’, section ‘‘Family specifications”.

Output capability: standard
lcc category: SSI

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below.

input unit load
ihpuy coefficient
nA 1.20

AC CHARACTERISTICS FOR 74HCT
GND =0Vt =tf=6ns;C|=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vec | WAVEFORMS
+25 -40 to +85 |—40 to +125 \
min.| typ. | max. | min. | max. | min. | max.
tpHL/ propagation delay .
tpLA nA to nY 10 |20 24 29 ns 4.5 Fig. 6
THL/ output transition time 7 15 19 22 ns 4.5 Fig. 6
TLH
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PC74HC/HCTO04
SSli

AC WAVEFORMS

nA INPUT

nY OUTPUT

7290949

Fig. 6 Waveforms showing the data input (nA) Note to AC waveforms
to data output (nY) propagation delays and (1) HC : Vi = 50%; V; = GND to Ve

th tput transition times.
¢ oulput fransition times HCT: Vi = 1.3V V| = GND to 3V.
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PC74HCU04

SSli

HEX INVERTER
FEATURES

SYMBOL PARAMETER CONDITIONS TYPICAL | UNIT
® Output capability: standard
® Ipc category: SSI tpHL/ propagation delay CL=15pF 5 ns

tPLH nAtonY Vee=5V
GENERAL DESCRIPTION - -
The 74HCUO4 is a high-speed G input capacitance 35 of
Si-gate CMOS device and is pin power dissipation
compatible with low power Schottky ¢rD capacitance per inverter notes 1 and 2 10 pF

TTL (LSTTL). It is specified in

compliance with JEDEC standard no. 7.

The 74HCUO04 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

GND =0 V; Tamp =25 °Citr =tf=6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD=Cpp x Vce? x fi+Z (CLx Vce? x fo) where:

fi = input frequency in MHz
fo = output frequency in MHz

2 (CL x Vge? x fo) = sum of outputs

2.

CL
vee

output

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HCUO04P:

14-lead DIL; plastic (SOT-27).

load capacitance in pF

supply voltage in V

PC74HCUO4T: 14-lead mini-pack; plastic (SO-14; SOT-108A).

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,35,9, .
11,13 1A to 6A data inputs
2,4,6,8,
10, 12 1Y to 6Y data outputs
7 GND ground (0 V)
14 Vee positive supply voltage
1 1A 1Y 2
U
1a (0] [14] Vee S 28 o, L 1 N2
1v[2] [13] 6a 3 L4
23] [12] 6v 5 3A 3Y
5 ] N
2v[4] o04u [i1]sa
9 4A 4Y 8 9 u
3a (5] [10] 5 —
v [5] oL AN u Lo
oo [7 (8] av oA o, B NS
7287405.1 1290046 7290947
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.

January 1986

185



PC74HCUO04
~ ssl

1]1a 1],

Vee Vec Vee

6 1009 1708 B
— nA ny

2AD 2v
SAD 3y
s 1
Jﬁi.Do_‘iL 1293838 GND GND  GND
%ﬁ .
6A|> 6Y

13

7287406.1

Fig. 5 Schematic diagram
Fig. 4 Functional diagram. (one inverter).

186 January 1986



Hex inverter

PC74HCUO04
SSi

DC CHARACTERISTICS FOR 74HCU

Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HCU
SYMBOL | PARAMETER UNIT | Vee | Vi 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
VIH HIGH level input voltage 36 |26 3.6 3.6 \% 4.5
4.8 134 4.8 4.8 6.0
06 |03 0.3 0.3 2.0
ViL LOW level input voltage 19 (0.9 0.9 09 |V 4.5
26 | 1.2 1.2 1.2 6.0
1.8 |20 1.8 1.8 20 | VIH -lo =20 kA
VoH HIGH level output voltage | 4.0 4.5 4.0 4.0 A" 45 or -lo =20 A
5.5 (6.0 5.5 5.5 6.0 | VL -lp =20 uA
Vee
3.98|4.32 3.84 3.7 45 -lp=4.0mA
VoH HIGH level output voltage | 545 15 g1 5.34 5.2 Viooleo | 9 | -lo=52mA
0 0.2 0.2 0.2 20 | VIH 1o =20 A
VoL LOW level output voitage 0 0.5 0.5 05 |V 45 | or lo = 20 uA
0 0.5 0.5 0.5 6.0 | Vi | lo=20pA
Vee
0.15 | 0.26 0.33 0.4 4.5 lo =4.0mA
VoL LOW level output voltage 0.16 | 0.26 0.33 04 |V 60 | Ao | lo=52mA
Vee
£y input leakage current 0.1 1.0 1.0 HA 6.0 or
GND
Vee
lce quiescent supply current 2.0 20.0 40.0 | A 6.0 or lop=0
GND
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PC74HCU04
Ssi

AC CHARACTERISTICS FOR 74HCU
GND=0V;t, =t;=6ns;C_=50 pF

Tamb (°C) TEST CONDITIONS
74HCU
SYMBOL | PARAMETER UNIT | Vcc| WAVEFORMS
+25 -40 to +85 | 40 to +125 v
min. | typ. | max. | min. | max. | min. | max.
. 19 |75 95 110 20
tPHL/ | propagation delay 7 |15 19 22 |ns | 45 | Fig.6
tPLH nAtonY 6 |13 16 19 6.0
19 |75 95 110 2.0
THU | output transition time 7 |15 19 22 | ns 45 | Fig.6
TLH 6 (13 16 19 6.0

AC WAVEFORMS

nA INPUT

nY OUTPUT

7290949

Fig. 6 Waveforms showing the data input (nA)
to data output (nY) propagation delays and the
output transition times. Note to AC waveforms

(1) Vv = 50%; V| = GND to V.

TYPICAL TRANSFER CHARACTERISTICS

7290950 7290951 7290952
6 60 Vo i Vo o
v \ , ) (mA) ) (mA)
o o 5 20 20 1.0
v \ (mA)
—
4 40 4 16 16 0.8
3 12 12 06
A\
% \ A
2 A 20 2 Ay 8 08 1t 04
/ \ ! \ mh
/ N / I
\
> < 1 / 3 4 04 i 02
s N / \ /
' "
0 z — 0 0 — 0 0 4 A 0
0 2 4 v 6 0 2 4 vqv) 6 0 04 08 12 16 20
vy (V)
Fig. 7 Fig. 8 Fig. 9
———V(@g; — — — — Ip (drain current) —— Vo:— —— — Ip (drain current) ——V;— — — —Ip (drain current)
l10=0;Vgc=6.0V. lo=0;Vgc=45V. lI0=0;Vgc=20V.
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Hex inverter

PC74HCU04
SSI

Ripjas = 560K2

Vi~

g~
(f=1kHz) 'tI °
o GND

7293325

0.47 uF ] output | 100uF

Fig. 10 Test set-up for measuring forward
transconductance gfg = dig/dvj at
Vo is constant (see also graph Fig. 11).

7293708
40 e

9fs
(mA/V) |

30 —

Vee (V)

Fig. 11 Typical forward transconductance gfs
as a function of the supply voltage V¢ at
Tamb = 25 °C.

APPLICATION INFORMATION

Some applications for the “HCUO04"" are:
® In crystal oscillator designs

® Linear amplifier (see Fig. 12).

7293707

Fig. 12 HCUO4 used as a linear amplifier.

Note to Fig. 12
Zp >10k; Agp = 20 (typ.)
AoL
Ay=— —R‘I_—‘—; VO max (p-p)
1+— (1+AQL) ~Vcg —2 V cente-
R2 red at % Vog
3k <R1,R2<1MQ )
Typical unity gain bandwidth product is 5 MHz.
Cy =20 pF (typ.)
ApL = open loop amplification
Ay = voltage amplification
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PC74HC/HCTO8
SSI

QUAD 2-INPUT AND GATE

FEATURES

® Output capability: standard
® |cc category: SSI

GENERAL DESCRIPTION

The 74HC/HCTO8 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/HCTO8 provide the 2-input
AND function.

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
tpHL/ propagation delay CL=15pF 7 1 ns
tPLH nA, nB tonY Vee=5V
C input capacitance 35 35 pF
power dissipation
Cpp capacitance per gate notes 1 and 2 10 20 pF
GND=0V;Tamp=25°C;ty=t;=6ns
Notes
1. CpD is used to determine the dynamic power dissipation (Pp in uW):
PD=Cpp x VcC? x fi+ = (CL x VC? x fo) where:
fi = input frequency in MHz CL = output load capacitance in pF

fo = output frequency in MHz

[

Vce = supply voltage in V

2 (Cp x Vgi? x fp) = sum of outputs
2. For HC the condition is V| = GND to Vcg
For HCT the condition is V{=GND to Vgc — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCTO8P: 14-lead DIL; plastic (SOT-27).
PC74HC/HCTO8T: 14-lead mini-pack; plastic (SO-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 4B data inputs
3,6,8, 11 1Y to 4Y data outputs
7 GND ground (0 V)
14 Vee positive supply voltage
1a[1] U 1a] Vee i s 1] P 5
18[2] [13] 48 _Z_ED_J_ 2 |
1v[3] [12] 4 4|2a e o] .
5 |28 — L.. —
2a (4] 08 [ii]ay
9
285 | [10] 38 % ;: 3v|8 To | | 8
2v 6] (9] 34 12 aa ol 12 | ;
onp [7 ] B 13 a8 — 13|
7293600 7293601
7293603
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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Quad 2-input AND gate

PC74HC/HCTO8
Ssi

Ble |o]> I]-
FIFERR
@|> |=>
w ~N
< <
- I-

12 |4A
avl 1

2]
=
3

7293603

Fig. 4 Functional diagram.

A
}_D"—D"* N
B 7293634

Fig. 5 HC logic diagram (one gate).

7293604

Fig. 8 HCT logic diagram
(one gate).

FUNCTION TABLE

INPUTS OUTPUT
nA nB nY
L L L
L H L
H L L
H H H

H = HIGH voltage level
L = LOW voltage level

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter ““HCMQS family characteristics”, section “’Family specifications”.

Output capability: standard
Icc category: SSI

AC CHARACTERISTICS FOR 74HC

GND=0V;t,=tf=6ns;C__=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40to+85 | —40to +125 v
min. [typ. | max. [ min. | max. | min. | max.

. 25 |90 115 135 2.0

tpHL/ | propagation delay 9 |18 23 27 |ns |45 |Fig.7
PLH nA, nB to n¥ 7 |15 20 23 6.0
/ 19 |75 95 110 2.0

THL output transition time 7 15 19 22 ns 45 Fig. 7
TLH 6 |13 16 19 6.0
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PC74HC/HCTO08
Ssi

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics”, section “Family specifications”.

Output capability: standard
Icc category: SSI

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Algg per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT COEFFICIENT
nA, nB 0.6

AC CHARACTERISTICS FOR 74HCT
GND=0V;t, =tf=6ns;C_=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40to+85 | —40 to +125 v
min. | typ. {max. | min. [max, [ min. | max.
tpHL/ propagation delay 36 Fig. 7
oLl nA. nB to nY 14 (24 30 ns 45 ig.
THL | output transition time 7 |18 19 2 |ns |45 |Fig.7
TTLH
AC WAVEFORMS
nA,nB INPUT

nY QUTPUT

7293602

THL >

Fig. 7 Waveforms showing the input (nA, nB)
to output (nY) propagation delays and the
output transition times.

Note to AC waveforms

(1) HC : V) =50%; V| = GND to V¢c.
HCT: Vi =1.3V;V;=GND to 3V.
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PC74HC/HCT10

SSI
TRIPLE 3-INPUT NAND GATE
FEATURES TYPICAL
® Output capability: standard SYMBOL PARAMETER CONDITIONS UNIT
® |cc category: SSI HC HCT
GENERAL DESCRIPTION tPHL/ propagation delay CL=15pF 9 |11 |ns

tPPLH nA, nB, nC to nY Vee =5V

The 74HC/HCT10 are high-speed
Si-gate CMOS devices and are pin C input capacitance 3.5 3.5 pF
compatible with low power Schottky
TTL (LSTTL). They are specified in

power dissipation

compliance with JEDEC standard no. 7. CrD capacitance per gate notes 1 and 2 12 14 pF
The 74HC/HCT 10 provide the 3-input ~
NAND function. GND=0V;Tamp=25°C;tr=tr=6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD=CpPD x VcC? x fi+ = (CL x VCG? x fo) where:
fi = input frequency in MHz CL output load capacitance in pF
fo = output frequency in MHz Vce = supply voltage in V
2 (CL x Vgi? x fo) = sum of outputs

2. For HC the condition is V| = GND to Vcc
For HCT the condition is Vi = GND to Vgg — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT10P: 14-lead DIL; plastic (SOT-27).
PC74HC/HCT10T: 14-lead mini-pack; plastic (SO-14; SOT-108A).

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,39 1A to 3A data inputs
2,4,10 1B to 3B data inputs
13,5, 1 1C to 3C data inputs
12,6,8 1Y to 3Y data outputs
7 GND ground (0 V)
14 Vee positive supply voltage
‘I___‘ 1A
Al U [14] Vee 2 |18 1v] 12 ;——— & M
18[2 73] 1c 1 lic =
2 R
2a[3 [12]1v 3 |oa 3|
28[4] 10 11] 3¢ 4 |28 2v| 6 A P2
— — — 5
2¢ 5] 0] 38 s lac —
1 9
2v (6] [9]3a 9 a 0] L e
ano [7] 8] 3v 10 |38 3y ’_g ]
7293366 1 |3c 7293367
7293368
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT10

Ssli
FUNCTION TABLE
1A
e 2 INPUTS OUTPUT
13 Jic
nA nB nC nY
3 |oa A
4 |28 2v| 6 L L L H
B % L L H H
L L H L H
9 |3A ¢ 7293369 L H H H
10 ]38 3v| 8 H L L H
11 Jac H L H H
] H H L H
7293368 H H H L
Fig. 4 Functional diagram. Fig. 5 Logic diagram (one gate). H = HIGH voltage level
L = LOW voltage level
DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter “HCMOS family characteristics’’, section “Family specifications”.
Output capability: standard
lcg category: SSI
AC CHARACTERISTICS FOR 74HC
GND=0V;t =t;=6ns;C__=50pF
Tamb (°C) TEST CONDITIONS
74HC s
SYMBOL | PARAMETER UNIT {Vge | WAVEFOR
+25 —401t0+85 | —40to +125 v
min. | typ. | max. | min. | max. | min. | max.
: 30 |95 120 145 2.0
tpHL/ propagation delay 11 |19 24 29 ns |45 |Fig.6
tpLH nA, nB, nC tonY 9 16 20 25 6.0
/ 19 |75 95 110 i(s) Fio6
THL output transition time 7 15 19 22 ns . ig.
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

Icc category:

Ssi

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT COEFFICIENT
nA, nB, nC 15
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Triple 3-input NAND gate

PC74HC/HCT10

SSi

AC CHARACTERISTICS FOR 74HCT

GND=0V;t,=t;=6ns;C|_=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Voc | WAVEFORMS
+25 —40to+85 | —40t0+125 v
min.| typ.| max. | min.| max. | min. | max.
tpHL/ propagation delay .
Ry nA . mB.nC to mY 14 | 24 30 36 ns 45 |Fig.6
TTHL | output transition time 7 |15 19 22 ns |45 |Fig.6
TTLH
AC WAVEFORMS

nA, nB,nC INPUT

nY OUTPUT

7293115

Fig. 6 Waveforms showing the input (nA, nB,
nC) to output (nY) propagation delays and the

output transition times.

Note to AC waveforms
(1) HC : V= 50%; V| = GND to V.
HCT: Vyy=1.3V;V|=GNDto 3V.
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PC74HC/HCT11
SSI

TRIPLE 3-INPUT AND GATE

FEATURES

® OQOutput capability: standard
® g 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/HCT 11 provide the

3-input AND function.

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
tpHL/ propagation delay CL=15pF
tPLH nA, nB, nC to nY Vic=5V 10113 |ns
Cy input capacitance 3.5 3.5 pF

power dissipation
Cep capacitance per gate

notes 1 and 2 26 28 pF

GND =0V; Tamp =25 °C;ty=tf=6ns

Notes

1. CpD is used to determine the dynamic power dissipation (Pp in uW):
PD=Cpp x Vgg® x fi+ = (CL x Vei? x fo) where:

fi = input frequency in MHz
fo = output frequency in MHz
2 (Cp x Vge? x fp) = sum of outputs

CL
vece

output load capacitance in pF
supply voltage in V

2. For HC the condition is V| = GND to V¢cC
For HCT the condition is V|=GND to Vcc — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT11P:

14-lead DIL; plastic (SOT-27).

PC74HC/HCT11T: 14-lead mini-pack; plastic (SO-14; SOT-108A).

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,39 1A to 3A data inputs
2,4,10 1B to 3B data inputs
7 GND ground (0 V)
12,6,8 1Y to 3Y data outputs
13,5, 11 1Cto 3C data outputs
14 Vee positive supply voltage
1
1a 1] U 1a] Vee LA 21
2|18 1v|i2 2| & r_1_2_
18 'Z 13j1¢ 13]1C L
2a[3] [12]1v 3 ]2A 3 |
4 |28 2Y| 6 4 6
(4] 11 [1]3c Sl .
2¢[3] 10] 38 EREY 9
2v [&] 5] 3n loj3s vl s 0 | | s
GND[7 E[ 3y Lsc o
PErey— 7287416.1 7293164
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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Triple 3-input AND gate PC74HC/HCT11

SSI
FUNCTION TABLE
INPUTS OUTPUT
114 nA nB nC nY
2 |1B 1V£
L L L L
13]1C
3 ]on > L L H L
L H L L
4 {28 2v] 6 B o— v
T o—> L H H L
2 134 c H L L L
10438 3y 8 7293165 H L H L
11f3c H H L L
H H H H
7287416.1
H =HIGH voltage level
Fig. 4 Functional diagram. Fig. 5 Logic diagram (one gate). L = LOW voltage level
DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter “HCMOS family characteristics”, section ““Family specifications”.
Output capability: standard
Icc category: SSI
AC CHARACTERISTICS FOR 74HC
GND=0V;t, =tf=6ns; C__ =50 pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to +85 | —40 to +125 v
min. | typ. | max. | min.| max. | min. | max.
. 32 | 100 125 150 2.0
tpHL/ propagation delay 12 | 20 25 30 |ns 45 | Fig.6
tPLH nA, nB, nCtonY 10 |17 21 26 6.0
N / 19 [ 75 95 110 2.0
tTHL output transition times 7 15 19 22 ns 4.5 Fig.6
TLH 6 |13 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

lgc category:

SSi

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Algg per input, multiply this value by the unit load coefficient shown in the table below.

. unit load
input coefficient
nA, nB,nC| 0.5

AC CHARACTERISTICS FOR 74HCT
GND=0V; t, =tf=6ns; C_=50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40to +85 | —40 to +125 v
min. | typ.| max.| min.| max. | min. | max.
tpHL/ propagation delay .
tPLH nA, nB, nC to nY 16 | 28 35 42 ns 45 Fig. 6
tTHL/ output transition times 7 15 19 22 ns 4.5 Fig. 6
TLH
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PC74HC/HCT11

Triple 3-input AND gate
SSI

AC WAVEFORMS

nA,nB,nC INPUT

nY OUTPUT

7293166

Fig. 6 Waveforms showing the input (nA, nB,
nC) to output (nY) propagation delays and the Note to AC waveforms
(1) HC : V\=50%; V| =GND to V.

output transition times.
HCT: VM =1.3V;V|=GND to 3V.
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PC74HC/HCT14

SSl

HEX INVERTING SCHMITT TRIGGER
FEATURES TYPICAL
® Output capability: standard SYMBOL | PARAMETER CONDITIONS — uNIT
o ICC category: SSI HC HCT

tpHL/ propagation delay CL=15pF
GENERAL DESCRIPTION LA nA to nY Vec=5V 15 |ns
The 74HC/HCT 14 are high-speed Si-gate ) .
CMOS devices and are pin compatible Ci input capacitance 3.5 3.5 pF
with low power Schottky TTL (LSTTL). ower dissipati
They are specified in compliance with Cpp pow 'tl pation " notes 1 and 2 7 8 pF
JEDEC standard no. 7. capacitance per gate
The 74HC/HCT 14 provide six inverting GND=0V; Tamp=25C;t, =t;=6ns

buffers with Schmitt-trigger action.
They are capable of transforming slowly

changing input signals into sharply Notes
defined, jitter-free output signals. 1. CpD is used to determine the dynamic power dissipation (Pp in uW):
Pp=Cpp x VcC? x fi+ 2 (CL x Vei? x fo) where:
fi = input frequency in MHz CL = output load capacitance in pF
fo = output frequency in MHz Ve = supply voltage in V

Z (CL x Vgg? x fo) = sum of outputs

2. For HC the condition is V| = GND to VcC
For HCT the condition is V| = GND to V¢cc — 1.5 V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT14P: 14-lead DIL; plastic (SOT-27).
PC74HC/HCT14T: 14-lead mini-pack; plastic (SO-14; SOT-108A).

PIN DESCRIPTION

PIN NO; SYMBOL NAME AND FUNCTION
1,3,59, 11,13|{1A to 6A data inputs
2,4,6,8,10,12(1Y to 6Y data outputs
7 GND ground (0 V)
14 Vee positive supply voltage
1A 1Y
1a[1] U [12] Vec ! °—2 a7 ke
v e s 22 [ N
o [5] 12] o¥ 534 oﬂe 5| A
v[a] 14 [1]sa -
4y 9 8
3a 5] [10] sv ° 0_8 ] >
av [ 9] 4n 1124 oﬂm | N0
ano [7] 8] av 13 8A 0—5112 13| 12
7293643 7293648 7293647
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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PC74HC/HCT14

SSI
P AT wl o,
a_]2a 2v| A .' ’. »‘ Y
7293645
5 —3A oY
9 — 4A av| 8
Fig. 5 Logic diagram (one Schmitt trigger).
1A 5*—10
13 54 6"l-—-n
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
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Hex inverting Schmitt trigger

PC74HC/HCT 14

SSI

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics”’, section “Family specifications”. Transfer character-

istics are given below.

Qutput capability: standard
Icc category: SSI

Transfer characteristics for 74HC
Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to+85 | —40to +125 vV
min.| typ.| max.| min.| max. | min. | max.
0.7 1.5 0.7 | 1.5 0.7 1.5 2.0
VT positive-going threshold 1.7 315 1.7 | 3.15 | 1.7 3.156 |V 4.5 Figs 6 and 7
2.1 4.2 4.2 2.1 4.2 6.0
0.3 1.0 03 | 1.0 0.3 1.0 2.0
\'2 negative-going threshold 0.9 22 | 09 |22 |09 | 22 |V 4.5 Figs 6 and 7
1.2 3.0 1.2 | 3.0 1.2 3.0 6.0
0.2 1.0 02 {1.0 0.2 1.0 2.0
VH hysteresis (V14 — V) 0.4 1.4 04 | 1.4 0.4 1.4 \% 4.5 Figs6 and 7
0.6 1.6 06 | 1.6 0.6 1.6 6.0
AC CHARACTERISTICS FOR 74HC
GND=0V;t, =t;=6ns;C|_=50 pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to+85 | —40tc +125 v
min. | typ. | max. | min.| max. | min. | max.
t / o tion dela 39 | 125 1565 190 2.0
PHL propagation cefay 14 |25 31 38 | ns 45 | Fig. 8
tPLH nA, B tonY 1 |2 26 32 6.0
" / 19 |75 95 110 2.0
tTH L output transition time 7 |15 19 22 | ns 45 | Fig.8
TLH 6 |13 16 19 6.0
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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
I category: SSI

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Algg per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT | COEFFICIENT
nA 0.3

Transfer characteristics for 74HCT

Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40to+85 | —40to +125 Y,
min. | typ. | max. | min.| max. | min max.
VTs positive going threshold | 12 V21 a2 119y 22 | Figs6and7
Vr_ negative-going threshold 82 :z gg 12 gg :3 \) gg Figs 6 and 7
VH hysteresis (V14 - V1) g: - 83 - g: B \Y gg Figs 6 and 7
AC CHARACTERISTICS FOR 74HCT
GND=0V;t, =tf=6ns; C_=50pF
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40t0+85 | —40to+125 Y,
min. [ typ. | max. | min. | max. | min. | max.
tpHL/ propagation delay .
oL nA., nB to nY 18 | 31 39 47 ns 4.5 Fig. 8
;TH L/ output transition time 7 |18 19 22 |ns 45 | Fig.8
TLH
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Hex inverting Schmitt trigger

PC74HC/HCT14
SSi

TRANSFER CHARACTERISTIC WAVEFORMS

Vo

- V|-

Vyo Vrs

vi

7293338

Fig. 6 Transfer characteristic.

Vs
Vi VH

Vo

7293339

Fig. 7 Waveforms showing the definition of
VT4, V1 and Vi; where V1 and Vp_
are between limits of 20% and 70%.

AC WAVEFORMS

nA INPUT

nY OUTPUT

7293644

transition times.

Fig. 8 Waveforms showing the input (nA, nB) to
output (nY) propagation delays and the output

Note to AC waveforms
(1) HC : V= 50%; V| =GND to Vcc.
HCT: Vpp=1.3V;V|=GND to3V.
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PC74HC/HCT20
SSli

DUAL 4-INPUT NAND GATE

FEATURES . TYPICAL
® Output capability: standard SYMBOL | PARAMETER CONDITIONS - UNIT
® | category: SSt HC HCT
GENERAL DESCRIPTION tpHL/ propagation delay CL=15pF 8 13 ns
The 74HC/HCT20 are high-speed tPLH nA, nB, nC, nD to nY Vec=5V
Si-gate CMOS devices and are pin . X
compatible with low power Schottky Ci input capacitance 35 | 35 |pF
TTL (LSTTL). They are specified in dissinati
compliance with JEDEC standard no. 7. CpD power c issipation notes 1 and 2 22 17 pF

K capacitance per package
The 74HC/HCT20 provide the 4-input
NAND function. GND =0 V; Tymp =25°Citr =t;=6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD=Cpp x Vee? x fi+2 (CL x Vee? x fo) where:
fi = input frequency in MHz CL = output load capacitance in pF
fo = output frequency in MHz Vcee = supply voltage in V
2 (CL x Vgi? x fo) = sum of outputs

2. For HC the condition is V| = GND to V¢cC
For HCT the condition is V| =GND to Vcc — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT20P: 14-lead DIL; plastic (SOT-27).
PC74HC/HCT20T: 14-lead mini-pack; plastic (SO-14; SOT-108A).

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,9 1A, 2A data inputs
2,10 1B, 2B data inputs
3,1 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
1 1] U 4] Vee A 1 &
2
18[2] 73] 20 218 v i S
1C —
ne. [3] ;1‘_2"] 2¢ : o 5]
1c ] 20 E nc. 028 o
1[5 | 10] 28 o |
L5 [10] 10 8 2 N8
1v 6] [9]2a 12 =
GND E E 2y 13 7293763 -
7293764
7293762
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.

206 January 1986



Dual 4-input NAND gate

PC74HC/HCT20
SSI

1A
18
1c
10
2A
28
2C

B 15 Jo o |& | ]~

o
)
o

|

1Y

IS

7293767

Fig. 4 Functional diagram.

Y

7293765

Fig. 5 HC logic diagram (one gate).

7293766

Fig. 6 HCT logic diagram (one gate).

FUNCTION TABLE

INPUTS OUTPUT
nA nB nC nD nY
L X X X H
X L X X H
X X L X H
X X X L H
H H H H L

H = HIGH voltage level
L = LOW voltage level
X =don’t care

DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter “HCMOS family characteristics”’, section ‘‘Family specifications’’.

Output capability: standard

lcc category:

SSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t =tf=6ns;CL =50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40 to +85 | —40to +125 Vv
min. | typ. | max. | min.| max. | min. | max.
. 28 | 90 115 135 2.0
tpHL/ propagation delay 0 | 18 23 27 ns 45 Fi
. 9.7
tPLH nA, nB, nC, nD tonY 8 15 20 23 6.0
t / 19 | 75 95 110 2.0
THL output transition time 7 |15 19 22 |ns 45 | Fig.7
TLH 6 |13 16 19 6.0
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PC74HC/HCT20

SS

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics’’, section *‘Family specifications’’.

Output capability: standard
Icg category: SSI

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Algg per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT | COEFFICIENT
nA, nB,

nC,nD 03

AC CHARACTERISTICS FOR 74HCT
GND=0V;t =tf=6ns;C =50 pF

7293768.1

Fig. 7 Waveforms showing the enable input (nA, nB,
nC, nD) to output (nY) propagation delays and the
output transition times.

Note to AC waveforms
(1) HC : V= 50%; V| =GND to V¢e
HCT: Vi =1.3V; V| =GND to 3V.

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Ve | WAVEFORMS
+25 —40 to +85 | —40to +125 Vi
min. | typ. | max. | min.| max. | min. | max.
tpHL/ propagation delay .
tPLH nA, nB, nC, nD to nY 16 | 28 35 42 ns 4.5 Fig. 7
tTHL/ output transition time 7 15 19 22 ns 45 Fig. 7
TLH
AC WAVEFORMS
o e
nY OUTPUT
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DEVELOPMENT DATA

. ) . ) PC74HC/HCT21
This data sheet contains advance information and
specifications are subject to change without notice. SSi
DUAL 4-INPUT AND GATE
FEATURES
B TYPICAL
® Output capability: standard SYMBOL | PARAMETER CONDITIONS UNIT
® Ig( category: SSI HC HCT
GENERAL DESCR tpHL/ propagation delay CL=15pF
¢ 'PT'ON tpLH nA, nB, nC, nDtonY Vee =5V 8 10 ns
The 74HC/HCT21 are high-speed
Si-gate QMOS_ devices and are pin ol input capacitance 35 3.5 oF
compatible with low power Schottky
TTL (LSTTL). They are specified in GND =0 V; Tamp = 25 °Cit, = t=6ns
compliance with JEDEC standard no. 7. am r
The 74HC/HCT21 provide the 4-input
NAND function. ORDERING INFORMATION/PACKAGE OUTLINES
FUNCTION TABLE PC74HC/HCT21P: 14-lead DIL; plastic (SOT-27).
PC74HC/HCT21T: 14-lead mini-pack; plastic (SO-14; SOT108A).
INPUTS OUTPUT
A B C D Y
Sl Ml B n PIN DESCRIPTION
L X X X L
X L X X L PIN NO. SYMBOL NAME AND FUNCTION
X X L X L
X X X L L 1,9 1A, 2A data inputs
Y H H H 2,10 1B, 2B data inputs
H 3,1 n.c. not connected
H = HIGH voltage level 4,12 1C, 2C data inputs
)I-(=_ tow voltage level 5,13 1D, 2D data inputs
= don't care 6,8 1Y,2Y data outputs
7 GND ground (0 V)
14 Vee positive supply voltage
[ U 4] Ve
18 [2] E 2D
ne [3] 12 2¢
1c 4] 21 |11]ne
10 5§ 10] 28
1v (6] 192
ano [7] 8] 2v
Fig. 1 Pin configuration.
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PC74HC/HCT27

SSi
TRIPLE 3-INPUT NOR GATE
FEATURES TYPICAL
® Output capability: standard SYMBOL PARAMETER CONDITIONS UNIT
® ¢ category: SSI HC HCT
tpHL/ propagation delay CL =15pF
GENERAL DESCRIPTION oL A B nC tony Vec-5v 8 |10 |ns
The 74HC/HCT27 are high-speed
Si-gate CMOS devices and are pin C input capacitance i 35 3.5 pF
compatible with low power Schottky o
TTL (LSTTL). They are specified in power dissipation
compliance with JEDEC standard no. 7. Crp capacitance per gate notes 1 and 2 24 30 pF
The 74HC/HCT27 provide the N
3-input NOR function. GND=0V;Tamp=25"Citr=tf=6ns
Notes
1. CpD is used to determine the dynamic power dissipation (Ppy in uW):
Pp=Cpp x Vee? xfi+ 2 (CLx Vee? x fo) where:
fi = input frequency in MHz CL = output load capacitance in pF
fo = output frequency in MHz Vce = supply voltage in V
2 (C x Ve? x fo) = sum of outputs
2. For HC the condition is Vi = GND to V¢C
For HCT the condition is V| = GND to Vcc — 1.5 V
ORDERING INFORMATION/PACKAGE OUTLINES
PC74HC/HCT27P: 14-lead DIL; plastic (SOT-27).
PC74HC/HCT27T: 14-lead mini-pack; plastic (SO-14; SOT-108A).
PIN DESCRIPTION
PIN NO. SYMBOL NAME AND FUNCTION
1,39 1A to 3A data inputs
2,4,10 1B to 3B data inputs
13,5, 11 1Cto 3C data inputs
7 GND ground (0 V)
12,6,8 1Y to 3Y data outputs
14 Vee positive supply voltage
1]
1A 5 L2
1a[1] Y] 12] Vee 218 1v |2 T 210
182 i3] 1c BENLLY
3 ]2A 3
2A - 1
G 1 4 )28 2v|e 4 N 6
8] 27 1] ac s lac . 5
2¢[5] [10] 38 T 3A s
2v (6] EISA 10 |38 o-3¥]e o | A8
oo [7] BE% 11 3¢ |
72874171 7287418.1 7293113
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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PC74HC/HCT27

SSi
FUNCTION TABLE
_11A
) EDC i INPUTS OUTPUT
Bpe nA | 0B | nC nyY
_3]2A
4|28 2v e A L L L H
5 |2c X X H L
] X H X L
93 B v H X X L
10 |38 o3Y{s
JRA e ¢ 7293114 H = HIGH voltage level
L = LOW voltage level
7287418.1 X =don't care
Fig. 4 Functional diagram. Fig. 5 Logic diagram (one gate).
DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter “HCMOS family characteristics’, section *‘Family specifications’.
Output capability: standard
I category: SSi
AC CHARACTERISTICS FOR 74HC
GND =0 Vi ty =tf=6ns; C_ =50 pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —4010+85 | —40 to +125 V)
min.| typ. | max. | min.| max. | min. | max.
. 28 190 115 135 2.0
tPHL/ | propagation delay 10 |18 23 2 |ns 45 | Fig.6
tPLH nA, nB,nCtonY 8 15 20 23 6.0
t / 19 |75 95 110 2.0
THL output transition time 7 15 19 22 ns 4.5 Fig. 6
TLH 6 (13 16 19 6.0
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Triple 3-input NOR gate

PC74HC/HCT27

SSI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter ““HCMOS family characteristics”, section ‘Family specifications’.

Output capability: standard

Icc category:

SSI

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below.

input unit load
inp coefficient
nA, nB, nC | 1.50

AC CHARACTERISTICS FOR 74HCT
GND =0 V;t,=tf=6ns;C_=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to +85 | —40 to +125 v
min.| typ. | max.| min.| max. | min. | max.
tpHL/ propagation delay 45 Fid. 6
toLH nA, nB, nC tonY 12 |21 26 32 ns . ig
tTHL/ output transition time 7 15 19 22 ns 45 | Fig. 6
TTLH
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PC74HC/HCT27
SSi

AC WAVEFORMS

nA, nB,nC INPUT

nY OUTPUT

7293115

Fig. 6 Waveforms showing the input (nA, nB,
nC) to output (nY) propagation delays and the Note to AC waveforms

output transition times. (1) HC : Vpj=50%; V| = GND to V.
HCT: Vi =1.3V;V;=GND to 3 V.
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PC74HC/HCT30

SSI

8-INPUT NAND GATE
FEATURES TYPICAL
® Output capability: standard SYMBOL | PARAMETER CONDITIONS UNIT
L] 'CC category: SSI HC HCT

tpHL/ propagation delay CL=15pF
GENERAL DESCRIPTION tPLH A B, CD,EFGHtoY|Vec=5V " 15 ns
The 74HC/HCT30 are high-speed - -
Si-gate CMOS devices and are pin C input capacitance 35 3.5 pF
compatible with low power Schottky .
TTL (LSTTL). They are specified in Cpp power filSSlanOn notes 1 and 2 23 24 oF
compliance with JEDEC standard no. 7. capacitance per gate

The 74HC/HCT30 provide the 8-input
NAND function.

GND=0V; Tamp =25 °C;t =tf=6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PpD=Cpp x Vce? x fi+ 2 (CL x Vee? x fo) where:

fi =
fo =

input frequency in MHz
output frequency in MHz
Z (CL x Vgi? x fo) = sum of outputs

CL

2. For HC the condition is V| = GND to V¢c
For HCT the condition is V| = GND to Vcc — 1.5 V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT30P:

14-lead DIL; plastic (SOT-27).

PC74HC/HCT30T: 14-lead mini-pack; plastic (SO-14; SOT-108A).

PIN DESCRIPTION

= output load capacitance in pF
Vce = supply voltage in V

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 data output

9,10, 13 n.c. not connected

11 G data input

12 H data input

14 Vce positive supply voltage
N R o [a o
s [2] 13] n.c. 28 z:

4{D /] 8
o E 30 [1]e ole v|s = N8
e [5] [10] nc. olF S
11
1{c —
F [e] (9] ne. 1 2]
GND [7] BN 2H
7293815
7293814
7293817
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT30

SSli

T o [m [m o |o @ [»

7293817

Fig. 4 Functional diagram;

Y = ABCDEFGH.

Fig. 5 Logic diagram.

Y

7293818

FUNCTION TABLE

INPUTS OUTPUT
A|B|C|D|E |F|G|H Y
LIX|X|X[X|X[|X]|X H
X LIXIX|X|{X|X|X H
XIXIL|X|X|X|X]|X H
XIEXIX|L|X|X{X]|X H
XIX|X|X|L|X|X|X H
X|X|X|X|X|L[{X}|X H
XIX|X|X[X|X|L[X H
XXX X|X|X|X|L H
HI{H|{H|H|H|H|H|H L

H = HIGH voltage level
L = LOW voltage level
X =don't care
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8-input NAND gate

PC74HC/HCT30

Ssi

DC CHARACTERISTICS FOR 74 HC
For the DC characteristics see chapter “HCMOS family characteristics’, section ‘‘Family specifications”.

Output capability: standard
lc category: SSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t,=tf=6ns;C) =50pF

Tamb (°C) TEST CONDITIONS
74HC

SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS

+25 —40 to +85 | —40to +125 Vv

min. | typ. | max. | min. | max. |min. | max.

Rl B I B I O P
tPLH A B,C,D,EF,G HtoY 1 |22 8 33 50 -

19 |75 95 110 2.0
THL/ | output transition time 7 |15 19 22 |ns |45 |Fig6
TLH 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
lce category: SSI

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Al per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT | cOEFFICIENT
A B,C,D,
£ 2 & Moo

AC CHARACTERISTICS FOR 74HCT
GND=0V; ty =tf=6ns; C_ =50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vge | WAVEFORMS
+25 —40 to +85 | —40to +125 v
min. | typ. | max. | min. | max. |min, | max.
tpHL/ propagation delay 47 4. Fig. 6
tpLR A B,C D,EFGHtoY 83 3 ns 5 | Fig
TTHL | output transition time 7 |15 19 22 |ns |45 |Fig6
tTTLH
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PC74HC/HCT30
SSI

AC WAVEFORMS

ABCDEFGH
INPUT

Y OUTPUT

7z93819

Fig. 6 Waveforms showing the input (A, B, C, D, E, F,
G, H) to output (Y) propagation delays and the output Note to AC waveforms

transition times. (1) HC : Vi =50%; V| =GND to Ve
HCT: Vg =1.3V;V|=GND to 3V.
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PC74HC/HCT32

SSi

QUAD 2-INPUT OR GATE
FEATURES TYPICAL
® Output capability: standard SYMBOL PARAMETER CONDITIONS UNIT
® [gc category: SSI HC HCT

L DE tpHL/ propagation delay CL=15pF
GENERA SCRIPTION tpLH nA. nB to nY Vec=5V 6 9 ns
The 74HC/HCT32 are high-speed
Si-gate CMOS devices and are pin C input capacitance 35 | 35 pF
compatible with low power Schottky
TTL (LSTTL). They are specified in power dissipation
compliance with JEDEC standard no. 7. Cpp capacitance per gate notes 1and 2 16 28 pF

The 74HC/HCT32 provide the
2-input OR function.

GND=0V; Tymp=25°C;ty =tf=6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD=Cpp x VcC* x fi+ 2 (CL x Vei? x fo) where:
fi = input frequency in MHz
fo = output frequency in MHz
2 (CL x Veg? x fo) = sum of outputs
2. For HC the condition is Vi = GND to V¢C
For HCT the condition is V| = GND to Vgcc — 15V

CcL
vee

non

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT32P:

14-lead DIL; plastic (SOT-27).

PC74HC/HCT32T: 14-lead mini-pack; plastic (SO-14; SOT-108A).

PIN DESCRIPTION

output load capacitance in pF
supply voltage in V

PIN NO. SYMBOL NAME AND FUNCTION
1,4,9,12 1A to 4A data inputs
2,5,10,13 1B to 4B data inputs
3,6,8 11 1Y to 4Y data outputs
7 GND ground (0 V)
14 Vee positive supply voltage
BRI
2|18
A Ij 2] vee n 1
18 [2] e 2v|s 2] >1 —
o e ST a
1y E E 4A 4 | 6
S | 6
2A [__4: 32 [11] av —ziDﬂg_ 5
10}
28 5] [10] 38 e io_—_ | 8
N D .,
GND E (8] 3y 13|

7287419.1

Fig. 1 Pin configuration.

7287420.1

Fig. 2 Logic symbol.

7290989

Fig. 3 1EC logic symbol.
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PC74HC/HCT32
SSI

FUNCTION TABLE

INPUTS OUTPUT
_1]1A
_2|18 s nA nB nY
_412A L L L
_s|28 e L H H
H L H

_943A avls H H H
1038 —

H = HIGH voltage level
1244A avl 1 L = LOW voltage level
13|48

7287420.1

Fig. 4 Functional diagram.

A
Bj : D Y Y
7290990

7293123

Fig.5 Logic diagram PC54/74HC Fig.6 Logic diagram PC54/74HCT
(one gate). (one gate).

DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter “HCMOS family characteristics”, section *'Family specifications’.

Output capability: standard
Icc category: SSI

AC CHARACTERISTICS FOR 74HC
GND =0 V; t; = t; = 6 ns; C|_= 50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —40to+85 | —40t0+125 v
min.| typ. | max. | min.| max. | min. | max.

) 22 |90 115 135 2.0

tpHL/ | Propagation delay g |18 23 27 |ns 45 | Fig.7
tPLH nA, nB ton¥ 6 |15 20 23 6.0
— 19 |75 95 110 2.0

THL output transition time 7 |15 19 22 |ns 45 | Fig.7
TLH 6 |13 16 19 6.0
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Quad 2-input OR gate

PC74HC/HCT32

SSI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics’’, section *‘Family specifications”.

Output capability: standard
Icc category: SSI

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.

inbut unit load
P coefficient
nA, nB 1.20

AC CHARACTERISTICS FOR 74HCT
GND=0V;t,=tf=6ns; C=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT |Vec| WAVEFORMS
+25 —40 to +85 |—40to +125
min. | typ. | max.| min. | max.|min, | max.
tpHL/ propagation delay .
tpLH nA, nB to nY 1 24 30 36 ns 45 Fig. 7
THL/ output transition time 7 15 19 22 4 i
tTLA ns 5 Fig. 7
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PC74HC/HCT32

Ssi

AC WAVEFORMS

nA,nB INPUT

nY QUTPUT

7290991

Fig.7 Waveforms showing the input (nA, nB) to
output (nY) propagation delays and the output
transition times.

Note to AC waveforms
(1) HC : Vjp=50%; V| = GND to V¢c.
HCT: Vi =1.3V; V| =GND to 3V.
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DEVELOPMENT DATA

This data sheet contains advance information and
specifications are subject to change without notice.

BCD TO DECIMAL DECODER (1-OF-10)

FEATURES

® Mutually exclusive outputs

® 1.0f-8 demultiplexing capability

® OQutputs disabled for input codes
* above nine

® Qutput capability: standard

® I category: MSI

GENERAL DESCRIPTION

The 74HC/HCT42 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/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 inputin an
8-output demultiplexer application.

wi Y [Eve
7|[Z [15] 40
72E E]A,
Y3[a 13 Ay
el 42 e
75[2 1] ¥g
Y [ [75] ¥
oo [8 9]y

Fig. 1 Pin configuration.

PC74HC/HCT42
MSI
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT

tpHL/ propagation delay CL=15pF
tPLH nAtonY Vee=5V 14 16 ns
C input capacitance 35 3.5 pF

GND=0V;Tgmp=25°C;t, =tf=6ns

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT42P: 16-lead DIL; plastic (SOT-382).

PC74HC/HCT42T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION
PIN NO SYMBOL NAME AND FUNCTION
;: g: ?6,4’1 ?’ 6, YotoYg multiplexer outputs
8 GND ground (0 V)
15,14,13,12 | Agto A3 data inputs
16 Vee positive supply voltage

FUNCTION TABLE

INPUTS OUTPUTS

A3 | A2 | Ar Ao | Yo | Y1 | Y2 | Y3 |Ys| Y5 | Ys| Y7| Yg | Yo
L L L L L H H H H H H H H H
L L L H H L H H H H H H H H
L L H L H H L H H H H H H H
L L H H H H H L H H H H H H
L H L L H H H H L H H H H H
L H L H H H H H H L H H H H
L H H L H H H H H H L H H H
L H H H H H H H H H H L H H
H L L L H H H H H H H H L H
H L L H H H H H H H H H H L
H L 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 L L H 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 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 = HIGH voltage level
L = LOW voltage level
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DEVELOPMENT DATA

This data sheet contains advance information and PC74HC58
specifications are subject to change without notice. SSl
DUAL AND-OR GATE
FEATURES TYPICAL
® Output capability: standard SYMBOL PARAMETER CONDITIONS UNIT
® |lgg category: SSI HC

tpHL/ propagation delay CpL=15pF
GENERAL DESCRIPTION tPLH 1n, 2n to nY Vec=5V 10 ns
The 74HC58 is a high-speed - -
Si-gate CMOS device and is pin Cy input capacitance 3.5 pF
compatible with low power Schottky —
TTL (LSTTL). It is specified in power dissipation 1 and 1 E
compliance with JEDEC standard no. 7. Cep capacitance per gate notes 1 .and 2 8 P
The *'68'’ provides two sections of P D
AND-OR gates. One section contains GND =0V; Tamp = 25°Ci tr =tf =6 ns
a 2-wide, 3-input (1A to 1F) AND-OR Notes
gate and the second section contains . . . R in uW):
a 2-wide, 2-nput (2A to 2D) AND-OR 1. Cpp is used to deterzmme the dynamic pozwer dissipation (Pp in uW):
gate. PD=Cpp x VcC? x fi+ 2 (CL x VCC? x fo) where:

fi = input frequency in MHz

fo = output frequency in MHz
2 (Cp x Vgi? x fp) = sum of outputs
2. For HC the condition is V| = GND to V¢C
ORDERING INFORMATION/PACKAGE OUTLINES
14-lead DIL; plastic (SOT-27).
14-lead mini-pack; plastic (SO-14; SOT-108A).

PIN DESCRIPTION

PC74HC58P:
PC74HC58T:

CL = output load capacitance in pF

Ve = supply voltage in V

PIN NO. SYMBOL NAME AND FUNCTION
:01 ?1 13.8, 1At 1F data inputs
2,3,4,5 2A to 2D data inputs
8,6 1Y,2Y data outputs
7 GND ground (0 V)
14 Vee positive sypply voltage
A
1a (1] U 1] Vee 12{18
13[1C
2a[2] 3] 1c oo 1vls
28 (3] 12] 18 10)1E
c[4]| 58 71] ¢ npr IN
o [5] o) e 2|24 PROGRESS
3|28
2v [ (o]0 e 2v[6
aNp [7] [8]1v 520
7293940 7293941
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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PC74HC/HCT73

flip-flops

DUAL JK FLIP-FLOP WITH RESET; NEGATIVE-EDGE TRIGGER

FEATURES

® OQutput capability: standard
® Igc, 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 JEDEC standard no. 7.
The 74HC/HCT?73 are dual negative-
edge triggered JK-type flip-flops __
featuring individual J, K, clock (nCP)
andreset (nR) 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 Q
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.

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT

propagation delay
tpHL/ nCP tonQ 17 19 ns
tPLH nCPtonQ _ CL=15pF 156 18 ns

nR to nQ, nQ Vee=5V 14 17 ns

frnax maximum clock frequency ‘| 58 50 MHz
C) input capacitance 3.5 3.5 pF

power dissipation F
Crp capacitance per flip-flop notes 1 and 2 30 30 P

GND =0 V; Tamp = 25 °C; ty =tf =6 ns

Notes

1. Cpp is used to determine the dynamic power-dissipation (Pp in uW):
PD=CpD x Vcc? x fi+ Z (CL x Vee? x fo) where:
fi = input frequency in MHz

fo = output frequency in MHz

CL
Vece

output load capacitance in pF
supply voltage in V

2 (CL x Vgi? x fg) = sum of outputs
2. For HC the condition is V| = GND to VcC
For HCT the condition is V| =GND to Vcc — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT73P:
PC74HC/HCT73T:

PIN DESCRIPTION

14-lead DIL; plastic (SOT-27).
14-lead mini-pack; plastic (SO-14; SOT-108A).

PIN NO. 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 GND ground (0 V)
12,9 1Q, 2Q true flip-flop outputs
13,8 1Q, 20 complement flip-flop outputs
14,7,3,10 1J, 2J, 1K, 2K synchronous inputs; flip-flops 1 and 2
18 [1] U [12] 1 "
— 1 12
R a 1
= = a1 10 12 3——%“
vee[#] 73 [T]eno %o cP FF ,
—.
287 [5 | [10] 2 s kK @ 'g 5_5@0 |9
a[e] 5] 20 10 2K R I .
2L ? 1ﬁT2ﬁ 6 R =
2J E EI 20 216 7293187 —
7293186
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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Dual JK flip-flop with reset; negative-edge trigger

PC74HC/HCT73
flip-flops

14 1J N a 1Q 12
1 ji1cP
—1—0| CcP FF1
3 11K K a 1Q] 13
R
2 |1R
J
7 2 J a 2Q 9
5 |2CP
———OfCP FF2
10| 2K K a 2Q 8
R
6 | 2R ?
7293189
Fig. 4 Functional diagram.

FUNCTION TABLE

INPUTS OUTPUTS
OPERATING MODE
nR| nCP | J K Q

asynchronous reset L X X X L|H
toggle H I3 h h q|q
load 0" (reset) H 4 | h L|H
load “1” (set) H v h | H| L
hold ““no change” H { ! | qgla

H = HIGH voltage level

h = HIGH voltage level one set-up time prior
to the LOW-to-HIGH CP transition

L = LOW voltage level

| = 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

4 = HIGH-to-LOW CP transition

ol

%_D_o

ol

(=]}

Fig. 5 Logic diagram (one flip-flop).

7293190
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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
Icc category: flip-flops

AC CHARACTERISTICS FOR 74HC
GND =0 V;t,=tf=6ns; C_ =50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to+85 | —40to+125 v
min. | typ. | max. | min. | max. | min. | max.
. 556 | 170 215 255 2.0
tpHL/ propagation delay 20 |34 43 51 | ns 45 | Fig.6
tpLH nCP to nQ 16 |29 37 43 6.0
. 50 | 160 200 240 2.0
tpyL/ propagation delay 18 |32 40 48 |ns 45 | Fig.6
tPLH nCP to nQ 14 |27 34 4 6.0
. 47 | 145 180 220 2.0
tpHL/ propagation delay 17 |29 36 44 |ns 45 | Fig.7
tPLH nR tonQ, nQ 14 |25 31 38 6.0
19 |75 95 110 2.0 )
tTHL/ output transition time 7 15 19 22 ns 4.5 Fig. 6
TLH 6 13 16 19 6.0
. 80 |25 100 120 2.0
t clock pulse width 16 |9 20 24 ns 4.5 | Fig.6
W HIGH or LOW 14 |7 17 20 6.0
< oulse width 60 |17 75 90 2.0
reset pulse wi 1 6 15 18 ns 4.5 Fig. 7
w HIGH or LOW 1(2) 5 13 15 6.0 ¢
|t 80 |22 100 120 2.0
removal time
l um 1 8 20 24 ns 4.5
trem nR to nCP 1? 6 17 20 6.0
up ti 80 | 22 100 120 2.0
set-up time __ 1 8 20 24 ns 4.5 Fig. 6
Lu nJ, nK to nCP 1ﬁ 6 17 20 6.0
. 4 |-3 4 4 2.0
¢ hold time 4 -1 4 4 ns 4.5 Fig. 6
h nJ, nK to nCP 4 -1 4 4 6.0
maximum 6.0 | 18 48 4.0 2.0
P maximum clock pulse 30 | 54 24 20 MHz |45 Fig. 6
max frequency 35 64 28 24 6.0
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Dual JK flip-flop with reset; negative-edge trigger PC74HC/HCT73

flip-flops
DC CHARACTERISTICS FOR 74HCT
For the DC characteristics see chapter “HCMOS family characteristics”, section *Family specifications’”.
Output capability: standard
Icc category: flip-flops
Note to HCT types
The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Al per input, multiply this value by the unit load coefficient shown in the table below.
. unit load
input coefficient
nJ, nK 0.35
nR_ 0.35
nCP 0.35
AC CHARACTERISTICS FOR 74HCT
GND=0V;t,=tf=6ns; C|_=50pF
Tamb (°C) TEST CONDITIONS
74 HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40t0+85 | --40to +125 \Vi
min.| typ. | max.| min.|{ max. | min. | max.
tPHL/ | Ppropagation delay 2 |38 a8 57 |ns |45 | Fig6
tPLH nCP to nQ
tpHL/ propagation delay 21 |36 45 54 |ns 45 | Fig.6
tPLH nCP to nQ
tpHL/ propagation delay 20 |34 43 51 | ns 45 | Fig.7
tPLH nR to nQ, nQ
tTHL/ output transition time 7 15 19 22 ns 4.5 Fig. 6
TTLH
clock pulse width 12 3 ns 45 Fig. 6
tw HIGH or LOW z 2 ° ¢
reset pulse width 9 27 45 Fig. 7
tw HIGH or LOW 18 z n ¢
removal time 5 18 ns 4.5
trem nR to nCP 12 15
set-up time 5 18 ns 45 Fig. 6
tsu nJ, nK to nCP 12 15 g
hold time ~__ 0 ns 45 | Fig.6
th nJ, nK to nCP 5 5 5 9
maximum clock pulse 18 MHz 45 Fia. 6
fmax frequency 27 |46 22 9
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PC74HC/HCT73
flip-flops

AC WAVEFORMS
d K INPUT
nCP INPUT S-VM“' S
—— tyy ——— .
| TPHL = —| PLH |~ Fig. 6 Waveforms showing the clock (nCP) to
output (nQ, nQ) propagation _delays, the clock
nQ OUTPUT vyt pulse width, the J and K to nCP set-up and
hold times, the output transition times and
S JIN ) P the maximum clock pulse frequency.
n@ OUTPUT A Note to Fig. 6
The shaded areas indicate when the input is
. N permitted to change for predictable output
ety > I==tTHL rf
7293191.1 -1 tpLH = | tpy e performance.
nR INPUT
nQ OUTPUT
nG OUTPUT
7293192
Fig. 7 Waveforms showing the reset (nR) input Note to AC waveforms
to output (nQ, nQ) propagation delays and the (1) HC : Vjy = 50%; V| = GND 1o V.
reset pulse width. HCT: Vj=1.3V; V| =GND to 3V.
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PC74HC/HCT74

DUAL D-TYPE FLIP-FLOP WITH SET AND RESET; POSITIVE-EDGE TRIGGER

FEATURES

® Output capability: standard
® g 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 JEDEC standard no. 7.

The 74HC/HCT74 are dual positive-
edge triggered, D-type flip-flops with
individual data (D) inputs, clock (CP)
inputs, set (Sp) and reset (Rp) inputs;
also complementary Q and Q 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-HIGH 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.

flip-flops
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
"| HC HCT
propagation delay
tpHL/ nCP to nQ, nQ 14 15 ns
tPLH nSp to nQ, nQ C_=15pF 15 18 ns
nRp tonQ,nQ Vee=5V 16 18 ns
frax maximum clock frequency 76 59 MHz
Cy input capacitance 3.5 3.5 pF
power dissipation
Crp capacitance per flip-flop notes 1 and 2 24 2 PF
GND=0V;Tamp =25 °C;ty=tf=6ns
Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
Pp=CpD x Vee? x fi+2 (CL x Vee? x fo) where:
fi = input frequency in MHz CL = output load capacitance in pF

fo = output frequency in MHz

vece

2 (CL x Vgg? x fo) = sum of outputs

2. For HC the condition is V| = GND to V¢cC
For HCT the condition is V| = GND to Vcc — 1.5 V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT74P:
PC74HC/HCT74T:

PIN DESCRIPTION

14-lead DIL; plastic (SOT-27).
14-lead mini-pack; plastic (SO-14; SOT-108A).

supply voltage in V

PIN NO. SYMBOL NAME AND FUNCTION

1,13 1Rp. 2Rp asynchronous reset-direct input (active LOW)
2,12 1D, 2D data inputs

3,1 1CP, 2CP clock input (LOW-to-HIGH, edge-triggered)
4,10 1Sp, 25p asynchronous set-direct input (active LOW)
59 1Q, 2Q true flip-flop outputs

6,8 1Q, 20 complement flip-flop outputs

7 GND ground (0 V)

14 Vee positive supply voltage

1ED|5 U 14] Voo
102 ] E 2Rp
1cp [3] [12] 20
wp[a] 74 [1)ace
1a 5] [10] 25,
13 [6| 5] 20

oND [7 ] [8] 20

7293116
Fig. 1 Pin configuration.

21D Sp
220 Lfp  of33%
LRI PR
11 2CP —
106
afF—=
Rp | 208
1RDTZRD
7293117 1113

Fig. 2 Logic symbol.

EINN 5

Hrpe [T

2

— 1D h 6

g

Onys 9

Srper [

12

— 2D

] 8

72931181

Fig. 3 1EC logic symbol.
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PC74HC/HCT74

flip-flops
FUNCTION TABLE
N F INPUTS QUTPUTS
S — —_
2 fio | P | el s ) Rb cp D Q a
3 1CP
RN I L H X X H L
a H L X X L H
_Lfe L L X X H H
1 1Rp
R = INPUTS OUTPUTS
12 J2o | 7P 1 2a] o — —
1_|ace Sp Rp cp D Qn+1 Qp+1
CP FF2 _
5128l e H H T L L H
= fo H H + H H L
13_[2RD
H = HIGH voltage level
7203119 L = LOW voltage level
X = don’t care
Fig. 4 Functional diagram. t = LOW-to-HIGH CP transition
Qp+1 = state after the next LOW-to-HIGH CP transition

ol

72931201

Fig. 5 Logic diagram (one flip-flop).

— >

ol
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Dual D-type flip-flop with set and reset; positive-edge trigger PC74HC/HCT74

flip-flops
DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter “"HCMOS family characteristics’’, section ‘‘Family specifications’.
Output capability: standard
Icc category: flip-flops
AC CHARACTERISTICS FOR 74HC
GND=0V;t,=tf=6ns; C_=50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vgco | WAVEFORMS
+25 —40to +85 | —40to +125 Vv
min. | typ. | max. | min.| max. | min. | max.
. 47 | 175 220 265 2.0
tpHL/ propagation delay 17 |35 44 53 | ns 45 | Fig.6
tPLH nCP tonQ, nQ 1430 37 45 6.0
. 50 | 200 250 300 2.0
tPHL/ | propagation delay 18 |40 50 60 |ns |45 | Fig.7
tPLH nSp tonq, nQ 14 |34 43 51 6.0
. 52 | 200 250 300 2.0
tPHL/ | propagation delay 19 |40 50 60 | ns |45 | Fig.7
tPLH nRp tonQ, nQ 15 |34 43 51 6.0
/ 19 |75 95 110 2.0
THU output transition time 7 15 19 22 ns 45 Fig. 6
tTLH 6 |13 16 19 6.0
clock pulse width 80 |19 100 120 20
tw 16 |7 20 24 ns 4.5 Fig. 6
HIGH or LOW 14 |6 17 20 6.0
. 80 |19 100 120 2.0
set or reset pulse width 16 7 20 24 ns 45 Fig. 7
w HIGH or LOW 14 |6 17 20 6.0
N removal time 20 ? go 35 ns ig
rem set or reset 5 1 7 8 6.0
set-up time 60 |6 75 90 2.0
- 12 |2 15 18 ns 4.5 | Fig.6
fsu nb to nCP 10 |2 13 15 6.0
—6 3 20
th hold time g 2 g 3 ns 4.5 Fig. 6
nCP to nD 3 _2 3 3 6.0
. 6.0 | 23 48 4.0 2.0
fmax maximurm clock pulse 30 |69 24 20 MHz | 45 | Fig.6
requency 35 |82 28 24 6.0
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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 capab
Icc category:

ility: standard
flip-flops

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Al per input, multiply this value by the unit load coefficient shown in the table below.

. unit load
input coefficient
nD 0.70

nRp 0.70

nSp 0.80

nCP 0.80

AC CHARACTERISTICS FOR 74HCT

GND=0V; t, =tf=6ns;C_=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc| WAVEFORMS
+25 —40to +85 | —40to+125 V]
min. | typ. | max.| min.| max. | min. | max.
tpHL/ propagation delay 4 Fia.
tPLH nCP to nQ, n@ 18 | 36 44 53 ns .5 ig. 6
tpHL/ propagation delay 45 | Fig.7
tpLH nSp to nQ, nQ 21|35 a4 53 ns 0
tpHL/ propagation delay 45 Fig. 7
tPLH nRp to nQ, nQ 21135 44 53 ns 0
YTHL | output transition time 7 |15 19 22 | ns 45 | Fig.6
TLH
clock pulse width 27 45 Fig. 6
w HIGH or LOW 189 23 n : 9
set or reset pulse width 24 45 Fig. 7
w HIGH or LOW 69 20 n s
removal time 9 ns 45
trem set or reset 6 ! 8
set-up time 18 45 | Fig.6
Tsu nD to nCP 1218 15 ne 9
hold time -3 3 ns 45 Fig. 6
th nCP to nD 3 3 9
maximum clock pulse MH 45 | Fig.6
frmax fraquency 27 | 54 22 18 z| 4 ig
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Dual D-type flip-flop with set and reset; positive-edge trigger

PC74HC/HCT74
flip-flops

AC WAVEFORMS
i 7
nD INPUT - 7 vy A// I 7
- B
Tl R
1/f

|

|

nCP INPUT z Vi

- tPHL = = tPLH -
nQ OUTPUT l{ vyt

*‘ I“‘THL el ety

nQ OUTPUT vt A
>t ety
7293122.1 ! tpLH - = e e

A“Sﬁ

?J

output (nQ, nQ) propagation delays, the clock

The shaded areas indicate when the input is

Fig. 6 Waveforms showing the clock (nCP) to
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

permitted to change for predictable output
performance.

nSp INPUT 51 Vi

oty — — ty —
nRp INPUT I,VM L
- ~—tPLH LPHL > -
nQ OUTPUT }VM i
_—> < tPHL tPLH — -~
nG OUTPUT VM k
7293121

Fig. 7 Waveforms showing the set and reset input
to output (nQ, nQ) propagation delays and the
set and reset pulse width.

Note to AC waveforms
(1) HC : Vp=50%; V| =GND to Vgc.
HCT: V) =1.3V;V|;=GND to 3V,
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PC74HC/HCT75

msi

QUAD BISTABLE TRANSPARENT LATCH

FEATURES

® Complementary Q and a outputs
® Vcc and GND on the centre pins
® Output capability: standard

@ ‘lc category: MS|

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 JEDEC 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 LE;,., is HIGH, the data enters the
latches and appears at the nQ outputs.
The nQ outputs follow the data inputs
(nD) as long as LE_p, is HIGH
(transparent). The data on the nD inputs
one set-up time prior to the
HIGH-to-LOW transition of the LE,,.
will be stored in the latches. The latched
outputs remain stable as long as the
LEp.p is LOW.

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
propagation delay _
fPHL/ Dn to Qn, Qn CL=15pF 1 | 12 |ns
PLH LE;.n t0 Qn, Qn cc 1M | 11 |ns
C input capacitance 3.5 3.5 pF
power dissipation
Cpp capacitance per latch notes 1 and 2 42 42 pF

GND =0 V; Tamp =25 °Cit, =tf =6 ns

Notes

1. CPD is used to determine the dynamic power dissipation (Pp in uW):
PD=Cpp xVge? x fi+ 2 (CL x Ve@? x fo) where:

fi =

input frequency in MHz

fo = output frequency in MHz
2 (C x Vg? x fo) = sum of outputs

2. For HC the condition is V| = GND to VcC
For HCT the condition is Vi = GND to Vcc — 1.5V

CL
vece

supply voltage in V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT75P: 16-lead DIL; plastic (SOT-382).
PC74HC/HCT75T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

output load capacitance in pF

PIN NO. SYMBOL NAME AND FUNCTION
1,14,11,8 1Q to 4Q complementary latch outputs
2,3,6,7 1D to 4D 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 4Q latch outputs
3 e
IGIER U 6] 10 LEE“; ez
ol [ = =
203} [14] 25 2a1—15 2w 1
3-—2D —
LE:ME 13] LE1-2 Ll | 15
75 ) =t 14
Vee [5] 12] GND 4 al—10
ao[s] 1] 33 B T et S P .
4af—9
40 [7] [10] 30 7— 4DLE G—s |
aa[s] (9] 40 3:4 £ L
l“ 7293146
7293145 7293147
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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Quad bistable transparent latch

PC74HC/HCT75

MSI

D 1a] 16
2 b a
13 |“E12
cp _
ghial 1
L
1
3 |20 o al2a]s
cp _
~ 4
REAE
L2
30
6 N T KT
4 [LE3a
. cP -
~{3d@|n
s @
7Jao | oleal e
cp _
5haa] s
La

7293148

Fig. 4 Functional diagram.

FUNCTION TABLE
INPUTS OUTPUTS
OPERATING MODES —
LEh.n | nD [ nQ | nQ
H L L [H
data enabled H H H L
data latched L X q q

H = HIGH voltage level
L = LOW voltage level

q = lower case letters indicate the state of the
referenced output one set-up time prior
to the LOW-to-HIGH LE ., transition

X = don't care

LEq 2

2D

3D

LE34

4D

LA § QU SU 0

cp

LATCH
1

CcP

LATCH
2

(=1}

cP

LATCH

=1}

cp

LATCH
4

Fig. 5 Logic diagram.

‘?Iw -

7293149.1
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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
Icc category: MSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t, =tf=6ns;C|=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Ve | WAVEFORMS
+25 —40to +85 | --40to +125 v
min. | typ. | max. | min.| max. | min. | max.
i 33 | 110 140 165 2.0
tPHL/ propagation delay 12 | 22 28 33 |ns 45 | Fig.6
tPLH nD tonQ 10 |19 24 28 6.0
) 39 | 120 150 180 2.0
tpHL/ | propagation delay 14 | 24 30 36 | ns 45 | Fig.7
tPLH nD tonQ@ 1 |20 26 31 6.0
) 33 | 120 150 180 2.0
tPHL/ | propagation delay 12 | 24 30 36 | ns 45 | Fig.8
tPLH LEp.ntonQ 10 | 20 26 31 6.0
) 39 | 125 155 190 2.0
tPHL/ | Ppropagation delay 14 | 25 31 38 |ns |45 | Fig.8
tPLH LEnn tonQ 1 |21 26 32 6.0
A 19 |75 95 110 2.0
tTHL output transition time 7 |15 19 22 | ns 45 | Figs6and7
TLH 6 |13 16 19 6.0
) 8o | 19 100 120 2.0
tw enable pulse width 16 | 7 20 24 ns 45 Fig. 8
HIGH 14 |6 17 20 6.0
set-up time 60 | 14 75 90 2.0
t - 12 |5 15 18 ns 45 | Fig.9
U nD to LEn.n 10 |4 13 15 6.0
) 3 | -8 3 3 2.0
th hold time. 3 |-3 3 3 ns | 45 | Fig.9
n-n 3 | -2 3 3 6.0
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Quad bistable transparent latch

PC74HC/HCT75

MSI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics’, section *Family specifications’.

Output capability: standard
Icc category: MSI

Note to HCT types

The value of additional quiescent supply current (Alge) for a unit load of 1 is given in the family specifications.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.

. unit load
input coefficient
nD 0.75
LEn.n 1.00

AC CHARACTERISTICS FOR 74HCT
GND=0 Vit =tf=6ns;C_=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vge | WAVEFORMS
+25 —40to +85 | --40to+125 Vv
min. | typ. | max.| min.| max.| min. | max.

:g*l_'l';/ propagation delay 15 |28 35 42 | ns 45 | Fig.6
:';t:i/ Propagation delay 15 |28 35 42 |ns |45 | Fig.7
::E :'_/ pl"jaEg'Jagatigrr: ccielay 13 |28 35 42 ns 4.5 Fig. 8

n-n
::Eb’ propagation delay 15 |30 38 45 |ns | 45 | Fig.8

n-n
:;Eh/ output transition time 7 15 19 22 ns 45 Figs6and 7
W enable pulse width 16 |6 20 2 ns | 45 | Fig.8

set-up time 4 1 45 | Fig.9
tsu nD to LEqn 12 15 8 ns g
th hoid time_ 3 |-2 3 3 ns | 45 | Fig.9
n-n
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PC74HC/HCT75

MSI
AC WAVEFORMS
nD INPUT nD INPUT
nQ OUTPUT nQ OUTPUT

= le—tTLH

TTHL —

7293150

Fig. 6 Waveforms showing the data input (nD) to
output (nQ) propagation delays and the output
transition times.

7293151 THL-~ - —| letyy

Fig. 7 Waveforms showing the data input (nD) to
output (nQ) propagation delays and the output
transition times.

nD INPUT m

LE,., INPUT

nQ OUTPUT

nQ OUTPUT

7293152 >l =ty ! ety

Fig. 8 Waveforms showing the latch enable input
(LEn-n) pulse width, the latch enable input to
outputs (nQ, nQ) propagation delays and the
output transition times.

nD INPUT

LE INPUT

n-n

nQ OUTPUT /Q =D’

Fig. 9 Waveforms showing the data set-up and
hold times for nD input to LEj_ input.

Note to Fig. 9

The shaded areas indicate when the input is
permitted to change for predictable output
performance.

7293153

Note to AC waveforms
(1) HC : Vjy = 50%; V| = GND to Vcc.
HCT: Vyy=1.3V;V;=GND to 3V.
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PC74HC/HCT85

MSI
4-BIT MAGNITUDE COMPARATOR
FEATURES TYPICAL
@ Serial or parallel expansion without SYMBOL PARAMETER CONDITIONS UNIT
extra gating HC HCT
©® Magnitude comparison of any binary X
words propagation delay
- An, B to QA>B, QA<B 20 18 ns
() . n: ©n
: :')utputt capab‘llnl/gi standard tpHL/ An, B to QaR CL=15pF 15 20 ns
Cc category: PLH IA<B, |A=B, IA>B to Vee=5V
Qa<B, QA>B 13 15 ns
GENERAL DESCRIPTION Ia=B to QA=B 10 14 ns
The 74HC/HCTB85 are high-speed
Si-gate CMOS devices and are pin Cy input capacitance 3.5 3.5 pF
compatible with low power Schottky
TTL (LSTTL). They are specified in power dissipation
compliance with JEDEC standard no. 7. CprD capacitance per package notes 1and 2 18 20 pF

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 (QA>B, QA=B and Qp<p).
The 4-bit inputs are weighted (AQ to A3
and BQ to B3), where A3 and B3 are the
most significant bits.

The operation of the “’85"" is described in
the function table, showing all 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.

GND=0V;Tymp=25°C; t,=tf=6ns

Notes

1. CpD is used to determine the dynamic power dissipation (Pp in uW):
Pp=Cpp xVcC? x fi+2 (CL x VC? x fo) where:

fi =
fo =

input frequency in MHz
output frequency in MHz

CL
Vce

Z (C x Vgoe? x fp) = sum of outputs
2. For HC the condition is V| = GND to V¢cC

output load capacitance in pF
supply voltage in V

For HCT the condition is Vi = GND to Vg — 1.5 V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT85P:
PC74HC/HCT85T:

PIN DESCRIPTION

16-lead DIL; plastic (SOT-382).
16-lead mini-pack; plastic (S0-16; SOT-109A).

In the lower part of the table, the outputs
reflect the feed forward conditions that PIN NO. SYMBOL NAME AND FUNCTION
exist in the parallel i heme. Lo
xistin paralle expan5|?n sehem 2 IA<B A < B expansion input
For proper compare operation the 3 | A =B expansion input
expander inputs (IA>B, |A=B and |1A<B) A=B pansion Inp
to the least significant position must be 4 1A>B A > B expansion input
connected as follows: la<B = Ia>B = 5 QA>B A > B output
= LOW and Ip=B = HIGH. 6 QA=B A =B output
For words greater than 4-bits, units can be 7 QA<B A < B output
cascaded by connecting outputs QA<B, 8 GND ground (0 V)
i of the sanificant compatator. | 911141, | BotoBg word B inputs
p ’ 10,12,13,15 | Agto A3 word A inputs
16 Vee positive supply voltage
comp
831 ] U [76] Vec 10 — Ao 1014,
9 —8p 12 ]
la<s[2] [15] A3 12— A, sl te
1a-8[3] 4] 8, 11— 81 Opcpl—17 a5 |,
—A
a>s[a] [13] A2 ® 5 21 p<alL
85 1“-—582 g, 5 a1 ooalt
Q>[5 [12] A¢ 15 — A3 a L
— P>af—-
p-5 (6] mid 1—83 Qa>pl—s 1,
Qa<s[7] [10] A9 2—la<s 2 jc
3—la=8 3
GND| 8 5] %0 4 'a>8 R
—-—>
7293221 7293222 7293223
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 |1EC logic symbol.
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PC74HC/HCT85
]

Qa<sl 7

14]82 Qp-g| 6

1|83 QA >8l 5

2 |'a<s
3 |'a-8
4 |'a>s

7293224

Fig. 4 Functional diagram.

APPLICATIONS
® Process controllers

® Servo-motor control

FUNCTION TABLE
COMPARING INPUTS CASCADING INPUTS OUTPUTS
A3.B3 | A2, By | A1.B1 | Ag.Bg | 1a>B | 1a<B | la-B | QA>B | QA<B | OA-B
A3>B3 | X X X X X X H L L
A3<Bz | X X X X X X L H L
A3=B3 | Ap>Bp | X X X X X H L L
A3=B3 | A<By | X X X X X L H L
A3=B3 | Ap=B2 | A1>B1 | X X X X H L L
A3=B3 | A>=B2 | A1<By | X X X X L H L
A3=B3 | Ap=B | A1=B1 | Ap>Bg | X X X H L L
A3=B3 | A=Bp | A1=B1 | Ag<Bg | X X X L H L
A3=B3 | Ap=By | A1=B1 | Ag=Bp | H L L H L L
A3=B3 | Ap=By | A1=B1 | Ag=Bp | L H L L H L
A3=B3 | Ap=By | Aq=B1 | Ag=Bp | L L H L L H
A3=B3 | Ap=By | A1=B1 | Ap=Bp | X X H L L H
A3=B3 | Ap=By | A1=B1 | Ag=Bg | H H L L L L
A3=B3 | A=B | A1=Bg | Ag=Bp | L L L H H L

H=HIGH voltage level
L =LOW voltage level
X =don’t care
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4-bit magnitude comparator

PC74HC/HCT85
MSI

b d
&

o

e
>
.A=B_{>
"
>

8o

Do

l
] :]
Dw{%}-DJ iz

vy

oD

Fig. 5 Logic diagram.

Qa<s

7293225

January 1986

243



PC74HC/HCT85
MSi

DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter “HCMOS family characteristics”, section *“Family specifications’’.

Output capability: standard
lcc category: MSI

AC CHARACTERISTICS FOR 74HC
GND=0V;tr=tf=6ns,‘C|_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc| WAVEFORMS
+25 4010485 | ~40t0+125 v
min.| typ. | max. | min.| max. | min. | max.
) 63 | 195 245 295 2.0
tpHL/ propagation defay 23 | 39 49 59 | ns 45 | Fig.6
tPLH An, Bnto Qa>por Qacp 18 | 33 42 50 6.0
: 50 | 175 220 265 2.0
tPHL/ propagation delay 18 | 35 44 53 | ns 45 | Fig.6
tPLH An BntoQa-p 14 | 30 37 45 6.0
/ propagation delay 44 | 140 175 210 2.0
tPHL 1a<B. |A=B. IA>B to 16 | 28 35 42 | ns 45 | Fig.6
tPLH A<B. |A=B. IA>B
Qa<B. Qa>B 13 | 24 30 36 6.0
. 33| 120 150 180 2.0
PHL/ propagation delay 12 | 24 30 36 | ns 45 | Fig.6
tPLH 'A=8 10 QA= 10 | 20 26 31 6.0
y 19 | 75 95 110 2.0
tTHL output transition time 7 |15 19 22 | ns 45 | Fig.6
tTLH 6 |13 16 19 6.0
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4-bit magnitude comparator

PC74HC/HCT85

MSI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics”’, section “Family specifications’.

Output capability: standard
Icc category: MSI

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Al per input, multiply this value by the unit load coefficient shown in the table below

[ it load
. unit loal
input coefficient
IA<B 1.00
IA>B 1.00
I1A=B 1.50
An. Bp 1.50

AC CHARACTERISTICS FOR 74HCT
GND =0 V;t, = tf = 6 ns; C|_= 50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40to +85 |—40 to +125 Vv
min.| typ. | max. | min.| max. | min. | max.
tpHL/ propagation delay .
tPLH An, Bn t0 Qa>p or Qp<p 21 | 37 46 56 ns 4.5 Fig. 6
tpHL/ propagation delay .
tpLH An, Bp t0 Qa—pg 23 | 40 50 60 ns 4.5 Fig. 6
t / propagation delay
tg'ﬁﬁ IA<B. |A=B. IA>B t0 18 | 31 39 47 | ns 45 | Fig.6
Qa<B QA>B
tpHL/ propagation delay .
tPLH Ia=g to Op_p 17 | 31 39 47 ns 4.5 Fig. 6
:TH Y output transition time 7 15 19 22 ns 4.5 Fig. 6
TLH
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PC74HC/HCT85
Msi

AC WAVEFORMS

An, By, 1y INPUT

Q, OUTPUT

7293226 | a7 H

Fig. 6 Waveforms showing the word A inputs

(Ap), word B inputs (Bp) and expansion inputs Note to AC waveforms
(In) to the outputs (Qp) propagation delays and . _ =
the output transition times. (1) HC : Vi = 50%; V| = GND to V.

HCT: V) =1.3V;V|=GND to 3 V.
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PC74HC/HCT86

SSi
QUAD 2-INPUT EXCLUSIVE—-OR GATE
FEATURES
- TYPICAL
® Output capability: standard SYMBOL | PARAMETER CONDITIONS ——-—~-~+ UNIT
® | category: SSI HC HCT
GENERAL DESCRIPTION tpHL/ propagation delay CL=15 ‘i/F 1 14 | ns
The 74HC/HCT8S6 are high-speed Si-gate tPLH nA nB tonY¥ Vee=5
CMOS devices and are pin compatible with . .
low power Schottky TTL (LSTTL). They Ci input capacitance 35 35 piﬂ_,
are specified in compliance with JEDEC dissipati
standard no. 7. CPD power dissipation notesTand2 | 30 | 30 | pF
) capacitance per gate
The 74HC/HCT86 provide the

EXCLUSIVE—OR function.

GND=0V; Tamp = 25°C; tr=tf=6ns

Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD=CPD x Vce® xfi+ 2 (CLx VeE? x fo) where:
fi = input frequency in MHz CL = output load capacitance in pF
fo = output frequency in MHz vVce supply voltage in V
T (CpL x Vgi? x fo) = sum of outputs

2. For HC the condition is V| = GND to VcC
For HCT the condition is V| = GND to Vcc — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT86P: 14-lead DIL; plastic (SOT-27).
PC74HC/HCT86T: 14-lead mini-pack; plastic (SO-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 4B data inputs

3,6,8 11 1Y to 4Y data outputs

7 GND ground (0 V)

14 Vee positive supply voltage

1A [ U 12) Ve
135 [13] 48
1w [3 [12] 4
2a [ 86 [17] av
28 5| E 38
2v 6| [9] 3a
onp [7] BEXS

7287409.1

Fig. 1 Pin configuration.

lo

o o fo |

1A
1Y
1B
2A
2Y |6 4
DD ] s
: .
3A
3Y
3B
4A
4Y
4B

@

|

7287490

7287410.1

Fig. 2 Logic symbol. Fig. 3 |1EC logic symbol.
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PC74HC/HCT86
Ssi

Im

7287474

N}

1A
1Y

18

2A
2y

5|28 I A

3A
3y

3B

4A
4y

48

72874101

Fig. 4 Functional diagram. Fig. 5 Logic diagram (one gate).

FUNCTION TABLE

INPUTS OUTPUTS

nA nB nY

ITrr
IIrTr
rIIr

H = HIGH voltage level
L = LOW voltage level

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “"HCMOS family characteristics”’, section *’Family specifications’.

Output capability: standard
Icc category: SSI

AC CHARACTERISTICS FOR 74HC
GND=0V; t, =tf=6ns; C_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —40to +85 | —40t0 +125 Y,
min. | typ. | max. | min. | max. | min. | max.
. 39 | 70 90 105 2.0
tpHL/ propagation delay 14 | 24 18 21 ns 45 Fig. 6
tPLH nA, nB to nY 11 |12 15 18 6.0
/ 19 | 75 95 110 ‘2‘(5J Fie 6
THL output transition time 7 15 19 22 ns 2 ig.
tTLH ? 6 |13 16 19 6.0
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Quad 2-input EXCLUSIVE-OR gate

PC74HC/HCT86

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 (A Icc) for aunit load of 1 is given in the family specifications.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.

input unit load
P coefficient
nA, nB 1.0

AC CHARACTERISTICS FOR 74HCT
GND=0V;t, =t;=6ns;C|_=50pF

Tamb (°C) TEST CONDITIONS
SYMBOL | PARAMETER 7aneT UNIT | Vgc | WAVEFORMS
+25 —40to+85 | —40to+125 Y,
min.[ typ.| max. | min.| max.| min. | max.
tpHL/ propagation delay 17 | 32 40 8 ns 45 | Fig.6
tpLH nA, nB tonY
gr h/ output transition time 7 |15 19 22 | ns 45 | Fig.6
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PC74HC/HCT86
Ssi

AC WAVEFORMS

nA, nB INPUT

nY OUTPUT

7296092

Fig. 6 Waveforms showing the input (nA, nB) to Note to AC waveforms
output (nY) propagation delays and the output (1) HC : Vpy =50%; V| = GND to V.

transition times.
HCT: Vy=1.3V;V|=GND to 3V.
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PC74HC/HCT93

Msi

4-BIT BINARY RIPPLE COUNTER
FEATURES TYPICAL
® Various counting modes SYMBOL | PARAMETER CONDITIONS UNIT
® Asynchronous master reset He HCT
©® Output capability: standard tpyL/ propagation delay 12 5 ns
® Icc category: MSI tPLH CPp to Qg CL=15pF

Vee=5V
GENERAL DESCRIPTION fmax maximum clock frequency 100 | 77 MHz
The 74HC/HCT93 are high-speed R K
Si-gate CMOS devices and are pin i input capacitance 35 |35 |pF
compatible with low power Schottky L
TTL (LSTTL). They are specified in Cpb power dissipation notes1and2 |22 | 22 | pF
compliance with JEDEC standard no. 7. capacitance per package
The 74HC/HCT93 are 4-bit binary GND=0V;Tymp=25°C;ty=tf=6ns
ripple counters. The devices consist of
four master-slave flip-flops internally Notes
connected to provide a divide-by-two 1. CpD is used to determine the dynamic power dissipation (Pp in uW):

section and a divide-by-eight section.

- 2 -+ 2 .
Each section has a separate clock input PD=CPD x VG x fi+ 2 (CL x VCC! x fol where

(CPg and CPy) to initiate state changes fi = input frequency in MHz CL = output load capacitance in pF
of the counter on the HIGH-to-LOW clock fo = output frequency in MHz vee = supply voltage in V
transition. State changes of the Q,, outputs Z (CL x Ve? x fo) = sum of outputs

do not occur simultaneously because of 2. For HC the condition is V| = GND to V¢C

internal ripple delays. Therefore, decoded For HCT the condition is V| = GND to Vgc — 1.5V

output signals are subject to decoding
spikes and should not be used for clocks ORDERING INFORMATION/PACKAGE OUTLINES

or strobes. PC74HC/HCT93P: 14-lead DIL; plastic (SOT-27).

A gated AND asynchronous master reset PC74HC/HCT93T: 14-lead mini-pack; plastic (SO-14; SOT-108A).
(MR and MRJ) is provided which

overrides both clocks and resets (clears) PIN DESCRIPTION
all flip-flops.

Since the output from the divide-by-two
section is not internally connected to the . .
succeeding stages, the device may be 1 P, clock input zr‘;:l':(;jrd and ath (s‘()ectlon
operated in various counting modes. (HIGH-to-LOW, edge-triggere:

In a 4-bit ripple counter the output Qg 2,3 MR1{, MRy asynchronous master reset (active HIGH)
must be connected externally to input 4,6,7,13 n.c. not connected

CP14. The input count pulses are applied L.
to (}Iock input C_Po. Simultaneous frequency 5 Vee positive supply voltage

divisions of 2, 4, 8 and 16 are performed at 10 GND ground (0 V)

the Qg, Q1, Q7 and Q3 outputs as shown 12,9,8, 11 Qg to Q3 flip-flop outputs

in the function table. As a 3-bit ripple _ clock input 15t section (HIGH-to-LOW,
counter the input count pulses are applied 14 CPg edge-triggered)

to input CPq.

Simultaneous frequency divisions of 2, 4
and 8 are available at the Q1, Q and Q3
outputs. Independent use of the first
flip-flop is available if the reset function
coincides with reset of the 3-bit
ripple-through counter.

PIN NO. | symBoL NAME AND FUNCTION

B 9, B CTR

o8 [1] 14] CPo 21 &

R, [2] 73] ne. 14—0| CPo 3 | cT=0

MR, [3 12| Q¢
2[:: :] 1—o| cPy DIV2

ne(a] 93 [n]as MR Qp Qi 0y Qg 1, |12

vee 5] [10] GND

n.e. E o] o m §oL ) s i N CTS 1f——

12
ne [7] (8] 2 RN

7293820 7293822

Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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PC74HC/HCT93
MSI

2

3
14]
1

Qo

Q2 |Q3

7293823

Fig. 4 Functional diagram.

cpP

Rp

cP

Rp

cpP

Rp

?

bi

9

Y

Qo

Fig. 5 Logic diagram.

7293824

Q3

FUNCTION TABLE
OUTPUTS
COUNT
Q | 01| Q2 | O3
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
1" 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
MRq | MR2 [Qg| Q1 | Q2 | Q3
H H L L L L
L H count
H L count
L L count

Note to function table

Output Qg connected to CPq.

H = HIGH voltage level
L = LOW voltage level

252

January 1986




4-bit binary ripple counter

PC74HC/HCT93

msI

DC CHARACTERISTICS FOR 74 HC

For the DC characteristics see chapter *“HCMOS family characteristics’, section ‘’Family specifications”.

Output capability: standard
lcc category: MSI

AC CHARACTERISTICS FOR 74HC

GND=0V; t,=tf=6ns;C|_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vo | WAVEFORMS
+25 —40t0 +85 | —401t0+125 v
min. | typ. | max. | min. | max. | min. | max.

. 41 |125 1 19 0

tPHL/ | propagation delay s |28 3 % |ns |3 Fig. 6
tPLH CPo to Qg 12 |21 26 32 6.0
) 49 |135 170 205 2.0

tPHL/ | propagation delay 16 |27 34 41 |ns |45 |Fig.6
tPLH CPy 1o O 13 |23 29 35 6.0
, 61 | 185 230 280 2.0

tPHL/ | propagation delay 22 |37 46 56 |ns |45 |Fig.6
PLH CPy 10 Qg 18 |31 39 8 6.0
. 80 | 245 305 370 20

tPHL/ | propagation delay 29 |49 61 71 |ns |45 |Fig.6
tPLH CP1t0 Q3 23 |42 52 63 6.0
propagation delay 50 | 155 195 235 2.0

tPHL 18 |31 39 47 | ns 45 |Fig.7
MRp to Op 14 |2 33 40 6.0
ot/ 19 |75 95 110 20

tTHL output transition time 7 15 19 22 ns 45 Fig. 6
TLH 6 |13 16 19 6.0

t removal time __ ?g 5 b ?g ns i.g Fig. 7

rem MRp to CPg, CPq 9 |2 11 13 6.0 )

o width 80 |14 100 120 2.0

tw p%],e ""C'F 16 |5 20 24 ns 45 | Fig.6
0~ 14 |4 17 20 6.0

tw master reset pulse width ?g ;4 ;go 50 ns 42g Fig. 7
MRn 14 |4 17 20 6.0
maximum clock pulse 6 30 4.8 4.0 2.0

frnax frequency 30 |91 24 20 MHz | 45 Fig. 6
TPy, CP1 35 | 108 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
lcc category: MSI

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Alcg per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT | COEFFICIENT
CPp, CPy | 0.60

MR, 0.40

AC CHARACTERISTICS FOR 74HCT

GND=0V; ty = t{ =6 ns; C|_= 50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40 to +85 | 4010 +125 v
min. | typ. | max. | min. [ max. | min. | max.

tpHL/ propagation delay .
tpLH TPp to Qg 18 | 34 43 51 ns 45 Fig. 6
tpHL/ propagation delay .
tpLH CP1 to Q1 18 | 34 43 51 ns 45 Fig. 6
tpHL/ propagation delay .
tpLA TPy to Qg 24 | 46 58 69 ns 45 Fig. 6
tpHL/ propagation delay .
LA TPy t0 O3 30 | 58 73 87 ns 4.5 Fig. 6

propagation delay .
tPHL MR, t0 Oy 17 |33 41 50 | ns 45 |Fig.7
grll-_l/ output transition time 7 15 19 22 ns 4.5 Fig. 6
trem "';\’n“;’;’at';'g‘;o o, 10 |3 13 15 ns |45 |Fig.7

pulse width .
tw CPo, ﬁ'ﬂ 16 |7 20 24 ns 45 Fig. 6
tw master reset pulse width | 45 | g 20 24 ns |45 |Fig.7

n

maximum clock pulse

fmax frequency 30 |70 24 20 MHz | 45 | Fig.6
CPq. TPy
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4-bit binary ripple counter

' PC74HC/HCT93
MSI

AC WAVEFORMS

CF, INPUT

Q, OuTPUT

7293826

Fig. 6 Waveforms showing the clock (CPp) to
output (Qp) propagation delays, the clock pulse
width, output transition times and the maximum
clock pulse frequency.

MR, INPUT

CP,, INPUT

Q, OUTPUT v

7293825

Fig. 7 Waveforms showing the master reset (MRp)
pulse width, the master reset to output (Qp)
propagation delays and the master reset to clock
(CPp) removal time.

Note to AC waveforms
(1) HC : Vjy=50%; V| =GND to Vcc.
HCT: Vg =1.3V; V| =GND to 3V.
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PC74HC/HCT107

flip-flops
DUAL JK FLIP-FLOP WITH RESET; NEGATIVE-EDGE TRIGGER
FEATURES TYPICAL
® Output capability: standard SYMBOL PARAMETER CONDITIONS UNIT
® |cc category: flip-flops HC | HCT

propagation delay

GENERAL DESCRIPTION tPHL/ nCP to nQ 16 16 ns
The 74HC/HCT107 are high-speed tPLH nCPtonQ _ CL=15pF 16 18 ns
Si-gate CMOS devices and are pin nR tonQ, nQ Vee=5V 15 19 | ns
compatible with low power Schottky
TTL (LSTTL). They are specified in frmax maximum clock frequency 74 74 MHz
compliance with JEDEC standard no. 7. i R .
The 74HC/HCT107 are dual negative- G input capacitance 35 | 35 |pF
edge triggered JK-type flip-flops o
featuring individual J, K, clock (nCP) Cpp po;mer i:;'pat'inﬂ. flo notes 1 and 2 30 30 pF
and reset (nR) inputs; also complementary Capacitance per Flip-flop

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 Q
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.

GND=0V; Tamp =25 °C;t, =tf=6ns

Notes

1. CpD is used to determine the dynamic power djssipation (Pp in uW):
Pp=Cpp x V¢e? x fi+ 2 (CL x Voi? x fo) where:

fi = input

fo = output frequency in MHz

frequency in MHz

CL = output load capacitance in pF
Ve = supply voltage in V

Z (CL x Vgi? x fg) = sum of outputs
2. For HC the condition is V| = GND to VCC
For HCT the condition is V| = GND to Vgg — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT1

07pP:

14-lead DIL; plastic (SOT-27).

PC74HC/HCT107T: 14-lead mini-pack; plastic (SO-14; SOT-108A).

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,8,4,11 1J, 2J, 1K, 2K synchronous inputs; flip-flops 1 and 2
2,6 1Q, 20 complement flip-flop outputs
3,6 1Q, 2Q 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
1 [1] U 2] Vee 1
— 1
1a[2] 3] 17 EBD ct H
11
13 2] 157 T, olios ik 2
—_ 2Q 5 E R
K[ 107 |12« 12 1CP glep gf .
9 2cp _ s |
205 [10] 27 AT ew L] ;g : Q—Bikm | s
_ — 11 2K R 1
ale EZCP 1ﬁT2ﬁ 10 ;K 6
GND E E 2J 7293194 13 110
72932201
7293193
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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PC74HC/HCT107

apnitt aphs.

flip-flops
1 1L ) altal 3
12 |1CP
—ofcp FF1
4 1K K a 1Q 2
R
13 1R ?
8 o |, o202l 5
9 2CP
—~—1—o0|cP FF2
vl o g2l e
R
10 |2R

7293195

Fig. 4 Functional diagram.

FUNCTION TABLE

INPUTS OUTPUTS

OPERATING MODE —

nR| nCP | J K a|a
asynchronous reset L X X X L|H
toggle H { h h ql|aq
load “0" (reset) H 4 | h L H
load “1" (set) H y h | H|L
hold “no change” H { | | qlaq

H = HIGH voltage level

h = HIGH voltage level one set-up time prior
to the LOW-to-HIGH CP transition

L = LOW voltage level

| = 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

4 = HIGH-to-LOW CP transition

—_D_o

of

ol

7293190

Fig. 5 Logic diagram (one flip-flop).
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Dual JK flip-flop with reset; negative-edge trigger PC74HC/HCT107

flip-flops
DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter “HCMOS family characteristics’’, section ’Family specifications’”.
Output capability: standard
Icc category: flip-flops
AC CHARACTERISTICS FOR 74HC
GND=0V;t,=tf=6ns; C_=50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vec | WAVEFORMS
+25 —40to+85 | —40to +125 Vv
min. | typ. | max. | min. | max. | min. | max.
. 52 | 160 200 240 2.0
tpHL/ | propagation delay 19 |32 40 48 |ns 45 | Fig. 6
tpLH nCP to nQ 15 |27 34 4 6.0
. 52 | 160 200 240 2.0
tPHL/ | propagation delay 19 |32 40 48 |ns |45 |Fig6
tPLH nCPtonQ 15 |27 34 41 6.0
. 50 |155 195 235 2.0
tpyL/ | propagation delay 18 |31 39 47 |ns 45 | Fig.7
tPLH nRtonQ, nQ 14 |26 33 40 6.0
t / 19 |75 95 110 2.0
Jt: output transition time 7 15 19 22 ns 45 Fig. 6
6 13 16 19 6.0
. 80 |22 100 120 20
tw °‘g‘;('§5‘:)'§el_"g“l’;h 16 |8 20 24 ns 45 | Fig.6
14 |6 17 20 6.0
t reset pulse width ?g 3 3 2 |48 | Fe7
w HIGH or LOW 14 |6 17 20 6o |
. 60 | —22 75 90 2.0
trem removal time 12 |-8 15 18 ns |45
nRton 10 |-6 13 15 6.0
+ub time 100 | 28 125 150 2.0
tsy setupime ___ 20 |10 25 30 ns 45 | Fig.6
nJ, nK to nCP 17 |8 21 2% 6.0
. 5 0 5 5 2.0
hold time .
th nJ, nK to nCP g 8 g g ns 2(5) Fig. 6
" tock pul 6 22 48 40 2.0
fmax ey 0cx puise 30 |67 24 20 MHz | 45 | Fig.6
requency 35 |80 28 24 6.0
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PC74HC/HCT107
flip-flops

mnpity spbe-sy!

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics’, section “‘Family specifications’’.

Output capability: standard
Icc category: flip-flops

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Algg per input, multiply this value by the unit load coefficient shown in the table below.

R unit load
input coefficient
nJ, nK 0.35

nR_ 0.35

nCP 0.35

AC CHARACTERISTICS FOR 74HCT

GND=0V;t, =tf=6ns; C_=50pF
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —40to+85 | —40to+125 Vv
min. | typ. | max.| min.| max. | min. | max.
tpHL/ | propagation delay 19 |36 45 54 |ns | 45 | Fig.6
tPLH nCP to nQ
tpHL/ propagation delay 21 |36 45 54 ns 4.5 Fig. 6
tPLH nCP to nQ
tpHL/ propagation delay 22 |38 48 57 | ns 45 | Fig.7
tPLH nR tonQ, nQ
TTHL | output transition time 7 |15 19 2 |ns |45 | Fig.6
TTLH
clock pulse width 2 45 Fia. 6
W HIGH or LOW 16 | 8 0 24 ns i ig.
reset pulse width Fia. 7
W HIGH or LOW 24 12 30 36 ns 45 ig.
removal time
trem R to nCP 12 | —6 15 18 ns 4.5
set-up time ___ 8 .
tsy nJ, nK to nCP 20 25 30 ns 45 | Fig.6
hold time .
th nJ, nK to nCP 5 0 5 5 ns 4.5 Fig. 6
maximum clock pulse .
fmax frequency 30 | 67 24 20 MHz | 45 | Fig.6
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Dual JK flip-flop with reset; negative-edge trigger

PC74HC/HCT107
flip-flops

AC WAVEFORMS

¢ nJ,nK INPUT

nCP INPUT s vy ;
l——— tyy ———
—| 'PHL = —| PLH |~

nQ OUTPUT '

!ty -l ety
nQ OUTPUT "

~ll-trn >ty
7293191.1 = tpLH 1= — tpy =

Fig. 6 Waveforms showing the clock (nCP) to
output (nQ, nQ) 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.

The shaded areas indicate when the input is
permitted to change for predictable output

nR INPUT

nQ OUTPUT

nQ OUTPUT

7293192

to output (nQ, nQ) propagation delays and the
reset pulse width.

Fig. 7 Waveforms showing the reset (nR) input Note to AC waveforms

(1) HC : Vi =50%; V| = GND to V¢c.
HCT: Vi =1.3V;V|=GND to3V.
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PC74HC/HCT109 e svitzon
flip-flops

DUAL JK FLIP-FLOP WITH SET AND RESET; POSITIVE-EDGE TRIGGER

FEAT_URES TYPICAL
® J, K inputs for easy D-type flip-flop SYMBOL PARAMETER CONDITIONS UNIT
® Toggle flip-flop or ““do nothing”” -| HC HCT
mode propagation delay
. ?"tpc"'f‘: aprab,"f'lt.y '_ffta"d"d tpuL/ nCP to nQ, nQ 1B |17 |ns
Cc category: Hip-Hiops tPLH nSp tonQ, nQ CL=15pF 11 14 |ns
nRp tonQ, nQ Vec=5V 11 14 ns
GENERAL DESCRIPTION
The 74HC/HCT109 are high-speed fmax maximum clock frequency 75 61 MHz
Si-gate CMOS devices and are pin
compatible with low power Schottky C, input capacitance 3.5 3.5 pF

TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7.

The 74HC/HCT109 are dual positive-

power dissipation

Cpp capacitance per flip-flop notes 1 and 2 20 22 pF

edge triggered, JK flip-flops with

individual J, K inputs, clock (CP) inputs, GNP =0ViTamb =25"C;ty =t =6 ns

set (Sp) and reset (Rp) inputs; also Notes

complementary Q and Q outputs. 1. Cpp is used to determine the dynamic power dissipation (Pp in pW):

The set and reset are asynchronous Pp=Cpp x VcC? x fi+ Z (CL x VCC? x o) where:

active LOW inputs and operate PR . _ . .

independently of the clock input. i = input frequency in MHz CL = output load capacitance in pF
fo = output frequency in MHz Vcc = supply voltage in V

The J and K inputs control the 2 (CL x Vgc? x fp) = sum of outputs

state changes of the flip-flops as YT
: h . 2. For HC the condition is V| = GND to VCC
described in the mode select function For HCT the condition is V| = GND to VGG — 1.5 V

table.
The J and K inputs must be stable one
set-up time prior 'to the LOW-to-HIGH ORDERING INFORMATION/PACKAGE OUTLINES
clock transition for predictable operation. PC74HC/HCT109P: 16-lead DIL; plastic (SOT-382).
The JK design allows operation as a PC74HC/HCT109T: 16-lead mini-pack; plastic (S0-16; SOT-109A).
D-type flip-flop by tying the J and K
inputs together. o PIN DESCRIPTION
Schmitt-trigger action in the clock input
makes the circuit highly tolerant to PIN NO. SYMBOL NAME AND FUNCTION
slower clock rise and fall times.
1,15 1Rp, 2Rp asynchronous reset-direct input (active LOW)
214,313 1% synchronous inputs; flip-flops 1 and 2
4,12 1CP, 2CP clock input (LOW-to-HIGH, edge-triggered)
5,11 1Sp, 25p asynchronous set-direct input (active LOW)
6,10 1Q, 2Q true flip-flop outputs
7,9 1Q, 20 complement flip-flop outputs
8 GND ground (0 V)
16 Vee positive supply voltage
1Rp ‘I U E Vee EENN 6
1 [2] [15] 2Rp 75111_ 2 1y —
18, 25,
®[3] 14] 22 214 Ds - ;—BECI
D 1K
ol e PP e O Ing ~
= 41CP
15p 5] [12] 2ce 12 27 cr FF_ :—:bs | 10
3 31K K QfF—==—
o] mE i Lo |2 I
16 [7] 0] 20 |§DT2'RD TN pvs °
GND E E] 28 7293132 1115 158N R ~2
7293131 7293133.1
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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Dual JK flip-flop with set and reset; positive edge-trigger PC74HC/HCT109

flip-flops
FUNCTION TABLE
RS INPUTS OUTPUTS
5 Sp ol e OPERATING MODE — — : — —
yooQ Sp Rp cp J K Q Q
4 1CP
CP FF1
3 |1k _| i3] asynchronous set L H X X X H L
——+—0dk g
Ap asynchronous reset H L X X X L H
+ |hdo undetermined L L X X X H H
T |25 toggle H H t h | q q
5o load 0"’ (reset) H H y | | L H
1 | | ol2a] 10 load ““1” (set) H H ) h h H L
12 ZSP b FF2 hold ““no change H H + | h q q
13 2ok A a2 H = HIGH voltage level
- D h = HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition
1’ i L = LOW voltage level
—— | = 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
Fig. 4 Functional diagram. to the LOW-to-HIGH CP transition
X = don't care
)

= LOW-to-HIGH CP transition

—————{>o—-o

ol

ol

7293135

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
Icc category: flip-flops

AC CHARACTERISTICS FOR 74HC
GND=0V; t; = tf=6ns; C|_= 50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40t0 +85 | —40to+125 v
min. | typ. | max. | min. | max. | min. | max.
) 50 | 175 220 265 2.0
PHL/ | Propagation delay 18 | 35 4 53 |ns |45 | Fig.6
tPLH nCP to nQ, nQ 14 | 30 37 a5 6.0
. 150 !
X propagation delay il By 30 3 |us |45 | Fig7
PHL nSp tonQ 9 |20 26 31 6.0 ]
) 41 | 155 195 235 2.0
tpLH Propagation delay 15 | 31 39 47 | ns 45 | Fig.7
D 12 | 26 33 40 6.0
) 41 | 185 230 280 2.0
tpHL propagation delay 15 | 37 46 56 | ns 45 | Fig.7
nRp tonQ 12 | 31 39 48 6.0
ropagation el 39 | 170 215 255 2.0
tPLH propagation delay 14 | 34 43 51 |ns 45 | Fig.7
nRp tonQ 1|29 37 43 6.0
et/ 19 | 75 95 110 20
tTHL output transition time 7 |15 19 22 |ns- |45 | Fig.6
TLH 6 |13 16 19 6.0
N clock pulse width %7 20 2 s |45 | Fig6
w HIGH or LOW 4 |6 17 20 6.0 9
set or reset pulse width ?g 2_;7 ;go ;30 ns ig Fig. 7
w HIGH or LOW 2 ls 7 20 60 9
removal time 70 ; 9 90 105 2.0
trem nSp, nRp to nCP }3 6 :g f; " gg
sot-up time 70 | 17 90 105 20 |
s nJ, K to nCP 1|8 8 18 S i
. 5 |0 5 5 2.0
hold time <
th nJ, nK to nCP g g g g ns gg Fig. 6
o 6 | 22 5 4 2.0
£ maximum clock pulse 30 | 68 24 20 MHz | 45 | Fig.6
max frequency 35 | 81 28 24 6.0
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Dual JK flip-flop with set and reset; positive edge-trigger

PC74HC/HCT109

flip-flops

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “"HCMOS family characteristics’’, section *’Family specifications’”.

Output capability: standard
Icc category: flip-flops

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Al per input, multiply this value by the unit load coefficient shown in the table below.

. unit load
input coefficient
nJ, nK 0.35

nRp 0.35

nSp 0.35

nCP 0.35

AC CHARACTERISTICS FOR 74HCT

GND=0V;t =tf=6ns;C_=50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to +85 | —40 to +125 Vi
min.| typ. | max. | min.| max. [ min. | max.
tpHL/ propagation delay .
tPLH nCP 1o nQ, nQ 20 | 35 44 53 ns 4.5 Fig. 6
propagation delay .
tPHL n§D tonQ 13 | 26 33 39 ns 4.5 Fig. 7
propagation delay Fig. 7
tpLH nSp to NG 19 | 35 44 53 ns 4.5 ig.
propagation delay "
PHL nRp to nQ 19 | 35 44 53 ns 4.5 Fig. 7
propagation delay Fia. 7
tPLH nRp to nd 16 | 32 40 48 ns 4.5 ig.
tTHL/ output transition time 7 |15 19 22 | ns 45 | Fig.6
ITLH
clock pulse width 45 Fig. 6
tw HIGH or LOW 18 9 23 27 ns . |g.
set or reset pulse width Fia. 7
w HIGH or LOW 6 | 8 20 2 ns | 45 | Fig.
removal time 4.5
trem nSp, nRp to nCP 16 | 8 20 24 ns .
set-up time .
tsu nd, nK to nCP 18 | 8 23 27 ns 45 | Fig. 6
hold time .
th nJ, nK to nCP 3 | -3 3 3 ns 45 | Fig.6
maximum clock pulse .
fmax frequency 27 | 55 22 18 MHz | 45 | Fig.6
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PC74HC/HCT 109

flip-flops
AC WAVEFORMS
nd, nK INPUT %VM‘” f
""su—' |ty =
>t | ot |-
11,

nCP INPUT ]M—J
—— ty ————

| PHL |=
nQ OUTPUT J&-VM”’
| |ty

—| PLH <
- Ity

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.

g ~—tPLH

nQ OUTPUT }VM
T < tPHL

nQ OUTPUT iVM

tpyL — -—
tpLH —! -~
7293121

3 OUTPUT vyt Note to Fig. 6
The shaded areas indicate when the input is
ety ol ety permitted to change for predictable output
7293136.1 -l tpy = - tpy e performance.
nSp INPUT SSVM T
— ‘W —_— - (W ——
nRp INPUT Vv

Fig. 7 Waveforms showing the set and reset input
to output (nQ, nQ) propagation delays and the
set and reset pulse width.

Note to AC waveforms
(1) HC : V\p=50%; V| =GND to Vcc.
HCT: VM =13V;V|=GNDto3V.
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PC74HC/HCT112

flip-flops

DUAL JK FLIP-FLOP WITH SET AND RESET; NEGATIVE-EDGE TRIGGER
FEATURES TYPICAL
e Asynchronous set and reset SYMBOL | PARAMETER CONDITIONS UNIT
® Output capability: standard HC HCT
®  Icc category: flip-flops propagation delay

tpHL/ nCP to nQ, nQ 17 19 ns
GENERAL DESCRIPTION tpLH nSptonQ, nQ Cp =15pF 15 15 ns
The 74HC/HCT 112 are high-speed nRptonQ,nQ Vec=5V 8 |19 |ns
Si-gate CMOS devices and are pin -
compatible with low power Schottky frax maximum clock frequency 66 70 MHz
TTL (LSTTL). They are specified in K K
compliance with JEDEC standard no. 7. Cy Input capacitance 35 | 35 | pF
The 74HC/HCT112 are dual negative- ccimat
edge triggered JK-type flip-flops featuring Cep pz::;la'::fea;'::ﬂip_ﬂop notes 1 and 2 27 30 pF
individual nJ, nK, clock (nCP), set (nSp)

and reset (nRp) 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.

GND=0V;Tamp=25°C;t,=t§=6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD=CpD x Vee? x fi+2 (CLx Vec? x fo) where:

fi =

input frequency in MHz
fo = output frequency in MHz

CL
vece

2 (Cx V¢e? x fg) = sum of outputs
2. For HC the condition is V| = GND to V¢cC

For HCT the condition is V| = GND to Vg — 1.5V
ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT112P: 16-lead DIL; plastic (SOT-382).
PC74HC/HCT112T:16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

output load capacitance in pF
supply voltage in V

PIN NO. SYMBOL NAME AND FUNCTION
1,13 1CP, 2CP 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 1Sp. 25p set inputs (active LOW)
59 1Q, 2Q true flip-flop outputs
6,7 1Q, 20 complement flip-flop outputs
8 GND ground (0 V)
15, 14 1Rp, 2Rp reset inputs (active LOW)
16 Vee positive supply voltage
- )
1CP [ 16| Vee
- 2 . 4]0 A5 | 5
1« [2] 5] 'R0 15, | 28, I
w[3] [14] 2Rp 3u Sp mz}c’
- _ 2 L, 05 2 Tk s
15p [ 73] 2CP o 20 9 N >0
112 ———=O0|CP FF
1a 5] 12] 2k 1320p -l 1@e TN o
21k K A== | o
1a[e] @“ 12 2K Ao | 207 %E}
_ = = Tpct
a 25 1Rp [ 2R
= E E ° 7293650 ?!’:TM ° 2tk N7
anp [ [9]20 TN
7293649 7293651
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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PC74HC/HCT112

flip-flops
FUNCTION TABLE
INPUTS OUTPUTS
OPERATING MODE — —~ —
] nSp nRp nCP nd nK nQ | nQ
4 115y
sfu | So oltal s asynchronous set L H X X X H L
JEN LT R, asynchronous reset H L X X X L H
2 |1k | 1a]s
“ g C undetermined L L X X X H H
s }1% toggle H H v h h T q
TN ES load 0" (reset) H H l | h L H
S load “1” (set) H H ! h I H L
AN 2 P e ) hold “no change” H H { | 1 q q
13 Zﬁu
12 |2k er FF?_ 26 5 Note to function table
« Rp e Both outputs will be HIGH while both nSp and nRp are LOW, but the output states
v | 270 are unpredictable if nSp and nRp go HIGH simultaneously.
HIGH voltage level

7293652

Fig. 4 Functional diagram.

<X & ~-rTx

LOW voltage level

ww n uwon

don’t care

HIGH-to-LOW CP transition

HIGH voltage level one set-up time prior to the HIGH-to-LOW CP transition

LOW voltage level one set-up time prior to the HIGH-to-LOW CP transition
lower case letters indicate the state of the referenced output one set-up time
prior to the HIGH-to-LOW CP transition

Fig. 5 Logic diagram (one flip-flop).

7293653
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Dual JK flip-flop with set and reset; negative-edge trigger

PC74HC/HCT 1142
flip-flops

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics”, section *’Family specifications’.

Output capability: standard
Icc category: flip-flops

AC CHARACTERISTICS FOR 74HC

GND=0V;t, =tf=6ns;C_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —40 to +85 | —40to +125 \Y
min. | typ. | max. | min.| max. | min. | max.
tpHL/ propagation delay 5 175 220 2.65 2.0 .
t nCP to nQ 20 |35 44 53 ns 4.5 Fig. 6
PLH 16 (30 37 45 6.0
tpHL/ propagation delay gg ;25 lzuz'o ggf’ ig Fia. 6
tPLH nCP to nQ ns . ig.
16 |30 37 45 6.0
tpHL/ propagation delay 58 |180 225 270 2.0 .
: e 21 |36 45 54 |ns 45 | Fig.7
PLH D ' 17 |3 38 46 6.0
sleml =] (2], 52
tPLH nSp to nQ, nQ i o
14 26 33 40 6.0
t / 19 75 95 110 2.0
ITHL output transition time 7 15 19 22 ns 4.5 Fig. 6
TLH 6 |13 16 19 6.0
. 80 | 22 100 120 2.0
tw clack pulse wath 16 |8 20 24 ns |45 |Fig.6
14 6 17 20 6.0
. 80 |14 100 120 2.0
tw SO pulse wdth g 5 20 2 ns |45 | Fig.7
14 |4 17 20 6.0
removal time 80 |22 125 150 2.0
trem = & 16 |8 25 30 ns 45 | Fig.7
nRp tonCP 14 |6 21 26 6.0
removal time 80 | —19 100 120 2.0
trem L me 16 | -7 20 24 ns 45 | Fig.7
nSp to nCP 14 | -6 17 20 6.0
. 80 |19 100 120 2.0
set-up time .
tg, = 16 |7 20 24 ns 4.5 Fig. 6
u nJ, nK to nCP 14 |6 17 20 6.0
. 0 -1 0 0 2.0
hold time .
th =5 0 —4 0 0 ns 4.5 Fig. 6
nJ, nK to nCP 0 3 0 0 6.0
. 6 20 48 4.0 2.0
frax maximum clock pulse 30 |60 24 20 MHz |45 |Fig.6
requency 35 |71 28 24 6.0
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flip-flops

- spbe-evitepar |

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics”, section ‘‘Family specifications”.

Output capability: standard
Icc category: flip-flops

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.

INPUT

UNIT LOAD
COEFFICIENT

1§D, 2§D
1K, 2K
1ﬁD, 2ﬁD
1,24
1CP, 2CP

0.5
0.6
0.65
1

1

AC CHARACTERISTICS FOR 74HCT
GND=0V;t,=tf=6ns; C_ =50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40 to +85 | —40to +125 Vv
min. | typ. | max. | min. | max. | min. | max.
tpHL/ propagation delay .
tpLH nCP to nQ 21 |35 44 53 ns 45 Fig. 6
tpHL/ propagation delay R
tpLR nCP to nQ 23 |40 50 60 ns 4.5 Fig. 6
tpHL/ propagation delay .
toLH nRp to nQ, nQ 22 |37 46 56 ns 4.5 Fig. 7
tpHL/ propagation delay ’
toLH nSp to nQ, nG 18 | 32 40 48 ns 45 Fig. 7
tTHU output transition time 7 |18 19 22 |ns 45 | Fig.6
TLH
clock pulse width a Fi
tw HIGH or LOW 16 |8 20 24 ns 5 ig. 6
set or reset pulse width .
tw Low 18 |10 23 27 ns 4.5 Fig. 7
removal time .
trem nRp to nCP 20 |1 25 30 ns 4.5 Fig. 7
removal time i
trem nSp to nCP 20 | -8 25 30 ns 4.5 Fig. 7
set-up time ___ .
tsy nJ, nK to nCP 16 |7 20 24 ns 45 Fig. 6
hold time .
th nJ, nK to nCP 0 -7 0 0 ns 4.5 Fig. 6
maximum clock pulse .
fmax_ frequency 27 |64 22 18 MHz | 45 Fig. 6
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Dual JK flip-flop with set and reset; negative-edge trigger

flip-flops

PC74HC/HCT112

AC WAVEFORMS
nJd, nK INPUT 't
- th e th—
- sy —| -— toy —>|
V¥ max
T INPUT S vy Fig. 6 Waveforms showing the clock (nCP) to output (nQ,
§ nQ) propagation delays, the clock pulse width, the nJ, nK
" to nCP set-up times, the nCP to nJ, nK hold times, the
le—— ty —— i e X
R R o eten ?I:g)uuetntcr:nsmon times and the maximum clock pulse
nQ OUTPUT vp" }
THLA e | -l < ITLH
\ Note to Fig. 6
nQ OUTPUT vm'" The shaded areas indicate when the input is permitted to
change for predictable output performance.
- TLH >l letrHL
tPLH = tPHL > -
7293654
nCP INPUT 1 il
g l!em -
nSp INPUT S vu'"
la— ty — -~ tyy —
nfip INPUT vu
— - tpLH tpHL — -—

0 ouTPUT vy Fig. 7 Waveforms showing the set (nSp) and reset (nRp)
input to output (nQ, nQ) propagation delays, the set and
reset pulse width and the nRp to nCP removal time.

- < tPHL tpLH — -

n@ OUTPUT vu'"

7293655
Note to AC waveforms

(1) HC : Vp =50%; V| = GND to V¢c.
HCT: Vjy = 1.3V; V; = GND to 3V.
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PC74HC/HCT123

Msi
DUAL RETRIGGERABLE MONOSTABLE MULTIVIBRATOR WITH RESET
FEATURES TYPICAL
® DC triggered from active HIGH or SYMBOL PARAMETER CONDITIONS UNIT
active LOW inputs HC | HCT
® Retriggerable for very long pulses .
propagation delay CL=15pF
up to 100% duty‘factor tpHL/ nA,nB Voc=5V
® Direct reset terminates output pulse oL to nQ, nQ REXT =5 k& 26 26 ns
® Schmitt-trigger action on all inputs nRp tonQ, nQ CexT=0pF 20 23 ns
except for the reset input - -
® Output capability: standard (except Cj input capacitance 35 | 35 | pF
for nRExT/CEXT) .
minimum output pulse
® Icc category: MSI tw width nQ, nQ 75 75 ns

GENERAL DESCRIPTION

The 74HC/HCT123 are high-speed
Si-gate CMOS devices and are pin
compatible with low power Schottky

GND=0V; Tagmp=25°C;t,=tf=6ns
ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT123P:
PC74HC/HCT123T:

16-lead DIL; plastic (SOT-382).
16-lead mini-pack; plastic (SO-16; SOT-109A).

TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7.

The 74HC/HCT123 are dual
retriggerable monostable multivibrators

PIN DESCRIPTION

with output pulse width control by
three methods. The basic pulse time is PIN NO. SymBOL NAME AND FUNCTION
programmed by selection of an external ~ o . . . .
resistor (Rgx) and capacitor (CEXT). 1,9 1A, 2A trigger inputs (negative-edge triggered)
The external resistor and capacitor are 2,10 1B, 2B trigger inputs (positive-edge triggered)
normally connected as shown in Fig. 6. 3,11 1Rp. 2Rp direct reset LOW and trigger action at
Once triggered, the basic output pulse positive edge
width may be extended by retriggering _the 412 13, 20 output tive LOW
gated active LOW-going edge input (nA) ! ' utputs (acilve ) X .
or the active HIGH-going edge input (nB). 7 2REXT/CEXT external resistor/capacitor connection
By repeating this process, the output 8 GND ground (0 V)
pulse period (nQ = HIGH, nQ = LOW) can 135 Q 20 .
be made as long as desired. Alternatively ’ Q, outputs (actlvej HIGH) .
an output delay can be terminated at any 14,6 1CEXT, 2CEXT | external capacitor connection
time by a LOW-going edge on input nRp, 15 1REXT/CEXT external resistor/capacitor connection
which also inhibits the triggering. 16 Vee positive supply voltage
(continued on next page)
14
15 o _J_L 13
_ U :)g RX/CX L
A ’I 1] Vee 1CEXT 14 ! &
b= 2
18 E E 1RexT/CExT 2Cexy 6 2
= 1A TRexT/CExT 15 N
1R 2] 4] 1Cexr A [FRextlext 7 3 [ -
13[4 [13] 10 s 1013
123 Q
2a[5 | [12] 25 20 s 6 =T
2C R Q 4 7 5
ext [6 | [11] 2Rp = L e Rx/cx —
20 12 o
2Rext/Cext 7] [10] 28 ”
GND ([ 8 9]2A 11 2R N T2
D D 7293286 '_‘E -
7293285
7293287
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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PC74HC/HCT123
Msi
TCexT | 14
TRexT/CexT | 15
E 1af13
1 A e
T
2 |18 el -
Rp
3 |'Rp
2CexT| 6
2Rext/Cext| 7

7293288

Fig. 4 Functional diagram.

GENERAL DESCRIPTION (Cont'd)

An internal connection from nRp to the
input gates makes it possible to trigger the
circuit by a positive-going signal at input
nRp 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 RgxT and CExT.

For pulse widths, when CgxT < 10000 pF,
see Fig. 9.

When Cgx1 > 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;
REXT = external resistor in k2 ;
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.

FUNCTION TABLE
INPUTS OUTPUTS
nRp nA nB nQ nQ
;“( :: § ll: n H = HIGH voltage level
X X L L H L = LOW voltage level
X = don't care

H L U I u 1t = LOW-to-HIGH transition
H 4 H gL nEn { = HIGH-to-LOW transition

n r _J_= one HIGH level output pulse
! L H “LI™ = one LOW level output pulse
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Dual retriggerable monostable multivibrator with reset

PC74HC/HCT123
MSI

ol

RexT/Cext
Vee | Cext'"
‘-‘J L
e mliy
7293289
GND

(1) Itis recommended to ground pins 6 (2CExT)
and 14 (1CgxT) externally to pin 8 (GND).

Fig. 5 Logic diagram.

7293290 Vee
RexT
1— Cexrt
tonCexy tonRexT/CexT
(pin 14 or 6) (pin 15 0r 7)

Fig. 6 Timing component connections.
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PC74HC/HCT123
MSl

<t ritiw yorsidin

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics”, section *Family specifications'”.

Output capability: standard (except for nRExT/CEXT)

o category: MSI

AC CHARACTERISTICS FOR 74HC

GND=0V;t =tf=6ns;C_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS/NOTES
+25 —40t0+85 | —40to+125 v
min.| typ. | max. | min. | max.| min. | max.
) 83 | 255 320 385 2.0 | CegxT=0pF;
PHL p;‘%’aga:%’“n‘ée‘;ynﬁ 30 |51 64 77 | ns 45 | RExT =5k
D.nA. 24 |43 54 65 6.0
) 83 | 255 320 385 2.0 | CexT=0pF;
tPLH propagation delay | 30 |51 64 77 |ns | 45 | RexT=5ka
DA, 24 |43 54 65 6.0
) 66 | 215 270 325 20 | CexT=0pF;
tPHL Propogation delay 24 |43 54 66 |ns |45 | RExT-5ka
pton 19 |37 46 55 6.0
) 66 | 215 270 325 20 | CexT=0pF;
LU Propagation delay 24 |43 54 65 |ns |45 | RExy=5ka
D 19 |37 46 55 6.0
+ / 19 |75 95 110 2.0
;TH L output transition time 7 |15 19 22 | ns 45
TLH 6 {13 16 19 6.0
. . 100 | 19 125 150 2.0
W trigger pu'se width 20 |7 25 30 ns 45 | Fig.7
17 6 21 26 6.0
. . 100 | 19 125 150 2.0
W trigger pulse width 20 |7 25 30 ns | 45 | Fig.7
B 17 6 21 26 6.0
. reset pulse width 100 ;9 125 150 2.0 Fia. 8
tw nRn = LOW 20 25 30 ns 4.5 ig.
D 17 | 6 21 26 6.0
output pulse width CgxT = 100 nF;
tw nQ = HIGH 450 - - ps 50 | RExT=10kQ;
nQ = LOW Figs 7and 8
output pulse width CexT = 0pF;
W nQ = HIGH 75 - — ns 5.0 REXT =5k&Q;
nQ = LOW note 1; Figs 7 and 8
. . CexT=0pF;
trt e me 44 - - ns 50 | RExT=5k;
' note 2; Fig. 8
. . 10 1000 _ _ 2.0 .
REXT external timing resistor 2 100 k& 50 Fig. 9
CexT external timing capacitor no limits pF 5.0 Fig. 9; note 3
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Dual retriggerable monostable multivibrator with reset

PC74HC/HCT123

MSI

DC CHARACTERISTICS FOR 74HCT
For the DC characteristics see chapter “HCMOS family characteristics’, section *“Family specifications’’.

Output capability: standard (except for nRExT/CEXT)

Icc category: MSI

Note to HCT types
The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.

To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below.

inout unit load
inpu coefficient
nA, nB 0.35

nRp 0.35
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PC74HC/HCT123
msi

AC CHARACTERISTICS FOR 74HCT
GND=0V;t, =tf=6ns;C|_=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS/NOTES
+25 —40t0 +85 | —40t0+125 v
min. | typ. | max. | min.| max. | min. | max.
i CexT=0pF;
UL p;"ﬁ"gga:f"n‘;e't‘;yn i 30 | 51 64 77 | ns 45 | RExT=5k2
i CexT =0pF;
tpLH pgoﬁp;gar:fnncg?gnc) 30 | 51 64 77 ns 4.5 REXT =5 kQ
i CexT =0pF;
propagation delay _
tPHL WA f0nQ 27 | 46 58 69 4 ns 45 | RExT=5kQ
. CexT =0pF;
tpLH p;%’;gf;";"ade'ay 27 | 46 58 69 |ns |45 | Rpwy=5kS
tTHL output transition time 7 15 19 22 ns 4.5
TTLH
tw trigger pusse width 20 |7 25 30 ns | 45 | Fig.7
tw trigger puse width 20 |7 25 30 ns |45 | Fig.7
t reset pulse width 20 |8 25 0 45 Fio. 8
w nRp = LOW 3 ns . ig.
output pulse width CexT =100 nF;
W nQ = HIGH 450 - - us 5.0 REXT = 10 kQ;
nQ = LOW Figs 7 and 8
output pulse width CegxT =0pF;
tw nQ = HIGH 75 — - ns 5.0 REXT =5 k&2;
nQ = LOW note 1; Figs 7 and 8
. . CexT = 0pF;
try e e 40 - - ns 50 | RExT =5k
' note 2; Fig. 8
REXT external timing resistor 2 100 | — - kQ 5.0 | Fig.9
CEXT external timing capacitor no limits pF 5.0 Fig. 9; note 3
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Dual retriggerable monostable multivibrator with reset

PC74HC/HCT123

MSI

Notes to AC characteristics

1. For other RExT and CExT combinations see Fig. 9.
I1f CExT > 10 nF, the next formula is valid:
tw = Kx REXT X CEXT (typ.)

where, ty = output pulse width in ns;
REXT = external resistor in k2 ; CExT = external capacitor in pF;
K = constant = 0.45 for Voo = 5.0 V and 0.48 for Voo = 2.0 V.

The inherent test jig and pin capacitance at pins 15 and 7 (nRExT/CExT) 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 V¢ = 5.0 V) for the set-up time of a retrigger pulse is valid:
tpy =35+ (0.11 x CExT) + (0.04 x REXT x CEXT) (typ.)

where, tr¢ = retrigger time in ns;
CgxT = external capacitor in pF;
REXT = external resistor in kQ.

The inherent test jig and pin capacitance at pins 15 and 7 (nRExT/CgXT) is approximately 7 pF.

3. When the device is powered-up, initiate the device via a reset pulse, when CgxT <50 pF.

AC WAVEFORMS

nB INPUT

— I nB INPUT
=] e

nA INPUT nRp INPUT

ety lwle .

—-_—n
T nQ OUTPUT ] I
nQ OUTPUT | H

- [ oty —]
B E— 4——|—t ﬁ>| w w
" - ty —> v 7293201 7293292
Fig. 7 Output pulse control using retrigger pulse; nRp = HIGH. Fig. 8 Output pulse control using reset input nRp; nA = LOW.

108 T S
tw i
) - Rexr ]

108 | 100K

i
i A 7
Okﬂ/
104
A A L
108 Y 10k |
2k 1+
102 =al 1
1
- i ]L Fig. 9 Typical output pulse width as a function of the external
f _ R o
0! Pt e e capacitor values at Voc = 5.0 V and Tymp = 25 °C.
Cexr (PF)
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PC74HC/HCT125

MSI

QUAD BUFFER/LINE DRIVER; 3-STATE
FEATURES TYPICAL
® Output capability: bus driver SYMBOL PARAMETER CONDITIONS UNIT
® Icc category: MSI HC HCT

tpHL/ propagation delay C = 15pF
GENERAL DESCRIPTION oLl A to nY Veg =5V 9 12 ns
The 74HC/HCT 125 are high-speed - -
Si-gate CMOS devices and are pin C input capacitance 35 35 pF
compatible with low power Schottky I
TTL (!.STTL). They are specified in Cpp power deS'Pat'On notes 1 and 2 22 24 pF
compliance with JEDEC standard no. 7. capacitance per buffer

The 74HC/HCT 125 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.

GND=0V; Tamp=25°C;t,=tf=6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):

PD=Cpp x VCC? x fj+ = (CL x VCC? x fo) where:

fi = input frequency in MHz
fo = output frequency in MHz
2 (Cp x Vgg? x fo) = sum of outputs

CL
vee

2. For HC the condition is V| = GND to VcC
For HCT the condition is V| = GND to Vg — 1.5 V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT125P: 14-lead DIL; plastic (SOT-27).
PC74HC/HCT125T: 14-lead mini-pack; plastic (SO-14; SOT-108A).

PIN DESCRIPTION

output load capacitance in pF
supply voltage in V

PIN NO. SYMBOL NAME AND FUNCTION
1,4,10,13 10E to 40E output enable inputs (active LOW)
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

108 [1] 9) E]Vcc
1a[2] @40‘5
1v[3] 4A
WE[4] 125 [n]av
2a {5 | [10] 3GE
2v [} [9]3a
ano 7§ 8] av

7293370

Fig. 1 Pin configuration.

w

I-. 'N

10E f

2

1A Q vl 3
A IN_2Y] 6
20E
L[%_ﬂ
10 [30E 4

12 jaA I; ay| 11

13 |40E

il

o

s |

7293372

Fig. 2 Logic symbol.

EN

FEFLE b

729337N

Fig. 3 IEC logic symbol.
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PC74HC/HCT125
MSI

X

1A Q 1v] 3

106 4

2A 2v| 6

208

3A 3v| 8
| &

306 4

a N

40E

S o

avln

|a

7293372

Fig. 4 Functional diagram.

[}

wOE |> o__D 7293833

Fig. 5 Logic diagram (one buffer).

FUNCTION TABLE

INPUTS OUTPUT
nOE nA nY
L L L
L H H
H X z

H = HIGH voltage level

L = LOW voltage level

X = don't care

Z = high impedance OF F-state

282
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Quad buffer/line driver; 3-state

PC74HC/HCT125

MSI

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics”, section *“Family specifications’’.

Output capability: bus driver
I category: MSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t =tf=6ns;C_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Ve | WAVEFORMS
+25 —40to+85 | —40to+125 v
min. [typ. | max. | min. | max. | min. | max.

t / ropagation dela 30 | 100 125 150 2.0

t""“— p ‘;\i v v 11 |20 25 30 ns |45 | Fig.6
PLH nAton 9 |17 21 26 6.0
. 41 125 155 190 2.0

tpzH/ 3-stao% outp$t enable time 15 |28 37 a8 ns 45 | Fig.7
PZL nokten 12 |21 26 32 6.0
. . 41 125 155 190 2.0

:sz/ 3-sta|0t_<’eE (:utp$t disable time 15 |25 31 38 ns a5 | Fig7
PLZ notton 12 |21 26 32 6.0
t / 14 160 75 90 2.0

tTHL output transition time 5 12 15 18 ns 4.5 Fig. 6
TLH 4 |10 13 15 6.0
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PC74HC/HCET125
s

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics”, section ““Family specifications’’.
Output capability: bus driver

loc category: MSI

Note to HCT types

The value of additional quiescent supply current (Alcg) for a unit load of 1 is given in the family specifications.
To determine Algg per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT COEFFICIENT
nA, nOE 1.00

AC CHARACTERISTICS FOR 74HCT
GND=0V;t =tf=6ns;C_=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Ve | WAVEFORMS
+25 —40to +85 | —40to +125 V)
min. | typ. | max. | min. max. | min. | max.
tpHL/ propagation delay 45 | Fig.
tpLH nA 1o nY 15 |26 33 39 ns ig. 6
tpzH/ 3-state output enable time 45 | Fig.7
tpzL. nOE to nY 15 |28 35 42 ns ig
tpHZ/ 3-state output disable time 5 | Fig.7
tpLy nOE to nY 15 (25 31 38 ns 4 ig
tTHL/ output transition time 5 12 15 18 ns 45 Fig. 6
tTLH
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Quad buffer/line driver; 3-state

PC74HC/HCT125
‘MSI

AC WAVEFORMS

nA INPUT

nY OUTPUT

7293373
Fig. 6 Waveforms showing the input (nA)

to output (nY) propagation delays and
the output transition times.

HO_E
INPUT

OUTPUT
LOW-to-OFF
OFF-to-LOW

OUTPUT
HIGH-to-OFF
OFF-to-HIGH

outputs | outputs | tp
enabled disabled enabled

7293374

Fig. 7 Waveforms showing the 3-state enable
and disable times.

Note to AC waveforms
(1) HC : Vp=50%; V| = GND to Vpc.
HCT: V\=1.3V;V|=GNDto3V.
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PC74HC/HCT126

MSI

QUAD BUFFER/LINE DRIVER; 3-STATE

FEATURES

® Qutput capability: bus driver
@ |cc category: MSI

GENERAL DESCRIPTION

The 74HC/HCT 126 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 HC/HCT 126 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
OF F-state.

The "*126" is identical to the 125’ but
has active HIGH enable inputs.

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
tPHL/ propagation delay CL=15pF 9 1
tPLH nA tonY Vee=5V ns
C input capacitance 35 35 pF
power dissipation .
Cep capacitance per buffer notes 1 and 2 2 24 pF

GND =0V; Tamp=25°C;t; =t =6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
Pp=Cpp x Vge? x fi+ 2 (CL x VCC? x fo) where:

i =
fo =

input frequency in MHz
output frequency in MHz
2 (CL x Vge? x fp) = sum of outputs

CL

2. For HC the condition is V| = GND to V¢cC
For HCT the condition is V| =GND to Vg — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT126P: 14-lead DIL; plastic (SOT-27).
PC74HC/HCT126T: 14-lead mini-pack; plastic (SO-14; SOT-108A).

PIN DESCRIPTION

= output load capacitance in pF
Vce = supply voltage in V

PIN NO. 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
2
e E E 408 5_ZA 2Y| 6 5—-— 6
1Y E E aA i_ 208 4_—_ —
20e[4] 126  |11] 4y o | vl e 9 | \
e E E 308 10_|30E lT/ 0] T
ZVE EJA 12 JaA N aY| 12 "
o [7] <157 13 |aoe l{ B
7293375 7293377
7293376
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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Quad buffer/line driver; 3-state

PC74HC/HCT126
MSl

3

A b
ol
A

Y

w

o

S = = o [ o = N
I IS 1=}

oc f
_4__T-o[>-_

1 Y
1
2[>Y_
2

3

4 Y

1
E
2
OE
A N3
E
A 4
3

7293376

Fig. 4 Functional diagram.

oo o e

nOE —-Do—-Do—Do——J 7293834

Fig. 5 Logic diagram (one buffer).

FUNCTION TABLE

INPUTS OUTPUT
nOE nA nY
H L L
H H H
L X 4

H = HIGH voltage level

L = LOW voltage level

X = don’t care

Z = high impedance OFF-state
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PC74HC/HCT126

MmslI

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics”’, section “Family specifications”.

Output capability: bus driver
lcc category: MSI

AC CHARACTERISTICS FOR 74HC

GND=0V:;t,=t;=6ns;C_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —4010+85 | —40t0+125 v
min, | typ. | max. | min.| max. | min, | max.
. 30 | 100 125 150 2.0
tPHL/ | propagation delay 1 |20 25 30 |ns |45 | Fig.6
tPLH nA tonY 9 |17 21 2 6.0
tpzH/ 3-state output enable time ‘1‘; ;55 :13?5 ;30 ns ig Fig. 7
tpzL nOE to n¥ 12 |21 26 32 6.0 '
tpHz/ 3-state output disable time ?; ;25 ;?5 ;go ns ‘2‘2 Fig. 7
PLZ nOE to nY 12 {21 26 32 6.0
¢ / 14 | 60 75 90 2.0
tTHL output transition time 5 12 15 18 ns 45 Fig. 6
TLH 4 |10 13 15 6.0
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Quad buffer/line driver; 3-state

PC74HC/HCT126

MsI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics”, section *’Family specifications’.
Output capability: bus driver
Igc category: MSI

Note to HCT types

The value of additional quiescent supply current {Algc) for a unit load of 1 is given in the family specifications.
To determine Al per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT COEFFICIENT
nA, nOE 1.00

AC CHARACTERISTICS FOR 74HCT

GND=0V;t =t;=6ns;C|_=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40t0+85 | —40to +125 Vv
min. | typ.| max. | min. | max. | min. | max.
tPHL/ | propagation delay 14 | 24 30 3% |ns |45 |Fig6
tPLH nA tonY
tpzH/ 3-state output enable time 13 | 25 31 38 ns 45 Fig. 7
tpzL nOE tonY
tpHz/ 3-state output disable time 18 | 28 35 42 ns 45 | Fig.7
tpLz nOE tonY
tTHL/ output transition time 5 12 15 18 ns 45 Fig. 6
TLH
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PC74HC/HCT126

AC WAVEFORMS
nOE
INPUT
nA INPUT
OUTPUT
LOW-to-OFF
OFF-to-LOW
nY OUTPUT
OUTPUT
7293378 HIGH-to-OFF pi
OFF-to-HIGH
outputs | outputs J P!
enabled disabled enabled

Fig. 6 Waveforms showing the input (nA)
to output (nY) propagation delays and
the output transition times.

7293379

Fig. 7 Waveforms showing the 3-state enable
and disable times.

Note to AC waveforms
(1) HC : Vjp = 50%; V| =GND to Vc.
HCT: Viy=13V;V|=GND to 3V.
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PC74HC/HCT132

SSi

QUAD 2-INPUT NAND SCHMITT TRIGGER
FEATURES TYPICAL
® Output capability: standard SYMBOL | PARAMETER CONDITIONS UNIT
® |IcC category: SSI HC HCT

tpHL/ propagation delay Cp=15pF
GENERAL DESCRIPTION tpLH nA, nB tonY - Vee=5V 1 17 ns
The 74HC/HCT 132 are high-speed
Si-gate CMOS devices and are pin Cy input capacitance 3.5 3.5 pF
compatible with low power Schottky
TTL (LSTTL). They are specified in power dissipation
compliance with JEDEC standard no. 7. Cprp capacitance per gate notes 1 and 2 2 20 PF

The 74HC/HCT 132 contain four
2-input NAND gates which accept
standard input signals. They are capable
of transforming slowly changing input
signals into sharply defined, jitter-free
output signals.

The gate switches at different points
for positive and negative-going signals.
The difference between the positive
voltage VT4 and the negative voltage
V1_ is defined as the hysteresis
voltage V.

GND=0V; Tagmp=25°C;ty =tf=6ns

Notes

1. CpD is used to determine the dynamic power dissipation (Pp in uW):
PD=CpPD x Vgi? x fi+ 2 (CL x VCC? x fo) where:

fi = input frequency in MHz
fo = output frequency in MHz

Z (CL x Vgg? x fo) = sum of outputs

CL
Vece

2. For HC the condition is V| = GND to VCC
For HCT the condition is V) = GND to Vg — 1.5V

output load capacitance in pF
supply voltage in V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT132P: 14-lead DIL; plastic (SOT-27).
PC74HC/HCT132T: 14-lead mini-pack; plastic (SO-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 4B data inputs

3,6,8, 11 1Y to 4Y data outputs

7 GND ground (0 V)

14 Vee positive supply voitage

1] U 14] Vee
12 [13] 48
1v[3] 12] aa
4] 132 [i]aev
285 | 10] 38
2v 6] BES
ano 7] BES

7293333

Fig. 1 Pin configuration.

7293334

Fig. 2 Logic symbol.

1] &

N3
2
4| &

N6
5
s | &7

hs
10
12 | &

Nl
13

7293335

Fig. 3 IEC logic symbol.
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PC74HC/HCT 132

$St

|_1A
_3_13
4__2A
s_zs
9_3A
Jolss 7
i“
_13_43

L

D
0

De
21| e
[ D1t

2] o
[ e

7293336

Fig. 4 Functional diagram.

Fig. 5 Logic diagram
(one Schmitt trigger).

7293337

FUNCTION TABLE
INPUTS OUTPUT
nA nB nY
L L H
L H H
H L H
H H L

H = HIGH voltage level

L = LOW voitage level

APPLICATIONS

® Wave and pulse shapers
® Astable multivibrators
® Mc ble multivit
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Quad 2-input NAND Schmitt trigger

PC74HC/HCT132

Ssi

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HGMOS family characteristics’’, section ““Family specifications”. Transfer character-
istics are given below.

Odtput capability: standard
I category: SSI

Transfer characteristics for 74HC

Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to +85 | —40t0 +125 v
min.| typ.| max.| min.| max. [ min. | max.
0.7 15 | 07 |15 |07 1.5 2.0
VT1+ positive-going threshold 1.7 3.15| 1.7 | 3.15 | 1.7 3.15 |V 4.5 Figs 6 and 7
2.1 4.2 21142 |21 4.2 6.0
0.3 1.0 03 | 1.0 0.3 1.0 2.0
\'2 . negative-going threshold 0.9 2.2 09 | 2.2 0.9 2.2 \% 4.5 Figs 6 and 7
1.2 3.0 1.2 |30 1.2 | 3.0 6.0
0.2 1.0 | 0.2 { 1.0 |02 1.0 2.0
VH hysteresis (V14 — VT_) 0.4 14 104 (14 104 |14 |V 4.5 | Figs6and 7
0.6 16 | 06 | 1.6 |06 1.6 6.0
AC CHARACTERISTICS FOR 74HC
GND=0V;t =t;=6ns;C|_=50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40t0 +85 | —40to +125 )
min.| typ.| max.| min.| max. | min. | max.
tpHL/ propagation delay 36 | 125 155 190 2.0 .
13 25 31 38 ns 4.5 Fig. 8
tPLH nA, nB ton¥ 10 | 21 26 32 6.0
19 |75 95 110 20
:TH v output transition time 7 15 19 22 ns 4.5 Fig. 8
TLH 6 |13 16 19 6.0

January 1986
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PC74HC/HCT132
.88l

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

I category: SSI

Note to HCT types

The value of additional quiescent supply current (Alcg) for a unit load of 1 is given in the family specifications.
To determine Alcg per input, multiply this value by the unit load coefficient shown in the table below.

. unit load
input

pu coefficient
nA,nB 0,3

Transfer characteristics for 74HCT

Voltages are referenced to GND (ground = 0 V)

Tamb (°c) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to+85 | —40to +125 V]
min.| typ.| max.| min.| max. | min. | max.
Vs positive-going threshold }2 ;? :3 ;? 13 ;? \Y% gg Figs 6 and 7
A negative-going threshold gg 13 gg 1% 82 :3 \Y gg Figs 6 and 7
Vy hysteresis (VT4 — VT_) g: B g: B 8: B \ gg Figs 6 and 7
AC CHARACTERISTICS FOR 74HCT
GND =0 V;t, = tf= 6 ns; C|_=50 pF
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Ve | WAVEFORMS
+25 —40to +85 | —40to+125 Vv
min.| typ.| max.| min.| max, | min. | max.
tpHL/ propagation delay .
tpLA nA, nB to nY 20 | 33 41 50 ns 45 | Fig.8
TTHL | output transition time 7 |15 19 2 |ns 45 | Fig.8
TLH
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Quad 2-input NAND Schmitt trigger PC74HC/HCT132
SSi
TRANSFER CHARACTERISTIC WAVEFORMS
Vo v 7 Vt«o
Vr_ 7

—-| VH
Vr

-

Ve

Vi

7293338

Fig. 6 Transfer characteristic.

Vo

7293339

Fig. 7 Waveforms showing the definition of
VT4, VT and Vy; where V1, and V1_
are between limits of 20% and 70%.

AC WAVEFORMS

nA, nB INPUT A7l

nY OUTPUT

7293633

transition times.

Fig. 8 Waveforms showing the input (nA, nB) to
output (nY) propagation delays and the output

Note to AC waveforms
(1) HC : Vp =50%; V| =GND to Vcc.
HCT: Vy=1.3V;V|=GNDto 3V.

January 1986

295



DEVELOPMENT DATA

PC74HC/HCT 137 This data sheet contains advance information and
MSI specifications are subject to change without notice.

3-TO-8 LINE DECODER/DEMULTIPLEXER WITH ADDRESS LATCHES

FEATURES
. L i i TYPICAL
® Cc 3-of8 with 3-bit SYMBOL | PARAMETER CONDITIONS UNIT
latch HC HCT
® Multiple input enable for easy R
expansion or independent controls tpHL/ propagation delay CL=15pF 17 | 19 | ns
® Active LOW mutually exclusive tPLH Anto ¥n Vec=5V
outputs c in "
put capacitance 3.5 3.5 F
® Output capability: standard ! P
® | category: MSI GND=0V;Tamp =25°C;t,=t;=6ns
GENERAL DESCRIPTION
The 74HC/HCT137 are high-speed ORDERING INFORMATION/PACKAGE OUTLINES
Si-gate CMOS devices and are pin PC74HC/HCT137P: 16-lead DIL; plastic (SOT-382).
compatible with low power Schottky PC74HC/HCT137T: 16-lead mini-pack; plastic (SO-16; SOT-109A).
TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7.
The 74HC/HCT137 are 3-0f-8
decoder/demultiplexers with latches at PIN DESCRIPTION
the three address inputs (A,). The 137"
essentially combines the 3-of-8 decoder PIN NO. SYMBOL NAME AND FUNCTION
function with a 3-bit storage latch.
When the latch is enabled (LE = LOW), 1,2, 3 Ag to A data inputs
the 137" acts as a 3-of-8 active LOW T . .
decoder. When the latch enable (LE) 4 LE latch enable.mput (acflve LOW)
goes from LOW-to-HIGH, the last data 5 Eq data enable input (active LOW)
present at the inputs, before this transition, 6 Eo data enable input (active HIGH)
is stored in the latches. Further address 8 GND round (0 V)
changes are ignored as long as LE remains 9
HIGH 15,14,13,12, | & o X
. Ypoto Yy multiplexer outputs
. = 11,10,9,7
The output enable input (Eq and E3) .
controls the state of the outputs 16 Vee positive supply voltage
independent of the address inputs or
latch operation. All outputs are HIGH
unless E1 is LOW and E2 is HIGH. FUNCTION TABLE
The 137" is ideally suited for
implementing non-overlapping decoders INPUTS OUTPUTS
in 3-state systems and strobed (stored
address) applications in bus oriented E | E v ’ Y | vy | v | v | Y | Y, ! Y
systems. LE|Eq1| E2 | Ag|A1| A2 | Yo | Y1 | Y2 |Y3]| Ysa|Ys| Ye| Y7
H L H X X X stable
X H X X X X H H H H H H H H
X X L X X X H H H H H H H H
L L H L L L L H H H H H H H
L L H H L L H L H H H H H H
A 6]V L L H L H L H H L H H H H H
— el voc ClLe|n|H |H|L|R |H B L |H |H|H]H
Aq Iz E Yo
A v L L H L L H H H H H L H H H
e - Llc|{H|H |L|H|H|H|H |H|H L |H]|H
Bl L, BT L|{L|H|L |H|H|H|H|H|H|H |HI|L |H
&) ] % L|L|H|H|H|H|H|H|H |H]|H|H|H|L
;6] 1] Vs H = HIGH voltage level
- - L = LOW voltage level
V7] 0] Vs X = don’t care
onp 8] [9] Y6
Fig. 1 Pin configuration.
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PC74HC/HCT 138

MSI

3-TO-8 LINE DECODER/DEMULTIPLEXER; INVERTING
FEATURE

A S ) TYPICAL
® Demultiplexing capability SYMBOL PARAMETER CONDITIONS UNIT
® Multiple input enable for easy HC HCT

expansion o1/ tion del
° . PHL/ propagation delay

:‘:izldfi?‘;memory chip select tpLh Anto Yy, CL=15pF 12 17 ns
® Active LOW mutually exclusive :PHL/ %3 :g ;n Vee=sV 14 17 ns

outputs PLH n n
® Output capability: standard C input capacitance 35 | 35 | pF
® |cc category: MSI

power dissipation
GENERAL DESCRIPTION D capacitance per package | "0'** 12 | 67 | 67 | °F
The 74HC/HCT138 are high-speed GND =0 V; Tamp =25 Ci ty =tf =6 ns
Si-gate CMOS devices and are pin
compatible with low power Schottky Notes
TTL (LSTTL). They are specified in 1. CpD is used to determine the dynamic power dissipation (Pp in uW):
compliance with JEDEC standard no. 7. _ 2 o 2 .
PD=Cpp x Vce® x fi+ Z (CL x Vei? x fo) where:
:::,28731':;{'43;1 i?eze:ggg:saiﬁce‘ii fi = input frequency in MHz ¢« CL = output load capacitance in pF
v 9 P fo = output frequency in MHz Vce = supply voltage in V

(A, A1, Ag) and when enabled, provide
8 r?\utulally %xclusive active LOW outputs Z (€L x Vec? x fo) = sum of outputs

(Yo to Y7). 2. For HC the condition is V| = GND to VcC

The “138" features three enable inputs: For HCT the condition is V| = GND to Vcc — 1.5V
two active LOW (E¢ and E2) and one

active HIGH (E3). Every output will be

EIC?HHUIZ;SS Ey'and Ep are LOW and ORDERING INFORMATION/PACKAGE OUTLINES

3is .

This multiple enable function allows PC74HC/HCT138P: 16-lead DIL; plastic (SOT-382).

easy parallel expansion of the “138" to PC74HC/HCT138T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

a 1-0f-32 (5 lines to 32 lines) decoder
with just four 138" ICs and one inverter.

The 138" can be used as an eight output
demultiplexer by using one of the active PIN DESCRIPTION

LOW enable inputs as the data input and )
the remaining enable inputs as strobes. PIN NO. SYMBOL NAME AND FUNCTION
Unused enable inputs must be .
permanently tied to their appropriate 1,23 Agto Az address inputs
active HIGH or LOW state. 4,5 Eq1. Ep enable inputs (active LOW)
The ""138" is identical to the 238" 6 E3 enable input (active HIGH)
but has non-inverting (true) outputs. 8 GND ground (0 V)
15,14,13,12, 1 ¢ o ¥ tputs (active LOW)
11,10,9,7 0t Y7 outp
16 Vee positive supply voltage
Ao [1] U E] Vee
A (2] EVO 1———( A0  Yolo—15 1y X Ras
_ 2 —AM Yijo—1a 2| G% T4
*le] el v a————A2 Yyl 3 1 213
£ 138 E V2 Y3lo—12 aN\T12
g5 E s Yalo— 1 SN
e - 4 Ys[o—10 Ay 510
a[e] 7] ¥ 5 Yelo—9 NN 6 Eg
v, [7 [10] V5 6 Ez Y7lo—7 s | 7
GND E vs 7298228 7293229.1
7293227
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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7293230

ENABLE
EXITING

X

Fig. 4 Functional diagram.

3-10-8

DECODER

Ag
A1

2

MSi

PC74HC/HCT138
FUNCTION TABLE

B —
S o
23
[
=3
=28 o
=
Vwm
Io»
GOn
=0gs¢
I dc
wonon
T aX
~
>|Trxx|TxxxT ITTIT
©
>|lrIrrxr|TITIT I IT
10
> |IIT|TITTIIIT I JAIT
Pl
2 >|xTxx|xTxxTxT ST
[~ )
w > |ITXTT | TTITa IIII
o~
> |TITxTT | TT4I IIII
-
>>|TXTx|TAIT IIIIT
o
P> |TXTTXT | 4T IIIIT
N
L[ XXX | ddadd ITIIT
-
L[ XXX | 4dI T 44T T
® | o
W L[ XXX | aT 2T AT axT
a
2| Plxxa|xTzTT TIZIT
o~
w | XIX | daaa Jdaa0
W IXX | A ada4

7293231

Fig. 5 Logic diagram.
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3-to-8 line decoder/demultiplexer; inverting PC74HC/HCT138

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=0V;t =tf=6ns;C| =50 pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voc | WAVEFORMS
+25 —40tc+85 | —40to+125 v
min. | typ. | max. | min.| max. | min. | max.
. 41 | 150 190 225 2.0
tPHL/ | Propagation delay 15 | 30 38 45 |ns |45 | Fig.6
tPLH Anto ¥n 12 | 26 33 38 6.0
. 47 | 150 190 225 2.0
tpHL/ propagation delay 17 | 30 28 5 ns 45 Fig. 6
tPLH Egto ¥y 14 | 26 33 38 6.0
. . 47 | 150 190 225 2.0
tPHL/ | propagation delay 17 | 30 38 45 |ns |45 | Fig.7
tPLH Ento¥n 14 | 26 33 38 6.0
t / 19 | 75 95 110 2.0
tTHL output transition time 7 15 19 22 ns 4.5 Figs 6 and 7
TLH 6 |13 16 19 6.0
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PC74HC/HCT138
Msi

DC CHARACTERISTICS FOR 74HCT
For the DC characteristics see chapter “HCMOS family characteristics”’, section *“Family specifications’.

Output capability: standard
Icc category: MSI

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.

input unit load
coefficient

An 0.70

Enp 0.40

E3 1.50

AC CHARACTERISTICS FOR 74HCT
GND=0V;t=tf=6ns; C_=50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to+85 | —40to +125 Vv
min. | typ. | max.| min.| max. | min. | max.
tpHL/ propagation delay .
tpLH Anto Yy 20 | 35 44 53 ns 4.5 Fig. 6
tpHL/ propagation delay .
tpLH Egto Yy 18 | 40 50 60 ns 45 Fig. 6
tpHL/ propagation delay .
tpLA Ento Y 22 | 40 50 60 ns 45 Fig. 7
g:j:_'-/ output transition time 7 15 19 22 ns 45 Figs6and 7
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PC74HC/HCT138

3-t0-8 line decoder/demultiplexer; inverting
st

AC WAVEFORMS

Ap. E3 INPUT Ey. Eg INPUT

¥, OUTPUT ¥, OUTPUT
7293232 THL > - — trH 7293233

Fig. 6 Waveforms showing the address input (Ap) Fig. 7 Waveforms showing the enable input (Ej,)

and enable input (E3) to output (Y},) propagation to output (Y,) propagation delays and the output

delays and the output transition times. transition times.

Note to AC waveforms
(1) HC : V= 50%; V| = GND to Vce.
HCT: Vi =13V;V|=GND to 3V.
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PC74HC/HCT139
MS}

DUAL 2-TO-4 LINE DECODER/DEMULTIPLEXER

FEATURES

e D itiplexing capability

® Two independent 2-to-4 decoders

® Muitifunction capability

® Active LOW mutually exclusive
outputs

® Output capability: standard

® |gg category: MSH

GENERAL DESCRIPTION

The 74HC/HCT 139 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/HCT139 are high-speed,
dual 1-to-4 line decoder/demultiplexers.
This device has two independent
decoders, each accepting two binary
weighted inputs (nAg and nA1) and
providing four mutually exclusive active
LOW outputs (nYg to nY4). Each
decoder has an active LOW enable input
(nE).

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.

TYPICAL
sSYmBOL PARAMETER CONDITIONS UNIT
HC HCT
propagation delay -
tPHL/ nAp tonYy SL J%v 1 13 ns
tPLH nE tonY, cc= 10 | 13 | ns
Cy input capacitance 3.5 35 pF
power dissipation
C,PD capacitance per multiplexer notes 1.and 2 42 44 PF
GND=0V;Tamp=25°C;ty=tf=6ns
Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
Pp=Cpp x Vee? x fi+ 2 (CL x VeG? x fo) where:
fi = input frequency in MHz CL = output load capacitance in pF

fo = output frequency in MHz

Vge = supply voltage in V

2 (C x Vei? x fo) = sum of outputs

2. For HC the condition is V| = GND to VcC
For HCT the condition is V| = GND to Vcc — 1.5 V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT139P:

16-lead DIL; plastic (SOT-382).

PC74HC/HCT139T: 16-lead mini-pack; plastic (SO-16, SOT-109A).

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
APPLICATION:! _
M P S 1,15 1E, 2E enable inputs (active LOW)
® Memory decoding or data-routin f
® Code cvaersiong 9 2,3 1AQ, 1A1_ address inputs
4,5,6,7 1Ypto 1Y3 outputs (active LOW)
8 GND ground (0 V)
12,11,10,9 | 2¥gto2Y3 outputs (active LOW)
14,13 2AQ, 2A1 address inputs
16 Vee positive supply voltage
1 2 DX
e U | : et ot
180 [7] 2] o2 ofo—s ] e
oA 2—{1Ag 1Yijo—5 In N8
] 14) 280 3—{1A1 1Yz j0—6 aps
1Yo [a 13] 2A 1v
“0 E 139 j _1 3jo0—7
11 [5] 12] 2¥o 2Yg fo—12 . k12
1956 1] 2V 19—]28g 2vqfo—11 13| L
|V3m 0] 2¥2 13124 ;:; 2:190 15 10
ono e 9]2V3 26 2
7290953 ?‘5 7290954 7290955
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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Dual 2-to-4 line decoder/demultiplexer PC74HC/HCT139

Mmsi
FUNCTION TABLE
INPUTS OUTPUTS
nE nAg nAq nYg nYq nY, nY3
Wo| H X X H H H H

2 —{1R0 1Y,

5 —|1A1 | DECODER | 1%, : L L L L H H H
AN L H L H L H H
1Y.

S L L H H H L H

. E ? L H H H H H L
2% H = HIGH voltage level

o= 12 L = LOW voltage level

1u—| 220 L] N X = don’t care

13 2A,4 DECODER 2?2 E]o
293

o—34— 9

S L

7290957

Fig. 4 Functional diagram.

A|—-[>o—-l—{>o— ' "

E —-Do———
3
7290956

Fig. 5 Logic diagram (one decoder/demultiplexer).
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PC74HC/HCT139

MSI

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics”, section ‘‘Family specifications'’.

Output capability: standard
Icc category: MSI

AC CHARACTERISTICS FOR 74HC
GND =0V;t,=t;=6ns;C =50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vo | WAVEFORMS
+25 -40 to +85 | —40 to +125 v
min. [ typ. | max. | min.| max. | min. | max.
) 39 | 145 220 2.0
tPHL/ | propagation delay 14 |29 » 44 | ns 45 | Fig.6
tPLH nAn to ¥ 1 |2 31 38 6.0
. 33 | 135 17 205 2.0
tPHL/ | propagation delay 12 |27 3 41 |ns 45 | Fig.7
tPLH nEton¥, 10 |23 29 35 6.0
N 19 |75 95 110 2.0
tTH‘- output transition time 7 15 19 22 ns 45 Figs 6and 7
TLH 6 |13 16 19 6.0

304

January 1986




Dual 2-to-4 line decoder/demultiplexer PC74HC/HCT139

MmsI

DC CHARACTERISTICS FOR 74HCT
For the DC characteristics see chapter “HCMOS family characteristics’’, section *'Family specifications'’.
Qutput capability: standard
Icc category: MSI
Note to HCT types
The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below.

. unit load

Input coefficient

1A 0.70

2An 0.70

nE 0.70
AC CHARACTERISTICS FOR 74HCT
GND=0V;t=tf=6ns; C__=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Voc | WAVEFORMS
+25 -40 to +85 | —40to +125 v
min. | typ. | max. | min.| max. | min. | max.

tpHL/ propagation delay .

tPLH nAp to Vn 16 | 34 43 51 ns 4.5 Fig. 6

tpHL/ propagation delay :

tpLH nE ton¥hp 16 | 34 43 51 ns 45 Fig. 7

gtl':l./ output transition time 7 15 19 22 ns 4.5 Figs 6 and 7
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PC74HC/HCT139

msi
AC WAVEFORMS
nA, INPUT nE INPUT
n¥, OUTPUT n¥, OUTPUT

7290958

Fig. 6 Waveforms showing the address input
(nAp) to output (nY,) propagation delays and
the output transition times.

7290959

Fig. 7 Waveforms showing the enable input (nE)
to output (nYy) propagation delays and the
output transition times.

Note to AC waveforms
(1) HC : V) =50%; V| =GND to Vcc.
HCT: Vy=1.3V; V| =GND to 3V.
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PC74HC/HCT147

MSI

10-TO-4 LINE PRIORITY ENCODER

FEATURES TYPICAL

® Encodes 10-line decimal to 4-line SYMBOL | PARAMETER CONDITIONS UNIT
BCD ; . HC HCT

® Useful for 10-position switch TPHL. propagation delay Cp=15pF 15 17 Ins
encoding tPLH Anto Yp Vec=5V

® Used in code converters and c input capacitance 35 | 35 |pF
generators

® OQutput capability: standard power dissipation

o Iog category: MSI CpD capacitance per package notes 1and 2 30 33 pF

GENERAL DESCRIPTION

The 74HC/HCT 147 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 (Ag to Ag) and provide a
binary representation on the four active
LOW outputs (Yg to Y3). 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 Ag 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.

GND=0V;Tamp=25°C;ty=tf=6ns

Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
Pp=Cpp x Vgg? x fi+ 2 (CL x VeG? x fo) 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 Vge? x o) = sum of outputs
2. For HC the condition is V| = GND to VcC
For HCT the condition is V| = GND toVcc — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT147P: 16-lead DIL; plastic (SOT-382).
PC74HC/HCT147T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PiN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
8 GND ground (0 V)
9,7,6,14 Yoto Y3 BCD address outputs (active LOW)
11,12,13,1, = = . . .
2,3,4.5,10 Agto Ag decimal data inputs (active LOW)
15 n.c. not connected
16 Vee positive supply voitage
As[1] U [16] Vec 11—0]Ag 1], HPRI7ECD
A [2] [15] ne. 12—0lA Yolo—o9 S,
A v 13—0| A2 JETN 12
iSE E—a 1—0|A3 Yifo—7 in, N
%] 1y |27 2—ohe 2ndg a8
A1 5] [12] 1 3—0%s  va0—6 ang N N
iz A 49" [EN
i?E El_o 5—0A7  Yajo—1a s ’
vi[] ’@] A8 10 —OlAg bk
= TN
ano 8] B 7293172
7293171 7293173
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCTA47.
MSI:

J1n 2 i3 1 J2 |3 ]

Eolil, l‘z lia lL lis Ag

TVS Tvz TE Tvo

|1a le T Jo 7203174

Fig. 4 Functional diagram.

FUNCTION TABLE

INPUTS OUTPUTS

Ag |A1|Az| A3 |A4| A5 |Ag| A7 |Ag |V3|Y2 [ V1 | Vo

H{H|H|H |H|H |[H|H |H [H|H|H |H

x |x |x |x {x|x [x|[x{L | |0 |H |L

X X [X X [X{X [x|L A |L|H|H |H

X X [x|x [x|x|L|n|H [H|L |t |L

X X |X|x |X|L |H|H |0 [H L[ [|H

X | x |x |{x |L|n|u|n|n |0l |H |

X [X [X|L |{A|H|A|{H|{H [H|L |H |1

X (X |L|H |[H|H |H|H|H |H|H]|L |L

X |L [HH [HHHIHHHH L H G 4GH voltage level
L = LOW voltage level

R R R CE ER CR CR ER E O it

i %%r‘i%?

7293176

Y3 Yo Y1 Yo

Fig. 5 Logic diagram.
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10-to-4 line priority encoder

PC74HC/HCT147

MSi

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter ““HCMOS family characteristics”, section ‘‘Family specifications’.

Output capability: standard
I category: MSI

AC CHARACTERISTICS FOR 74HC
GND =0Vt =tf=6ns; C|_=50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —4010+85 | —40t0+125 v
min. | typ. | max. | min. | max. | min. | max.

. 50 200 240 2.0

tPHL/ | propagation delay 18 ;§° 40 48 |ns 45 | Fig. 6
tPLH Anto ¥n 14 | 27 34 41 6.0
/ 19 | 75 95 110 20

:T HL output transition time 7 15 19 22 ns 4.5 Fig. 6
TLH 6 |6 16 19 6.0
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PC74HC/HCT 147
Mmsi

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics’’, section *’Family specifications’’.

Qutput capability: standard
Icc category: MSI

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.

unit load
input coefficient
Az, Aq,
A7, Ag 1.50
As, Ag.
Ao A1, | 1.10
A2

AC CHARACTERISTICS FOR 74HCT
GND=0V; t, = tf= 6 ns; C_= 50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vge | WAVEFORMS
+25 —40to +85 | —401o0 +125 Vv
min. | typ. | max. | min. | max. | min. | max.

tpHL/ propagation delay .

tpLH B to ¥ 20 | 35 44 53 ns 45 Fig. 6

gll-_'l-lil output transition time 7 15 19 22 ns 45 Fig. 6

AC WAVEFORMS

¥, outpuT

7293176

Fig. 6 Waveforms showing the decimal data
inputs (Ay,) to output (Yy,) propagation delays
and the output transition times.

Note to AC waveforms
(1) HC : Vi =50%; V| =GND to V¢c.
HCT: V\p=1.3V;V|=GNDto3V.
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PC74HC/HCT151

MSi
8-INPUT MULTIPLEXER
FEATURES TVPIOAL
® True and complement outputs SYMBOL PARAMETER CONDITIONS NI
® Multifunction capability HC | HCT
® Permits multiplexing from tion delay
o . propagation
n lines to 1 line IhtoY, Y _ 16 | 19 |ns
® Non-inverting data path tpHL/ S Cp =15pF
SptoY, ¥ Sy 19 | 20 |ns
® See the “251" for the 3-state version tPLH EtoY cc= 12 13 | ns
® Qutput capability: standard EtoY 14 18 ns
® | category: MSI
cc C input capacitance 3.5 3.5 pF
GENERAL DESCRIPTION power dissipation » ]
The 74HC/HCT151 are high-speed CrD capacitance per package | "Otes1and2 | 40 | 40 | pF

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/HCT151 are the logic
implementations of single-pole 8-position
switches with the state of three select
inputs (Sp, S1, Sp) controlling the switch
positions.

Assertion (Y) and negation (Y) outputs
are both provided.

The enable input (E) is active LOW.
When E is 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.(10.50.51.52 + 11.50.57.52 +
+12.50.51.52 + 13.50.51.52 +
+ I4.§0.§1.S2 +15.50.51.82 +

GND=0V;Tamp =25°C;t,=tf=6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Ppy in uW):
PD=CpPD x VCC? x fi+ 2 (CL x VCC? x fo) where:

fi = input

fo = output frequency in MHz

frequency in MHz

CL
vece

supply voltage in V

2 (CL x Vee? x f) = sum of outputs
2. For HC the condition is V| = GND to V¢C
For HCT the condition is Vi = GND to Vg - 1.5 V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT151P:

16-lead DIL; plastic (SOT-382).

PC74HC/HCT151T: 16-lead mini-pack; plastic {SO-16; SOT-109A).

PIN DESCRIPTION

output load capacitance in pF

*16:50-51.52 * 17.50:51.52) PIN NO. SYMBOL NAME AND FUNCTION
The “151" provides in one package the 432115
ability to select from eight sources of data 3,2, 1,15, 1040 multiplexer inputs
or control information. The 151" can 14,13, 12 0 7 P P
provide any logic function of four 5 Y multiplexer output
variables and its negation with correct 6 Y complementary multiplexer output
manipulations. 7 E enable input (active LOW)
8 GND ground (0 V)
11, 10,9 So, 1. S2 select inputs
16 Vee positive supply voltage
11 ]10 )9
t3[1] U 16» Vee s[0 sII s|2 INen o
12[2] ] 14 4l oy
3— 1y LU B N
113 E|5 I L. %__2‘37
Wi s [ ' Fh
v [5] 12] 17 15—la 2 |,
. 14—15 Yio—6 2| | 5
vLe] 1150 13 —1s 5, -
E[7] 10] s 12 —17 %;Q 5
(3] o : Ea
703100 ?7 7293155 FerrTe
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 I1EC logic symbol.
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A

msi

PC74HC/HCT151

(2]
Bl>|a axzax azxzoax axaxr azazx
a.
=
W >|T Taxa TAaTa TaAaIa T aTa
DX XXXX XXXX XXXX XXJT
LlIxX XXXX XXXX XXXX JTXX
Llx XXXX XXXX XXJT XXXX
SFIX XXXX XXXX JIXX XXXX
DX XXXX XXJI XXXX XXXX
® DX XXXX aIXX XXXX XXXX
>
a.
2| T X XXOI XXXX XXXX XXXX
DX JIXX XXXX XXXX XXXX
w % X P U e e o 44T T S P s i P P e s
-
o
.m »|X Q444 TIIT Jad4d TIIITT
2
o o
= » | X 4Jdaagag 404441 IIITIT IITII
o
w w I R S [ e | RSN [ R s | R QN R s | RSN R Rt |
w
o ~ =
== £
o o] g
<o =8
—=] « .m
2= 3 g
-|o z o
=N B2 I 2
o |- | 0 u
T <+
1] 2
G| g "
EER 8

Y

7293158

'e

's

la

'3

12

VY YY

So

I
1

Fig. 5 Logic diagram.

lo

HIGH voltage level
LOW voltage level
don’t care

H
L
X

w >

E
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8-input multiplexer PC74HC/HCT 151

MSI
DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter “HCMOS family characteristics”, section *Family specifications’.
Output capability: standard
lcc category: MS|
AC CHARACTERISTICS FOR 74HC
GND=0V;t,=tf=6ns;C| =50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vg | WAVEFORMS
+25 —40to +85 | —40to +125 Y]
min. | typ. | max. | min.| max. | min. | max.
. 52 | 170 215 255 2.0
tpHL/ propagation delay 19 | 34 43 51 ns 45 Fig. 6
tPLH IhtoY 15 | 29 37 43 6.0
: 58 | 185 230 280 2.0
tPHL/ | propagation delay 21 |37 6 56 |ns |45 | Fig6
tPLH Into¥ 17 | 31 39 48 6.0
. 61 185 230 280 2.0
tPHL/ propagation delay 22 |37 46 56 | ns 45 | Fig.7
PLH SntoY 18 | 31 39 48 6.0
. 61 | 205 255 310 2.0
tPHL/ | Propagation delay 22 | 41 51 62 |ns |45 | Fig7
tPLH SntoY 18 | 35 43 53 6.0
. 41 125 155 190 2.0
tPHL/ | Propagation delay 15 | 25 31 38 |ns |45 | Fig.7
tPLH EwoY 12 | 21 26 32 6.0
. 47 | 145 180 220 2.0
tPHL/ | Propagation delay 17 | 29 36 24 | ns 45 | Fig.7
tPLH EtoY 14 | 25 31 38 6.0
/ 19 |75 95 110 2.0
THL output transition time 7 |15 19 22 | ns 45 | Figs6and7
'TLH 6 |13 16 19 6.0
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PC74HC/HCT151

Msi

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics”, section ‘*Family specifications”.

Output capability: standard
Icc category: MSI

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Alg per input, multiply this value by the unit load coefficient shown in the table below.

. unit load
input coefficient
In 0.45

Sn 1.50

E 0.30

AC CHARACTERISTICS FOR 74HCT
GND=0V;t =tf=6ns;C|_=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —4010+85 | —40to +125 v
min.| typ. | max. | min.| max. | min. [ max.
tpHL/ propagation delay 22 | 38 48 57 | ns 45 | Fig.6
tPLH lntoY
tPHL/ | propagation delay 22 | 38 48 57 |ns |45 | Fig.6
tPLH IntoY
tpHL/ | propagation delay 51 62 |ns |45 | Fig.7
tPLH SntoY B, 9
tpHL/ | propagation delay 65 |ns |45 | Fig.7
ity S oY 25 | 43 54 5 g
tPHL/ | Ppropagation delay 44 |ns |45 | Fig7
thin Eto¥ 16 | 29 36 9
tPHL/ | propagation delay 21| 36 45 54 |ns |45 | Fig.7
tPLH Eto
:?l.,.ll-l/ output transition time 7 15 19 22 ns 4.5 Figs 6and 7
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8-input multiplexer PC74HC/HCT151
MSI

AC WAVEFORMS

1, INPUT S, E OUTPUT
Y OUTPUT Y OUTPUT
¥ ouTpPuT ¥ outeut
7293159 7293160
Fig. 7 Waveforms showing the select input (Sp,)
Fig. 6 Waveforms showing the multiplexer input and enable inpyt (E) to outputs (Y and Y)
(I) to outputs (Y and Y) propagation delays propagation delays and the output transition
and the output transition times. times.

Note to AC waveforms
(1) HC : V1 =50%; V| = GND to V¢c.
HCT: Vip=13V;V;=GND to3V.

January 1986 315



PC74HC/HCT 153
MSI

DUAL 4-INPUT MULTIPLEXER

FEATURES TYPICAL
©® Non-inverting outputs SYMBOL PARAMETER CONDITIONS UNIT
® Separate enable for each output HC | HCT
® Common select inputs propagation delay
® See'253" for 3state version tpHL/ 11, 2lp tonY CL=15pF 14 | 16 |ns
® Permits multiplexing from tPLH Sn tonY Vee=5V 15 17 ns

n lines to 1 line nE tonY 10 1 ns
® Enable line provided for cascading -

(n lines to 1 line) C input capacitance 3.5 3.5 pF
® Output capability: standard I

1 power dissipation
® |cc category: MSI Cpp capacitance per multiplexer notes 1 and 2 30 30 pF
GENERAL DESCRIPTION GND=0V;Tamp =25°C;ty=tf=6ns
The 74HC/HCT153 are high-speed
Si-gate CMOS devices and are pin Notes
compatible with low power Schottky 1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
TTL (LSTTL). They are specified in - RPN 2y f here:
compliance with JEDEC standard no. 7. PD=CpPD x VCC X. fi+2 (CLx Vec? x fol where . .
fi = input frequency in MHz CL output load capacitance in pF

The 74HC/HCT153 have two identical _ in MH v

4-input multiplexers which select two bits fo = output frequency in MHz cc
= (CL x Vgi? x fp) = sum of outputs

of data from up to four sources selected > o

by common data select inputs (Sg, S1). 2. For HC the condition is Vi =GND to Vcc

The two 4-input multiplexer circuits have For HCT the condition is V| = GND to V¢C — 1.5V

individual active LOW output enable

- 1E -

e the ot or o e used ORDERING INFORMATION/PACKAGE OUTLINES

The outputs (1Y, 2Y) are forced LOW PC74HC/HCT153P: 16-lead DIL; plastic (SOT-38Z).

when the corresponding output enable PC74HC/HCT153T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

inputs are HIGH.

The “153" is the logic implementation of

supply voltage in V

a 2-pole, 4-position switch, where the PIN DESCRIPTION
position of the switch is determined by
the logic levels applied to Sg and S1. PIN NO. SYMBOL NAME AND FUNCTION
The Iogf equa_t_lon_s for thﬁ outputs are: 1,15 1E, 2E output enable inputs (active LOW)
1Y = 1|1£|.(1égg1.+s10|+1sl1.§1-)80+ 14, 2 So. $1 common data select inputs
+_ 2: 1‘_0_ 3 1'_0 6,5 4,3 1lg to 113 data inputs from source 1
2Y = zgi(zéﬂ‘%"sgrzy'? -So+ 7 1Y multiplexer output from source 1
2:51-50+213.51.S0) 8 GND ground (0 V)
9 2Y multiplexer output from source 2
(continued on next page) 10,11,12,13 | 2igto 2i3 dat? !nputs from source 2
16 Vece positive supply voltage
|14 1
So s ‘:} G%
6 —11
18 1] U [16] Vec 5 | “:J
s, [2] 5] 2 4 —, T Indey MUX
113 [3] [12] so 3113 z:? |,
11, E E 214 1—01E s,
1
vy (5] 53 7] 21, 10 —{21g 3 13
110 (6] [17] 21 O Y 5
12 —21, 10 |
v E 10] 219 13 — 213 1| u
GND E [9] 2v 15 —0| 2€ 2
$1 L
7293124
2 7ze3125 7293126
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.

316 January 198(“ (



Dual 4-input multiplexer PC74HC/HCT 153
MSi

GENERAL DESCRIPTION (cont.’ed)

l6 s a3 lale |0 |11 |2 i3 The ““153" can be used to move data to a
Tlo Ty [z [113 [Sq (51 eru 20, |21, Izu3 common output bus from a group of
registers. The state of the select inputs
MULTIPLEXER MULTIPLEXER would determine the particular register
from which the data came. An alternative
1 E 2E| 15 application is a function generator. The

device can generate two functions or

three variables. This is useful for

implementing highly irregular random
1Y 2y logic.

|7 B 7293127

The 163" is similar to the 253"
Fig. 4 Functional diagram. but has standard outputs.

FUNCTION TABLE

SELECT OUTPUT
INPUTS DATA INPUTS ENABLE OUTPUT
So | S1 | nlg | nl1 | ni2 | ni3 nE nY
X | x [x | x |x [x H L
L |L |L X | x | x L L
L|{L |H | X |[x |X L H
H{L|X |L |X|X L L
H{L|X |H |X |X L H
L|H|[Xx [x |L |Xx L L
II'-I : § ))2 ')-‘( )L( t IL' H = HIGH voltage level
H H X X X H L H L = LOW voltage level
X =don’t care
1E 113 11 11 11g So S, 213 21, 21, 219 2F

7293130

Fig. 5 Logic diagram.
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PC74HC/HCT153

Msi

DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter “HCMOS family characteristics”, section *“Family specifications’.

Qutput capability: standard
Icc category: MSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t=tf=6ns;C=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —4010+85 | —40t0+125 v
min. | typ. | max. | min.| max. | min. | max.
tpuL/ propagation delay 47 | 145 180 220 2.0
tPLH 11y to nY; 17 129 36 44 | ns 45 | Fig.6
2l tonY 14 |25 31 38 6.0
tpHL/ propagation delay 50 | 150 190 225 2.0 .
tpLR Sp tonY 18 | 30 38 45 ns 45 | Fig. 7
14 | 26 33 38 6.0
tpHL/ propagation delay 33 | 100 125 150 2.0 .
tPLH nE tonY 12 | 20 25 30 ns 45 Fig. 7
10 | 17 21 26 6.0
tTHL/ . 19 | 75 95 110 20
tTHL output transition time 7 15 19 22 ns 4.5 Figs 6 and 7
LH 6 |13 16 19 6.0
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Dual 4-input multiplexer

PC74HC/HCT153

MSI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics”, section *'Family specifications’’.

Output capability: standard
Icc category: MSI

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below.

. unit load
input coefficient
1y, 21 0.45

n 0.60

Sh 1.35

AC CHARACTERISTICS FOR 74HCT
GND=0V;t,=tf=6ns;C_=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40to +85 | —40to +125 Vv
min. | typ. | max. | min.| max. | min. | max.
propagation delay .
tPHL 1lptonY; 19 | 34 43 51 ns 45 | Fig.6
2lntonY
propagation delay .
tPLH 1lptonY; 13 | 24 30 36 ns 45 | Fig.6
2l tonY
tPHL/ | propagation delay 20 | 34 43 51 |ns | 45 | Fig.7
tPLH Sy tonY
tPHL/ | Ppropagation delay 14 | 27 34 a1 |ns |45 | Fig.7
tPLH nE tonY
:p:"_—l/ output transition time 7 15 19 22 ns 45 | Figs6and?7
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PC74HC/HCT153

MsSi
AC WAVEFORMS
Sy, nE INPUT
nl INPUT
nY OUTPUT
nY OUTPUT
7293129 THL—] |- >l tTLH
7293128 TTHL —»| | le=trLH
Fig. 7 Waveforms showing the select input (Sg,
Fig. 6 Waveforms showing the input (11p, 21,) S1) and the output enable input (E) to output
to output (1Y, 2Y) propagation delays and the (1Y, 2Y) propagation delays and the output
output transition times. transition times.

Note to AC waveforms
(1) HC : Vjp=50%; V| =GND to V¢g.
HCT: V= 1.3V;V|=GND to 3V.
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PC74HC/HCT154

MSI
4-TO-16 LINE DECODER/DEMULTIPLEXER
FEATURES TYPICAL
® 16-line demultiplexing capability SYMBOL PARAMETER CONDITIONS UNIT
® Decodes 4 binary-coded inputs into HC HCT
one of 16 mutually exclusive outputs N / on del C _1s0F
® 2-input enable gate for strobing or tPHL pro;JAagatElonto%ay VL = :5’1/ 1 13 | ns
expansion PLH ne=n n* cc
® Output capability: standard C input capacitance 35 | 35 | pF
® g category: MSI
C power dls_5|pat|on 1 and 0 60 E
GENERAL DESCRIPTION PD capacitance per package | "0%*$ 1and2 | 6 P

The 74HC/HCT 154 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/HCT 154 decoders accept
four active HIGH binary address inputs
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

GND = 0 V; Tamp = 25 °C; t; = tf = 6 ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD=CpD x VcC* x fi+Z (CL x Ve©? x fo) where:

fi = input frequency in MHz
fo = output frequency in MHz

CL = output load capacitance in pF
Ve = supply voltage in V

2 (CL x Vgi? x fo) = sum of outputs
2. For HC the condition is V| = GND to VcC
For HCT the conditionis V] =GND to Vgcg — 15V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT154P: 24-lead DIL; plastic (SOT-101A).
PC74HC/HCT154T: 24-lead mini-pack; plastic (SO-24; SOT-137A).

PIN DESCRIPTION

inputs as the multiplexed data input.
When the other enable is LOW, the PIN NO. SYMBOL NAME AND FUNCTION
addresse.d output will follow the state of 1,2,3,4,5,6,
the applied data. 78910 11 _ _ )
133' 14 15: 16: Yoto Y15 outputs (active LOW)
17
18,19 Eo, Eq enable inputs (active LOW)
12 GND ground (0 V)
23,22,21,20 | Apto A3 address inputs
24 Vee positive supply voltage
Yo |I U 24] Vee
vi[2] %Ao 23 0
ol 2] 22 | :
VSE 21] 2 28——Ay Yp—1 ﬁ— i
= e 22— 1A P2 ] 5
L] 154 o 1 E ;
Yo [7] [18] Eo N—— A2 8
V7 E E V15 20 A3 : :
Vglz 16] V1a 5 Yi4 Jo— 16 18]
= . ) RN o
710 E 712 7287484
GND [12 E Y11 7287486
7287435
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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A

TVO TV1 TVz T73 Tva Tvs ?Vs TV7 Tve TV?rV10T71|IV12TV13T714T715

1

PC74HC/HCT 154
msi

Y15

Fig. 4 Functional diagram.

20

Ao [Ar [A2 A3
DECODER

23 (22 |21

7287434

[37[a 15 e |7 T8 To [ro J1r {13 J1a |15 [16 [17

12

w

>

FUNCTION TABLE

I ITITrT IIITI IIITI IIII IXIIJ
b4
>|Xxrr Trrr TIIII IITII IIT I
b
>|rTrrr rrrr TIIT IIII IJIT
o
>|(rrxrx Trrxx TIITIT IIII LIIZI
-
-
>|rrr TIrxrr TIIT IIIJ4 IIIZI
e
>|ITT ITXIIT TIIIT IIJI IIIZXI
o
@ >|Trr TIxITX IIITI IJITIT IIIZI
2| o
&|>|TTT TIITX IIII JIII IIIT
2
o~
P>|rrr TIrrIr IIIrXI4 IIII IIIT
©
b-|/]TXr TIXXxTr TITJ4IT IIIIT IITIZI
0
>|Trrxr Trrr TITJ4ITX IIII IIIT
<
>|TIXT ITXII JIII IIII IIIT
o
>|TrTrr TITXrra4 TIIITIT IIIT IIIZI
N
>|TTTr IXITr4Ir IIII IIII IIIT
-
| TITIT TJ4TXI IIII IIII IIIT
=
| TrTx a4rxrTrr IIIT IIII IIII
[
| XXX ad4d4d Jdaa IIIIT IIIT
0| o
W L| XXX Jdddd IITII Jdadda IIIT
a
-4 -
| €| XXX 4JIIT JJIT JJdIIT JJAIT
=)
€| XXX JIJIT JIJI JIJT AT AT
W| TAT a0 a0 a4 aaaa
W TTo g a0 a4 Jaa4aa

Fig. 5 Logic diagram.
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7287436
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7

don't care

X

LOW voltage level

L

HIGH voltage level

H
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4-t0-16 line decoder/demultiplexer

PC74HC/HCT154

MSI

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter *“HCMOS family characteristics”, section *’Family specifications’’.

Output capability: standard
lcc category: MSI

AC CHARACTERISTICS FOR 74HC
GND =0 V; t, = t; =6 ns; C|_= 50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vge | WAVEFORMS
+25 —4010 +85 | —40to +125 v
min.| typ. | max. | min. | max. | min. | max.
. 36 | 150 190 225 2.0
tPHL/ | propagation delay 13 | 30 38 45 |ns |45 |Fig6
tPLH AntoYn 10 | 26 33 38 6.0
) 39 | 150 190 225 2.0
tPHL/ | propagation delay 14 | 30 38 45 |ns |45 | Fig.7
PLH Ento Yy 1 |26 33 38 6.0
/ 19 | 75 95 110 2.0
THL output transition time 7 |15 19 22 | ns 45 | Figs6and7
tTLH 6 |13 16 19 6.0
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PC74HC/HCT 154

MSI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics”’, section ‘’Family specifications’.

Qutput capability: standard
lcc category: MSI

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.

inout unit load
npu coefficient
An 1.0

En 1.0

AC CHARACTERISTICS FOR 74HCT
GND=0V; t=tf=6ns;C_ =50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to +85 | —40to +125 Vv
min. | typ. | max. { min. | max. [ min. | max.
tpHL/ propagation delay X
tg'ljh Ap to Yp, 16 | 35 44 53 ns 45 | Fig. 6
tpHL/ propagation delay X
tPLH En to vn 15 | 32 40 48 ns 4.5 Fig. 7
g'ﬁ;/ output transition time 7 |15 19 22 |ns 45 | Figs6and7
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4-to-16 line decoder/demultiplexer

PC74HC/HCT154

msi

AC WAVEFORMS

A, INPUT

¥, OUTPUT

7287483 THL— Ty

Fig. 6 Waveforms showing the address input (Ap)
to output (Yp) propagation delays and the

E, INPUT

Y, OUTPUI

7287482 THL — l—tTLH

Fig. 7 Waveforms showing the enable input (En)
to output (Y) propagation delays and the

output transition times. output transition times.

Note to AC waveforms
(1) HC : V= 50%; V| =GND to V.
HCT: Vyy=1.3V;V|=GND to 3V.
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PC74HC/HCT157
MSI

QUAD 2-INPUT MULTIPLEXER

FEATURES

e Non-inverting data path

® Output capability: standard
® | 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 E is 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 usefull 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

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
propagation delay
tpHL/ nlg, niq tonY Cp=15pF 1" 13 ns
tPLH EtonY Vec=5V 1 12 ns
StonY 14 19 ns
C input capacitance 35 | 35 | pF
power dissipation
Crp capacitance per multiplexer | "0t 1and2 76 | 70 | pF

GND=0V;Tamp=25°City=tf=6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD=CpPD x VCC® x fi+ 2 (CL x VCC? x fo) where:

fi = input frequency in MHz
fo = output frequency in MHz
2 (CL x Vgi? x f) = sum of outputs

cL =
vee =

2. For HC the condition is V| = GND to Vc¢
For HCT the condition is V| = GND to Vg — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT157P:

16-lead DIL; plastic (SOT-382).

PC74HC/HCT157T: 16-lead mini-pack; plastic (SO-16;SOT-109A).

PIN DESCRIPTION

output load capacitance in pF
supply voltage in V

a 4-pole, 2-position switch, where the PIN NO. SYMBOL NAME AND FUNCTION
position of the switch is determined by
the logic levels applied to S. 1 s common data select input
The |<§Ji0 equations are: 2,5,11,14 1lg to 4lg data inputs from source 0
1Y = E-H 1.8 +1 lo.E) 3,6, 10, 13 117 t0 414 data inputs from source 1
2Y = E.(2l1.S +2I0.§) 4,7,9,12 1Y to 4Y multiplexer outputs
3y = E.(3l1.S +3I9g.5) 8 GND ground (0 V)
4Y = E.(411.5 +413.5) 15 E enable input (active LOW)
The 157" is identical to the 158" 16 Vee positive supply voltage
but has non-inverting (true) outputs.
[ B ey
N I et
s [0 U [16] Vec B L.l
3—11y I
1o 2] 5] 2 [7 wux
5—21
3] 2] 410 s_z: 2Y -7 s, —_—
iz 157 o n—3 . 7
219 [5 | [12] av 10—314 e L. o
2|1|E 11] 319 18— 419 1 o
% . 13— a1, 4Y =12 10| —
2v (7] 10] 314
oo 5] E] av 15—0lE :; #
7290970 7290971 7290972
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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Quad 2-input multiplexer

PC74HC/HCT157

1Y 2y 3y

4Y

4 7 9

Fig. 4 Functional diagram.

12
7290973

my

219

31p

4lg

T%:‘m’m’n‘m&

Fig. 5 Logic diagram.

4y

7290874

H = HIGH voltage level
L = LOW voltage level

X = don’t care

MSI
FUNCTION TABLE
2 |3 5 |e 1 |10 14 |13 INPUTS OUTPUT
g {114 2l |21 31y |31 41y |41y _
E S nlg nly nY
1ls H X X X L
SELECTOR

L L L X L

L L H X H

L1 11 | L H X L L
—‘i—E—OIV MULTIPLEXER OUTPUTS I L H x H H
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PC74HC/HCT157

MSI

DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter “HCMOS family characteristics”, section *‘Family specifications’’.

Output capability: standard
Icc category: MSI

AC CHARACTERISTICS FOR 74HC
GND =0V;t,=tf=6ns;C =50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Ve | WAVEFORMS
+25 -40 to +85 | —40to +125 v
min. | typ. | max. | min.| max. | min. | max.
1 / propagation delay 36 | 125 155 190 2.0
hL nlgtonY; 13 |25 31 38 | ns 45 | Fig.7
PLH nlq tonY 10 |21 26 32 6.0
) 39 | 115 145 175 2.0
tPHL/  |. Propagation delay 14 |23 29 3 |ns | 45 | Fig.6
tPLH EtonY 1 |20 25 30 6.0
) 47 | 145 180 220 2.0
tPHL/ propagation delay 17 |29 36 44 | ns 45 | Fig.7
tPLH StonY 14 |25 31 38 6.0
a1/ 19 |75 95 110 2.0
tTH L output transition time 7 15 19 22 ns 4.5 Figs 6 and 7
TLH 6 |13 16 19 6.0
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Quad 2-input multiplexer

PC74HC/HCT157

MSI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics’, section ‘’Family specifications’’.

Output capability: standard
lcc category: MSI

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below.

. unit load
input coefficient
nlp 1.00

nly 1.00

E 0.60

S 3.00

AC CHARACTERISTICS FOR 74HCT
GND =0 V;t,=t{=6ns; C|_= 50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 -40 to +85 | —40 to +125 Vv
min. | typ. | max. | min.| max..| min. | max.

propagation delay .
tPHL/ nlgtonY; 16 |27 34 a1 | ns | 45 |Fig7
PLH nlq tonY
tpHL/ propagation delay 45 Fig. 6
tPLH EtonY 15 | 26 33 39 ns 9.
tpHL/ propagation delay 6 45 | Fig.7
tPLH StonY 22 |37 46 5 ns g
g:‘_‘h/ output transition time 7 15 19 22 ns 4.5 Figs 6 and 7
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PC74HC/HCT157
MSI

AC WAVEFORMS

E INpUT

nY OUTPUT

7290075 THL-» |- —! TLH

Fig. 6 Waveforms showing the enable input (E)
to output (nY) propagation delays and the
output transition times,

nY OUTPUT

7290976

Fig. 7 Waveforms showing the data inputs (nlp,)
and common data select input (S) to output (nY)
propagation delays.

Note to AC waveforms
(1) HC : V) =50%; V| =GND to Vce.
HCT: V=13V;V|=GNDto3V.
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PC74HC/HCT158

MSI
QUAD 2-INPUT MULTIPLEXER; INVERTING
FEATURES TYPICAL
@ Inverting data path SYMBOL PARAMETER CONDITIONS UNIT
@ OQutput capability: standard HC HCT
: MSI
° 'CC category propagation delay 12 13 ns
=15 pF
GENERAL DESCRIPTION tPHL/ nlg. nl to n¥ CL=1op 12 | 16 | ns
tPLH EtonY Vee=5V 14 16
The 74HC/HCT158 are high-speed StonY ns
Si-gate CMOS devices and are pin
compatible with low power Schottky C input capacitance 3.5 3.5 pF
TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7. power dissipation
The 74HC/HCT 158 are quad 2-input Cpp capacitance per notes 1 and 2 40 40 pF
multiplexers which select 4 bits of data multiplexer

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

GND=0V; Tamp=25°C; tr=tf=6ns

Notes

1. CpD is used to determine the dynamic power dissipation (Pp in uW):
Pp=Cpp x VCC* x fi+ 2 (CL x VCC? x fo) where:

fi = input frequency in MHz
fo = output frequency in MHz

2 (CL x Vpi? x fg) = sum of outputs

CL =
vce =

2. For HC the condition is V| = GND to VCC
For HCT the condition is V| = GND to Vgg — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT158P:
PC74HC/HCT158T:

PIN DESCRIPTION

16-lead DIL; plastic (SOT-382).
16-lead mini-pack, plastic (SO-16; SOT109A).

output load capacitance in pF
supply voltage in V

a 4-pole, 2-position switch, where the PIN NO. SYMBOL NAME AND FUNCTION
position of the switch is determined by
the logic levels applied to S. 1 S common data select input
The logic equations for the output are: 2,5,11,14 1lg to 4lg data inputs from source 0
1Y =E(111.5+ 11g.5) 3,6,10,13 119 to 414 data inputs from source 1
2Y = E.(211.5+ 21(.5) 4,7,9,12 1Y to 4Y multiplexer outputs
3Y = E.(311.5 + 31p.5) 8 GND ground (0 V)
4Y = E.(411.8 + 41p.5) 15 E enable input (active LOW)
The ""1568" is identical to the ""157"" 16 Vee positive supply voitage
but has inverting outputs.
11 1 G1
s Y [16] Vee s ey
(. B 2 —{114
110 [2] BE B b 1y jo— 4 e l_
1 3] [1a] 410 5 —{ 210 4
_ 2Y jo— 7 3 1,
v [4] [13] 414 6 — 21y
158
Z’OE [12] 47 T3 3y jo—39 Z_ —
214 [6 ] [17] 3ip 10— “
2v [7] [10] 314 ::—::0 4y jo—12 13| —
/1%
N 8] BE 6 _de n | L
— T .
7287494.1
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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PC74HC/HCT158
MSI )

2 |3 5 |6 1110 1413
1o 11, |21 |21 |3lg |31 |4lg |41;

MULTIPLEXER

_L{ outeuts [

L1 T T [

T‘ Y Tzv Ts\’( TM_(
17 |9 12
7287437.1

Fig. 4 Functional diagram.

7287439.1

Fig. 5 Logic diagram.

FUNCTION TABLE

INPUTS OUTPUT
E S nlp nlq nY
H X X X H
L L L X H
L L H X L
L H X L H
L H X H L

H = HIGH voltage level
L = LOW voltage level
X = don’t care

332

January 1986




Quad 2-input multiplexer; inverting

PC74HC/HCT 158

MSI

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMQOS family characteristics’’, section “Family specifications’.

Output capability: standard
lcc category: MSI

AC CHARACTERISTICS FOR 74HC

GND=0V; t,=tf=6ns;C|_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vge | WAVEFORMS
+25 —40to +85 | ~40t0 +125 v
min. | typ. | max. | min.| max. { min. | max.
. 41 125 156 190 2.0
tpHL/ | propagation delay 15 | 25 31 38 |ns 45 | Fig.7
tPLH nig, nlq ton¥ 12 | 21 26 32 6.0
. 47 | 145 180 220 2.0
tpHL/ propagation delay 17 | 29 36 44 ns 45 Fig. 6
tPLH EtonY 14 | 25 31 38 6.0
. 47 | 145 180 220 2.0
tPHL/ propagation delay 17 | 29 36 44 | ns 45 | Fig.7
tPLH StonY 14 | 25 31 38 6.0
/ 19 | 75 95 110 2.0
THL output transition time 7 15 19 22 |ns 45 | Figs6and 7
tTLH 6 |13 16 19 6.0
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PC74HC/HCT158

MSI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics’’, section *'Family specifications”.

QOutput capability: standard
Icc category: MSI

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.

. unit load
input coefficient
nlg 0.40

nlq 0.40

S 2.20

E 0.60

AC CHARACTERISTICS FOR 74HCT
GND=0V;t =tf=6ns;C =50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40to +85 | —40to+125 v
min. | typ. | max. | min.| max. | min. | max.
tPHL/ | propagation delay 16 |30 38 45 |ns |45 | Fig7
tpLH nig, nlytonY
tpHL/ propagation delay ;
thLH Etony 19 |35 44 53 ns 45 Fig. 6
tpHL/ propagation delay .
tPLH Stony 19 |35 44 53 ns 4.5 Fig. 7
gth/ output transition time 7 |15 19 22 |ns 45 | Figs6and7
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Quad 2-input multiplexer; inverting

PC74HC/HCT158

MSI

AC WAVEFORMS

E INPUT

Y OUTPUT

7287492 tTHL —» | letrLH

Fig. 6 Waveforms showing the enable input (E)
to output (nY) propagation delays and the
output transition times.

nig.nly, s
INPUT

nY OUTPUT

7287491 TTHL— | | ety y

Fig. 7 Waveforms showing the data input (nlg,
nlq) to output (nY) propagation delays and
the output transition times.

Note to AC waveforms
(1) HC : Vp =50%; V| =GND to Vcc.
HCT: V)y=1.3V;V|=GNDto3V.
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PC74HC/HCT160

MSI

PRESETTABLE SYNCHRONOUS BCD DECADE COUNTER; ASYNCHRONOUS RESET
FEATURES TYPICAL
® Synchronous counting and loading SYMBOL PARAMETER CONDITIONS UNIT
® Two count enable inputs for n-bit HC HCT

cascading propagation delay
® Positive-edge triggered clock CPtoQp 19 21 ns
® Asynchronous reset CPto TC 21 24 ns
® Output capability: standard tPHL MR to Qp 21 23 | ns
e | category: MSI MR to TC _ 21 26 ns

ce CETtoTC 655255‘1/': 1 | 14 |ns
GENERAL DESCRIPTION .

propagation delay

The 74HC/HCT160 are high-speed tpLy gg 10 0n 2 2w
Si-gate CMOS devices and are pin CET to TC 14 7 ns
compatible with low power Schottky
TTL (LSTTL). They are specified in .
compliance with JEDEC standard no. 7. fmax maximum clock frequency 61 | 31 | Mk
The 74HC/HCT 160 are synchronous o input capacitance 35 | 35 | pF
presettable decade counters which feature
an internal look-ahead carry and can be power dissipation
used for high-speed counting. Cprp capacitance per package notes 1 and 2 39 34 pF

Synchronous operation is provided by
having all flip-flops clocked
simultaneously on the positive-going edge
of the clock (CP).

The outputs (Qq to Q3) 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 (Dg 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).

(continued on next page)

GND=0V; Tamp=25°C;ty=tf=6ns

Notes
1. CpD is used to determine the dynamic power dissipation (Pp in uW):
Pp=Cpp x VcC? x fi+ £ (CLx VCC? x fo) where:

fi = input frequency in MHz CL =
fo = output frequency in MHz V¢e = supply voltage in V
2 (C x Vgi? x fo) = sum of outputs

2. For HC the condition is V] = GND to V¢C
For HCT the condition is V| = GND to Vgg — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT160P: 16-lead DIL; plastic (SOT-38Z).
PC74HC/HCT160T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

output load capacitance in pF

R (1| U E"cc
cp 2] E!TC
DOE EQO

D a
yc 160 % !
DZE 12] 0,

03[6] E Qg
cep (7] 0] cer
GNDE [o]7e

7293605

Fig. 1 Pin configuration.

TRDI
R CTRDIV10

Piiid
PE Dy D; D, Dg C2/1,3,4+ 'J
7—| cep
720 14
10— ceT
TCf—15 4| | 13
2—cp
5 12
1—0| MR
Qp Q7 @ @ 6 11
0 1 2 3 - —
1T iy IR
1413 12 1 acr=9
7293609 7293610
Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT 160
MSI

B fs |5 s

Po P [P [

—g--P-E—’—-——d PARALLEL LOAD CIRCUITRY

10 JCET

CEP

INH D

CP cp

__'.Vl_l__o Rp

DECADE COUNTER

Jeo Joi Joa Jog

[ra i3 2 n

7293615

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)
3,4,56 Dg 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 | Qpto Q3 flip-flop outputs

15 TC terminal count output

16 Vee positive supply voltage

FUNCTION TABLE

INPUTS OUTPUTS
OPERATING MODE
MR | CP | CEP | CET | PE | D, | Q, TC
reset (clear) L X X X X X L L
H t X X | | L L
parallel load H 4 X X | h H *
count H t h h h X count | *
hold H X | X h X | an *
(do nothing) H X X | h X an L

Note to function table

* The TC output is HIGH when CET is HIGH and the counter is at terminal count (HLLH).

HIGH voltage level
HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition
LOW voltage level
LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition
lower case letters indicate the state of the referenced output one set-up time
prior to the LOW-to-HIGH CP transition
= don’t care

= LOW-to-HIGH CP transition

L |

> o-r>x

GENERAL DESCRIPTION (Cont’d.)

A LOW level at the master reset input
(MR) sets all four outputs of the flip-flops
(Qqg to Q3) 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 Qg. This pulse can be used
to enable the next cascaded stage.
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Presettable synchronous BCD decade counter; asynchronous reset

PC74HC/HCT160

MSI

D—'@

b

15

Fig. 5 State diagram.

reset 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.

Do

Y

0y

D2

Y

D3

Y

cer—Dc-

Wire;

Fig. 7 Logic diagram.

f’—oq

Q3

TC
7293629
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PC74HC/HCT160
Msli

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics’’, section “Family specifications”.

Output capability: standard
lcc category: MSI

AC CHARACTERISTICS FOR 74HC
GND=0V;ty=tf=6ns;C_ =50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —40t0 +85 | —40t0 +125 v
min. | typ. | max. | min. | max. | min. | max.
) 61 | 185 230 280 20
;PH'-/ P " delay 22 |37 16 56 | ns 45 | Fig.8
PLH n 18 | 31 39 48 6.0
) 69 | 215 270 325 20
tPHL/ | propagation delay 25 | 43 54 65 | ns 45 |Fig.8
PLH CPtoTC 20 |31 46 55 6.0
) 69 | 210 265 315 2.0
tpHL propagation delay 2% | 42 53 63 |ns |45 |Fig9
MR 0 On 20 | 36 45 54 6.0
oropagation delay 69 | 220 275 330 2.0
tPHL rop: 25 | 44 55 66 | ns 45 | Fig.9
MR toTC 2 |37 47 56 6.0
) 47 | 150 190 225 2.0
tPHL/ | propagation delay 17 |30 38 45 |ns |45 | Fig.10
tPLH CETtoTC 14 | 2 33 38 6.0
. 19 |75 95 110 2.0
Ml output transition time 7 |15 19 22 |ns 45 | Figs8and 10
TLH 6 |13 16 19 6.0
; 80 | 22 100 210 2.0
tw clock pulse width 16 |8 20 42 ns | 45 | Fig.8
HIGH or LOW 14 |6 17 36 6.0
tw master reset pulse width ?g ?g ;:135 12:;5 ns ig Fig. 9
Low 15 |8 20 23 6.0
removal time 100 | 30 125 150 20 |
RS AN
o ti 80 | 22 100 120 2.0
tey e 'g:,e 16 |8 20 27 ns 45 | Fig. 1
nto 14 |6 17 20 6.0
soteup time 135 | 41 170 205 2.0
1g s 27 | 15 34 41 ns 45 Fig. 11
! PEtoCP 23 | 12 29 35 6.0
set-up time 200 | 63 250 300 2.0 )
W e |RB| (2] (B |~ |8]|mee
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Presettable synchronous BCD decade counter; asynchronous reset

PC74HC/HCT160

MSI

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voe | WAVEFORMS
+25 —40to +85| —40to+125 v
min.| typ. | max. | min.| max. [ min max.
hold ti 0 | =17 0 0 2.0
th old time 0 | -6 0 0 ns 45 | Figs 11 and 12
Dn to CP 0 | -5 0 0 6.0
hold time 0 | -4 0 0 2.0
th 5 0 —15 0 0 ns 45 Figs 11 and 12
PEtoCP 0 | -12 0 0 6.0
hold time 0 —47 0 0 2.0
_ 45 | Figs11and 12
th CEP, CET to CP >l : : ns 6'(5) igs 11 and
. 6.0 | 18 48 4.0 2.0
f maximum clock pulse 30 | 55 24 20 MHz | 45 | Fig.8
max frequency 35 | 66 28 24 6.0
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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
lcc category: MSH

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Algg per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD UNIT LOAD
INPUT | COEFFICIENT INPUT | COEFFICIENT
ViR 0.95 Dp 0.25
cpP 0.80 CET 1.05
CEP 0.25 PE 0.30
AC CHARACTERISTICS FOR 74HCT
GND=0V;t, =tf=6ns;C =50 pF
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —40 to +85 | —40to +125 V]
min.| typ. | max. | min. [ max. { min. | max.
tpHL/ propagation delay .
tpLH CPtoQ, 25 |43 54 65 ns 45 Fig. 8
propagation delay .
tPHL o e 28 |48 60 72 |ns 45 | Fig.8
propagation delay f
tPLH CPto TC 23 |39 49 59 ns 45 Fig. 8
ropagation dela f
tPHL "M—% f‘: o elay 27 |50 63 75 | ns 45 | Fig.9
tPHL Propagation delay 30 |50 63 75 |ns 45 | Fig.9
ropagation dela .
tPHL i n e 17 |35 44 53 |ns |45 |Fig.10
propagation delay Lo
pPLH CET to TC 9 17 21 26 ns 4.5 Fig. 10
:135/ output transition time 7 15 19 22 ns 45 Figs 8 and 10
tw ok pulse wan 31 |8 39 47 ns |45 |Fig.8
tw master reset pulse width | 50 | 11 25 30 ns 45 |Fig.9
trem removal Hime 2 |9 25 30 ns |45 |Fig.9
set-up time .
tey Dr 0 CP 18 |10 25 30 ns 45 | Fig. 1
tou P e 30 |18 44 53 ns 45 | Fig. 11
tey D o cP 40 |23 50 60 ns | 45 | Fig.12
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Presettable synchronous BCD decade counter; asynchronous reset

PC74HC/HCT160

Msi

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40 to +85 | —40t0 +125 Vv
min.| typ. | max. | min. | max. | min. | max.

hold time .
th Dy, to CP 0 -8 0 0 ns 4.5 Figs 11 and 12

hold time .
th BE to CP 0 -13 0 0 ns 4.5 Figs 11 and 12
4 hold time 0 | -27 0 0 ns | 45 | Figs11and 12
h CEP, CET to CP :
frmax “‘f‘::;':::c‘;'°°" pulse 16 |28 13 1 MH: | 45 |Fig.8
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PC74HC/HCT160
MSI

AC WAVEFORMS

CP INPUT

Q,, TC
oUTPUT

7293621

Fig. 8 Waveforms showing the clock (CP) to outputs (Qp, TC)
propagation delays, the clock pulse width, the output transition
times and the maximum clock frequency.

Z|

R INPUT

CP INPUT

Q, TC
OUTPUT

7293623

Fig. 9 Waveforms showing the master reset (MR) pulse width,
the master reset to output (Qp, TC) propagation delays and
the master reset to clock (CP) removal time.

CET INPUT

TC OUTPUT

7293622

Fig. 10 Waveforms showing the input (CET) to output (TC)
propagation delays and output transition times.

PE INPUT

CP INPUT

D, INPUT

Q, OUTPUT ™

7293620

Fig. 11 Waveforms showing the data set-up and hold times
for the input {Dp,) and parallel enable input PE.

CEP, CET
INPUT

CP INPUT

Fig. 12 Waveforms showing the CEP and CET set-up and
hold times.

7293619

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 : Vj=50%; V| =GND to Vcc.
HCT: V\y=1.3V;V|=GND to 3V.
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PC74HC/HCT161

MmSI
PRESETTABLE SYNCHRONOUS 4-BIT BINARY COUNTER; ASYNCHRONOUS RESET
FEATURES TYPICAL
® Synchronous counting and loading SYMBOL PARAMETER CONDITIONS UNIT
® Two count enable inputs for n-bit HC HCT
cascading :

.- . propagation delay
® Positive-edge triggered clock CPtoQ, 19 20 ns
® Asynchronous reset tpHL/ CPtoTC 21 24 ns
® Output capability: standard tpLH MR to Q, CL=15pF 20 25 ns
® |c category: MSI MR to TC Vec=5V 20 1 26 Ins

CETto TC 10 14 ns

GENERAL DESCRIPTION fmax maximum clock frequency 44 45 MHz
The 74HC/HCT161 are high-speed
Si-gate CMOS devices and are pin C input capacitance 35 35 pF
compatible with low power Schottky
TTL (LSTTL). They are specified in power dissipation
compliance with JEDEC standard no. 7. Crp capacitance per package notes 1 and 2 33 35 pF

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 (Qqg to Q3) 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 (Dg 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).

(continued on next page)

GND=0V;Tamp=25°C; ty=tf=6ns

Notes

1. CpD is used to determine the dynamic power dissipation (Pp in uW):
Pp=Cpp x Vce? x fi+ = (CL x Vei? x fo) where:

fi = input frequency in MHz
fo = output frequency in MHz
2 (CL x Vgi? x fp) = sum of outputs

CL =
vee =

2. For HC the condition is V| = GND to VcC
For HCT the condition is V| =GND to Vgcc - 15V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT161P:

16-lead DIL; plastic (SOT-382).

PC74HC/HCT161T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

output load capacitance in pF
supply voltage in V

R 1] 9] E]"cc
cp[2] lEIT(:
03] 0
izl 1 e
2 2
o3 6] [11] a3
cep [7] [10] ceT
ono ] B

7293606

Fig. 1 Pin configuration.

9 3 4 5

PE Dy Dy
cep

D2

CET
TC
cpP

1 MR

Q Q7 Q; Q3

14 13 12 1
7293609

Fig. 2 Logic symbol.

in, cme
JN FY9
L.l63
-—10 G4
2 o344
2 17
4
5]
£ |
4CT=15

7293611

Fig. 3 IEC logic symbol.
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PC74HC/HCT161
MSI

[s ¢+ s s

2
9 [PE
—f——————0| PARALLEL LOAD CIRCUITRY
10 |CET
7 | CEP

INH D

2er CP  BINARY COUNTER
_1|WR olfo

[oo_Jor oz o

Fig. 4 Functional diagram.

RN

7293616

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1 MR asynchronous master reset (active LOW)
2 cpP clock input (LOW-to-HIGH, edge-triggered)
3,4,56 DgtoD3 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 | Qpto Qg3 flip-flop outputs
15 TC terminal count output
16 Vee positive supply voltage
FUNCTION TABLE
INPUTS OUTPUTS

OPERATING MODE | ——

MR | CP | CEP | CET| PE | D, | Q, TC
reset (clear) L X X X X X L L

H t X X | | L L
parallel load H 1 X X | h H -
count H t h h h X count | *
hold H X I h X an *
(do nothing) H X X | h X an L

Note to function table

* The TC output is HIGH when CET is HIGH and the counter is at terminal count (HHHH).

HIGH voltage level

LOW voltage level

o nwowu

don’t care

> o -r-ox

LOW-to-HIGH CP transition

346
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HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition

LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition
lower case letters indicate the state of the referenced output one set-up time
prior to the LOW-to-HIGH CP transition

GENERAL DESCRIPTION (Cont'd.) )

A LOW level at the master reset input
(MR) sets all four outputs of the flip-flops
(Qg to Q3) 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 Qq. This pulse can be used
to enable the next cascaded stage.




Presettable synchronous 4-bit binary counter; asynchronous reset

MSI

PC74HC/HCT161

CET | |
13 Qg
Qy I 1 |
[ bAoA o ] e .
7293
362 03 1
TC
12 13 14 15 0 1 2
' count inhibit
reset preset
7293626
Fig. 5 State diagram. Fig. 6 Typical timing sequence: reset outputs to zero; preset to
binary twelve; count to thirteen, fourteen, fifteen, zero, one and
two; inhibit.
Do Dy Dy D3

CET—{> '

cP —-[>o———— T
Q a g

Y Y
?

7223630 Q3 TC

Qy Q3

Fig. 7 Logic diagram.
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PC74HC/HCT161

MSlI

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter ““HCMOS family characteristics”, section “Family specifications”.

Output capability: standard
Icc category: MS|

AC CHARACTERISTICS FOR 74HC
GND=0V;t,=tf=6ns; C_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vge | WAVEFORMS
+25 —40t0+85 | —40to+125 v
min. | typ. | max. | min. | max. | min. | max.
) 61 | 190 240 285 2.0
tpHL/ propagation delay 22 |38 a8 57 ns 45 Fig. 8
tPLH CP 1o Qp 18 | 32 e 48 6.0
) 69 | 215 270 325 2.0
tpHL/ | propagation delay 25 |43 54 65 |ns |45 |Fig.8
PLH CPtoTC 20 | 37 46 55 6.0
oropagation delay 63 | 210 265 315 2.0
tPHL s 23 |42 53 63 ns 45 | Fig. 9
MR to Qn 18 |36 45 54 6.0
propagation delay gg 220 275 330 2.0
tPHL rop: a4 55 66 | ns 45 | Fig.9
MR to TC 18 |37 47 56 6.0
. 33 | 150 190 225 2.0
tPHL/ | propagation delay 12 |30 38 45 |ns |45 |Fig10
tPLH CETto TC 10 |26 33 38 6.0
/ 19 |75 95 110 2.0
THL output transition time 7 15 19 22 ns 4.5 Figs 8 and 10
tTLH 6 |13 16 19 6.0
) 110 | 22 140 165 2.0
clock pulse width .
wo e |mle | || m | |m | fnes
mster rasst pulse 80 |19 100 120 2.0
. Fig.
w width; LOW 1 |6 t % A I
removal time 100 | 19 125 150 2.0
-2 7 . ig.
A HE IR
sot-up time 80 (25 100 120 2.0
t 3 16 |9 20 24 ns 45 | Fig. 1
s Dp to CP 14 |7 17 20 6.0
sotup time 100 | 30 125 150 2.0
oL 20 |1 25 30 . ig.
fsu PEto CP 17 |9 21 2 " g.g Flo. 11
sstup time 170 | 47 215 255 2.0
: 17 . Fig.
tsu CEP, CET to CP o 11a - o | s | Fien2
hold time 0 -14 0 0 2.0
th Dy, PE, CEP, 0 -5 0 0 ns 4.5 | Figs11and 12
CET to CP 0o |-4 0 0 6.0
) 46 |13 3.6 3.0 2.0
f maximum clock pulse 23 |40 18 15 MHz | 45 | Fig.8
max frequency 27 |48 21 18 6.0
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Presettable synchronous 4-bit binary counter; asynchronous reset

PC74HC/HCT161

MSI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics”, section ““Family specifications”.

Output capability: standard
lgc category: MS|

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Algg per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD UNIT LOAD
INPUT | COEFFICIENT INPUT COEFFICIENT
MR 0.95 Dy 0.25
cP 0.80 CET 0.75
CEP 0.25 PE 0.30
AC CHARACTERISTICS FOR 74HCT
GND=0V;t =t;=6ns;C_=50pF
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Ve | WAVEFORMS
+25 —40to+85 | —40to +125 v
min, | typ. | max. | min. | max. | min. | max.
tpHL/ propagation delay .
Nitg Chto Oy 23 |43 54 65 |ns 45 | Fig.8
tpHL/ propagation delay .
s crieTe 28 |48 60 72 |ns 45 | Fig.8
propagation delay i
t TOps 46 58 69 |ns 45 | Fig. 9
PHL MR to Qn 29 g
tpyL | Ppopegation delay 30 | 51 64 77 |ns |45 [Fig.9
tpHL/ propagation delay )
it CET 1o TC 17 | 35 44 53 | ns 45 | Fig. 10
gr b/ output transition time 7 |15 19 22 |ns 4.5 | Figs 8and 10
tw ok Pl 2 |7 28 33 ns |45 | Fig.8
W maseer Tefgwu'se 20 | 10 25 30 ns 45 | Fig.9
trem removal time 20 |6 25 30 ns |45 | Fig.9
set-up time :
tsu Dy, to CP 18 | 8 23 27 ns 45 | Fig. 1
tsu D 30 | 17 38 45 ns |45 | Fig. 11
teu e o CP 4 | 17 50 60 ns |45 | Fig 12
hold time
th D,,, PE, CEP, 0 -7 0 0 ns 45 | Figs 11and 12
CET to CP
maximum clock pulse .
fmax frequency 23 | a1 18 15 MHz |45 | Fig.8

January 1986
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PC74HC/HCT161
MsSI

AC WAVEFORMS

CP INPUT

Q,. TC
ouTPUT

7293621

Fig. 8 Waveforms showing the clock (CP) to outputs (Q,, TC)
propagation delays, the clock pulse width, the output transition
times and the maximum clock frequency.

MR INPUT

CP INPUT

Q,,TC
ouTPUT

7293623

Fig. 9 Waveforms showing the master reset (MR) pulse width,
the master reset to output (Qp, TC) propagation delays and
the master reset to clock (CP) removal time.

CET INPUT

TC OUTPUT

7293622

Fig. 10 Waveforms showing the input (CET) to output (TC)
propagation delays and output transition times.

PE INPUT

CP INPUT

Q, OUTPUT '

7293620

Fig. 11 Waveforms showing the set-up and hold times for the
input (Dp) and parallel enable input PE.

CEP, CET
INPUT

CP INPUT

7293619

Fig. 12 Waveforms showing the CEP and CET set-up and
hold times.

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 : V) = 50%; V| =GND to Vcc.
HCT: V) =1.3V;V|=GND to 3V.
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PC74HC/HCT162

mSI
PRESETTABLE SYNCHRONOUS BCD DECADE COUNTER; SYNCHRONOUS RESET
FEATURES TYPICAL
[ ] 3ynchronous counting and loading SYMBOL PARAMETER CONDITIONS UNIT
® Two count enable inputs for n-bit HC HCT
cascading K
ropagation dela
® Positive-edge triggered clock . pCPptg Qn v 18 20 ns
® Synchronous reset PHL CPto TC 21 26 ns
® Output capability: standard CET to TC " 15 ns
® |cc category: MSI =
cc gory propagation delay 6'— J%ﬁf

GENERAL DESCRIPTION t CP to On cer 1812 ns

PLH CPto TC 21 | 19 |ns
The 74HC/HCT 162 are high-speed CETtoTC 1 10 ns
Si-gate CMOS devices and are pin
compatible with low power Schottky fmax maximum clock frequency 63 32 MHz
TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7. C) input capacitance 35 | 35 | pF
The 74HC/HCT 162 are synchronous o
presettable decade counters which feature Cpp power 51|sS|pat|on notes 1 and 2 37 37 pF
an internal look-ahead carry and can be capacitance per package

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 (Qq to Q3) 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 (Dg 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)

GND=0V; Tagmp=25°C;ty=tf=6ns

Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD=Cpp x VCC? x fi+ = (CL x Vei? x fo) where:
fi = input frequency in MHz CL = output load capacitance in pF
fo = output frequency in MHz VCCe = supply voltage in V
2 (C x Vgi? x fg) = sum of outputs
2. For HC the condition is V| = GND to Vg
For HCT the condition is V| = GND to Vgcc — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT162P: 16-lead DIL; plastic (SOT-38Z).
PC74HC/HCT162T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

wir [1 ] U 6] vee
cp[2] [15] Tc
e 4] %
[ 62 B
0,5 [12] Q,
236 1] 03
cer[7] 10] CET
ono 8] Ejﬁ

7293607

Fig. 1° Pin configuration.

CTRDIV10
2R
M1
P11
PE Dy Dy Dy Dy
7— cep €2/1,3,4+
10— ceT 3 = 14
Tel—1s I —
2—cp 4 13
1 MR 5 12
Qp 0y Q; 03
T T 2 —
1413 12 1 15
7293609 acT=9
7293612
Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.

January 1986

351



PC74HC/HCT162
MSI

N (O O

]Do |D1 ID2 103

PARALLEL LOAD CIRCUITRY

MR o
10 |CET
_7]cep S
INH |15
2| cp DECADE COUNTER

cp

Fe o e T

|14 l|3 I‘Z I” 7293617

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 DptoD3 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 Qpto Q3 flip-flop outputs

15 TC terminal count output

16 Vee positive supply voltage

FUNCTION TABLE
INPUTS OUTPUTS
OPERATING MODE |—— —
MR | CP | CEP | CET | PE | D, | Q, TC

reset (clear) | 1 X X X X L L
parallel load : I ))2 § : L ll-_l L'
count h 1 h h h X count | *
hold h X | X h X an *
(do nothing) h X | h X dn L

Note to function table

* The TC output is HIGH when CET is HIGH and the counter is at terminal count (HLLH).

HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition

LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition
lower case letters indicate the state of the referenced output one set-up time prior

GENERAL DESCRIPTION (Cont'd.)

A LOW level at the master reset input
(MR) sets all four outputs of the flip-flops
(Qq to Q3) 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 NAND 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 Qq. This pulse can be used
to enable the next cascaded stage.

H = HIGH voltage level
h =
L = LOW voltage level
| =
q =
to the LOW-to-HIGH CP transition
X = don't care
t = LOW-to-HIGH CP transition
352 January 1986



Presettable synchronous BCD decade counter; synchronous reset PC74HC/HCT 162

MSI
me L
e LI
o [ 1
Dy _[__——l
b [ | 1
b3
e T LU UL L
cep I I
CET | | I
G _____| N I I Yy BN |
aQ __ |
o __
Q3 ____ 1
TC 1
9 o0 1 2 3
este proset count inhibit —
Fig. 5 State diagram. Fig. 6 Typical timing sequence: reset outputs to zero; preset to
BCD seven; count to eight, nine, zero, one, two and three; inhibit.

Do Dy D2 D3

Y Y Y

CET ,l>
[ I Tl
CEP %
= 1
FE T 1 ]
i ——>
D a D D a
o e o o o
3 a a
/ Y
Qg Q Q, Qg TC

7293631

Fig. 7 Logic diagram.
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PC74HC/HCT162

MSI

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics’’, section “Family specifications””.

Output capability: standard
l¢c category: MS|

AC CHARACTERISTICS FOR 74HC

GND=0V;t,=tf=6ns;C|_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40t0+85 | —40t0 +125 V)
min. | typ. | max. | min. | max. | min. | max.
) 58 | 190 240 285 2.0
tPHL/ | propagation delay 21 |38 48 57 |ns 45 | Fig.8
tPLH CP 1o QO 17 |32 M 48 6.0
) 215 270 3 2.0
tPHL/ propagation defay gg 43 54 e§5 ns 45 | Fig.8
tPLH CPtoTC 20 |37 46 55 6.0
. 39 | 150 190 225 2.0
tPHL/ propagation delay 14 | 30 38 45 | ns 45 |Fig.9
PLH CETto TC 1 |2 33 38 6.0
et/ 19 |75 95 110 2.0
tTHL output transition time 7 15 19 22 ns 45 Figs8 and 9
TLH 6 |13 16 19 6.0
) 80 |22 100 120 2.0
clock pulse width .
tw HIGH or LOW }g g 3(7) gg ns g'g Fig. 8
set-up time 100 | 28 125 150 2.0
1, = 0 (10 25 30 45 | Figs10and 11
u MR, Dn to CP 2l 21 26 " ol | TN
) 135 | 39 170 205 2.0
tey o 27 |14 34 41 ns 45 | Fig.10
0 23 |1 29 35 6.0
set-up time 175 | 58 220 265 2.0
t - 35 |21 44 53 ns 45 | Fig. 12
su CEP, CET to CP 30 |17 37 s 6.0
hold time 0 |-22 0 0 2.0
t Dy, PE, CEP, 0o |-8 0 0 ns 45 | Figs 10, 11 and 12
CET, MR to CP 0o |-6 0 0 6.0
maximum clock pulse 60 | 19 48 4.0 2.0 .
frax frequency 30 |57 24 20 MHz |45 | Fig.8
35 |68 28 24 6.0
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Presettable synchronous BCD decade counter; synchronous reset

PC74HC/HCT 162

MSI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics”, section ‘’Family specifications”.

Output capability: standard
I category: MS|

Note to HCT types

The value of additional quiescent supply current (Algg) for a unit load of 1 is given in the family specifications.
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD UNIT LOAD
|
NPUT | COEFFICIENT INPUT | COEFFICIENT
MR 0.95 Dn 0.25
cP 0.80 CET 1.05
CEP 0.25 PE 0.30
AC CHARACTERISTICS FOR 74HCT
GND=0V;t,=tf=6ns; C_=50pF
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40to +85 | —40to0 +125 v
min. | typ. | max. | min.| max. | min. | max.
tpHL/ propagation delay .
tpLH CPtoQ, 24 | 43 54 65 ns 45 Fig. 8
propagation delay .
tPHL CPto TC 30 |51 64 77 ns 45 Fig. 8
propagation delay X
tPLH CPto TC 22 | 45 56 68 ns 45 Fig. 8
propagation delay X
tPHL CET to TC 18 | 35 44 53 ns 45 Fig. 9
propagation delay .
PLH CET to TC 12 | 24 30 36 ns 45 | Fig.9
:'Tl'l}_ib/ output transition time 7 15 19 22 ns 4.5 Figs 8 and 9
clock pulse width 7 .
tw HIGH or LOW 31 39 47 ns 45 Fig. 8
set-up time . 1
tsy Dp, to CP 20 |9 25 30 ns 4.5 Fig. 10
set-up time .
tsy BE to CP 35 | 16 44 53 ns 4.5 Fig. 10
set-up time .
tsy CEP, CET to CP 40 | 23 50 60 ns 45 Fig. 12
set-up time .
tsu VIR to CP 20 | 12 25 30 ns 45 | Fig. 11
hold time
th Dy, PE, CEP, 0 -10 0 0 ns 4.5 Figs 10, 11 and 12
CET, MR to CP
maximum clock pulse 0.8
frmax frequency 17 | 29 14 11 MHz | 4.5 Fig.

January 1986
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PC74HC/HCT162
MSI

AC WAVEFORMS

CP INPUT

Q,,Tc
OUTPUT

7293621

Fig. 8 Waveforms showing the clock (CP) to outputs (Qy,, TC)
propagation delays, the clock pulse width, the output transition
times and the maximum clock frequency.

CET INPUT

TC OUTPUT

7293622

Fig. 9 Waveforms showing the input (CET) to output (TC)
propagation delays and output transition times.

PE INPUT

CP INPUT

D, INPUT

Q, ouTPUT

7293620

Fig. 10 Waveforms showing the set-up and hold times for the
input (Dp) and parallel enable input (PE).

CP INPUT

7293624

Fig. 11 Waveforms showing the MR set-up and hold times.

CEP, CET
INPUT

CP INPUT

7293619

Fig. 12 Waveforms showing the CEP and CET 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 : V= 50%; V| = GND to V¢
HCT: Vg =1.3V;V|=GND to 3V.
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PC74HC/HCT163

MSI
PRESETTABLE SYNCHRONOUS 4-BIT BINARY COUNTER; SYNCHRONOUS RESET
FEATURES TYPICAL
L] 8ynchyonou5 counting and |oading SYMBOL PARAMETER CONDITIONS UNIT
® Two count enable inputs for n-bit HC | HCT
° castfa.dmg . propagation delay
Positive-edge triggered clock tpu/ CPtoQp 17 20 ns
® Synchronous reset tpLH CPto TC CL=15pF 21 | 25 |ns
® Output capability: standard CET to TC Vee=5V 1 14 ns
® I category: MSI
fmax maximum clock frequency 51 50 MHz
GENERAL DESCRIPTION
C input it, 3.5 3.5 F
The 74HC/HCT163 are high-speed ! input capacitance P
Si-gate CMOS devices and are pin dissipati
compatible with low power Schottky Cpp Dg;/\‘r’t:;i t':nlciar;:rnpa ckage notes 1 and 2 33 35 pF
TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7. GND =0 V; Tamp= 25°C; t; = t; = 6 ns

The 74HC/HCT 163 are synchronous
presettable binary counters which feature

N Notes
an internal look-ahead carry and can be e .
used for high-speed counting. 1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
Schhronoqs operation is provided by PD=Cpp x Vcc? x fi+ = (CL x V¢c? x fo) where:
h.avn:g all fhpl-flops EIOCke_d_ ing ed fi = input frequency in MHz CL = output load capacitance in pF
simultaneously on the positive-going edge fo = output frequency in MHz Vce = supply voltage in V

of the clock (CP).

The outputs (Qg to Q3) 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 (Dpto  oRPERING INFORMATION/PACKAGE OUTLINES
D3) to be loaded into the counter on the

positive-going edge of the clock (providing PC74HC/HCT163P: 16-lead DIL; plastic (SOT-38Z).

that the set-up and hold time requirements PC74HC/HCT163T: 16-lead mini-pack; plastic (SO-16; SOT-109A).
for PE are met). Preset takes place

regardless of the levels at count enable

inputs (CEP and CET).

For the "“163" the clear function is

synchronous.

2 (Cp x Vge? x fo) = sum of outputs
2. For HC the conditionis V| = GND to V¢C
For HCT the condition is V| = GND to Vgcc — 1.5V

(continued on next page)

_ U 9 3 4 5 6

R [0} 16] Ve P Y I I

cr [Z] 5] rc . CEPPE Dy D; Dy Dy

Pole] <] % 1o—]cer

°1|Z‘ EQ‘ sl TC —15 14

b2 E 102 E G2 1—O| MR 4 2

036} (1] a3 Q 0y Q@ Q3 5 | 1 12
ce E El CET 1|4 1|ex 1|2 |I1 - —
GND E E] PE 7293609 acT-15 2

7293608 7293613

Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT163
MSI

I O O

‘Do ID, |D2 103

PARALLEL LOAD CIRCUITRY

INH

cP

D
BINARY COUNTER

[0 i lo2 Jos

IM |13 |12 I” 7293618

Fig. 4 Functional diagram.

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION

1 MR synchronous master reset (active LOW)
2 cpP clock input (LOW-to-HIGH, edge-triggered)
3,4,5,6 DptoD3 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 Qp to Q3 flip-flop outputs

15 TC terminal count output

16 Vee positive supply voltage

FUNCTION TABLE

INPUTS OUTPUTS
OPERATING MODE —— —
MR | CP | CEP | CET | PE | D, | Q, TC
reset (clear} | 1 X X X X L L
h t X X | | L L
parallel load h 4 X X | h H *
count h 1 h h h X count | *
hold h X | X h X an *
(do nothing) h X X | h X an L

Note to function table

* The TC output is HIGH when CET is HIGH and the counter is at terminal count (HHHH).

GENERAL DESCRIPTION (Cont'd)

A LOW level at the master reset input
(MR) sets all four outputs of the flip-flops
(Qq to Q3) 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 NAND 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 Qq. This pulse can be used
to enable the next cascaded stage.

H = HIGH voltage level
h = HIGH voltage level one set-up-time prior to the LOW-to-HIGH CP transition
L = LOW voltage level
| = LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition
g = 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
1 = LOW-to-HIGH CP transition
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Presettable synchronous 4-bit binary counter; synchronous reset

PC74HC/HCT163
MSI

CHEHEHG
g
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7293352

Fig. 5 State diagram.
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Fig. 6 Typical timing sequence: reset outputs to zero; preset to
binary twelve; count to thirteen, fourteen, fifteen, zero, one and
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PC74HC/HCT163

MSI

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics”, section “Family specifications”.

Ouygtput capability: standard
lcc category: MSI

AC CHARACTERISTICS FOR 74HC

GND=0V;t =tf=6ns; C_= 50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voc | WAVEFORMS
+25 —4010+85 | —40t0+125 v
min. | typ. | max. [ min. | max. [ min. | max.
) 55 | 205 256 310 2.0
tPHL/ | propagation delay 20 |4 51 62 |ns 45 | Fig.8
tPLH CPtoQn 16 | 35 43 53 6.0
. 69 | 215 270 320 2.0
tPHL/ | propagation delay 25 |43 54 6 |ns |45 |Fig.8
PLH CProTC 20 |37 46 55 6.0
) 36 | 150 190 225 20 ,
tPHL/ propagation delay 13 | 30 38 45 |ns 45 |Fig.9
tPLH CETto TC 10 |26 33 38 6.0
e / 19 |75 95 110 2.0
tTHL output transition time 7 |15 19 22 |ns 45 | Figs8and9
TLH 6 |13 16 19 6.0
) 90 |17 115 135 2.0
clock pulse width 6 .
wo mewsr BB g | e
sot-up time 80 |17 100 120 2.0
Ly 16 |6 20 24 ns 45 | Figs 10and 11
fsu MR, Dy, to CP 14 |5 17 20 60 |
etup time 80 |22 100 120 2.0
oLt 16 |8 20 24 ns 45 | Fig. 10
s PEtoCP 14 |6 17 20 6.0
setupime 110 | 36 140 166 20 |
“  WBee (BB (2| E | e |5 e
hold time 0 |-14 0 0 2.0
th Dy, PE, CEP, 0o |-5 0 0 ns 45 | Figs 10,11 and 12
CET, MR to CP 0o |-4 0 0 6.0
maximum clock pulse 5 15 4 4 2.0 .
frax aduony 27 |46 22 18 MHz |45 |Fig.8
32 |55 26 21 6.0
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Presettable synchronous 4-bit binary counter; synchronous reset

PC74HC/HCT163

MSI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics”, section ““Family specifications”.

Output capability: standard
lcc category: MSI

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Algg per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD UNIT LOAD
INPUT COEFFICIENT INPUT COEFFICIENT
MR 0.95 Dp, 0.25
CP 1.10 CET 0.75
CEP 0.25 PE 0.30

AC CHARACTERISTICS FOR 74HCT
GND=0V;t =tf=6ns;C| =50 pF
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40to +85 | —40to +125 V]
min. [ typ. | max. | min. | max. | min. | max.

tpHL/ propagation delay N
L CPto Qp 23 | 43 54 65 ns 4.5 Fig. 8
tpyL/ propagation delay .
LA CPto TC 29 | 49 61 74 ns 4.5 Fig. 8
tpHL/ propagation delay o
tpLH CET to TC 17 | 35 44 53 ns 4.5 Fig. 9
g"L'::I/ output transition time 7 |15 19 22 ns 45 | Figs8and9
tw o e 2 |6 28 33 ns |45 |Fig.8

set-up time .
tsy MR, Dy, to CP 20 8 25 30 ns 4.5 Figs 10 and 11
tsy e 20 | M 25 30 ns 45 | Fig. 10
tsy S eh CEr o cp 30 | 15 38 45 ns 45 | Fig.12

hold time
th Dy, PE, CEP, 0 -5 0 0 ns 4.5 Figs 10, 11 and 12

CET, MR to CP

maximum clock pulse .

frax froquency 2 | 45 21 17 MHz |45 | Fig.8
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PC74HC/HCT163
MSI

AC WAVEFORMS

CP INPUT

Q. TC
OUTPUT

7293621

Fig. 8 Waveforms showing the clock (CP) to outputs (Qy, TC)
propagation delays, the clock pulse width, the output transition
times and the maximum clock frequency.

CET INPUT

TC OUTPUT

7293622

Fig. 9 Waveforms showing the input (CET) to output (TC)
propagation delays and output transition times.

PE INPUT

CP INPUT

D, INPUT

Q, oUTPUT v

7293620

Fig. 10 Waveforms showing the set-up and hold times for the
input (D) and parallel enable input (PE).

CP INPUT

7293624

Fig. 11 Waveforms showing the MR set-up and hold times.

CEP, CET
INPUT

CP INPUT

7293619

Fig. 12 Waveforms showing the CEP and CET 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 : V= 50%; V} = GND to Vcc.
HCT: Vy=1.3V;V|=GND to3V.
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PC74HC/HCT164

MSI

8-BIT SERIAL-IN/PARALLEL-OUT SHIFT REGISTER
FEATURES TYPICAL
© Gated serial data inputs SYMBOL PARAMETER CONDITIONS UNIT
® Asynchronous master reset HC | HCT
® Output capability: standard :

A propagation delay
® Icc category: MSI :PHL/ CP 1o Q, C1 - 15 0F 12 | 14 | ns

PLH MR to Qp, L=1p 11 | 16 |ns

GENERAL DESCRIPTION Vec=5V
The 74HC/HCT164 are high-speed fmax maximum clock frequency 78 | &1 | MM
Si-gate CMOS devices and are pin . .
compatible with low power Schottky G input capacitance 35 35 pF
TTL (LSTTL). They are specified in ower dissipation
compliance with JEDEC standard no. 7. Cep pcapaci tange per package notes 1 and 2 40 40 pF

The 74HC/HCT 164 are 8-bit edge-

- . — O . _ -
triggered shift registers with serial data GND =0V;Tamp =25 C; tr =t =6ns

entry and an output from each of the Notes

eight stages. 1 : . . issipation (Pr in uW):

Data is entered serially through one of . Cppisused to detel;mme the dynamic po;/ver dissipation (Pp in uW)

two inputs (Dg, or Dgp); either input Pp=CpD x Vg¢? x fi+ 2 (CL x Vgi? x fo) where:

can be used as an active HIGH enable for fi = input frequency in MHz CL = output load capacitance in pF
data entry through the other input. fo = output frequency in MHz Vce = supply voltage in V

Both inputs must be connected together 2 (CL x Vg x fo) = sum of outputs

or an unused input must be tied HIGH. 2. For HC the condition is V| = GND to VCC

Data shifts one place to the right on For HCT the conditionis V| = GND toVgc — 15V

each LOW-to-HIGH transition of the

clock (CP) input and enters into Qp,

which is the logical AND of the two data ORDERING INFORMATION/PACKAGE OUTLINES

inputs (Dg,, Dgp) that existed one set-up .

time prior to the rising clock edge. PC74HC/HCT164P: 14-lead DIL; plastic (SOT-27).

A LOW level on the master reset (MR) PC74HC/HCT164T: 14-lead mini-pack; plastic (SO-14; SOT-108A).

input overrides all other inputs and clears
the register asynchronously, forcing all

outputs LOW. PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,2 Dsa, Dsp data inputs
3,4,5,6,
10,11, 12,13 Qqp to Q7 outputs
7 GND ground (0 V)
8 cp clock input (LOW-to-HIGH, edge-triggered)
9 MR master reset input (active LOW)
14 Vee positive supply voltage
SRG8
C1/ —=
Dsa E U 4] vec ek
Q—3 C
Dshlz [13] 07 ; o, l—4 & N s
%[3] 12] g Qf—s 2 r—‘
o;[a] 164 [ifos 031—s :
Q4f—10
a2 E E Q4 8 cp Qg p—11 |6
Q3 Iz‘ E MR Qg f— 12 _:?
Gno [7 Ecp §——OMR  Q7—13 =
7293341 7293342 |13
7293343
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT164

MSI
APPLICATIONS

1 |o ® Serial data transfer

'sa
7 |ow :
8 |cp 8-BIT SERIAL:IN/PARALLEL-OUT

SHIFT REGISTER
_MR
Qg (@ |0, [Q3 |04 |05 Qg [Q7

7293344

3 4 5 6 10 - |11 |12 |13

Fig. 4 Functional diagram.

FUNCTION TABLE

INPUTS OUTPUTS
OPERATING MODES - 7T~ ] 07— ay | H= HIGH voltage leve
sa | “sb 1 7 | h = HIGH voltage level one set-up time prior to the LOW-to-HIGH
A
reset (clear) Lo[X X X L L =L | (O vattege e
| = LOW voltage level one set-up time prior to the LOW-to-HIGH
: I : :_. t a0 - a6 clock transition
shift H 4 h | L a0 _ a6 q = lower case letters indicate the state of the referenced input
H + Ih h H a0 _ a6 one set-up time prior to the LOW-to-HIGH clock transition
9079 | t = LOW-to-HIGH clock transition
D a D OI D Q D Q D Q D Q
cp cp cp ocp o cp cp
FF2 FF3 FFa FF5 FF6 FF7
Rp Rp Rp Rp Rp Rp

Q3

Fig. 5 Logic diagram.

Qq

Qs

Q;

7293346
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8-bit serial-in/parallel-out shift register PC74HC/HCT164

MSI
DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter “HCMOS family characteristics’, section ‘’Family specifications”.
Output capability: standard
Icc category: MSI
AC CHARACTERISTICS FOR 74HC
GND=0V;t =tf =6ns;C|_=50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40t0+85 | —40t0 +125 v
min. | typ. | max. | min. | max. | min. | max.
. 41 17 .
tPHL/ | propagation delay 5 | 34 i e 1322 Fig. 6
tPLH CPto Qy 12 | 29 37 43 6.0
i . 39 | 140 175 210 2.0
tPHL propagation delay 14 | 28 35 42 | ns |45 |Fig.7
n 1 | 24 30 36 6.0
¢ / 19 |75 95 110 2.0
by output transition time 7 |15 19 22 | ns 45 | Fig.6
TLH 6 |13 16 19 6.0
. 80 19 100 120 2.0
tw clock pulse width 16 |7 20 % ns |45 | Fig.6
14 6 17 20 6.0
60 17 75 920 2.0
tw master reset pulse 12 |6 15 18 ns |45 | Fig.7
wieth: 10 |5 13 15 6.0
. 60 17 75 90 2.0
trem i 12 |6 15 18 ns |45 | Fig7
10 5 13 15 6.0
. 60 8 75 90 2.0
tsy seup e op 12 |3 15 18 ns |45 | Fig.8
Dsa Dsp to C 10 |2 13 15 6.0
. 4 —6 4 4 2.0
hold time .
1 4 -2 4 4 ns 4.5 Fig. 8
h Dga, Dsp to CP M M 2 6o | ¢
. lock pul 6 23 5 4 2.0
frmax oy o puise 30 |7 24 20 MHz |45 | Fig.6
requency 35 85 28 24 6.0
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PC74HC/HCT 164

MSI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics’’, section *’Family specifications’.

Qutput capability: standard
lgc category: MSI

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in ihe family specifications.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.

. unit load
input coefficient
Dsa. Dsp 0.25

cP_ 0.60

MR 0.90

AC CHARACTERISTICS FOR 74HCT
GND=0V;t;=t; =6ns; C|_= 50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to +85 | —40to +125 v
min. | typ. | max.| min. | max. | min. | max.
tpHL/ propagation delay 4 .
tpLH CPtoQ, 17 | 36 45 5 ns 45 Fig. 6
tPHL propagation delay ia. 7
WR to Q 19 | 38 48 57 ns 4.5 Fig.
TTHL | output transition time 7 |15 19 22 | ns |45 | Fig.6
TTLH
clock pulse width Fi
tw HIGH or LOW 18 7 23 27 ns 4.5 ig. 6
master reset pulse .
W width: LOW 18 7 23 27 ns 45 Fig. 7
removal time Fi
trem MR to CP 16 | 7 20 24 ns 4.5 ig. 7
set-up time Fig.
tsu Dsa, Dsp, to CP 12 | 6 15 18 ns 4.5 ig. 8
hold time _ 45 Fi
th Dga, Dyp to CP 4 2 4 4 ns L ig. 8
£ maximum clock pulse 27 | 55 22 18 MHz | 45 | Fig.6
max frequency
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8-bit serial-in/parallel-out shift register

PC74HC/HCT164
MSI

AC WAVEFORMS

CP INPUT

Q, OUTPUT

72874791 =i letTHL - letTiH

Fig. 6 Waveforms showing the clock (CP) to
output (Qp) propagation delays, the clock
pulse width, the output transition times and
the maximum clock frequency.

MR INPUT

CP INPUT

Q, OUTPUT
7287478

Fig. 7 Waveforms showing the master reset
(MR) pulse width, the master reset to output
(Qp) propagation delays and the master reset
to clock (CP) removal time.

CP INPUT

D, INPUTS

Q, OUTPUT

7293345

Fig. 8 Waveforms showing the data set-up
and hold times for D, inputs.

Note to AC waveforms
(1) HC : Vj\ =50%; V| = GND to V¢g.
HCT: Vi =13V;V}=GND to3V.
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PC74HC/HCT165

MSI
8-BIT PARALLEL-IN/SERIAL-OUT SHIFT REGISTER
FEATURES TYPICAL
® Asynchronous 8-bit parallel load SYMBOL | PARAMETER CONDITIONS UNIT
® Synchronous serial input HC | HCT
: :)utput capab.lhty: standard propagation delay
cc category: MSI tpHL/ CP to Q7, 07 16 14 ns
tPLH PL to Q7,07 CL=15pF 15 17 ns
GENERAL DESCRIPTION D7 toQy, Oy Veg=5V 1 11 ns
The 74HC/HCT 165 are high-speed . 56 48 MH
Si-gate CMOS devices and are pin fmax maximum clock frequency :
compatible with low power Schottky . . 35 35 F
TTL (LSTTL). They are specified in Ci input capacitance ! ' P
compliance with JEDEC standard no. 7. .
power dissipation
The 74HC/HCT165 are 8-bit parallel- CpD capacitance per package | "Otestand2 | 35 1 35 | pF
load or serial-in shift registers with

complementary serial outputs (Q7 and
Q7) available from the last stage. When
the parallel load (PL) input is LOW,
parallel data from the Dg to D7 inputs
are loaded into the register
asynchronously.

When PL is HIGH, data enters the
register serially at the Dg input and shifts
one place to the right (Qg - Q1 > Qp,
etc.) with each positive-going clock
transition. This feature allows parallel-to-
serial converter expansion by tying the
Q7 output to the Dg input of the
succeeding stage.

The clock input is a gated-OR structure
which allows one input to be used as an
active LOW clock enable (CE) input.

GND=0V;Tamp=25°C;tr=tf=6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD=CpD x VcC* x fi+ 2 (CL x Vci? x fo) where:

fi = input frequency in MHz
fo = output frequency in MHz
2 (CL x Vgi? x fo) = sum of outputs

CL
vee

2. For HC the condition is V| = GND to V¢cC
For HCT the condition is V| = GND to Vgc — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT165P:

16-lead DIL; plastic (SOT-382).

output load capacitance in pF
supply voltage in V

PC74HC/HCT165T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

The pin assignment for the CP and CE
inputs is arbitrary and can be reversed PIN NO. SYMBOL NAME AND FUNCTION
for layout convenience. The LOW-to- —
HIGH transition of input CE should only 1 PL asynchronous parallel load input (active LOW)
take place while CP HIGH for predictable a omplementary output from the last sta
operation. Also, the CP and CE should be 7 97 ¢ rT1p v oute 9%
LOW before the LOW-to-HIGH transition 9 Q7 serial output from the last stage
of PL to prevent shifting the data when 2 cP clock input (LOW-to-HIGH edge-triggered)
PLis released. 8 GND ground (0 V)
10 Dg serial data input
APPLICATIONS 11,12, 13, 14 el d
. . e s’ | DgtoD arallel data inputs
® Parallel-to-serial data conversion 3,4,56 0t b7 P
15 CE clock enable input (active LOW)
16 Vee positive supply voltage
L10 1 SRG8
) Tl; G1(SHIFT)
_ U : €2 (LOAD)
L [1 [16] Ve 11 —{Do B =
— 12 — Dy 2| 1P C3/ —
cp E: [15] CE 5 B ,_r} r
Dy E E D3 14 — Dy %__—1 ;g
Ds[a 13] Dy 3 —1D4
[ es [ a—{og poop EC
06 5 | E Dy s o 13 ]
—1Ps - 14|
o7 (6] E Po 6 —07 e 3
_ Q70— 7 =
9 [7] [10] o 1 —o PL 4
. . ~ . 5 1
ono[B 3]a, Fig.1 Pin cp_CE Fig. 2 3 Fig. 3 IEC
E :] configuration. [2 ?15 Logic symbol. 6 2 logic symbol.
7287441 7287854 ] e
7287855
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PC74HC/HCT 165

MmsI

11 {12 |13 {14 |3 4 5

D2 (D3

07

|-

[ LITTTT

]
Ls

=
©

l; [
¥

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

7

91]9

7287440.1

Fig. 4 Functional diagram.

FUNCTION TABLE

H=HIGH voltage level
h =HIGH voltage level one set-up time

CcP

Y

Y

Y

OPERATING MODES INPUTS Q, REGISTERS | OUTPUTS Pinf_tf) the LOW-to-HIGH clock
transition
PL|CE|cP Dg| Dg-D7| Qo Q1-Qg Q7 | Q7 L = LOW voltage level
| = LOW voltage level one set-up time
parallel load L [X {X |X L L L-L L H prior to the LOW-to-HIGH clock
L (X [X X H H H-H H L transition
q = lower case letters indicate the state
serial shift H L [t [I X L q0-a5 96 | Gp of the referenced output one set-up
HiL [T |h X H q0-95 a6 | 9p time prior to the LOW-to-HIGH
clock transition
hold “do nothing” H X | X X qag q1-dp q7 | a7 X =don’t care
1 = LOW-to-HIGH clock transition
Dg 0, D3 Dy Pg D7

.1

o

+

‘ &
So Sp Sp D D
D Q D Q D Q D a D Q D Q 0D a D a } Q;
ojCcP FF O CPFF o|CcP FF O CPFF O CPFF O CPFF CPFF O CPFF I _
1 2 3 4 5 6 7 8 } a;
Rp Rp Rp Rp Rp Rp Rp Rp
5 5 3 5 5 5 5 5
9 9 e o o Q o
1 ) 8 1 _ ) _ ) 1 1 72874422

Fig. 5 Logic diagram.

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics”, section *'Family specifications’’.

Output capability: standard
Icc category: MSI
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8-bit parallel-in/serial-out shift register PC74HC/HCT 165

MSI
AC CHARACTERISTICS FOR 74HC
GND=0V;t =tf=6ns;C| =50 pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voe | WAVEFORMS
+25 —40t0 +85 | —40t0+125 v
min. | typ.| max. | min.| max. | min. | max.
PHL/ propagation delay 52 | 165 205 ggo 20 |
r 19| 33 a1 ns 45 | Fig.6
tPLH CE, CPt0 Q7,07 15 | 28 35 43 6.0
) 50 | 165 205 250 2.0
fPHL/ | propagation delay 18 | 33 41 50 |ns |45 | Fig.7
tPLH Lt Q7, Q7 14 | 28 35 43 6.0
) 36| 120 150 180 2.0
tPH v e 13| 24 30 36 | ns 45 | Fig.8
PLH 7108757 10 | 20 26 31 6.0
ot/ 19| 75 95 110 2.0
J{'b output transition time 7 15 19 22 ns 4.5 Fig. 6
6 |13 16 19 6.0
) 80 | 17 100 120 2.0
clock pulse width :
tw 16 6 20 24 ns 45 | Fig. 6
HIGH or LOW 14 | s 17 20 6.0
80 | 17 100 120 2.0
ty paralle| load pulse 16 | 6 20 24 ns 45 | Fig.7
width; LOW 14 |5 17 20 6.0
) 80 | 11 100 120 2.0
tsu Seg“tp tg;e G 16 | 4 20 24 ns 45 | Fig.9
s to L7, 14 | 3 17 20 6.0
) 100 | 22 125 150 2.0
tsy ”P‘;L”{’o“gr‘f o 20 |8 25 30 ns 45 | Fig.7
. 17 | 6 21 26 6.0
) 80 | 17 100 120 2.0
1, set-up time _ ;
su(L) CE to CP; CP to CE :g g f? % ns 2'3 Fig. 9
. 80 | 22 100 120 2.0
tsy se[t)-up t'F—r,lLe 16 | 8 20 24 ns 4.5 | Fig. 10
nto 14 | 6 17 20 6.0
hold time 5 | -3 5 5 2.0
th D to CP, CE 5 | -1 5 5 ns 45 | Fig.9
Dy, to PL 5 | —1 5 5 6.0
hold time 35 | -3 45 55 2.0
th PL, CE to CP 7 —1 9 11 ns 45 | Fig.9
PL, CP to CE 6 -1 8 9 6.0
. lock but 6 17 5 4 20
frmax "f'x""“"‘ clock pulse 30 | 51 24 20 MHz | 45 | Fig.6
requency 35 | 61 28 24 6.0
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PC74HC/HCT165
msli

DC CHARACTERISTICS FOR 74HCT
For the DC characteristics see chapter “HCMOS family characteristics’, section **Family specifications”.

Output capability: standard
lcc category: MSI

Note to HCT types

The value of additional quiescent supply current (Alcg) for a unit load of 1 is given in the family specifications.
To determine Algg per input, multiply this value by the unit load coefficient shown in the table below.

unit load

input coefficient

Dgoto D7 0.35

X 0.35
cP 0.65
CE 0.65
PL 0.65
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8-bit parallel-in/serial-out shift register

PC74HC/HCT165

MmSI

AC CHARACTERISTICS FOR 74HCT

GND =0 V;t, =tf=6ns; C| =50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40to+85 | —40to+125 \Yj
min. | typ. | max.| min.| max. | min. | max.

tpHL/ propagation delay 7 51 4.5 Fig. 6
tPLH CE,CPtoQy, Qy ! 34 43 ns ¢
tpHL/ propagation delay 45 | Fig.7
oL PL to Q7, Oy 20 |40 50 60 ns 19
tpHL/ propagation delay 45 | Fig.8
Rty D7 t0 Qy,Q; 14 |28 35 42 ns ]
tTHL/ output transition time 7 15 19 22 ns 4.5 Fig. 6
TLH

clock pulse width Fi
w HIGH or LOW 20 |8 % % " 45 | Fle6
" parallel load pulse 20 |9 25 30 ns 45 Fig. 7

w width; LOW

set-up time __ 2 2 30 4.5 | Fig. 9
tsu Ds to CP, CE 2 5 " ¢

set-up time __ 8 5 30 ns 45 | Fig. 7
tsu PL to CP, CE 20 2 ’

set-up time _ 25 30 ns 4.5 | Fig. 9
fsu(L) TE to CP; CP to CE 2017 ’

set-up time .
tsu o P 20 | 10 25 30 ns 45 | Fig. 10

hold time __ - -1 9 " ns 45 | Fig.9
th Dy to CP, CE: Dy toPL | 9

hold time -7 0 ns 45 | Fig. 9
th P, CE to CP;PL, CP to CE| ° 0 ¢
fmax maximum clock pulse 2 | 44 21 17 MHz 4.5 Fig. 6

frequency
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PC74HC/HCT 165

MSI
AC WAVEFORMS
PL INPUT
CP INPUT
CP INPUT
Q;or Q5
ouTPUT

7287856 | | TTHL -l a7
Fig. 6 Waveforms showing the clock (CP) to

pulse width, the output transition times and the
maximum clock frequency.

LH

output (Q7 or Q7) propagation delays, the clock

QzorQy
ouTPUT

7287857

Fig. 7 Waveforms showing the parallel load
(PL) pulse width, the parallel load to output
(Q7 or Q7) propagation delays and the parallel
load to clock (CP) set-up time.

D INPUT

Q; oUTPUT

Q7 QUTPUT

7287858

Fig. 8 Waveforms showing the data input (Dp)
to output (Q7 or Q7) propagation delays when

see note

CE INPUT

Dg INPUT

CP INPUT

7287859,

Fig. 9 Waveforms showing the set-up and hold
times from the serial data input (Ds) to the

Fig. 10 Waveforms showing the set-up and hold
times from the data inputs Dg and D7 to the
parallel load input (PL).

7287860

PL is LOW. clock (CP), from the clock enable input (LOW
CE) to the clock (CP) and from the clock enable
input CE to the clock (CP).

Note to Figs 6 and 7
0, INPUT vu'" The changing to output assumes internal Qg
opposite state from Q7.
gy sy |
Note to Fig. 9
— e 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.

Note to AC waveforms
(1) HC : V) = 50%; V| = GND to V¢
HCT: V\=1.3V;V;=GND to3V.

374 January 1986




PC74HC/HCT166

MSI
8-BIT PARALLEL-IN/SERIAL-OUT SHIFT REGISTER
FEATURES TYPICAL
® Synchronous parallel-to-serial SYMBOL PARAMETER CONDITIONS UNIT
applications " | HC HCT
® Synchronous serial data input for ion del
i propagation delay
easy expansion . o tpHL/ CP t0Q7 ) 15 20 ns
® Clock enable for “do nothing” mode tPLH MR to 07 C=15pF 14 19 ns
® Asynchronous master reset Vee=5V
® For asynchronous parallel data load fmax maximum clock frequency 63 50 MHz
see 165"
® Output capability: standard C input capacitance 35 | 35 |pF
® |c( category: MSI dissioati
power dissipation
GENERAL DESCRIPTION CpD capacitance per latch notesland2 | 41 | 41 | pF

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/HCT 166 are 8-bit shift
registers which have a fully synchronous
serial or parallel data entry selected by
an active LOW parallel enable (PE) input.
When PE 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 Qg from serial
data input (Dg), and the remaining bits
are shifted one place to the right

(Qg ~> Q1 > Qy, etc.) with each positive-
going clock transition.

This feature allows parallel-to-serial
converter expansion by tying the Q7
output to the Dg input of the succeeding

GND=0V;Tamp=25°C; tr=tf=6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):

Pp=Cpp x Vce? x fi+ = (CL x Vee? x fo) where:

output load capacitance in pF
supply voltage in V

fi = input frequency in MHz
fo = output frequency in MHz
2 (C x Veg? x fo) = sum of outputs

CL =
vee

2. For HC the condition is V| = GND to VcC
For HCT the condition is V| = GND to Vcc — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT166P:

16-lead DIL; plastic (SOT-382).

PC74HC/HCT166T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

stage. PIN NO. SYMBOL NAME AND FUNCTION
The clock input is a gated-OR structure - -
which allows one input to_be used as an 1 Dg serial data input
active LOW clock enable (CE) input. 2,3,4,5,10, .
The pin assignment for the CP and CE 11,12, 14 Dp to D7 parallel data inputs
inputs is arbitrary and canhbe "(e)VGTSEd 6 CE clock enable input (active LOW)
for layout convenience. The LOW-to- lock input (LOW-to-HIGH edge-triggered)
HIGH transition of input CE should only ; gilD cr(::md (F:) V() ge-trigg
take place while CP is HIGH for o g . ive LOW)
predictable operation. A LOW on the 9 MR asy.nchronous master reset input (active
master reset (MR) input overrides all 13 Q7 serial output from the last stage
other inputs and clears the register 15 PE parallel enable input (active LOW)
asynchronously, forcing all bit positions 16 V, ositive supply voltage
toa LOW state. cc P
ys |1
05 E U E Vee 2 — D:E o
oo (2] is] e 3—0D;
0 [5] [14] 07 4 —D2
5—D3
23] 166 i 10—,
035} [12] 06 11— D5
=[5 s i L
— D
o E E D4 14 7
— 9 —OI MR
G 9
o] By Fig. 1 Pin cp_ce Fig. 2 | 13 Fig. 3 IEC
7203177 configuration, |7 7]’6— 7293178 Loogic symbol. 7293179 logic symbol.
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PC74HC/HCT166

MSI
2 3 4 5 10 |11 |12 |14
Dy [0y [D, |p3 D4 [Ds [Dg [D7
1l
1|0
g LTI
7 lcp 8- BIT PARALLEL/SERIAL-IN/
L.C__Eq SERIAL-OUT SHIFT REGISTER Q7|13
7293180
Fig. 4 Functional diagram.
FUNCTION TABLE
OPERATING MODES INPUTS Qp, REGISTER |[OUTPUT H = HIGH voltage level
PE|CE|cP|D.|D0-D Q1-Q Q h = HIGH voltage level one set-up time prior to
s|PoD7|% 10| 97 the LOW-to-HIGH CP transition
L = LOW voltage level
parallel load : Il ; § Ih :‘ h :_" :_‘| :_" | = LOW voltage level one set-up time prior to
the LOW-to-HIGH CP transition
n R ean q = lower case letters indicate the state of the
serial shift n +|h IX-X B 90- 95 a6 referenced output one set-up time prior to
q0-95| 9 the LOW-to-HIGH CP transition
“ P X = don't care
hold“donothing” | X |h |X [X |X-X|d0 | 91-96] 97 | 1 = LOW-to-HIGH CP transition

7293185

Fig. 5 Logic diagram. Q;
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8-bit parallel-in/serial-out shift register PC74HC/HCT166
Mmsi
ce mmmm
ggr?:;iou_ & L
INPUTS R _1
o I 1
el L
% ol
D, L
02 TaL
D3 L
PARALLEL
INPUTS Dy irmt
Dg L
Dg [w il
by lﬁ'l
ouTPUT Q; °7 L [T S )
serial shift
clear | inhibit serial shift
load 7293183

Fig. 6 Typical clear, shift, load, inhibit, and shift sequences.
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PC74HC/HCT166

MSI

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics”’, section ‘’Family specifications’’.

QOutput capability: standard
Icc category: MSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t, =tf=6ns;C =50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc| WAVEFORMS
+25 —40t0+85 | —40to+125 v
min. | typ. | max. | min. | max. | min. | max.
. 50 | 150 190 225 2.0
tpHL/ | Ppropagation delay 18 |30 38 45 |ns 45 | Fig.7
tPLH CPto Q7 14 |26 33 38 6.0
oropagation delay 47 | 160 200 240 2.0
1 o 17 |32 40 48 ns 45 Fig. 8
PHL MR to Q7 14 |27 34 44 6.0
et/ 19 |75 95 110 2.0
tTHL output transition time 7 |15 19 22 ns 45 | Fig.7
TLH 6 (13 16 19 6.0
) 80 |17 100 120 2.0
clock pulse width .
w HIGH or LOW b s 29 E s |45 | Fie7
100 | 25 125 150 2.0
tw maste? reset pulse 2 |9 25 30 ns 45 | Fig.8
widtl 17 17 21 26 6.0
removal time 0 -19 0 0 2.0 :
it A N L e AL
sotup time 80 |14 100 120 2.0
SE 5 | Fig.
tsu Dy, CE to CP M 20 2z "o e | Fie®
set-up time 100 | 33 125 150 2.0
. 20 |12 25 30 ns 45 | Fig.8
s PEtoCP 17 |10 21 26 6.0
hold time 2 |8 2 2 20
tim -3 2 2 45 | Fig.8
th Dp, CE to CP § _2 2 2 " 6.0 *
) 0o |-28 0 0 2.0
hold time 1 Fig. 9
th PE to CP g _80 8 8 " g:cs) *
) 6.0 | 19 48 40 2.0
fmax maximum clock pulse 30 |57 24 20 MHz | 45 | Fig.7
frequency 35 | 68 28 24 6.0
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8-bit parallel-in/serial-out shift register

PC74HC/HCT166

MSI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics’, section '’Family specifications”.

Qutput capability: standard
Icc category: MSH

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.

input unit load
coefficient
Doto D7 | 0.35
Ds 0.35
CcP 0.80
CE 0.80
MR 0.40
PE 0.60

AC CHARACTERISTICS FOR 74HCT
GND=0V;t =tf=6ns;C_=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40to+85 | —40to+125 v
min.| typ. | max.| min.| max.| min. | max.
tpHL/ propagation delay .
LA CPto Q7 23 | 40 50 60 ns 4.5 Fig. 7
propagation delay .
tPHL WR to Q7 22 | 45 56 68 ns 4.5 Fig. 8
‘IE:’ output transition time 7 |18 19 22 |ns 45 | Fig.7
T
clock pulse width w7
tw HIGH or LOW 20 |9 25 30 ns 4.5 Fig.
master reset pulse .
tw width 25 | 11 31 38 ns 4.5 Fig. 8
removal time .
trem VR to CP 0 -7 0 0 ns 4.5 Fig. 8
set-up time .
tsy Dy, CE to CP 16 |8 20 24 ns 4.5 Fig. 9
set-up time .
tsy PE to CP 30 |15 38 45 ns 4.5 Fig. 8
hold time X
th Dp, CE to CP 0 —6 0 0 ns 4.5 Fig. 9
hold time .
th PE to CP 0 -13 0 0 ns 4.5 Fig. 9
maximum clock pulse .
frmax width 25 |45 20 17 MHz | 4.5 Fig. 7
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PC74HC/HCT166
MSI

AC WAVEFORMS

MR INPUT

CP INPUT

CP INPUT

Q; OUTPUT

7293181 > e tTHL | ety
Q5 OUTPUT

7293182

Fig. 7 Waveforms showing the clock (CP) to Fig. 8 Waveforms showing the master reset {VMR)
output (Q7) propagation delays, the clock pulse width, the master reset to output (Q7)
pulse width, the output transition times and propagation delay and the master reset to clock
the maximum clock frequency. (CP) removal time.

see note

Fig. 9 Waveforms showing the set-up and
hold times from the serial data input (Ds),
the data inputs (Dp), the clock enable
input (LOW CE), the clock enable input
CE and the parallel enable input to the
clock (CP).

/)
7
PE INPUT %Mm X // Note to Fig. 7
l The changing to output assumes internal

CE INPUT

the function table.

while CP is LOW.

ety —

The shaded areas indicate when the input
CP INPUT vm'! is permitted to change for predictable
7293184.1 output performance.
condition: MR = HIGH

Note to AC waveforms
(1) HC : Vi =50%; V| =GND to Vcc.
HCT: V\p=1.3V;V|=GND to3V.
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PC74HC/HCT173

MSi

QUAD D-TYPE FLIP-FLOP; POSITIVE-EDGE TRIGGER; 3-STATE
FEATURES

. TYPICAL
® Gated input enable for hold (do SYMBOL | PARAMETER CONDITIONS UNIT

noting) mode HC HCT

® Gated output enable control o del

i i ropagation dela
: idge-tnggered D-type register tpHL/ pCPptg o Y ) 23 22 ns

synchronous master reset tPLH MR t0 O CL=15pF 19 18 ns
ity ; n Vee =5V

® Qutput capability: bus driver cC
® |c( category: MSI fmax maximum clock frequency 53 51 MHz
GENERAL DESCRIPTION C input capacitance 356 | 35 pF
The 74HC/HCT 173 are high-speed feqioati
Si-gate CMOS devices and are pin Cpp pg::;;i:zga;‘;nﬂip.ﬂop notes 1 and 2 25 32 pF
compatible with low power Schottky

TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7.

The 74HC/HCT 173 are 4-bit parallel
load registers with clock enable control,
3-state buffered outputs (Qq to Q3) and
master reset (MR).

When the two data enable inputs (Eq and
E9) are LOW, the data on the Dy, 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

GND=0V;Tymp =25°C;ty=ts=6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
Pp =Cpp x VCC? x fi+ 2 (CL x Vc? x fo) where:

fi = input frequency in MHz
fo = output frequency in MHz

CL = output load capacitance in pF

Ve = supply voltage in V

2 (CL x Veg? x fg) = sum of outputs
2. For HC the condition is V| = GND to VcC
For HCT the condition is V| = GND to Vgg — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT173P: 16-lead DIL; plastic (SOT-382).
PC74HC/HCT173T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

HIGH, all four flip-flops are reset (cleared) PIN NO SYMBOL NAME AND FUNCTION
independently of any other input .
condition. 1,2 OE1, OEp output enable input (active LOW)
The 3-state output buffers are controlled 3456 Qn to Q. 3-state flip-flop outputs
by a 2-input NOR gate. When both output T 0 3 . p-riop outp .
enable inputs (OE1 and OEg) are LOW, 7 CP clock input (LOW-to-HIGH, edge-triggered)
the data in the register is presented to the 8 GND ground (0 V)
Qp, outputs. When one or both OE, inputs 1 E. E ble i ts (active LOW
are HIGH, the outputs are forced to a high 9,10 =2 data f:na e inputs ( )
impedance OFF-state. The 3-state output 14,13,12,11 | Doto D3 data inputs
buffers are completely independent of the 15 MR asynchronous master reset (active HIGH)
register operation; the OE, transition does v iti ly voltage
not affect the clock and reset operations. 16 cc positive supply voltag
8, [1] U 6] Ve 9 &
ﬁﬂz 5] wn 1I4 13 12 1 170 ¢
%[5} [14] 0o o—of; Po D1 B2 0 ! B
Q, E E D, 10 - 2 e
173 7 ~———— CP 15 IR
TR B :
14 3
Q ——ofoE2 1D v
3{1__ E?s 20 MR Qo Q7 Qp 03 13| | 4
or 7] o] 1T 1 :
7293637 5 ] [
onp [8 | [9] & a1 |6
7293635 7293636
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT173
MSI

FUNCTION TABLE

INPUTS OUTPUTS
] REGISTER OPERATING MODES — —
14 MR | CP | E1 | E2 | Dn | Qp (register)
= reset (clear) H X | X | x | x L
12
1 L 1 | | | L
parallel load L 1 | h H
L X h X X an
hold (no change) L X X h X an
i
olE
15| 3.STATE BUFFER INPUTS OUTPUTS
1] OPERATING MODES . == | ==
N Q, (register) | OEq| OE2 | Qg | Qq| Q2| Q3
AL
Fig. 4 Functional diagram. : X H X zZ (Z |z |z
disabled X X H z 1z 12|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 OF F-state
1 = LOW-to-HIGH CP transition

Do Dy D2

Y

cP

o Q—J LD a- LD o o QJ
cP FF1 cP FF2 CcP FF3 cp R4
amn am o oM
Rp Rp Rp Rp
Qg Q, Q2 7293642 %

Fig. 5 Logic diagram.
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Quad D-type flip-flop; positive-edge trigger; 3-state

PC74HC/HCT173

MS!

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics”’, section “Family specifications’’.

Output capability: bus driver
Icc category: MSI

AC CHARACTERISTICS FOR 74HC

GND=0V;t =t =6 ns; C|_= 50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Ve | WAVEFORMS
+25 —40 to +85 | —40+to +125 v
min. [ typ. | max. | min. | max. | min. | max.

: 74 | 225 280 340 2.0

IPHL/ | propagation delay 27 |45 56 68 |ns |45 |Fig6
PLH n 22 |38 48 58 6.0
) 61 | 185 230 280 2.0

tpHL p;’g"fgtg“ delay 22 |37 46 56 | ns 45 | Fig.7
n 19 | 31 39 48 6.0
) 41 | 150 190 225 2.0

ipZH/ S%te :ugnut enable time 15 |30 38 5 ns 25 | Fig.8
PZL n 10 %n 12 | 26 33 38 6.0
' ) 50 | 150 190 225 2.0

:sz/ 3-%tgte :)oug)ut disable time 18 |30 38 5 ns 45 Fig. 8
PLZ n n 14 |26 33 38 6.0
o/ 14 | 60 75 90 2.0

tTHL output transition time 5 12 15 18 ns 4.5 Fig. 6
TLH 4 |10 13 15 6.0
) 90 |30 115 135 2.0

tw C'Sféﬁ“;fel_"g\j‘v‘h 18 |1 23 27 ns | 45 | Fig. 6
15 |9 20 23 6.0
master reset pulse 80 19 100 120 2.0

W - oh. 16 |7 20 24 ns 4.5 Fig. 7
width; HIGH 14 6 17 20 6.0

R sl =] [l . 12 |
° 13 | -2 16 19 6.0
set-up time 100 | 33 125 150 20

tey £ fo op 20 | 12 25 30 ns 45 | Fig.9
n 17 | 10 21 26 6.0
setup time 80 | 25 100 120 2.0

toy b ‘t’o op 16 |9 20 24 ns 45 | Fig.9
n 14 |7 17 20 6.0
) 0 |-28 0 0 2.0

th hotd time 0o |-10 0 0 ns | 45 | Fig.9
nto 0o |-8 0 0 6.0
) 0 |-1 0 0 2.0

th hgdt‘(')“‘cep 0 |-4 0 0 ns 45 | Fig.9
n o |-3 0 0 6.0
) 54 |16 4.4 3.6 2.0

fmax maximum clock pulse 27 |48 22 18 MHz | 45 | Fig.6
quency 32 |57 26 21 6.0

January 1986

383



PC74HC/HCT173

Msi

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics”, section *’Family specifications”.

OQutput capability: bus driver

Icc category:

Msi

Note to HCT types

The value of additional quiescent supply current (Algg) for a unit load of 1 is given in the family specifications.
To determine Al per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT | cOEFFICIENT
OE;, OE2 | 1.00

MR, CP ~ | 0.50

Eq, E2 0.25

Dn 0.25

AC CHARACTERISTICS FOR 74HCT

GND=0V;t =t =6ns; C|_= 50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 _4010 +85 | —40t0 +125 v
min. | typ. | max. | min.| max. | min. | max.

:E[‘h/ pg’,,"‘:gag:" delay 2% |43 54 65 |ns |45 |Fig.6

propagation delay .
tPHL MR o O 21 | 35 4 53 |ns |45 | Fig.7
:gg ':/ 3'8%2:‘6 t";’g’:t enable time 17 | 35 44 53 |ns |45 |Fig8
tpHz/ 3-state output disable time .
Pz e 18 |30 38 45 |ns |45 |Fig8
TTHL | output transition time 5 |12 15 19 |ns |45 |Fig.6
tTLH
tw cmé ﬁlﬁiel_‘g"‘;vth 20 |11 25 30 ns 45 | Fig.6

master reset pulse X
tw width; HIGH 15 | 4 19 22 ns 45 | Fig.7
trem oo 15 |1 19 22 ns | 45 | Fig.7
tsu Each 30 |16 38 a5 ns | 45 | Fig.9
tey BtocP 2 |10 31 38 ns | 45 | Fig.9

hold time .
th En to CP 0 -15 0 0 ns 45 Fig. 9
th "‘[’)': o 0o |-7 0 0 ns | 45 | Fig.9
fmax T 0ck pulse 25 | 46 20 17 MHz | 45 | Fig.6
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Quad D-type flip-flop; positive-edge trigger; 3-state

PC74HC/HCT173

msSI

AC WAVEFORMS

CP INPUT

Q, OUTPUT

7293640

Fig. 6 Waveforms showing the clock (CP) to output (Qp)
propagation delays, the clock pulse width, the output
transition times and the maximum clock pulse frequency.

MR INPUT

CP INPUT

Q, OUTPUT Vm

7293641

Fig. 7 Waveforms showing the master reset (MR) pulse width,
the master reset to output (Q,) propagation delays and the
master reset to clock (CP) removal time.

OUTPUT
LOW-to-OFF
OFF-to- LOW

OUTPUT
HIGH-to-OFF
OFF -to-HIGH

outputs —mle— oOutputs | outputs
7293639 enabled disabled enabled

Fig. 8 Waveforms showing the 3-state enable and disable
times.

D, INPUT

CP INPUT

7293761

Fig. 9 Waveforms showing the data set-up and hold times
from input (Ep,, Dp) to clock (CP).

Note to AC waveforms
(1) HC : Vm = 50%; V| =GND to V¢c.
HCT: Vy=1.3V; V| =GND to 3V.

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

FEATURES

® Six edge-triggered D-type flip-flops
® Asynchronous master reset

® Output capability: standard

® Icc 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/HCT 174 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.

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT

propagation delay

::Hh/ CP10Q, CL =15 pF 17 |18 |ns
L A, =
MR to Qp ‘ Vec=5V 13 |17 |ns

fmax maximum clock frequency 99 69 MHz
C input capacitance 3.5 3.5 pF

power dissipation
Cpp capacitance per flip-flop notes 1 and 2 17 17 PF

GND =0 V; Tamp =25 °C;tr =tf=6ns

Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD=CpD x Vee? x fi+2 (CL x VCC? x fo) where:
fi = input frequency in MHz CL = output load capacitance in pF
fo = output frequency in MHz Vce = supply voltage in V
= (CL x Vgi? x fp) = sum of outputs
2. For HC the condition is V| = GND to VCC
For HCT the condition is Vi=GND toVgg - 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT174P: 16-lead DIL; plastic (SOT-382).
PC74HC/HCT174T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1 MR asynchronous master reset (active LOW)
2,5,7,10, Qg to Q flip-flop outputs
12,15 0t
3,4,6,11, .
13, 12 DgtoDg data inputs
8 GND ground (0 V)
9 cP clock input (LOW-to-HIGH, edge-triggered)
16 Vee positive supply voltage
MR (_1__ = E] Vee 2 ba
Qo [Z E a5 AN R 'J
3 4 6 11 13 14
Do E E D5 l | | | | ' R pry 2
01[a 3]D. Do Dy Dy D3 Dy Dg 4| 5

IE 174 <]0s 9—cp s _T
Qs 12| Q, — —

! 12] 0 1—ofmr n_ 10
02 (6] [11]03 Qp @, 0, 03 Q4 Qg - >
Q Q >

2E E 8 7293657 2 EI: l 1|0 1|2 1|5 B -

GND[8 ECP 7293658
7293656
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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Hex D-type flip-flop with reset; positive-edge trigger

PC74HC/HCT174

7293661 2

Fig. 4 Functional diagram.

15

FUNCTION TABLE

INPUTS OUTPUTS
OPERATING MODES —
MR cpP D, Q,
reset (clear) L X X L
load 1" H 1 h H
load 0" H 1 | L

HIGH voltage level
LOW voltage level

don’t care

oXTrIT T
(R

LOW-to-HIGH CP transition

HIGH voltage level one set-up time prior to the LOW-to-HIGH CP transition

LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition

D3

7

Qy Q3

Fig. 5 Logic diagram.

7293660
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PC74HC/HCT174

MSI

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics”, section “‘Family specifications”’.

Output capability: standard
Icc category: MSI

AC CHARACTERISTICS FOR 74HC

GND=0V;t,=tf =6 ns; C_= 50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Ve | WAVEFORMS
+25 —40to +85 | —40t0+125 v
min. | typ. [ max. { min. | max. | min. | max.
. 165 205 2.0
tPHL/ propagation delay gg 32 4? 530 ns 45 | Fig.6
tPLH CPto Qn 16 | 28 35 43 6.0
. 44 1 .
tpHL propagation delay T | 30 3 i s |48 Fig. 7
MR to Qn 13 | 26 33 38 6.0
e/ 19 | 75 95 110 2.0
tTHL output transition time 7 15 19 22 ns 4.5 Fig. 6
TLH 6 |13 16 19 6.0
. 80 | 17 100 120 2.0
clock pulse width ’ .
tw HIGH or LOW e 29 2 ns oo |Fes
N P I I ) I 0 B M TR
v width; HIGH NER 17 20 60 |
t removal time s 1T 5 0 s |38 |Fg7
rem MR to CP s |3 . : 6.0 &
sotup time 60 |6 75 90 2.0
t 12 |2 15 18 ns 45 | Fig.8
u Dp to CP 10 |2 13 15 6o | ¢
) 3 | -6 3 3 2.0
th hold time 3 |2 3 3 ns 45 | Fig.8
Dnto CP 3 | -2 3 3 6.0
f maximum clock pulse go gg 24 30 MHz ig Fig. 6
max frequency 3% | 107 28 24 6.0 ]
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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
I category: MSI
Note to HCT types
The value of additional quiescent supply current (Alge) for a unit load of 1 is given in the family specifications.
To determine Algg per input, multiply this value by the unit load coefficient shown in the table below.
UNIT LOAD
INPUT | COEFFICIENT
Dp 0.25
CP 1.30
MR 1.25
AC CHARACTERISTICS FOR 74HCT
GND=0V;t =tf=6ns;C_= 50 pF
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40 to +85 | —40to +125 v
min. | typ. | max. | min. | max. | min. | max.
tpHL/ propagation delay f
L CP 10 Q 21 35 44 53 ns 45 Fig. 6
propagation delay .
t Y1 20 | 35 44 53 ns 45 | Fig. 7
PHL MR to Qp,
tTHL/ output transition time 7 15 19 22 ns 4.5 Fig. 6
TLH
master reset pulse .
tw width: HIGH 20 |7 25 30 ns 4.5 Fig. 7
trem removal time 12 |-3 15 18 ns | 45 | Fig.7
set-up time .
tsy Dy, to CP 16 4 20 24 ns 45 Fig. 8
hold time i
th Dy, to CP 5 -3 5 5 ns 4.5 Fig. 8
maximum clock pulse :
Fmax frequency 30 | 63 24 20 MHz | 45 | Fig. 6
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PC74HC/HCT174

MSI
AC WAVEFORMS
MR INPUT
CP INPUT
CP INPUT
Q, OUTPUT
7293640 Q,, OUTPUT vy

Fig. 6 Waveforms showing the clock (CP) to output (Qp)
propagation delays, the clock pulse width, the output
transition times and the maximum clock pulse frequency.

7293659

Fig. 7 Waveforms showing the master reset (MR) pulse width,
the master reset to output (Qp) propagation delays and the
master reset to clock (CP) removal time.

CP INPUT

D, INPUT

Q, ouTPUT m

7293142

Fig. 8 Waveforms showing the data set-up and hold times
for the data input (Dp).

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 : V= 50%; V| = GND to Vcc.
HCT: Vi =13V;V|=GND to3V.
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PC74HC/HCT175

MSI

QUAD D-TYPE FLIP-FLOP WITH RESET ; POSITIVE-EDGE TRIGGER
FEATURES TYPICAL
® Four edge-triggered D flip-flops SYMBOL PARAMETER CONDITIONS UNIT
® OQutput capability: standard HC HCT
° :

dcc category: MSI propagation delay

CP to Qp, Q 17 16
GENERAL DESCRIPTION tPHL MRwoa " 5 1 1e |
s CL =15pF

The 74HC/HCT175 are high-speed tpLH CP to Q,, Q, Vee =5V 17 16 ns
Si-gate CMOS devices and are pin MR to Qp, 15 16 ns
compatible with low power Schottky X
TTL (LSTTL). They are specified in frmax maximum clock frequency 83 54 MHz
compliance with JEDEC standard no. 7. c ot " 3
The 74HC/HCT 175 have four edge- | input capacitance .5 3.5 pF
triggered, D-type flip-flops with _ ower dissipation
iontii’\)/liﬂ;lal D inputs and both Q and Q Cpp pcapacitange per flip-flop notes 1 and 2 32 34 pF

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 (Qp) of the
flip-flop.

All Qp, outputs will 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
both the true and complement outputs
are required and the clock and master
reset are common to all storage elements.

GND=0V; Tamp=25°Cit,=t;=6ns

Notes

1. CppD is used to determine the dynamic power dissipation (Pp in uW):
PD=CpD x Vci® x fi+ 2 (CL x Vei? x fo) where:

fi = input frequency in MHz
fo = output frequency in MHz
2 (Cp x Vgg? x o) = sum of outputs

CL =
vee =

2. For HC the condition is V| = GND to VCC
For HCT the condition is V| = GND to Vg — 15V

output load capacitance in pF

supply voltage in V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT175P:
PC74HC/HCT175T:

PIN DESCRIPTION

16-lead DIL; plastic (SOT-382).
16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN NO. SYMBOL NAME AND FUNCTION
1 MR master reset input (active LOW)
2,7,10,15 Qpto Q3 flip-flop outputs
3,6,11,14 Qpto O3 complementary flip-flop outputs
4,5,12,13 Dp to D3 data inputs
8 GND ground (0 V)
9 cP clock input (LOW-to-HIGH, edge-triggered)
16 Vee positive supply voltage
_ U g c1
MR 1| 6] Vee |° LiNfg
Qo [2] 5] Q3 CP q 2 [
53] e o A . |z
Qq L—7 i N3
Do [4] 175 13] D3 5—1 D1 3, l—s ,
o 3] B B A = .
_ _ 2 Gyl
& o] 1] % Q3f—15 12 -—
a7 E% 13— 03 o 1
MR 15
GNo E EI ce ?| 7293242 L —14
7293241 F
7293243
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT175

MSI
4
Do
D a
cp FF
4|
Rp
9 |cp 7
M T l
G
7283244 3 141 |15
Fig. 4 Functional diagram.
FUNCTION TABLE
INPUTS OUTPUTS
OPERATING MODES — H = HIGH voltage level
MR cp Dn Qn Qn h = HIGH voltage level one set-up time prior to the
reset (clear) L X X L H L= tng;w;‘;‘eeg transition
vgn | = LOW voltage level one set-up time prior to the
load ™1 S T N L LOW-to-HIGH CP transition
load “0" H 4 | L H 1)‘( : Iég.v,\lt-er;lIGH CP transition
Do Dy D2 b3
b a b a b q D a
cp ¥ cp 5 cr Y cp Fi
RDG RDO T RDOT RDQ

7293245

Fig. 5 Logic diagram.
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Quad D-type flip-flop with reset; positive-edge trigger

PC74HC/HCT175

MSI

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMQOS family characteristics”, section *“Family specifications’.

Output capability: standard
lcc category: MSI

AC CHARACTERISTICS FOR 74HC

GND=0V;t,=tf=6ns;C[ =50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40t0+85 | —40to +125 v
min. | typ. | max. | min.| max. | min. | max.
. 655 | 175 220 265 2.0
tpHL/ propagation delay 20 |35 44 53 ns 45 | Fig. 6
tPLH CPtoQn, Qn 16 |30 37 a5 6.0
. 50 | 150 190 225 2.0
tPHL/ | Propagation delay 18 |30 38 45 |ns |45 | Fig.8
tPLH MR to Qn, On 14 |26 33 38 6.0
1 / 19 |75 95 110 2.0
tTH L output transition time 7 15 19 22 ns 4.5 Fig. 6
TLH 6 |13 16 19 6.0
. 80 |22 100 120 2.0
clock pulse width 8 .
wo R (e e |l (@ (e a8 e
W master reset pulse width ?g ;9 ;80 50 ns Zg Fig.8
LOW 14 |6 17 20 6.0
removal time 5 -33 5 5 2.0
t, 5 —-12 5 5 ns 45 Fig. 8
rem MR o CP 5 |-10 5 5 6.0
set-up time 80 |3 100 120 2.0
t, 4 16 |1 20 24 ns 4.5 Fig. 7
u D to CP 14 |1 17 20 6.0
. 5 0 5 5 2.0
th hold time 5 |0 5 5 ns | 45 | Fig.7
CPto Dn 5 |0 5 5 6.0
. 6 25 5 4 20
frmax maximum clock pulse 30 |75 2 20 MHz | 45 | Fig.6
frequency 35 | 89 28 24 6.0
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PC74HC/HCT175

MSI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter "HCMOS family characteristics’’, section *’Family specifications”.

Output capability: standard
Igc category: MSI

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.

. unit load
input coefficient
MR 1.00

cP 0.60

Dn 0.40

AC CHARACTERISTICS FOR 74HCT

GND=0V;t,=tf=6ns;C_ =50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc| WAVEFORMS
+25 —40to +85 | —40to+125 Vv
min.| typ. | max.| min. | max. | min. | max.
tpHL/ propagation delay 50 ns 45 Fig. 6
bty CP to Qp, Ty 19 | 33 41 9
propagation delay 4 45 | Fig.8
tPHL R 10,0 22 |38 8 57 | ns g
ropagation delay )
tpLH PR a, 19 | 35 44 53 | ns 45 | Fig.8
YTTHU | output transition time 7 |15 19 22 | ns 45 | Fig.6
tTLH ~
clock pulse width 2 30 ns 4.5 Fig. 6
tw HIGH or LOW 0|1 % s
master reset pulse width 30 ns 4.5 Fig. 8
tyy LOW 20 1 25 9
removal time _ 5 ns 4.5 Fig. 8
trem MR to CP 5 19 5 9
set-up time 20 24 ns 45 | Fig. 7
Tsu Dy, to CP 65
hold time ns 45 | Fig.7
th CPto Dy, 510 ° ° ’
maximum clock pulse 49 17 MHz | 45 | Fig.6
fmax frequency 2 0 ¢
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Quad D-type flip-flop with reset; positive-edge trigger PC74HC/HCT175

MSI

AC WAVEFORMS

CP INPUT
1/f

CP INPUT ; vy M F \

| tp {4 -]

D, INPUI

Q,, OUTPUT vy \
vyt
Q, OUTPUT
— 7293247

Fig. 7 Waveforms showing the data set-up and
hold times for the data input (Dp).

Q, OUTPUT

Q,, OUTPUT

7293246

Fig. 6 Waveforms showing the clock (CP) to
outputs (Qp, 5,,) propagation delays, the clock Note to Fig. 7

puise width, output transition times and the The shaded areas indicate when the input is
maximum clock pulse frequency. permitted to change for predictable output
performance.

MR INPUT

CP INPUT vy
<= tPHL =
Q, OUTPUT Vi ay
<~ tPLH —|
Q,, ouTPUT v

7293248

Fig. 8 Waveforms showing the master reset

(MR) pulse width, the master reset to outputs
(Qn, Qp) propagation delays and the master . _ v
reset to clock (CP) removal time. (1) HC : Vi = 50%; V| = GND to Vcc.
HCT: V\y=1.3V; V| =GND to 3 V.

Note to AC waveforms

January 1986
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PC74HC/HCT181
MSi

DEVELOPMENT DATA

This data sheet contains advance information and

specifications are subject to change without notice.

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,
NAND, NOR, OR plus 10 other
logic operations

¢ Output capability: standard

® |cc category: MSI

GENERAL DESCRIPTION

The 74HC/HCT 181 are high-speed

Si-gate CMOS devices and are pin
compatible with fow power Schottky

TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7.
The 74HC/HCT181 are 4-bit high-speed
parallel Arithmetic Logic Units (ALU).
Controlled by the four function select
inputs (Sg to $3) 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 made control input (M) is HIGH,
all internal carries are inhibited and the
device performs logic operations on the
individual bits as listed, When M is LOW,
the carries are enabled and the 181"
performs arithmetic operations on the two
4-bit words. The “181" incorporates full
internal carry look-ahead and provides for
either ripple carry between devices using
the Cpy14 output, or for carry look-ahead
between packages using the carry
(continued on next page)

o] Y e
s3[3] 2]
sa[1] %,
(7] o
so[3] 7] A
- 181 [
ealz 18] 33
m[s] [17]5
Fo i_—ad IB] Chea
7 [10] i5]¢
Fa Fj‘ 2] -8
o 12 [13] 75
Fig. 1 Pin configuration.

TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
propagation delay
/ Ap or B to A=B i — 15 oF 34 36 ns

PHL L="p
tPLH E" to (_3_n+4 Voc=5V 14 16 ns

Ap or B to

G,P,F,Chia 17 19 ns
C input capacitance 3.5 3.5 pF

GND=0V; Tamp =25 °C; tr=tf =6 ns

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT181P: 24-lead DIL; plastic (SOT-101A).
PC74HC/HCT181T: 24-lead mini-pack; plastic (SO-24; SOT-137A).

PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION
1,22,20,18 Bgto B3 operand inputs {active LOW)
2,23,21,19 Agto Az operand inputs (active LOW)
6,5,4,3 Sp to S3 select inputs

7 Cn carry input

8 M mode control input

9,10, 11,13 FotoF3 function outputs (active LOW)

12 GND ground (0 V)

14 A=B comparator output

15 P carry propagate output (active LOW)
16 Ch+4 carry output

17 G carry generate output (active LOW)
24 Vee positive supply voltage
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4-bit arithmetic logic unit

PC74HC/HCT181

MSI

DEVELOPMENT DATA

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
stringent, it can be used in a simple ripple
carry mode by connecting the carry
output (Cp44) signal to the carry input
(Cp) 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 (Fg 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 Cp14 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 (1s
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 HIGH 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

LOGIC ARITHMETIC**
S3 S2 $1 So (M=H) (M=L; C,,=H)
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 O minus 1
L H L L AB AplusAB
L H L H B (A + B) plus AB
L H H L A®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 AoB Aplus B
H L H L B (A + B) plus AB
H L H H AB AB minus 1
H H L L logical 1 A plus A*
H H L | H A+B (A +B) plus A
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
LOGIC ARITHMETIC**
S3 S2 $1 So (M=H) (M=L; Cp=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+B Aplus (A +B)
L H L H B AB plus (A + B)
L H H L A®B A minus B minus 1
L H H H A+B A +B
H L L L AB Aplus (A +B)
H L L H A®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

January 1986
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PC74HC/HCT 182
Msi

LOOK-AHEAD CARRY GENERATOR

FEATURES

TYPICAL

® Provides carry look-ahead across a SYMBOL | PARAMETER CONDITIONS UNIT

group of four ALU's HC | HCT
@ Multi-level look-ahead for high-speed ;

arithmetic operation over long word propagation delay

tPHL/ PntoP =15 pF 11 (14 |ns

length - tpLH Cn to any output SL 15 R 17 21 ns
@ Output capability: standard Pr or G cc=5V
® |pg category: MSI to any output 14 17 ns
GENERAL DESCRIPTION C input capacitance 35 35 pF
The 74HC/HCT182 are high-speed power dissipation
Si-gate CMOS devices and are pin CpD capacitance per package notes 1and 2 50 50 pF
compatible with fow power Schottky
TTL(LSTTL) They are specified in GND=0V; Tamb =25 °C;t, =t; =6 ns

compliance with JEDEC standard na. 7.

The 74HC/HCT182 carry look-ahead
generators accept up to four pairs of _

Notes
1. Cpp is used to determine the dynamic power dissipation (Pp in uW):

active LOW carry propagate (Pg, P1, P2, PD=CpD x VCC® x fi + 2 (CLx VCC® x fo) where:

P3) and carry generate (G, G1, G2, G3) fi = input frequency in MHz CL = output load capacitance in pF
signals and an active HIGH carry input fo = output frequency in MHz Vce = supply voltage in V

{Cp). The devices provide anticipated 2 (C x Vgg? x o) = sum of outputs

active HIGH carries (Cnx, Cn+y, Cn+z) 2. For HC the condition is V| = GND to VcC

across four groups of binary adders. For HCT the condition is V| = GND to VCC — 15 V

The 182" also has active LOW carry

propagate (P} and carry generate {G) ORDERING INFORMATION/PACKAGE OUTLINES

outputs which may be used for further PC74HC/HCT182P: 16-lead DIL; plastic (SOT-38Z).

levels of look ahead. PC74HC/HCT182T: 16-lead mini-pack; plastic (SO-16; SOT-102A).

The logic equations provided at the

outputs are: PiN DESCRIPTION
Cn+x =GO+ PoCn
Chty =G1+P1Gg+P1POCh PIN NO. SYMBOL NAME AND FUNCTION
C =G+ PGy + P2P1GQ + P2P1POC o —
~G'n+z _GQ 2G1 +P2P1Go + P2P1POCn 3,1,14,5 Gg to G3 carry generate inputs (active LOW)
5 : ngji;s.g? +P3P2G1 + P3P2P1Go 4,2,15,6 ‘P'O to _l53 carry propagate inputs (active LOW)
3F2"1o 7 P carry propagate output {active LOW)
The 182" can also be used with hinary d(0V
ALU’s in an active LOW or active HIGH 8 GND groun. v
input operand mode. The connections to 9 Cn+z function output
and from the ALU to the carry look-ahead 10 G carry generate output {active LOW)
generator are identical in both cases. 11 C y function output
n
12 Chax function output
13 Ch carry input (active HIGH)
16 Vee positive supply voltage
EIN P
&[] U 18] Vec 2ncps 7
] o 15 oo f—
Pil2] @ P2 cP2
- - 4 3 2 1 15 14 6 5 _G_N cp3
Go 3] mks 68846648
P G Gy Py G
Po[4] 182 Ecn PRttt Gae 0~ 10 ’TB_ECGO
EJE B Zﬂcn+x 13Cn plo—7 w—bzz; ca N2
Py E Ecn+v Cn|+x Cn]+y Cn|+z —551c<33
12
Pl G 2 9 7293770 CO0 —=
P E 0] G ! " B e cot -
ano [8] e coz -2
7293769 7293771
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 1EC logic symbol.
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Look-ahead carry generator PC74HC/HCT182
MSI

4 |P
A9
2|P1 Bl7
-9 oO——
ﬁ‘f‘zo
B
11_30 B
~ lo—S&410
i_GOq
G
o)
13152 |
i1 0% Cn+x|12
Cn+y|nt
13{Cn Cn+zlo
7293772

Fig. 4 Functional diagram.

-

Cn+x Chsy Cn+z I 7293773 P

Fig. 5 Logic diagram.
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PC74HC/HCT 182

MSI

FUNCTION TABLE

P

ITIT

[¢] IIIIT JddJd4
w| ¥
=] €
5 © dadda TTITT
T
o >
o| t
() —S4dJdITITT
x
¥
c
(8] P [ s e o
i IXXX Xdadd | XXXT
[3]
] ITTT axxXX
o IXXX Xddd | XIXX XXdd|XXTXJ
oN
10 IITTITT XXX XTT=T X aX X
(7]
-
2 TITXXX A4 | XTXX XX 0| XXTITX XXXJ|XITXX
E
1o TITAXX |XTTIT XdXX|XXIT XXJX
€] IXX | XTXXXa | XXIX XXX I XXX
(=]
G| TTaX | XTTXaX | XXITT XXAX| XXXI XXX
S| XaXT | XXaXXT | XXXa XXXT

HIGH voltage level
LOW voltage level
don't care

H
L

X=
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Look-ahead carry generator

PC74HC/HCT182

Msi

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter ’"HCMOS family characteristics’’, section "’Family specifications”.

Output capability: standard
Icc category: MSI

AC CHARACTERISTICS FOR 74HC
GND=OV;tr=}f=6ns; CL =50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vge | WAVEFORMS
+25 —40t0+85 | —401t0 +125 v
min.| typ] max. | min.| max. | min.| max.
1T B2 B TR P
tPLH PntoP 122 28 33 6.0
tPLH Cn to any output 16 | 29 37 43 6.0 )
— SR EU—— —
) 47 |1 !
tPHL/ propagation delay AR % i ns ig Fig. 6
tPLH PnorGntoG 14 | 26 33 40 6.0 )
) 47 [14 k
tPHL/ | propagation delay 1729 36 i | ns |45 | Fas
tPLH PnorGn to Cntn 14|25 31 38 6.0 '
19| 75 95 110 20
:TH L/ output transition time 7 |15 19 22 ns 45 Fig. 6
TLH 6 |13 16 19 6.0
B
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PC74HC/HCT182
Msli

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “HCMOS family characteristics”, section *’Family specifications”.

Output capability: standard
lcc category: MSI

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.

T UNIT LOAD
INPU COEFFICIENT
go, G1,P0,P1,P2 (‘)gg

G3 _ :
G2,P3,Cn 1.25

AC CHARACTERISTICS FOR 74HCT
GND=0V;t =tf=6ns; C_ =50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT |Vcc| WAVEFORMS
+25 —40 to +85 | —40 to +125 \Y
min.| typ.[max.| min.| max. | min.| max.
PHL/ | propagation delay 17 |31 39 47 | ns 45 | Fig.6
PLH PnhtoP
tPHL/ propagation delay .
tPLH Cn, to any output 25 |45 56 68 ns 4.5 Fig. 6
tpHL/ propagation delay .
tPLH PnorGntoG 20 |38 48 57 ns 45 | Fig.6
tpHL/ propagation delay ]
L P of Gn 10 Cotr 19 |34 43 51 ns 45 | Fig.6
gti&/ output transition time 7 |15 19 22 ns 45 | Fig.6
AC WAVEFORMS
Pn.Cn. Gp

ANY

INPUT

QUTPUT

7293774

THL> -

> ety

Fig. 6 Waveforms showing the input (P, Cp, Gp) to
any output propagation delays and the output
transition times.

Note to AC waveforms
(1) HC : Vjy = 50%; V| = GND to Vcc
HCT: V\p=1.3V;V|=GND to3V.
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PC74HC/HCT190

MSH
PRESETTABLE SYNCHRONOUS BCD DECADE UP/DOWN COUNTER
FEATURES T Typicat
® Synchronous reversible counting SYMBOL PARAMETER CONDITIONS !-“ —ooms =1 UNIT
® Asynchronous parallel load | HC | HCT
.
Count fenable control for synchronous tpHL/ propagation delay } ” o "
expansion tpLH CP to Qp cL=15pF 7
® Single up/down control input Vee=5V f .
® Qutput capability: standard fmax maximum clock frequency 28 30 MHz
® [ category: MSI i s Sl
cc gory C input capacitance i35 | 35 | pF
GENERAL DESCRIPTION o o i
power dissipation | -
The 74HC/HCT190 are high-speed Crp capacitance per package | "°tes1and2 136 | 38 | pF
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/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 (Dg 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

GND=0V;Tagmp=25°C; t, =tf=6ns
Notes

1. Cpp is used to determine the dynamic power dissipation (Ppy in pWij:

fi =
fo =

PD=CpDx VceE? x fi+ 2 (CL x

input frequency in MHz
output frequency in MHz

Vee? x fo) where:
CL =

Vee supply voltage in V

2 (CL x Vei? x fo) = sum of outputs

2. For HC the condition is V| = GND to V¢cC
For HCT the condition is V| = GND to Vgc — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC7

4HC/HCT190P: 16-lead DIL; plast

ic (SOT-382).

PC74HC/HCT190T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

output load capacitance in pF

table, this operation overrides the counting -
function. PIN NO. SYMBOL NAME AND FUNCT!ON
Counting is inhibited by a HIGH level on ) T
the count enable (CE) input. When CE is 3.2,6.7 Qo to Q3 fiip-flop outputs
LOW internal state changes are initiated 4 CE count enable input {active LOW)
synchronously by the LOW-to-HIGH 5 U/D up/down input
transition of the clock input. The up/down
(U/D) input signal determines the direction 8 E\ID ground (0 V). .
of counting as indicated in the function 1 PL parallel load input (active LOW)
table. The CE input may go LOW when the 12 TC terminal count output
clock is in either state, however, the = . .
LOW-to-HIGH CE transition must occur_ 13 RC ripple clock output {active LOW) . )
oniy when the clock is HIGH. Also, the U/D | 14 cpP clock input (LOW-to-HIGH, edge triggered)
input should be changed only when either 15,1,10,9 Do to D3 data inputs
CE or CP is HIGH. L
i 16 Vece positive supply voltage
(continued on next page)
T 4 CTRDIVIO
e
U ; JEI PP
®1 E r'e:l Vee Mos 1 1009 A Gy
Q4 E E Oo b ! l I I 1{1; ca
PL Dy Dy D, D3 134012~
3] ECP s—an aclom1s 3412
CE E E RC 15 L 3
190 4—0| ce 5 T3 s
/o E I;] TC 14— cp TCp—12 2 2
_ Qy Q; Q; 0O 10 6
[ mi T 11 : -
%] 0] o2 TR s o 2CT=0/2CT=9 z
ono [&] [9]03 1240T=0 N
7293709 1,24CT=9 X.r
7293715
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 I1EC logic symbol.
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MSi

s |1

|10 |

IDo 101 JDz IDa

IS
o
m

COUNTER

RC|13

TC|12

FLIP FLOPS

7293998

Fig. 4 Functional diagram.

FUNCTION TABLE

404
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INPUTS OUTPUTS
OPERATING MODE — —
PL u/D CE cpP Dp Q,
L X X X L L
parallel load L X X X H H
count up H L | 1 X count up
count down H H | 1 X count down
hold (do nothing) H X H X X no change
TC AND RC FUNCTION TABLE
INPUTS TERMINAL COUNT STATE OUTPUTS
u/D CE cp Qg Qq Q, Q3 TC RC
H H X H X X H L H
L H X H X X H H H
L L N H X X H T B n
L H X L L L L L H
H H X L L L L H H
H L N L L L L L BN
H = HIGH voltage level
L = LOW voltage level
| = LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition
X = don't care
1t = LOW-to-HIGH CP transition
“LI™ = one LOW level pulse
"L = TC goes LOW on a LOW-to-HIGH CP transition

GENERAL DESCRIPTION (Cont'd)

Overflow/underflow indications are
provided by twa 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 signal is used
internally to enable the RC output. When
TCis 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.




Presettable synchronous BCD decade up/down counter

PC74HC/HCT190
MSI

Fig. 7 Synchronous n-stage counter with parallel gated carry/borrow.

DIRECTION i . [
CONTROL [
U/p  RCjo———— U/b  RClo—— /D RCJOm—— = = —
ENABLE ———————0|CE }—ofce ¥—-o|ce
cLock cp cp cp
1293995
Fig. 5 N-stage ripple counter using ripple clock.
DIRECTION . . — v S
CONTROL ‘
u/o RC I U/o RC T [ RC O om o e
ENABLE ————O|CE CE CcE
I—— cp ’—— cp cp
cLock : i e
7293996
Fig. 6 Synchronous n-stage counter using ripple carry/borrow.
DIRECTION ——
CONTROL
ENABLE -
U/ ~—U/o L U/o
0———0| cE :Dcr’w cE - ce
— cp TC i CP TC —] cp (] -
cLock - —
7293987
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04

52

D3

Sequence
Load (preset) to BCD seven;

one and two;
———— - - - ——— = — — inhibit;

Po __l L: ___ : : : : —_ :  _ _ ______ count up to eight, nine, zero,
.
J

! count down to one, zero,
nine, eight and seven.

]
T

[ 1
Ji L

_:_f I L

-

7 8 9 0 12 2 2 1 9 8 7
-] COUNT uP INHIBIT - | #————— COUNT DOWN ————
LOAD 7293719

Fig. 8 Typical load, count and inhibit sequence.

0y Dy 0y 03

4 4 \4 \'4

U —{>’*

(-
a

|
(]
)

i

3o

By

7293723

3
a

<4

< ¢ I

<4

Fig. 9 Logic diagram.
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Presettable synchronous BCD decade up/down counter

PC74HC/HCT 190

MSi

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics’, section ‘’Family specifications.

Output capability: standard
lgc category: MSI

AC CHARACTERISTICS FOR 74HC

GND=0V;t =tf=6ns;C|_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vo | WAVEFORMS
+25 —40 to +85 | —40t0+125 v
min.| typ. | max. | min. | max. | min. | max.
t / ropagation dela 72 | 220 275 330 2.0
(PHL pcp"tg o v 26 | 44 55 66 | ns 45 | Fig. 10
PLH 0 Hn 21 | 37 47 56 6.0
. ion del 83 | 255 320 395 2.0
PHL. PP o e 30 | 51 64 77 | ns 45 | Fig. 10
tPLH to 24 | 43 54 66 6.0
tou1 / ropagation dela 44 | 150 190 225 2.0
oHL pCP"tg Rc \ 16 | 30 38 45 | ns 45 | Fig. 11
PLH ° 13 | 26 33 38 6.0
t / ropagation dela 33 1130 165 195 2.0
(PHL pégptg re o 12 | 26 33 39 | ns 45 | Fig. 11
PLH ° 10 | 22 28 33 6.0
1 / ropagation dela 63 220 275 330 2.0
PHL propag Y 23 | 44 55 66 | ns 45 | Fig 12
PLH Pn to Op 18 | 37 47 56 6.0
) 63 | 220 275 330 2.0
tPHL/ propagation delay 23 | 44 55 66 | ns 45 | Fig 13
tPLH PLt0 Qn 18 |37 47 56 6.0
/ on del 44 | 190 240 285 2.0
tPHL propagation delay 16 | 38 48 57 | ns 45 | Fig. 14
tPLH U/Dto TC 13 | 32 41 48 6.0
) 50 | 210 265 315 2.0
tPHL/ | propagation delay 18 | 42 53 63 |ns |45 | Fig 14
tPLH U/D to RC 14 | 36 45 54 6.0
/ 19 | 75 95 110 2.0
;THL output transition time 7 15 19 22 ns 4.5 Fig. 156
TLH 6 |13 16 19 6.0
clock pulse width 155 28 195 235 2.0
tw 31 |10 39 47 ns 45 | Fig. 10
HIGH or LOW % |8 o 20 60
) 125 155 190 2.0
tw c?-lgl\;venable pulse width 25 31 38 ns 45 Fig. 11
21 26 32 6.0
) 100 | 25 125 150 2.0
tw paratiel load pulse width | 59" | g 2 30 ns |45 | Fig.15
17 |7 21 26 6.0
removal time 35 |8 45 55 ig Fia. 15
trem 7 3 9 1 ns X ig.
PLtoCP 6 |2 8 9 6.0
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MSI

AC CHARACTERISTICS FOR 74HC (Continued)

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40 to +85 | —40t0+125 v
min. | typ. | max. | min. | max. | min. | max.
) 205 | 61 255 310 20
tey s%‘/‘g’t‘;"(‘:ep 4 | 22 51 62 ns 45 | Fig.17
35 | 18 43 53 6.0
) 100 | 19 125 150 20
tsy sel;‘“‘t’;'l,ﬂf 20 |7 25 30 ns 45 | Fig. 16
n 17 | 6 21 2 6.0
i 140 | 39 175 210 20
tsy seég;:otlg';e 28 14 35 42 ns 45 Fig. 17
24 | n 30 36 6.0
) 0 |-44 0 0 2.0
th “%'70"{3‘*@ 0 |-16 0 0 ns |45 |Fig.17
0 |[-13 0 0 6.0
) 0 |-14 0 0 20
th “g'dt‘;";f—,_ 0 |-5 0 0 ns 45 | Fig. 16
n 0 |-a 0 0 6.0
. o |-19 0 0 20
th hg'—gt‘(')";fp 0 |-7 0 0 ns |45 | Fig 17
0o |-6 0 0 6.0
i 30 |83 24 2.0 20
fmax maximum clock pulse 15 |25 12 10 MHz |45 | Fig.10
quency 18 |30 14 12 6.0
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Presettable synchronous BCD decade up/down counter PC74HC/HCT190
MSI

DC CHARACTERISTICS FOR 74HCT
For the DC characteristics see chapter “HCMOS family characteristics”, section ““Family specifications.

Output capability: standard
lcg category: MSI

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT | cOEFFICIENT
Dn 05
cP 0.65
Up__ |15
E P 1.5
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PC74HC/HCT 190
MSI

AC CHARACTERISTICS FOR 74HCT
GND=0V;t =tf=6ns;C|_=50pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Ve | WAVEFORMS
+25 —40 to +85 | —40to +125 Vv
min. | typ. | max. | min.| max. | min. | max.
tPHL/ | propagation delay 28 | 48 60 72 |ns |45 |Fig10
tPLH CP to Q i
tpyL/ propagation delay .
tpLH CPto TC 34 | 58 73 87 ns 4.5 Fig. 10
tpHL/ propagation delay .
tpLH CP to RC 20 | 35 44 53 ns 4.5 Fig. 11
tpHL/ propagation delay ;
tpLH CEto RC 18 | 33 41 50 ns 4.5 Fig. 11
tpHL/ propagation delay : .
oL Dy, t0 Qp 24 | 44 55 66 ns 45 Fig. 12
tpHL/ propagation delay R
ity Pl 100, 29 | 49 61 74 | ns 45 | Fig.13
tpHL/ propagation delay .
tpLH U/D to TC 24 | 45 56 68 ns 45 Fig. 14
tpHyL/ propagation delay i
tpLH U/D to RC 26 | 45 56 68 ns 4.5 Fig. 14
tTHL/ output transition time 7 15 19 22 ns 4.5 Fig. 15
ITLH
clock pulse width .
tw HIGH or LOW 31 10 39 47 ns 45 Fig. 10
count enable pulse width .
W LOW 25 31 38 ns 45 Fig. 11
tw parallel load pulse width 22 12 28 33 ns 45 Fig. 15
LOW
removal time .
trem PL to CP 7 1 9 1" ns 45 Fig. 15
set-up time .
tsu T/D to CP 42 | 25 53 63 ns 45 | Fig. 17
set-up time ;
tsy Dy, to PL 20 10 25 30 ns 4.5 Fig. 16
set-up time ;
tsy CE to CP 31 18 39 47 ns 45 Fig. 17
hold time H
th U/D to CP 0 —18 0 0 ns 4.5 Fig. 17
hold time .
th Dy, to PC 0 |-6 0 0 ns 45 Fig. 16
hold time X
th CE to CP 0 —-10 0 0 ns 4.5 Fig. 17
maximum clock pulse R
fmax frequency 16 | 27 13 " MHz | 45 | Fig.10
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Presettable synchronous BCD decade up/down counter

PC74HC/HCT190
MSI

AC WAVEFORMS

CP INPUT

Q,, TC
OUTPUTS

7293727

Fig. 10 Waveforms showing the clock (CP) to
output (Qp) propagation delays, the clock pulse
width and the maximum clock pulse frequency.

cp, CE
INPUT

RC
ouTPUT

7293737

Fig. 11 Waveforms showing the clock and count
enable inputs (CP, CE) to ripple clock output
(RC) propagation delays and the CE pulse width.

D, INPUT

Q,, OUTPUT

7293738

Fig. 12 Waveforms showing the input (D) to
output (Qp) propagation delays.

D, INPUT vyt

PL INPUT

Q, OUTPUT

7293729

Fig. 13 Waveforms showing the input (PL) to
output (Qp) propagation delays.

U/p iNpUT

TC OUTPUT

RC OUTPUT

7293728

Fig. 14 _Waveforms showing the up/down count
input (U/D) to terminal count and ripple clock
output (TC, RC) propagation delays.

PL INPUT

CP INPUT

Q, OuTPUT

7293734

Fig. 15_Waveforms showing the parallel load
input (PL) pulse width, removal time to clock
(CP) and the output (Qp) transition times.
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AC WAVEFORMS (Continued)

D, INPUT

PL INPUT

Fig. 16 Waveforms showing the set-up and hold
times from the parallel load input (PL) to the
data input (Dp,).

7293730

CP INPUT

CE, U/D
INPUT

CE, U/D
INPUT

7293731

Fig. 17 Waveforms showing the set-up and hold
times from the count enable and up/down inputs
(CE, U/D) to the clock (CP).

Note to AC waveforms
(1) HC : V= 50%; V| =GND to Vgc.
HCT: Vi =1.3V;V|=GND to3V.

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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PC74HC/HCT191

MSI

PRESETTABLE SYNCHRONOUS 4-BIT UP/DOWN COUNTER
FEATURES TYPICAL
® Synchronous reversible counting SYMBOL PARAMETER CONDITIONS UNIT
® Asynchronous parallel load HC | HCT
® Count enable control for synchronous tpHL/ propagation delay

e).(pansmn ) thLH CPto Qp C=15pF 22 22 ns
® Single up/down control input Veg=5V
® OQOutput capability: standard fmax maximum clock frequency 36 36 MHz
® |¢c category: MSI

C input capacitance 3.5 3.5 pF

GENERAL DESCRIPTION power dissipation
The 74HC/HCT191 are high-spged Cpp capacitance per package notes 1 and 2 31 33 pF
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 (Dg 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

GND =0 V; Tamp =25°C; ty =tf =6 ns

Notes

1. CpD is used to determine the dynamic power dissipation (Pp in uW):
PD=CpD x VcC* x fi+2 (CL x Vce? x fo) where:
fi = input frequency in MHz

fo = output frequency in MHz

CL =
.Vce = supply voltage in V

2 (CL x Vgi? x fo) = sum of outputs
2. For HC the condition is V| = GND to V¢cC
For HCT the condition is V| = GND to Vgc — 1.5 V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT191P:

16-lead DIL; plastic (SOT-382).

PC74HC/HCT191T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

output load capacitance in pF

table, this operation overrides the counting
function. PIN NO. SYMBOL NAME AND FUNCTION
Counting is inhibited by a HIGH level on flip-fl touts
the count enable (CE) input. When CE is 3267 Qoo Q3 p-tiop ou p'u .
LOW internal state changes are initiated 4 C__E count enable input (active LOW)
synchronously by the LOW-to-HIGH 5 u/D up/down input
“transition of the clock input. The up/down ND 40V
(U/D) input signal determines the direction 8 9_ ground ( ). R
of counting as indicated in the function " PL parallel load input (active LOW)
table. The CE input may go LOW when the 12 TC terminal count output
clock is in either state, however, the BE . .
e 4 13 RC ripple clock output (active LOW)
LOW-to-HIGH CE transition must occur i i
only when the clock is HIGH. Also, the U/D 14 cP clock input {LOW-to-HIGH, edge triggered)
input should be changed only when either 15,1,10,9 Do to D3 data inputs
CE or CP is HIGH. 16 Vee positive supply voltage
(continued on next page)
o:[1] U 6] vee o151 10
i [Z] 750, ) [ [ |
PL D, D D D
9 [5] [a] cp s— i R o—13
cel[4] [13] Ac 4—0fce
19 I
Uro 5] 1 [12] 7c 14—cp 0e o o 03Tc —12 | 2
— 10 6
L] [ T T 1 : —7
3 2 6 7 - —
= o102 e 20T-0/2CT=15 |—=
ono 3] [2]0s 1.24CT=0 jg
7293710 1,24CT=15
7293716
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT191
Msi

I1s |1 |10 |9

e

COUNTER

m
ISR
o

FLIP FLOPS

7293998

Fig. 4 Functional diagram.

FUNCTION TABLE

INPUTS OUTPUTS
OPERATING MODE e
PL | UD | CE | cP | D, | Qp
L X X X L L
parallel load L X % X H H
count up H L | t X count up
count down H H | 1 X count down
hold (do nothing) H X H X X no change
TC AND RC FUNCTION TABLE
INPUTS TERMINAL COUNT STATE OUTPUTS
umn CE cpP Qq Qq Qy Q3 TC RC
H H X H H H H L H
L H X H H H H H H
L L nin H H H H . r
L H X L L L L L H
H H X L L L L H H
H L e L L L L L i
H = HIGH voltage level
L = LOW voltage level
| = LOW voltage level one set-up time prior to the LOW-to-HIGH CP transition
X = don't care
1t = LOW-to-HIGH CP transition
“LI™ = one LOW level pulse
“L. = TC goes LOW on a LOW-to-HIGH CP transition

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 signal is used
internally to enable the RC output. When
TCis 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.
Inthis 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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Presettable synchronous 4-bit binary up/down counter PC74HC/HCT191
MSI

DIRECTION,

CONTROL ! !
U/D  RClo——— U/ RCJo—— U/ RCjO—— — — —
ENABLE ———O|CE ¥—o|ce ¥—-ojce
cLock ——cp cp cp
7293995
Fig. 5 N-stage ripple counter using ripple clock.
DIRECTION

CONTROL !
U/ RC

ENABLE ——O|CE

t

u/D RC U/ RCjo—— —— —

CE CE

cP cP

I
I

cLock —_——
7293996
Fig. 6 Synchronous n-stage counter using ripple carry/borrow.

DIRECTION ———
CONTROL
ENABLE y -

‘o LTo o V)

o—o|ce :Do—o 3 ce

—]cp TC b— —cp TC —cp Tl

cLock _—

7293997

Fig. 7 Synchronous n-stage counter with parallel gated carry/borrow.
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PC74HC/HCT191
MSI

Do

02

D3

cp

D4 !

Sequence

Load (preset) to binary thirteen;

count up to fourteen, fifteen,
zero, one and two;

inhibit;

count down to one, zero, fifteen,
fourteen and thirteen.

4

U/ i |
CE -—.——.]
o ="
g [ I
o  I— L L
|
|
Q) ——-’l ]
I
Q3 -——'I I I
-=-
© i [1 1
ac T
RC 4 [ LI
‘ 13 14 15 0 1 2 2 2 1 0 15 14 13 |
COUNT uP INHIBIT - COUNT DOWN
LOAD 7293720
Fig. 8 Typical load, count and inhibit sequence.
) 0y 02 03

(M

[ T ] ? — ? F—L! —
[ &1 [& 1 &1 [ &
T oce K J e K Joce K 1o K
|0 1 fo S fr2 0 ‘o[So  Fr3 Ro Lol rra Ro
Q a a a Q a Q a
V | I | | I L | E—
9o B Q a3

Fig. 9 Logic diagram.
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Presettable synchronous 4-bit binary up/down counter

PC74HC/HCT191

MSI

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter "HCMQOS family characteristics’’, section ''Family specifications.

Output capability: starndard
Icc category: MSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t =tf=6ns;C|_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voc | WAVEFORMS
+25 —40to +85 | —40t0 +125 v
min.| typ. | max. | min. | max. | min. | max.
) 72 | 220 275 330 2.0
tPHL/ | propagation delay 2% | 44 55 66 |ns |45 |Fig.10
PLH n 21 | 37 47 56 6.0
) 83 | 255 320 395 2.0
tPHL/ | propagation delay 30 |51 64 77 |ns |45 |Fig. 10
PLH 24 | 43 54 65 6.0
) 47 | 150 190 225 2.0
tPHL/ Propageron delay 17 | 30 38 45 |ns |45 |Fig. 11
PLH 14 | 26 33 38 6.0
tpHL/ propagation delay 33 1130 165 195 2.0 .
h ot AT 12 | 26 33 39 | ns 45 | Fig. 11
PLH 10 | 22 28 33 6.0
) 47 | 220 275 330 2.0
tpHL/ propagation delay 17 | a4 55 66 ns 45 Fig. 12
tPLH Dn to On 14 | 37 47 56 6.0
) 61 | 220 275 330 2.0
tPHL/ | propagation delay 22 | 44 55 66 | ns 45 | Fig. 13
PLH PL1oQn 18 | 37 47 56 6.0
) 44 | 190 240 285 2.0
tPHL/ | propagation delay 16 | 38 48 57 |ns |45 |Fig14
tPLH U/DtoTC 13 | 32 41 48 6.0
) 50 | 210 265 315 2.0
tPHL/ | propagation delay 18 | 42 53 63 |ns |45 |Fig 14
tPLH U/D to RC 14 | 36 45 54 6.0
/ 19 | 75 95 110 2.0
:TH L output transition time 7 15 19 22 ns 4.5 Fig. 15
TLH 6 |13 16 19 6.0
clock pulse width 130 28 165 195 2.0
t 26 | 10 33 39 ns 45 | Fig. 10
w HIGH or LOW 2 |g 28 33 6.0
tw count enable pulse width ;25 ;?5 ;go ns ig Fig. 11
Low 21 26 32 6.0
) 100 | 22 125 150 2.0
W p";‘_'(a)’\x"' load pulse width | 55" | g 26 30 ns 45 | Fig.15
17 | 6 21 26 6.0
removal time 35 8 45 55 2.0 .
trem 7 3 9 1 ns 45 Fig. 15
¢ PLtoCP 6 |2 8 9 6.0
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PC74HC/HCT191

MSI

AC CHARACTERISTICS FOR 74HC (Continued)

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voe | WAVEFORMS
+25 —40t0 +85 | —4010+125 v
min. | typ. | max. | min. | max. [ min. | max.
) 205 | 50 256 310 20
tsu L a | 18 51 62 ns 45 | Fig. 17
35 | 14 43 53 6.0
) 100 | 19 125 150 20
tey N 20 | 7 25 30 ns 45 | Fig. 16
n 17 | 6 21 26 6.0
e 140 | 44 175 210 20
tsu ey 28 | 16 35 42 ns 45 | Fig.17
24 | 13 30 36 6.0
) 0o |-39 0 0 2.0
hold time .
th = 0 —14 0 0 ns 45 Fig. 17
U/D to CP A o o oo
. 0o |-11 0 0 20
th hold time_ 0o |-4 0 0 ns |45 | Fig.16
n o |-3 0 0 6.0
. o |-28 0 0 20
th helg e, 0o [-10 0 0 ns |45 | Fig.17
o |-8 0 0 6.0
) 40 |1 3.2 2.6 20
fmax maximum clock pulse 20 |33 16 13 MHz |45 | Fig. 10
quency 24 | 39 19 15 6.0
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Presettable synchronous 4-bit binary up/down counter

PC74HC/HCT191

MSI

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter ’"HCMOS family characteristics”, section “Family specifications.

Output capability: standard
o category: MSI

Note to HCT types
The value of additional quiescent supply current (Alcc) 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.

UNIT LOAD
INPUT | COEFFICIENT
Dn 05

cP 0.65

UD | 115

CEFC |15
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PC74HC/HCT191

MSI

AC CHARACTERISTICS FOR 74HCT

GND=0V;t.=tf=6ns;C =50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40 to +85 | —40t0 +125 v
min. | typ. | max. | min.| max. | min. | max.

tpHL/ propagation delay 4 Fig. 10
tpLH CP 10 Qp 26 | 48 60 72 ns 5 ig
tpHL/ propagation delay " Fig. 10
tpLH CP 1o TC 32 | 51 64 77 ns 5 ig
tpHL/ propagation delay 4. Fia. 11
tpLH CP to RC 19| 35 44 53 ns 5 ig
tpHL/ propagation delay 4 Fia. 11
tpLh CE to RC 19| 33 41 50 ns 5 ig
tPHL/ | propagation delay 20| 44 55 66 | ns 45 | Fig. 12
tPLH Dp to Qp
tpHL/ propagation delay 45 Fia 13
oL Pl 1 27 | 46 58 69 | ns ig
tpHL/ propagation delay 3 45 | Fig 14
tpLH U/Dto TC 23| 45 56 6 ns '9
tpHL/ propagation delay s 45 Fig. 14
LA U/D to RC 24| 45 56 6 ns g
tTHL/ output transition time 7 15 19 22 ns 45 Fig. 15
TTLH

clock pulse width 45 Fig. 10
w HIGH or LOW % |9 33 39 ns i9
W ciug\\}venable pulse width 25 31 38 ns 45 Fig. 11
w paratil load pulse width | 5 | 11 28 33 ns | 45 | Fig.15

removal time Fi
trem PL to CP 7 1 9 1" ns 45 ig. 15

set-up time a, Fig. 17
tsu U/D to CP 41 20 51 62 ns 5 ig

set-up time 45 | Fig. 16
tsu Dy, to PL 20 9 25 30 ns 5 ig

setup time 45 | Fig. 17
tsy CE to CP 31 18 39 47 ns ig

hold time - 0 45 | Fig 17
th T/D to CP 0 |-18 0 ns 9

hold time_ - 45 | Fig.16
th Dy, to PL 0 5 0 0 ns g

hold time i

== - 0 4.5 Fig. 17

th CE to CP 0 10 0 ns g

maximum clock pulse MH 45 Fig. 10
Fmax frequency 20 33 16 13 z . ig
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Presettable synchronous 4-bit binary up/down counter

PC74HC/HCT191
MSI

AC WAVEFORMS

CP INPUT

7293727

Fig. 10 Waveforms showing the clock (CP) to
output (Qp) propagation delays, the clock pulse
width and the maximum clock pulse frequency.

cp, CE
INPUT

RC Va1
ouTPUT "

7293737

Fig. 11 Waveforms showing the clock and count
enable inputs (CP, CE) to ripple clock output
(RC) propagation delays and the CE pulse width.

D, INPUT

Q, ouTPUT

7293738

Fig. 12 Waveforms showing the input (D) to
output (Qp) propagation delays.

D, INPUT Vi

PL INPUT

Q, OUTPUT

7293729

Fig. 13 Waveforms showing the input (PL) to
output (Qp) propagation delays.

U/D INPUT

TC OUTPUT

RC ouTPUT

7293728

Fig. 14_Waveforms showing the up/down count
input (U/D) to terminal count and ripple clock
output (TC, RC) propagation delays.

PL INPUT

CP INPUT

Q, OuTPUT

7293734

Fig. 16 Waveforms showing the parallel load
input (PL) pulse width, removal time to clock
(CP) and the output (Qp) transition times.
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PC74HC/HCT191
MSI

AC WAVEFORMS (Continued)

D, INPUT

PL INPUT

Fig. 16 Waveforms showing the set-up and ficid
times from the parallel load input (PL) to the
data input (Dp).

7293730

CP INPUT

CE, U/D
INPUT

CE, U/D V(1
INPUT

7293731

Fig. 17 Waveforms showing the set-up and hold
times from the count enable and up/down inputs
(CE, U/D) to the clock (CP).

Note to AC waveforms
(1) HC : V) =50%; V| =GND to V¢c.
HCT: Viy=13V;V|=GND to3V.

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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DEVELOPMENT DATA

This data sheet contains advance information and PC74HC/HCT192
specifications are subject to change without notice.

1TIC: MSI
PRESETTABLE SYNCHRONOUS BCD DECADE UP/DOWN COUNTER
FEATURES TYPICAL
® Synchronous reversible counting SYMBOL PARAMETER CONDITIONS UNIT
® Asynchronous parallel load { HC HCT
® Asynchronous reset .

) N t / propagation delay

® Expandable without external logic tEE‘:‘ CPp, CP to Qp CL=15pF 19 119 |ns
® Output capability: standard Vee=5V
® |pc category: MSI frnax maximum clock frequency 40 40 MHz
GENERAL DESCRIPTION C input capacitance 3.5 3.5 pF
The 74HC/HCT192 are high-speed ower dissipation
Si-gate CMOS devices and are pin Cpp pca acitanlcl:: er package notes 1 and 2 42 35 pF
compatible with low power Schottky P per p 9

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, CPyy and

CPp respectively, simplify operation.
The outputs change state synchronously
with the LOW-to-HIGH transition of
either clock input. If the CPyy clock is
pulsed while CPp is held HIGH, the
device will count up. If the CPp clock is
pulsed while CPyj 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
activating 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 CPp input will decrease
the count by one, while a similar transition
on the CPy input will advance the count
by one.

(continued on next page)

GND=0V;Tagmp=25°C; t,=tf=6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD=CpD x VcC® x fi+2 (CL x Vcc? x fo) where:

fi =

input frequency in MHz
fo = output frequency in MHz

CL
Vce.

output load capacitance in pF
supply voltage in V

2 (Cp x Vgg? x fo) = sum of outputs
2. For HC the condition is V| = GND to VcC
For HCT the condition is V| = GND to V¢cc — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT192P:

16-lead DIL; plastic (SOT-38Z).

PC74HC/HCT192T: 16-lead mini-pack; plastic (SO-16; SOT-109A).
PIN DESCRIPTION

PIN NO. SYMBOL NAME AND FUNCTION

3,2,6,7 Qpto Q3 flip-flop outputs

4 CPp count down clock input*®

5 CPy count up clock input*®

8 GND ground (0 V)

1" PL asynchronous parallel load input (active LOW)

12 TCu terminal count up (carry) output (active LOW)

13 TCp 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

o] Y [@ve
ai[2] 1] 0o
o [3] [14] MR
cppl4 13] TC,

o] e [T
cpy 5] 12] TCy
a,[6] [71] PL
a3 [7] [10] 02
6N [8| [9]03

7293711

Fig. 1 Pin configuration.

11 1|5 110 9
P Dg Dy Dy D3
5—CPy TCy
a—{cpp TCp
MR Qp Q; Q; Qg

[

2 6 7

Fig. 2 Logic symbol.

7293714

CTRDIV10
”E c
T
G1
4 oo
G2
J PN
15 30 3
1 2
10 6
9 7
= 13
2CT=0 ;L'
Jer=0 INIZ

7293717

Fig. 3 IEC logic symbol.
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PC74HC/HCT192

Msi

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 (TCyy) and terminal
count down (TCp) outputs are normally
HIGH. When the circuit has reached the
maximum count state of 9, the next HIGH-
to-LOW transition of CPy will cause TCy
to go LOW.

TCy will stay LOW until CPy goes HIGH
again, duplicating the count up clock.

Likewise, the TCp output will go LOW
when the circuit is in the zero state and
the CPp goes LOW. The terminal count
outputs can be used as the clock input
signals to the next higher order circuitin 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 that is added.

The counter may be preset by the
asynchronous parallel load capability of
the circuit. Information present on the
parallel data inputs (Dg to D3) is loaded
into the counter and appears on the
outputs (Qq to Q3) 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
(Qq to Q3) 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.

[s T2 s |7

7293999

Fig. 4 Functional diagram.

INPUTS OUTPUTS
OPERATING MODE — — —
MR | PL|CPy | CPp| Dp | D1 | D2 | D3 Qy| Q1 | Q2 | Q3 | TCy | TCD
H X | X L X X X X L L L L H L
reset (clear) Ho|x|x |R |[X |x|[x[Xx Ll |L |C|n |n
L L | X L L L L L L L L L H L
L L | X H L L L L L L L L H H
parallel load L ||t |[x |A|x|x |H Qn = Dp L |H
L L|H |X |H |[X|X |H Q, =Dy, H H
count up L H |1t H X X X X count up H* H
count down L H |H ) X X X X count down H H**
H = HIGH voltage level
L = LOW voltage level
X = don't care * TCy =CPy at terminal count up (HLLH)
1 = LOW-to-HIGH clock transition ** TCp =CPp at terminal count down (LLLL)
[i5 |1 [0 |
o P [Pz e
11| PL ﬁU 12
51%y COUNTER TCp |13
CPD
l MR FLIP FLOPS
Qp [a; |az |a3
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Presettable synchronous BCD decade up/down counter

PC74HC/HCT192

MSI

DEVELOPMENT DATA

>

MR M
(1) Clear overrides load, data and
5C count inputs.
. _ _ 2)wnen counting up the count down
% ] e clock input (CPp) must be HIGH,
when counting down the count up
D1 | e clock input (CPy) must be HIGH.
o | - - T T T T T T T T T T T T T 7 Sequence
o o Clear (reset outputs to zero);
D;
° load (preset) to BCD seven;
cry? count up to eight, nine,
terminal count up, zero,
crp'? l—l l_] H l—‘l |———“ one and two;
count down to one, zero,
Qs [ terminal count down, nine,
B eight, and seven.
a; |_ —
Q, __T l ,_
o3 ] 1 1
T L
o L
0 7 8 9 0 1 2 1 0 9 8 7
- e >l e COUNT UP COUNT DOWN ———»| 7293721
CLEAR PRESET
Fig. 5 Typical clear, load and count sequence.
0y 0, 0, D3

cpy _DA

—o(_]

}_<

a
fo

3)) P

l L

4 N

Q; Q2

Fig. 6 Logic diagram.

7293725 ;
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PC74HC/HCT192

MSi

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics’’, section *Family specifications.

Output capability: standard
o category: MSI

AC CHARACTERISTICS FOR 74HC

GND=0V;tr=tf=6ns;C| =50 pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 ~40 to +85 | —40t0+125 v
min. | typ. | max. | min. | max. | min. | max.
tpHL/ propagation delay 51 5 210 325 3'0 .
thLk CPy, CPp 10 O 3 5. 65 |ns 5 | Fig. 7
: n 37 46 55 6.0
tpHL/ _propagation delay ;gs ;?5 ;go ig Fig.8
t CPy to TCy ns : 19-
PLH u 21 26 32 6.0
) 125 155 190 2.0
TPHL/ | propagation delay 2% 31 38 |ns |45 |Fig.8
PLH D D 21 26 32 6.0
i 215 270 325 2.0
iPHL/ propagation delay 43 54 65 | ns 45 | Fig.9
PLH 0 Hn 37 46 55 6.0
tpHL propagation delay 380 oy ggo ns Z:g Fig. 10
MR to Qn 34 43 51 6.0
) 75 95 110 2.0
tTHL output transition time 15 19 22 ns 45 Fig. 10
TLH 13 16 19 6.0
125 155 190 2.0
tw up: down clock pulse width| 55 31 38 ns |45 | Fig.7
21 26 32 6.0
) 120 150 180 2.0
tw master reset pulse width | 54 30 36 ns |45 | Fig 10
20 26 31 © |60
) 100 125 150 2.0
tw paralle! foad pulse width | 59 25 30 ns | 45 | Fig9
17 21 26 6.0
: 50 65 75 2.0
removal time
trem BT 10 13 15 ns 45 | Fig. 9
PL to CPy, CPp 9 I b o
. 50 65 75 2.0
removal time
trem 10 13 15 ns 4.5 | Fig. 10
MR to CPyy, CPp o 5 b o0
bt 100 125 150 2.0
tsy T 20 25 30 ns |45 | Fig. 11
n 17 21 26 6.0
hold ti 0 0 0 2.0
th g nime. 0 0 0 ns |45 | Fig. 11
n 0 0 0 6.0
; down clock | 100 125 150 2.0
fmax maximum up, 20 25 30 MHz |45 | Fig7
pulse frequency 17 21 % 6.0
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Presettable synchronous BCD decade up/down counter

PC74HC/HCT192

MSI

DEVELOPMENT DATA

DC CHARACTERISTICS FOR 74HCT

For the DC characteristics see chapter “"HCMOS family characteristics”, section "“Family specifications.

Output capability: standard
lcc category: MS!

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT | coEFFICIENT
Dn 0.35

CPy, CPp | 1.40

T 0.65

MR 1.05

AC CHARACTERISTICS FOR 74HCT

GND=0V;t =tf=6ns;C|_=50pF

TEST CONDITIONS

Tamb (°C)
74HCT
SYMBOL | PARAMETER UNIT | Vge | WAVEFORMS
+25 —40 to +85 | —40to +125 v
min. | typ. | max. | min. | max. | min. | max.
tpHL/ propagation delay - .
tPLH CPy, CPp to Qp 43 54 65 ns 4.5 Fig. 7
tpHL/ propagation delay = i
tpLh CPy to TCy 30 38 45 4.5 Fig. 8
tpHL/ propagation delay ;
L CPp to TCp 30 38 45 ns 45 Fig. 8
tpHL/ propagation delay - K
oLy PL 1o Qp 44 55 66 ns 45 Fig. 9
propagation delay .
tPHL MR to Qn 40 50 60 ns 45 Fig. 10
tTHL/ output transition time 15 19 22 ns 45 Fig. 10
TTLH
up, down clock pulse width .
tw HIGH or LOW 25 31 38 ns 4.5 Fig. 7
master reset pulse width . .
tw HIGH 24 30 36 ns 4.5 Fig. 10
paraliel load pulse width :
tw LOW 20 25 30 ns 45 Fig. 9
removal time .
trem PL to CPy, CPp 10 13 15 ns 4.5 Fig. 9
removal time .
trem MR to CPyy, CPp 10 13 15 ns 45 Fig. 10
set-up time - .
tsu Dy, to PL 20 25 30 ns 45 Fig. 11
hold time .
th Dy, to PL 0 0 0 ns 45 Fig. 11
maximum up, down clock .
fmax pulse frequency 20 25 30 MHz | 45 Fig. 7
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PC74HC/HCT192
MSI

AC WAVEFORMS

CPy, CPp
INPUT

Q, OUTPUT

7293735

Fig. 7 Waveforms showing the clock (CPy, CPp) to
output (Qp) propagation delays, the clock pulse width
and the maximum clock pulse frequency.

cPy, CPp
INPUT

TCy. TCp
OUTPUT

7293736

Fig. 8 Waveforms showing the clock (CPyy, CPp) to
terminal count output (TCy, TCp) propagation delays.

D, INPUT v

PL INPUT

Py, CPp
INPUT

Q, OUTPUT

7293732
Fig. 9 Waveforms showing the parallel load input (PL)

to Qp, output propagation delays and removal time to
cloqk input (CPy, CPp).

MR INPUT v

——— ty —
< trem —»

o
e TPHL =
Q, OuTPUT p
7293733 -1l tTHL >l letTiH

Fig. 10 Waveforms showing the master reset input
(MR) pulse width, MR to Qp, propagation delays, MR
to CPyy, CPp removal time and output transition times.

D, INPUT

PL INPUT

Fig. 11 Waveforms showing the data input (D) to
parallel load input (PL) set-up and hold times.

7293730

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 : V) =50%; V| =GND to Vce.
HCT: Vi =13V;V|=GNDto3V.
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DEVELOPMENT DATA

This data sheet contains advance information and
specifications are subject to change without notice.

PC74HC/HCT193
MSI

PRESETTABLE SYNCHRONOUS 4-BIT BINARY UP/DOWN COUNTER

J
FEATURES TYPICAL
® Synchronous reversible 4-bit binary SYMBOL PARAMETER CONDITIONS T UNIT

counting | N _HF | HCT
: ﬁzync:ronous parallel load ey propagation delay 19 19 s

ynchronous reset ) tPLH CPp. CPy to Qp Cp =15pF
® Expandable without external logic — Vee =5V AR N S
® Output capability: standard fmax maximum clock frequency 40 40 MHz
® ¢ category: MSI - - I S
C input capacitance 3.5 3.5 pF

GENERAL DESCRIPTION B ower dissipation T o -
The 74HC/HCT193 are high-speed Cpp P eapacitonte por package | MOtes1and2 | 42 | 36 | pF
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/HCT193 are 4-bit
synchronous binary up/down counters.
Separate up/down clocks, CPyy and
CPp respectively, simplify operation.
The outputs change state synchronously
with the LOW-to-HIGH transition of
either clock input. If the CPyy clock is
pulsed while CPp is held HIGH, the
device will count up. If the CPp clock is
pulsed while CPyy is held HIGH, the
device will count down. Only one clock
input can be held HIGH at any time, or

fi

2.

fo
2 (CL x Vge? x fg) = sum of outputs

For HC the condition is V| = GND to VcC

For HCT the condition is V| = GND to Vg — 1.5V
ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT 193P:
PC74HC/HCT193T: 16-lead mini-pack; plastic (SO-16; 07T 109A).

Pp=CppxVcc® x fi+2 (CLx
= input frequency in MHz
= output frequency in MHz

16-lead DIL; plast

GND=0V;Tymp=25°C; t,=tf=6ns
Notes
1. CpD is used to determine the dynamic power dissipation (Pp in uW):

Vee? x fo) where:
CL
vct

output load capacitance in pF
supply voltage in V

ic (SOT-382).

NAME AND FUNCTION

erroneous operation will result. The PIN DESCRIPTION
device can be cleared at any time by the
asynchronous master reset input (MR); PIN N?'_, - SYMBOL
it may also be loaded in parallel by P .
activating the asynchronous parallel load 3.2,6,7 Qpto Qg3 flip-flop outputs
input (PL). 4 CPp
The “193" contains four master-slave JK 5 CPy
flip-flops with the necessary steering logic 8 GND ground (0 V)
to provide the asynchronous reset, load, 5T
1 PL
and synchronous count up and count _
down functions. 12 Cy
Each flip-flop contains JK feedback from 13 Cp
slave to master, such that a LOW-to-HIGH LOW)
transition on the CPp input will decrease 14 MR
the count by one, while a similar transition :
on the CPyy input will advance the count 15,1.10.9 Do to D3 data inputs
by one. 16 LVCC

count down clock input*®
count up clock input*

asynchronous parallel load input (active L.OW)
terminal count up {carry) output (active LOW)
terminal count down (borrow) output (active

asynchronous master reset input {active HIGH)

positive supply voltage

(continued on next page)

* L OW-to-HIGH, edge triggered

o [1] U 16] Vec
a; 2] 15| 0o
NE [14] MR
cpp [7] 73] 7o
o, E 193 %ﬁu
0, [5] mEs
a3[7 [10] 0,
GND[E [5]05
7293712
Fig. 1 Pin configuration.

1M1 1 10 9

X I I

PL Do Dy D Dg
5 — CPy 1oy fo—12
4 cPp TChlo-13

MR Qg Q@ Q; Qg

T T T

14 3 2 6 7 7293714

Fig. 2 Logic symbol.

u[} . CTR4

5—-1)2«

—[— G1

4

i

[

LI Y

N ¢

15 ] Jln -

. 2

10 3

o o
ZcT=0 pl3
or=15 ™12
7293708

Fig. 3 IEC logic symbol.
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PC74HC/HCT193

Msi

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
inputis LOW. Applications requiring
reversible operation must make the
reversing decision while the activating clock
is HIGH to avoid erroneous counts.

The terminal count up (TCy) and terminal
count down (TCp) outputs are normally
HIGH. When the circuit has reached the
maximum count state of 15,the next HIGH-
to-LOW transition of CPyy will cause TCy
to go LOW.

TCy will stay LOW until CPyy goes HIGH
again, duplicating the count up clock.

Likewise, the TCp output will go LOW
when the circuit is in the zero state and
the CPp 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 that is added. '

The counter may be preset by the
asynchronous parallel load capability of
the circuit. Information present on the
parallel data inputs (Dg to D3) is loaded
into the counter and appears on the
outputs (Qq to Q3) 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

(Qp to Q3) 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 OUTPUTS
OPERATING MODE
MR PLC CPy | CPp| Dg | D1 | Da | D3 Q| Q1| Q2 | Q3 T_CU TCp
H X | X L X X X X L L L L H L
reset {clear) Ho|X|Xx [H Ix |x|x|x | CclC|C|C[H [H
L L | X L L L L L L L L L H L
L L | X H L L L L L L L L H H
parallel load L [LfL |x {#H |H K1 |H HiH |H |H|L |H
L L [H X H H H H H H H H H H
count up L H |1 H X X X X count up H* H
count down L H |H t X X X X count down H H**
H = HIGH voltage level
L = LOW voltage level .
X = don't care * TCy = CPy at terminal count up (HHHH)
1 = LOW-to-HIGH clock transition ** TCp = CPp at terminal count down (LLLL)
J15 |1 J1o |s
IR
111PL _IT(-:U 12
5]%y COUNTER TCp |13
4|CPp

FLIP FLOPS

Fig. 4 Functional diagram.

7293999
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Presettable synchronous 4-bit binary up/down counter PC74HC/HCT193
MSI

MR

(1) Clear overrides load, data and

5T count inputs.
__________________ (2) When counting up the count down

Po J ___________________ clock input {CPp) must be HIGH,
__________________ when counting down the count up

T T e A R clock input (CPyy) must be HIGH.

%2 _] :::::::::::::::::: Sequence

D3 _l :::::::::::-_—:::::: Clear (reset outputs to zero);

load (preset) to binary thirteen;

cpy2) ] l count up to fourteen, fifteen,

terminal count up, zero, one

LALLM e
count down to one, zero,

Qo : I terminal count down, fifteen,

fourteen and thirteen.

|

1

1

Y L]
o il

0 13 14 15 0 1 2 1 [ 15 14 13

-l e >l e COUNT UP COUNT DOWN ————| 7293722
CLEAR PRESET

Fig. 5 Typical clear, load and count sequence.

DEVELOPMENT DATA

0y Dy 0y o3

v v v

. 1l g—b Il

Sp Sp Sp So
a a Q
Do TFRt T FF2 T FF3 T FFa
q| q Q a

Ro Rp Rp Ro

o

Y

MR

v

v v v -

Qq ay Q, Qg

Fig. 6 Logic diagram.
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PC74HC/HCT193

MSi

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter “HCMOS family characteristics”’, section *’Family specifications.

Output capability: standard
lcc category: MSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t,=tf=6ns;C|_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —40 to +85 | —40to0 +125 v
min. | typ. | max. | min. | max. | min. | max.
fPLH CPu, CPp to On 37 26 55 6.0 '
tpHL/ | propagation delay o 5 B s |29 Fig. 8
tPLH CPy o TCyY 21 26 32 6.0
RV pee— w (e | e
PLH CPp to TCD 21 26 32 6.0
. 2.
tPLH Plto @y 37 a7 56 60 |
L | Provesation delay 0 20 60 |ns |45 | Fig10
MR to Qp 34 43 51 6.0
ten / 75 95 110 2.0
tTHL output transition time 15 19 22 ns 4.5 Fig. 10
TLH 13 16 19 6.0
. 125 155 190 2.0
W uglcéongrcll-%:chulse width 25 31 38 ns 45 Fig. 7
21 26 32 6.0
. 120 150 180 2.0
tw rnssltg':reset pulse width 24 30 36 ns 45 Fig. 10
20 26 31 6.0
. 100 125 150 2.0
W parelel load pulse width | 99 25 30 ns 45 | Fig. 9
17 21 26 6.0
removal time 50 65 75 2.0
trem BL to CP 10 13 15 ns 45 | Fig.9
Lt CPy, CPp 9 1 13 6.0
removal time 50 65 75 20
trem M p 10 13 15 ns 45 Fig. 10
R to CPy, CPD 9 1 13 6.0
: 100 125 150 2.0
t-up t
tsy - 20 25 30 ns |45 | Fig 11
" 17 21 26 6.0
" hold time 9 9 9 29 Fio. 11
D.. to PL ns . ig.
nto 0 0 0 6.0
f maximum up, down clock | 4.0 3.2 26 2.0 )
max pulse frequency 20 16 13 MHz | 45 Fig. 7
24 19 15 6.0
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Presettable synchronous 4-bit binary up/down counter

PC74HC/HCT193

MSi

DEVELOPMENT DATA

DC CHARACTERISTICS FOR 74HCT

For the DC characteristios see chagwr “HCMOS femily characteristics”, section “Family specifications.

Output capability: standard
'QC category: MSI

Note to HCT types
The value of additional quiescent supply current (Alcgc) for a unit load of 1 is given in the family specifications.

To determine Al per input, mrduipty thisy

UNIT LOAD
INPUT COEFFICIENT
Dp 0.35
C_Pu CPp | 1.40
PL 0.65
MR 1.05

AC CHARACTERISTICS FOR 74HCT

zlue b

by the unit load coefficient chown in the table below,

GND =0 V;t,=t§=6ns;C|_=50 pF
o Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Voo | WAVEFORMS
+25 —40 to +85 | —40t0 +125 v
min. | typ. | max. | min. | max. | min. | max.

:ﬁ'cil_‘-/ pg’;’fg‘;‘ t‘(’fg: 43 54 65 |ns 45 | Fig.7

:g:—_“h/ prcoppjgfoti_ii)%jelay 30 38 45 ns 4.5 Fig. 8

:gm}/ prcoppsgtaoti%gelay 30 38 45 ns 45 Fig. 8

I’;[‘ﬁ/ ”g{pfgag:“ delay 46 58 69 | ns 45 | Fig.9

tPHL "le’gafj’“(;on;‘ delay 40 50 60 ns” 45 Fig. 10

gt‘;/ output tiansition time 15 19 22 ns 45 Fig. 10

r; o &’%’gﬂ@r{%\%pmse wiath §5 31 38 ns 45 | Fig.7

W master reset pulse width | 54 30 % | | |45 |Fig10

W p:la_rgl‘}\elal load pulse width 20 25 30 ns 45 Fig. 9

trem "*F,—'}‘_"t‘f'ctg,ne oo 10 13 15 ns |45 | Fig.9

trem removal g;,“: . 10 13 15 os | a5 | Fig 10

tsu Seé':?ot‘g"[e 20 25 30 ns | 45 | Fig. 11

th hg': me. 0 0 0 ns 45 | Fig. 11

frmax ”‘:lj‘lis’:‘f‘r’;‘q‘fj‘:'n‘iswn clock | 5g 16 13 MHz | 45 | Fig.7
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PC74HC/HCT193
MsI

AC WAVEFORMS

Py, CPp
INPUT

Q,, OUTPUT

7293735

Fig. 7 Waveforms showing the clock (CPyy, CPp) to
output (Qp) propagation delays, the clock pulse width
and the maximum clock pulse frequency.

Py, CPp
INPUT

T8y, T
OUTPUT

7293736

Fig. 8 Waveforms showing the clock (CPyy, CPp) to
terminal count output (TCyy, TCp) propagation delays.

D, INPUT vyt

PL INPUT

Py, CPp
INPUT

Q, OUTPUT

7293732

Fig. 9 Waveforms showing the parallel load input (PL)
to Qp, output propagation delays and removal time to
clock input (CPyy, CPp).

MR INPUT vy

— ty —|

|- ‘rem |

et
L—'PHL-»
Q, OUTPUT
7293733 | letThL >l letTLH

Fig. 10 Waveforms showing the master reset input
(MR) pulse width, MR to Qp, propagation delays, MR
to CPyy, CPp removal time and output transition times.

D, INPUT

PL INPUT

Fig. 11 Waveforms showing the data input (Dp) to
parallel load input (PL) set-up and hold times.

7293730

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 : V)= 50%; V| = GND to V.
HCT: Vy=13V;V|=GNDto3V.

-
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PC74HC/HCT194

MSI

4-BIT BIDIRECTIONAL UNIVERSAL SHIFT REGISTER
FEATURES TYPICAL
® Shift-left and shift-right capability SYMBOL PARAMETER CONDITIONS UNIT
® Synchronous parallel and serial data HC | HCT

transfer / ion del
® Easily expanded for both serial and iPHL pg)szga(t)lon elay 14 15 ns

parallel operation PLH . " CL=15pF
® Asynchronous master reset tPHL MR to Q Vee=5V " 15 ns
® Hold (““do nothing”’}) mode - R
® Output capability: standard frmax maximum clock frequency 102 | 77 MHz
® lcc category: MSI Cy input capacitance 35 | 35 pF
GENERAL DESCRIPTION dissioati :

R power dissipation

T_he 74HC/HCT194 are h|gh~spged Cpp capacitance per package notes 1 and 2 40 40 pF
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 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 (Sp, S1). As shown in the mode
select table, data can be entered and
shifted from left to right

(Qpg—~> Q1 —~>Qy, etc.) or,

right to left

(Qz =~ Qp > Qq, etc.) or

parallel data can be entered, loading all
4 bits of the register simultaneously.

GND=0V;Tagmp =25°C;ty=t;=6ns

Notes

1. CpD is used to determine the dynamic power dissipation (Pp in uW):
PD=Cpp x Vgc? x fi+ X (CL x VC? x fo) where:
fi = input frequency in MHz

fo = output frequency in MHz

CL

2 (CL x Vge? x f) = sum of outputs
2. For HC the condition is V| = GND to VcC
For HCT the condition is V| = GND to Vgc — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT194P:
PC74HC/HCT194T:

PIN DESCRIPTION

16-lead DIL, plastic (SOT-382).
16-lead mini-pack; plastic (SO-16; SOT-109A).

= output load capacitance in pF
Ve = supply voltage in V

When both Sg and S1 are LOW, existing PIN NO. SYMBOL NAME AND FUNCTION
data is retained in a hold (“’do nothing”) T
mode. The_ first and last stages provide 1 MR asynchronous master reset input (active LOW)
D-type serial data inputs (DgR, Dg| ) to 2 DgRr serial data input (shift right)
allow multlstagg shift rfght or §h|ft IAeft 3,4,5,6 Dg to D3 parallel data inputs
data transfers without interfering with 7 D ial data input (shift left)
parallel load operation. SL serial data Input {shift left
X 8 GND ground (0 V)
Mode select and data inputs are edge- 9 10 So. S ode control i "
triggered, responding only to the LOW- : 0- 21 m e. ontrot Inputs .
to-HIGH transition of the clock (CP). 1 cp clock input (LOW-to-HIGH edge-triggered)
Therefore, the only timing restriction is 15,14,13,12 | Qgte Q3 parallel outputs
that the mode control and selected data 16 Vee positive supply voltage
(continued on next page)
SRG4
R 1] U 6] Vee e |© U csn 13-
9
1 S, S 0] 1
el EOO z—Dsg ' L}MT{
Do[3] [14] @4 IbNg
3—{Dg Qg —15 -1 r
01 E E 02 4—D Q 14 2
194 1 T “— 25D 15
025} 12] Q3 5— Dy Qy—13 LN PPN
03[ ] [17] cp 6——D3 Q3 p—12 I pys |14
5 13
o5 [7] 0] S1 7—PsL 6——}-'50 —
CP MR —1 450 12
GND | 8 3] So 12
[: :] ]11 ?1 7293138 < 380
7293137 L———-——-——————-—-.;‘
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT194
MSI

GENERAL DESCRIPTION (Cont'd.)

2 3 |a 5 |6 7 inputs must be stable one set-up time
Dsg |Do |D1 |Dz |D3 |DPsL prior to the positive transition of the
o [so clock pulse.
10 /51 CONTROL LOGIC The four parallel data inputs (Dg to D3)
are D-type inputs. Data appearing on the
l [ l l | l | I Dg to D3 inputs, when Sg and S1 are

HIGH, is transferred to the Qg to Q3

11 jcp_[Dg 0p ¥ :
outputs respectively, following the next

o= FF1 to FF4

..L_Bq LOW-to-HIGH transition of the clock.
When LOW, the asynchronous master
Qg Q Qy Q3 reset (MR) overrides all other input
7ze3140 |18 14 13 12 conditions and forces the Q outputs
LOW.

Fig. 4 Functional diagram.

The ““194"" is similar in operation to the
195" universal shift register, with
added features of shift-left without
FUNCTION TABLE external connections and hold (“do
nothing’’) modes of operation.

INPUTS OUTPUTS
OPERATING MODES
e H =HIGH voltage level
CP | MR|S1|Sp| Dsp| DsL | Dn | Qp | Q1] Q2| Q3 h =HIGH voltage level one set-up
i i -to-HIGH
reset (clear) x L oIx|x|x [x |[x || |c ¢ fime prior to the LOW-to-HIG
“ —_— L =LOW voltage level
hold {“do nothing”) X |H : : X X X |9 |91 | g2 |43 I =LOW voltage level one set-up
time prior to the LOW-to-HIGH
shift left PR PR E Xl X fag jap a3 | L CP transtion
1 H h |1 X h X |ay |ag |a3 |H _ -
L q,d= lower case letters indicate the
: state of the referenced input (or
shift right 1; :j : E Ih ; )>§ II-I do | a1 | a2 output) one set-up time prior to
q @1 |92 the LOW-to-HIGH CP transition
X =don’t care
parallel load * | H h |h | X X dy | dg | dq [do |d3 T = LOW-to-HIGH CP transition
09 Dy Dy D3 Dgi

s af— s a

s [ CP e

- 2 R 3
RRD Rp

cP —~{>c
i —o >o

Fig. 5 Logic diagram.

Qg Qq Qy 7293144 Q3
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4-bit bidirectional universal shift register PC74HC/HCT194
msi

MooE o _Mrinnnrnnnnrnrnrge
CONTROL s T 1
INPUTS -

LTI

cear L]
SERIAL D,

SR 1
DATA S
INPUTS DgL | | A |

%o __J L
PARALLEL

Dy L
DATA
INPUTS 02 ___F L

D3 L
OUTPUTS

o+l e le——shiftright — | le— shift left ——sle—— inhibit ———»I clear

7293141 clear load

Fig. 6 Typical clear, clear-load, shift-right,
shift-left, inhibit and clear timing sequences.

DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter “HCMOS family characteristics”, section *’Family specifications’’.

Output capability: standard
Icc category: MSI
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PC74HC/HCT194
MSI

AC CHARACTERISTICS FOR 74HC
GND=0V;ty=tf=6ns;C|_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to+85 | —40to+125 v
min. | typ. | max. | min. [ max. | min. | max.
touy / sion del 47 | 145 180 220 2.0
PHL p'°Ppaga fon delay 17 |29 36 44 | ns 45 | Fig.7
tPLH CPtoQp 14 |25 31 38 6.0
) 39 175 210 2.0
tpHL propagation delay | 2% % 42 | ns 45 | Fig.8
' MR to Qp, 1M | 24 30 36 6.0
e/ 19 |75 95 110 2.0
THL output transition time 7 15 19 22 | ns 45 | Fig.7
TLH 6 |13 16 19 6.0
i ) 17 10 120 20
W clock pulse width ?g 6 200 2 ns 45 Fig. 7
HIGH or LOW 14 |5 17 20 6.0 '
80 |17 100 120 2.0
w master reset pulse 16 |6 20 24 ns 45 | Fig.8
width; LOW 14 |5 17 20 6.0
) 60 |17 75 90 2.0
removal time .
o | RS Bl | (m| B | s
) 70 |17 90 105 2.0
ts A 14 |6 18 21 ns | 45 | Fig.9
nto 12 |5 15 18 6.0
setup time 80 |22 100 120 2.0
t - 16 |8 20 24 ns 45 | Fig. 10
S" So. 1 to CP 12 |6 17 20 60 |
| setup time 70 ;9 90 105 2.0
t - 14 18 21 ns 45
S” DsR. Dsy to CP 12 |6 15 18 6.0
) 0o |-14 0 0 2.0
th hold time 0o |-5 0 0 ns | 45 | Fig.9
DntoCP 0 |-a 0 0 6.0
) 0 |11 0 0 2.0
hold time -
1 0 —4 0 0 ns 4.5 Fig. 10
h So. 51to CP 0 |-3 0 0 60 |
" hold time g :237 8 g ns i:g
DsR, Dgy to CP 0o |-5 0 0 6.0
) 6 |31 5 4 2.0
f maximum clock pulse | 30 | g3 24 20 MHz | 45 | Fig.7
max frequency 35 | 100 28 24 6.0
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4-bit bidirectional universal shift register PC74HC/HCT194
MSI

DC CHARACTERISTICS FOR 74HCT
For the DC characteristics see chapter “HCMOS family characteristics”, section *“Family specifications’.

Output capability: standard
Icg category: MSI

Note to HCT types

The value of additional quiescent supply current (Alcc) for a unit load of 1 is given in the family specifications.
To determine Al per input, multiply this value by the unit load coefficient shown in the table below.

input unit Ip{:d
coefficient

Dn 0.15

DgR. Dgt | 0.15

cP 0.50

MR 0.45

Sn 0.90

January 1986
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PC74HC/HCT194
MSI

AC CHARACTERISTICS FOR 74HCT
GND=0V; ty=tf=6ns; C_=50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vgc | WAVEFORMS
+25 —40 to +85 | —40to +125 v
min. | typ. | max. | min.| max. | min. | max.
tPHL/ | propagation delay 18 | 32 40 48 | ns |45 |Fig.7
tpLH CP to Qp
propagation delay 1 45 Fio. 8
tPHL MR 10 Q, 8 | 32 40 48 ns ig
THL output transition time 7 15 19 22 ns 45 Fig. 7
ITLH
clock pulse width
tw HIGH or LOW 16 7 20 24 ns 4.5 Fig. 7
master reset pulse .
tw width; LOW 16 7 20 24 ns 45 Fig. 8
removal time .
trem MR to CP 12 6 15 18 ns 4.5 Fig. 8
set-up time
tsy Dp to CP 14 7 18 21 ns 4.5 Fig. 9
set-up time .
tsy Sg, S1 to CP 20 | 7 25 30 ns 4.5 Fig. 10
set-up time
tsy DsR, Dgy to CP 14 | 10 18 21 ns 4.5
hold time i
—7 4, Fig. 9
th Dj, to CP 0 0 0 ns 5 ig
hold time .
— 4.5 Fig. 10
th Sg. S1 10 CP 0 5 0 0 ns ig
hold time
-7 .
th Dsp, Dsy_ to CP 0 0 0 ns 4.5
maximum clock pulse H 4 Fi
frmax frequency 30 | 70 24 20 MHz .5 ig. 7
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4-bit bidirectional universal shift register

PC74HC/HCT194
MSi

AC WAVEFORMS

CP INPUT

Q, OUTPUT

72874791 ! l<tTHL | letyn

Fig. 7 Waveforms showing the clock (CP) to
output (Qp) propagation delays, the clock
pulse width, the output transition times and
the maximum clock frequency.

MR INPUT

CP INPUT

Q, ouTPUT

7287478

Fig. 8 Waveforms showing the master reset
(MR) pulse width, the master reset to output
(Qp) propagation delays and the master reset
to clock (CP) removal time.

CP INPUT

Dy, INPUT

Q, OUTPUT v (0

7293142

Fig. 9 Waveforms showing the set-up and
hold times from the data inputs (D) to the
clock (CP).

CPINPUT

Fig. 10 Waveforms showing the set-up and
hold times from the mode control inputs (Sp,)
to the clock input (CP).

Note to Figs 9 and 10

The shaded areas indicate when the input is
permitted to change for predictable output
performance.

Note to AC waveforms
(1) HC : Vg =50%; V| = GND to V¢c.
HCT: Vg =1.3V; V| =GNDto 3V.

January 1986

441






PC74HC/HCT195

MSI
4BIT PARALLEL ACCESS SHIFT REGISTER
FEATURES TYPICAL
® Asynchronous master reset SYMBOL PARAMETER CONDITIONS UNIT
e J, K, (D) inputs to the first stage HC | HCT
® Fully synchronous serial or parallel :
data transfer IPHL/ P agation delay CL=15pF 15 15 ns
PLH CP to Qp Véc=5V
® Shift I:I'ght and parallel load fmax maximum clock frequency 57 57 MHz
capability
® Complement output from the last C input capacitance 35 35 pF
stage ower dissipation
® Output capability: standard CeD pcapacitan; per package notes 1 and 2 105 | 105 pF

® Icc 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 (QQ = Q1) and parallel
load, which are controlled by the state of
the parallel load enable (PE) input. Serial
data enters the first flip-flop (QQ) via the
J and K inputs when the PE inputis
HIGH and shifted one bit in the direction
Qg — Q1 Q2 — Q3 following each
LOW-to-HIGH clock transition. The J
and K inputs provide the flexibility of the

GND=0V; Tgmp=259C; t,=tf=6ns

Notes

1. CpD is used to determine the dynamic power dissipation (Pp in uW):
Pp=Cpp x VCC* x fi+ = (CL x VCG? x fo) where:
fi = input frequency in MHz
fo = output frequency in MHz
Z (CL x Vgg? x fp) = sum of outputs
2. For HC the condition is V| = GND to V¢cC
For HCT the condition is V| =GND toVgc — 1,5V

CL
vce

supply voltage in V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT195P:

16-lead DIL; plastic (SOT-38Z).

PC74HC/HCT195T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

output load capacitance in pF

JK type input for special applications and
by tying the pins together, the simple PIN NO SYMBOL NAME AND FUNCTION
D»ty?,e i"?,”t for general applications. 1 MR master reset input (active LOW)
The “195" appears as four common 2 J first stage J-input (active HIGH)
clocked D flip-flops when the PE input is 3 K first stage K-input (active LOW)
LOw. 4,5,6,7 Do to D3 parallel data inputs
After the LOW-to-HIGH clock transition, 8 GND ground (0 V)
data on the parallel inputs (DQ to D3) is 9 PE parallel enable input (active LOW)
transferred to the respective QQ to Q3 10 cp clock input (LOW-to-HIGH edge-triggered)
outputs. Shift left operation (Q3 = Q2) 1 Q3 inverted output from the last stage
can be achieved by tying the Qp outputs 15,14,13,12 Qp to Q3 parallel outputs
to the D1 inputs and holding the PE 16 vVce positive supply voltage
input LOW.
(continued on next page)
9 SRG4
i ] U 6] vee N :“
e [75] 2 lo [& |s |s |7 b~
B [14] & J;_E Dg [Py Dz [D3 =) -
2
Do [4 13]Q, 2|4 —1.2s
- 195 5 10 ce a5 |n 2126 15
0[5 [12] a3 = 2 1420
— B L
02 6| mE 2 1o 14
o3(7] [10] ce MR [Q0 [Q1 |0 {Q3 S5 | 13
_ EEEREE .
GNDE E‘ PE 7290784 z_ | ::
7287444 P~—
7290785
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 IEC logic symbol.
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PC74HC/HCT195

MSI
GENERAL DESCRIPTION (Cont‘d.)
4 5 6 7
Do D, D, D3 All parallel and serial data transfers are
_ synchronous, occurring after each LOW-
S PARALLEL ENABLE CIRCUITRY to-H|C§H clock transition. »
There is no restriction on the activity of
2 the J, K, D and PE inputs for logic
operation other than the set-up and hold
31K time requirements. A LOW on the
asynchronous master reset (MR) input sets
all Q outputs LOW, independent of any
other input condition.
1o])ce CPDO D1 DZ D3
_L‘W ¢ 4-BIT SHIFT REGISTER APPLICAT'ONS
| )
Qq Q Q, o [as ® Serial data transfer
15 1 B 12 |1 ® Parallel data transfer
7287443 ® Serial-to-parallel data transfer
Fig. 4 Functional diagram. ©® Parallel-to-serial data transfer
FUNCTION TABLE H = HIGH voltage level
h = HIGH voltage level one set-up
INPUTS OUTPUTS time prior to the LOW-to-HIGH
OPERATING MODES —— — — — clock transition
] CP|PE|J|KIDh Qo { Q1| Q2| Q3 | Q3 L = LOW voitage level
1 = LOW voltage level one set-up
asynchronous reset L X X | X{X|X L L L L time prior to the LOW-to-HIGH
P X — clock transition
Sh!ﬂ’ set flrs.t stage H PoihihihX H q0 | a1 a2 22 q,d = lower case letters indicate the
shift, reset first stage H tih X a0 | 91 | 92 | 92 state of the referenced input
shift, toggle first stage H T lh [h|l X |G T (or output) one set-up time prior
Lo 40 | a0 | a1 ) a2 a2 to the LOW-to-HIGH clock
shift, retain first stage H T lh |1 lh]X a0 | 0 | a1 q2 | g2 transition
parallel load H T X|X|dn | do | d1 | d2 | d3 | d3 X = don'tcare
1t = LOW-to-HIGH clock transition
PE K Do D, D,
[ % | |
D Q D Q D
cp —DO—DO— ce FF cp FF cp fF
) Q
Rp Rp Rp
o

7287445

Qo Q

Fig. 5 Logic diagram.
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4-bit parallel access shift register

PC74HC/HCT195

MsI

DC CHARACTERISTICS FOR 74HC

For the DC characteristics see chapter "HCMOS family characteristics”’, section ‘‘Family specifications'’.

QOutput capability: standard
Icc category: MSI

AC CHARACTERISTICS FOR 74HC
GND=0V;t,=tf=6ns; C_=50pF

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL| PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40 to +85 | —40 to +125 \%
min/ typ.| max.| min.| max. | min. | max.
" / 50 | 150 190 225 2.0
PHL propagation delay CP to Qp 18 {30 38 45 ns 45 Fig. 6
PLH 14 |26 33 38 6.0
tont/ o 41 /150 190 225 2.0
PHL propagation delay MR to Qp, 15 |30 38 45 ns 45 Fig. 7
PLH 12 |26 33 38 6.0
t / 19 |75 95 110 2.0
THL output transition time 7 |15 19 22 ns 45 | Fig.6
tTLH 6 |13 16 19 6.0
80 |17 100 120 2.0
tw clock pulse width HIGH or LOW |16 |6 20 24 ns 4.5 Fig. 6
14 |5 17 20 6.0
80 |17 100 120 2.0
tw master reset pulse width; LOW |16 |6 20 24 ns 45 Fig. 7
14 |5 17 20 6.0
. 80 17 100 120 2.0
trem removal time MR to CP 16 |6 20 24 ns 45 Fig. 7
14 {5 17 20 6.0
100 33 125 150 2.0
tsu set-up time J to CP 20 (12 25 30 ns 45 Figs. 8 and 9
17 |10 21 26 6.0
o 80 |22 100 120 2.0
tsu set-up time K, PE, D, to CP 16 |8 20 24 ns 45 Figs. 8 and 9
14 |6 17 20 6.0
o 3 -8 3 3 2.0
th hold time J, K, PE, Dy, to CP 3 |-3 3 3 ns 45 Figs. 8 and 9
3 |2 3 3 6.0
6 [17 5 4 2.0
fmax maximum clock pulse frequency | 30 |52 24 20 MHz | 45 Fig. 6
35 |62 28 24 6.0
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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
Icg category: MSI

Note to HCT types

The value of additional quiescent supply current (Algc) for a unit load of 1 is given in the family specifications.
To determine Algc per input, multiply this value by the unit load coefficient shown in the table below.

input unit load
P coefficient

PE 0.65

all others 0.35

AC CHARACTERISTICS FOR 74HCT
GND=0V; t, =tf=6ns; CL =50 pF

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vce WAVEFORMS
+25 —40 to +85 | —40 to +125 \
min.|typ. max. | min. | max. | min. | max.
:";'I:'H'—/ propagation delay CP to Qq 18 |32 40 48 ns 45 Fig. 6
Eg[‘l'_]/ propagation delay MR to Qp, 17 |35 44 53 ns 45 Fig. 7
gt‘:‘-/ output transition time 7 15 19 22 ns 45 Fig. 6
tw clock pulse width HIGH or LOW |20 |6 25 30 ns 45 Fig. 6
tw master reset pulse width; LOW |16 |6 20 24 ns 45 Fig. 7
trem removal time MR to CP 16 |6 20 24 ns 45 Fig. 7
tsu set-up time J, K, PE to CP 20 |10 25 30 ns 45 Figs. 8 and 9
tsy set-up time D, to CP 16 |6 20 24 ns 45 Figs. 8 and 9
th hold time J, K, PE, Dy, to CP 3 |-5 3 3 ns 45 Figs.8 and 9
fmax maximum clock pulse frequency |27 |52 22 18 MHz 45 Fig. 6
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PC74HC/HCT195

4-bit parallel access shift register
MSI

AC WAVEFORMS

MR INPUT

CP INPUT

CP INPUT

Q, ouTPUT

72874791 =l |« 1THL > letTin

Q, OUTPUT

7287478

Fig. 6 Waveforms showing the clock (CP) to Fig. 7 Waveforms showing the master reset
output (Qn) propagation delays, the clock (MR) pulse width, the master reset to output
pulse width, the output transition times and (Qn) propagation delays and the master reset to
the maximum clock frequency. clock (CP) removal time

CP INPUT

Fig. 8 Waveforms showing the data set-up and

Q, ouTPUT —-/;m—_\' hold times for J, K and Dp, inputs.
7287480

parallel load

serial - shift right
—A—

PE INPUT
Fig. 9 Waveforms showing the set-up and hold

times from the parallel enable input (PE) to the
clock (CP).

Note to Figs. 8 and 9

The shaded areas indicate when the input is
permitted to change for predictable output

performance.
Q,=0,

72874811

CP INPUT

Q, OUTPUT response n

Note to AC waveforms
(1) HC : V) =50%; V| = GND to V¢c.
HCT: V(y=1.3V;V|=GND to 3V.
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DEVELOPMENT DATA

PC74HC/HCT221 This data sheet contains advance information and
MsI specifications are subject to change without notice.

DUAL NON-RETRIGGERABLE MONOSTABLE MULTIVIBRATOR WITH RESET

FEATURES TYPICAL
® Pulse width variance is typically less SYMBOL | PARAMETER CONDITIONS UNIT
than + 5% HC | HCT
® Pin-out identical to 123" C1 = 15 oF
® Overriding reset terminates output propagation delay L= P
tPHL/ vy R Vec=5V
pulse nA, nB, nRp REXT = 5 k&
i j tPLH to nQ, nQ EXT 30 | 32 | ns
® nB inputs have hysteresis for , CEXT=0pF
improved noise immunity
® Wide puise range: C input capacitance 3.5 3.5 pF

70 ns (typ) to o©
@ Output capability: standard

® Icc category: MSI

GND = 0V; Tamb = 250C ; tr =tf =6 ns

ORDERING INFORMATION/PACKAGE OUTLINES

GENERAL DESCRIPTION PC74HC/HCT221P: 16-lead DIL; plastic (SOT-382).

The 74HC/HCT221 are high-speed PC74HC/HCT221T: 16-lead mini-pack; plastic (SO-16; SOT-109A).
Si-gate CMOS devices and are pin

compatible with low power Schottky

TTL (LSTTL). They are specified in

compliance with JEDEC standard no. 7. PIN DESCRIPTION

The 74HC/HCT221 are dual non-
retriggerable monostable multivibrators.

Each multivibrator features an active PIN NO. SYMBOL NAME AND FUNCTION

LOW-going edge input (nA) and an active — : - - !
HIGH-going edge input (nB), either of 1,9 1A, 2A trigger inputs (negative-edge triggered)
which can be used as an enable input. 2,10 1B, 2B trigger inputs (positive-edge triggered)
Pulse triggering occurs at a particular 3,1 1Rp. 2Rp direct reset inputs (active LOW)

voltage level and is not directly related

to the transition time of the input pulse. 4,12 10,20 outputs (active LOW)

Schmitt-trigger input circuitry for the 7 2REXT/CEXT external resistor/capacitor connection
nB inputs allow jitter-free triggering from 8 GND ground (0 V)

inputs with slow transition rates, providing .

the circuit with excellent noise immunity. 13,5 10,20 outputs (actlvg HIGH)

Once triggered, the outputs (nQ, nQ) are 14,6 1CeXT, 2CEXT | external capacitor connection
independent of further transitions of nA 15 1REXT/CEXT external resistor/capacitor connection
and nB inputs and are a function of the 16 Vee positive supply voltage

timing components. The output pulses can

be terminated by the overriding active Note

LOW reset inputs (nRp). 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 kQ
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)

It is recommended to ground pins 6 (2CgxT) and 14 (1CExT) externally to pin 8 (GND).

1A [0 9) 6] Vee
18[2] [15] 1RexT/Cext
1Rp 3] [1a] 1Cext
13[4 13[1a
E 221 :I -
205 [12] 20
2Cexr 6| EZED
2Rexr/Cexr [7] [10] 28
ano[8] [9]2A
Fig. 1 Pin configuration.
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PC74HC/HCT221

MSI

DEVELOPMENT DATA

GENERAL DESCRIPTION (Cont'd)

Pulse width stability is achieved through
internal compensation and is virtually
independent of Ve 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 V¢ ranges for
more than six decades of timing
capacitance (10 pF to 10 uF) and more
than two decade of timing resistance
(2 k2 to any practical value) for the
74HC/HCT221.
Throughout these ranges the output pulse
width is defined by the following
relationship:

tw = CEXTREXT!n2

tw =0.7CexTREXT
In circuits where pulse cut-off is not
critical, timing capacitance up to 1000 uF
and timing resistance as low as 1.4 k2
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 RgxT and/or
CEXT

FUNCTION TABLE

INPUTS OUTPUTS
nRp [ nA | nB | nQ | nQ
X X L H
H X L H
X L L H
L t [ N I
v H gL LJ
L H JL | U

HIGH voltage level

LOW voltage level

don’t care

LOW-to-HIGH transition
HIGH-to-LOW transition
one HIGH-level output pulse
one LOW-level output pulse

qb&»xrx
> ITIXXr
o uw uww nn
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DEVELOPMENT DATA

PC74HC/HCT237 This data sheet contains advance information and

specifications are subject to change without notice.
Msli

3-TO-8 DECODER/DEMULTIPLEXER WITH ADDRESS LATCHES

FEATURES TYPICAL
® Combines 1-of-8 decoder with 3-bit SYMBOL PARAMETER CONDITIONS UNIT
latch HC | HCT
® Multiple input enable for easy . _
expansion or independent controls ,:s” v/ pz)p?gagon dglay S/'- R =155[§/F 17 19 ns
® Active HIGH mutually exclusive LH n n cc
outputs C input capacitance 3.5 3.5 pF
® Output capability: standard N —
° ICC category: MSI GND=0V; Tamb=25 C;tr=tf=6ns
GENERAL DESCRIPTION ORDERING INFORMATION/PACKAGE OUTLINES
The 74HC/HCT237 are high-speed .
Si-gate CMOS devices and are pin PC74HC/HCT237P: 16-lead DI L; plastlc (SOT-382).

compatible with low power Schottky PC74HC/HCT237T: 16-lead mini-pack; plastic (SO-16; SOT109A).

TTL (LSTTL). They are specified in
compliance with JEDEC standard no. 7.

The 74HC/HCT237 are 3-of-8

decoder/demultiplexers with latches at PIN DESCRIPTION

the three address inputs (Ap). The 237"

essentially combines the 3-0f-8 decoder PIN NO. SymBoOL NAME AND FUNCTION
function with a 3-bit storage latch. .

When the latch is enabled (LE = LOW), 123 Ao to A2 data inputs

the 237" acts as a 3-of-8 active LOW 4 LE latch enable input (active LOW)
decoder. When the latch enable (LE) 5 Eq data enable input (active LOW)
goes from LOW-to-HIGH, the last data 6 E dat ble input (active HIGH)
present at the inputs, before this transition, 2 ata enable Input (active

is stored in the latches. Further address 8 GND ground (0 V)

changes are ignored as long as LE remains 15, 14,13, 12, .

HIGH. 11.10.9, 7 YotoYy multiplexer outputs

The output enable input (Eq and Ep) 16 Vee positive supply voltage

controls the state of the outputs

independent of the address inputs or
latch operation. All outputs are LOW
unless Eq is LOW and E3 is HIGH. FUNCTION TABLE

The 237" is ideally suited for

implementing non-overlapping decoders INPUTS OUTPUTS
in 3-state systems and strobed (stored T = 1"
address) applications in bus oriented LE| Eq | E2 [Ao| A1 | A2 | Yo | Y1 | Y2|Y3| Yq|Ys| Y| Y7
systems.
H L H X X X stable
X H X X X X L L L L L L L L
X X L X X X L L L L L L L L
L L H L L L H L L L L L L L
g L L H H L L L H L L L L L L
L L H L H L L L H L L L L L
V
%[} ie] Ve L{L|H|H|H|L|L]|L L |H|L L |L|L
A 2] 5] Yo
L L H L L H L L L L H L L L
*2[3] 4] ¥1 LiL|H |H|L|H|L|L]C L] | |LC]|L
E[4] 237 [13] Y2 L L H L H H ) L L L L L L H L
g E [72] ¥s L L H H H H L L L L L L L H
E2[6] [11] Ya H = HIGH voltage level
v L = LOW voltage level
v1[7] 1] vs X = don't care
anp 8] [9] Ve
Fig. 1 Pin configuration.
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PC74HC/HCT238

MSI

3-TO-8 LINE DECODER/DEMULTIPLEXER
FEATURES E—
® Demultiplexing capability SYMBOL PARAMETER CONDITIONS UNIT
® Multiple input enable for easy HC HCT

expansion :
® |deal for memory chip select propaga$0n delay

decoding tpHL/ ég on CL=15pF }? g? s
o ?ctt'i)\:letHlGH mutually exclusive fPLH Epto Yz Vee=5V 17 1 21 | ns

u S
1
® Output capability: standard C input capacitance 35 3.5 pF
® Igc category: MSI P
power dissipation

GENERAL DESCRIPTION cro capacitance per package | "' T2 72 | 76 | PF

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

(Ag, A1, A2) and when enabled, provide
8 mutually exclusive active HIGH outputs
(Yoto Y7).

The 238" features three enable inputs:
two active LOW (Eq and E2) and one
active HIGH (E3). Every output will be
LOW unless Eq and Ep are LOW and
Ezis HIGH.

This multiple enable function allows easy
parallel expansion of the 238" to a
1-0f-32 (5 lines to 32 lines) decoder with
just four ““238"" ICs 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.

GND=0V;Tamp=25°C;tr=tf=6ns

Notes

1. Cpp is used to determine the dynamic power dissipation (Pp in uW):
PD=CpD x VcC? x fi+ 2 (CL x VCE? x fo) where:
fi = input frequency in MHz

fo = output frequency in MHz

CL
Vce

supply voltage in V

Z (C x Vge? x fo) = sum of outputs

2. For HC the condition is V| = GND to VcC
For HCT the condition is V| = GND to Vgc — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT238P:

16-lead DIL; plastic (SOT-382).

PC74HC/HCT238T: 16-lead mini-pack; plastic (SO-16, SOT109A).

PIN DESCRIPTION

output load capacitance in pF

PIN NO. SYMBOL NAME AND FUNCTION
1,2,3 Apgto Ay address inputs

4,5 E1, B enable inputs (active LOW)
6 E3 enable input (active HIGH)
8 GND ground (0 V)

:?: :8' ;’3’712 Ypto Yy outputs (active HIGH)

16 Vee positive supply voltage

Ao [1] U E]Vcc
Aq E E‘YO
Az [3] Y|
:' 3 g:z
2[5 12] Y3
Eaé EV“
Yy E Evs
GND 8] BAG

7293234

Fig. 1 Pin configuration.

4 1
= o
6 E Yi—7

Ao Yop—15

At Yip—14
Ay Yyb—13
Y3p—12
Yaf—mn
Ys—10

3

7293235

Fig. 2 Logic symbol.

C R
ZL-q } G % 1 | 14
2 1, 12

af12

I}
an 510
A=
6 | 1

7293236.1

Fig. 3 1EC logic symbol.
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PC74HC/HCT238

MSI
| Yolis
}___ ] Yi[14
1 {A0 || || Y2|13
Y312
2 |A 3-t0-8 [T ENABLE [
DECODER | | EXITING | | Yalnt
3 |A2 ] | Ys|10
|| | Ve[ 9
L || Y7l 7
alf
516
5 |E3
7293237
Fig. 4 Functional diagram.
FUNCTION TABLE
INPUTS OUTPUTS
E1|E2|E3| Ag| A1 |A2| Yo |Y1]|Y2|Y3|Yq|Y5]|Ye Y7
H[X | X|X|X|X|L |L|L L |L |L {LIL
X|H|X|X|X|X|L |L|L|L |L |[L{LIL
XX |L|[X|X|{X|L |L|L |L [L|L|LI{L
Li{L|H|L|L |L|/H|L |L|L L L {L|L
L|L|H|H]|L |L (L [H|L|L |L|L|L|L
L|L|H|L|H|L|L |L |{H|L |L|L |L]|L
L|L|H|H|H|L|L |L|L{H L |L|L]|L
L|L|H|L|L |H|L |L|L|L |H]|JL |L]|L
L|L|JH|H|L |H|L |L L |L |L|JH]|L]|L
R A R I T VI VN I O N N N TR Hch')G”"‘I’"age'e"e'
L{C{H|H|HH|CL L |L|C L |L |L|H | L=LOWvoltagelevel
X =don’t care
Ay %% E Ey E3
|
1 1 l l
% [ 1] [
Y; Y Y5 Y4 Yz Y, Yy Yg
7293238
Fig. 5 Logic diagram.
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3-to-8 line decoder/demultiplexer PC74HC/HCT238

MSi
DC CHARACTERISTICS FOR 74HC
For the DC characteristics see chapter “HCMOS family characteristics”, section ‘’Family specifications’’.
Output capability: standard
Icc category: MSI
AC C